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Medicine for Big Ten-Year-Olds
Everything I Learned in Medical School for Those of Us Who Don't Grow Up

Maybe you're a lay-person—the arrogant doctor term for, "not a doctor"--and you want 
to know what they taught your physician, but you sure-as-surgery don't wanna be a doc.
Or maybe you're a medical school student, like me, just trying to crush that information 
into your brain without slamming your head against the wall. 

Well, from here on out, we're study-buddies. I'll even share my chai tea, because that's 
what grown-up kids drink. If you're pre-med, and it's the summer before med school 
starts, these little notes will give you a head start, and if you're already in school, this 
book exists to explain everything. This is me and you, sometimes racing, sometimes 
stumbling, sometimes crying in the mud as we reach for that golden bauble, the elusive 
M.D. We'll spend most of our time studying, simplifying the complex mysteries of the 
biological sciences into terms we understand--but I also dug up study tricks, funny 
things, and a whole lotta hugs and commiseration for you. Let's stop being so grown up 
and professional, and let's make medicine our dream again. 

Because I've crashed through the fiery hoops they made you jump through to get this 
far. The MCAT, the relationship strains, the funding battles, the personal fears of failure, 
the actual failures themselves, and the delirious success of finally finding yourself 
standing at the threshold of your dream school--I have so been there. 

So I want this to be more than a study guide. I want to synthesize everything I learn into 
something I'll remember throughout a long, awesome medical career, and I want to offer
that information to you to augment your health or kick-start your studies.* But more 
importantly, I want to journey with you, come alongside you, and tell you we're gonna 
make this. Wherever you are in life, someone's looking out for you.

Whoever you are, whether you're looking in from the outside or right here with me in 
medical school, this is a story. Our story. The story of becoming healers.

Let's roll.

*Because I'm just a medical school student, all that information comes with the caveat 
that you should ask your doctor or your professor before taking anything I say as 
medical advice. All opinions expressed in here are mine alone. Please don't kill yourself,
and please don't sue me. That would really get in the way of my plans to save the world.
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"What Does This Book Have To Do With My Text 
Books?" Or "Why Should I Listen To You?"

There are a lot of good review books and a lot of good text books out there, but almost 
none of them talk normal English or addres the emotional/human/stressful part of being 
a medical student: none of them feel personal. It's lonely at the top of higher education, 
and I don't mean that in an arrogant way--it really is lonely cooping ourselves up for 
hours on end like medical monks. Depression rates are extremely high among medical 
students, and I think a gentle, loving, fun companion guide to ALL aspects of graduate 
medicine will help. We're human beings, and we're learning more here than just data!

Technically this book is a database that explains and supplements your textbooks.
It's the thing you read when you don't understand your teacher or don't have time for 
your textbook and you're burning out and the BRS isn't sticking in your brain and 
AAAAAAAAH!

Or it's just a handy guidebook so you can keep everything you know about medicine 
in one place. Ideally you'll 

• Look at your class schedule, know the topic of tomorrow's lecture
• Run a topic search to read me beforehand to get your brain primed. 
• Then you'll come back from class, review your lecture notes, and obey your 

primary learning style--
Okay, Imma let myself finish, but this is important. You need to hammer down your most
efficient learning style during the period before your first exam. I have a section with 
resources for different learning styles and clarifying yours, because guess what—we're 
all different! So whether that means you're going to come back from class and start 
interpretive dancing your amino acids, or just sit and read that hefty old textbook, this is 
the part that you've gotta individualize. Okay, after that:

• When the test rolls around, you'll go back over your notes
• Read me for any doubts you have
• Run a couple practice problems, 
• and grab my audio files and mnemonics while you go for a run or eat breakfast. 

I've also linked to a bunch of external resources, ranging from youtube videos to good 
books and question banks to supplement each section. I should contain 100% of 
everything you need to know, but like a good doctor I'm always willing to refer you to 
someone better if you need it for your style.

So, textbooks. Because this is science and science needs to be legit, I've listed all my 
references below so you can see where I'm coming from--I gotta give these awesome 
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people credit, right? All information comes from these sources unless otherwise 
specifically stated; in many places within the text I've included chapter references that 
you can use to supplement this guide. That should tell you where to start in your 
personal textbook reading if you decide to buy any of these books. I've also included a 
list of question banks and review courses on page FIXAL to help you get a head 
start studying for the USMLE.

LIST OF TEXTBOOKS I've REFERENCED
A. Siegel and H.N. Sapru, Essential Neuroscience (Revised 1st Edition), 2006.

D.E. Haines, Neuroanatomy: An Atlas of Structures, Sections, and Systems. 5th Edition, 
2000.  Other atlases (Watson) are also acceptable.

Blumenfeld, Neuroanatomy through Clinical Cases, 2002

LIST OF PEOPLE I've learned from
Dr. Wilson Veras                                 Anatomy
Dra. Maritza La Paix                           Anatomy
Dra. Darah Fontanez                           Anatomy
Dr. Juan Fernandez Anatomy
Dra. Sofia Jimenez Anatomy
Dr. James Porter Pharmacology
Dra. Kenira Thompson Neurophysiology (Course Director)
Dr. Annelyn Torres                             Physiology
Dr. Edwin Santini                               NOVA Southeastern Univ.
Dr. Orlando Torres Neurologist
Dr. José Fumero                                 Neuroradiologist 
Dr. George Fahed                               Sleep Medicine
Dr. Edgar Domenech ENT
Dr. Francisco Torres                          Family Medicine
Dr. Malynie Blanco                           Family Medicine
Dr. Annette Pietri                               ICS
Dr. Ana Beauchamp                           ICS
Dr. Maryliz González                        ICS
Dr. Muneca Rivera                             Family Medicine

List of resources I've not referenced but you might want to use

Brainiac interactive program (Medical Multimedia Systems): on library server.  Use this 
to practice your Neuroanatomy.
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Fundamentals of Human Neural Structure (Sylvius, 2.0)
Neuroanatomy Lab Assistant (AGC)

Kandel et al., Principles of Neuroscience, 4th Edition, 1999
Carpenter’s Human Neuroanatomy, 9th Edition, 1996
Castro et al., Ace the Boards Neuroscience, 1996
Kingsley, Concise Text of Neuroscience, 2nd Ed, 2000
Goetz and Pappert, Textbook of Clinical Neurology (with CD), 1999
Gould and Brueckner, Sidman’s Neuroanatomy: A programmed learning tool, 2nd 
Edition, 2008.

HyperBrain (contains quizzes): http://medlib.med.utah.edu/kw/hyperbrain/main.html
The Whole Brain Atlas http://www.med.harvard.edu/AANLIB/home.html
Integrated Medical Curriculum:  http://www.imc.gsm.com/
Arkansas Brain Atlas: 
http://anatomy.uams.edu/htmlpages/anatomyhtml/neuro_atlas.html
Histoweb: http://www.kumc.edu/instruction/medicine/anatomy/histoweb/index.htm

Anatomy of my Chapters

First, we've got big chapters by subject. You know, Anatomy, Physiology, Community Medicine, 
so on. They're broken into segments by topic.

In those segments we've got the bulk of the study-stuff. This is usually organized in a story-
telling format with clinical correlations at the end. Sometimes there will be bullet-points for 
biochemical or physiological processes that go step by step, and anatomy is mostly bullet points
of body parts and their related clinicals.

Scattered through there we've got Chai Tea excerpts—cool little boxes where you and I take a 
break to chat about stuff we may disagree on, or tell historical tales of the medical exploits of 
old, or share crazy fun facts about medicine. This is where the hugs happen.

Some Closing Legal Stuff in Non-Legalese

To comply with copyright law, I have not lifted any text from the sources above verbatim, nor 
have I printed professor's comments word for word. In other words, while I have read and fact-
checked using the sources above—just as you would if you were writing a textbook—this work 
is my own. Where necessary, I have cited specific professorial stories for your entertainment, 
but the wording is entirely my own, the way a journalist's re-telling of a source's story is entirely 
her own. I've clarified with “she says” and “he says,” just like any journalist would, any time I 
need to use a specific subjective factoid or cautionary tale that I think would benefit you. 

You need to understand that this is not Notehall.com or “The Ponce School of Medicine Lecture 
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Notes Collection” so you never have to go to class again.1 In fact, some of my opinions differ 
from my professors', usually because I found new research on pubmed or in a textbook that 
contradicts them, and any time that's happened, or anytime my information does not agree with 
one of the sources above, I've cited a new source in the text for you. Again, any time I differ 
from this resource list, I will tell you, and I will cite a better source. All other medical 
information comes from the reference list above! The only thing that makes this book 
different in citation than a normal textbook is that rather than just tucking away the references at
the end, where you'll never fact-check them, I've put them up front and included in-line citations 
where appropriate for information that's not 'general knowledge.' The point here is to synthesize 
all relevant information into one source you can reference easily. If I've made any factual error, 
it's my own, and I'd love for you to prove it to me with relevant literature. I'm trying my best to 
create a catalogue of everything I learn in medical school at the highest quality I can; I hope it 
helps us both.

1 ...but if class isn't your learning style, maybe you shouldn't go. 
http://www.timeshighereducation.co.uk/news/lectures-dont-work-but-we-keep-using-them/2009141.article 
      I did not show you this link. This never happened. This is a dream. You're asleep in class. Wake up.
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Chapter 1: Orientation to Healthcare, or How to 
Survive Medical School
Here you will find everything you need to know about:

1. Insurance and Paying for Med School, or Why Your Doctor Is a Money-Hungry Jerk
2. Learning in Med School: Grades, Study Strategies, and the USMLE
3. Question Bank and Review Courses Resource List
4. Medical Career: Residency Application and Specialty Selection
5. The Most Important Thing--Staying Away from the 25 percent

Let's do this.

1. Nasty Details: Insurance and Paying for Med School, or Why Your Doctor Is a 
Money-Hungry Jerk

Registration

So it's my first day on campus and for once I'm trying hard not to leave an impression--
to blend in. Good luck with that: I think I'm the only married person in the room and man 
is that name change causing registration havoc. I got married just about a week before 
they accepted me, so my maiden name goes on everything, while I wonder and worry 
and sputter dumb questions about getting my husband on my insurance policy. I sit on 
the wrong side of the room and really I should just calm down. But I just don't wanna 
mess up! That's the fear talking, of course, and it's so prevalent among us pre-med/med
people. We live in a bunch of don'ts instead of the positive dos. Don't screw up! instead 
of Do help people. 

Let's talk the Do's of registration day.

 Do have your bank account number, driver's license, social security numbers of 
all your dependents, and, if you'll be parking near your school, car registration 
info with you on registration day. If your school does loans, insurance, and 
parking stuff on separate days, know that--mine does it all in one fell swoop.

 Do get re-certified in CPR and First Aid either before arriving, if your school 
requires it, or during orientation like my school does.

 Do make sure you know the ins and outs of your medical insurance. Many 
medical schools require you to have insurance, and offer plans to purchase if you
don't have one.

Insurance
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My medical school provides mandatory disability insurance--which comes out of my 
tuition and fees--to cover me and give money to my family in case I die of an infectious 
disease or a living cadaver or something while I'm in school. Most schools do the same 
thing. This disability insurance is different from the medical coverage that you use for 
your check-ups, and that's different yet again from your prescription plan, although 
medical and drug insurance are usually covered by the same company, and often go on
the same card. Many medical schools require you to have medical and prescription 
coverage, which will cost you monthly.

And after this string of rip-offs, you can look forward to a lovely career full of malpractice
insurance, which may cost a lot more than your medical or disability care--because 
you're a rich doctor, you can handle it, right?

Haha.

Paying for medical school: Mo' Money, Mo'...

My medical school charges about $23,000 per semester, putting me at nearly two 
hundred grand for the four years. If I take out loans, at today's average interest rates I 
can end up paying nearly three hundred grand over time--and this is all at a relatively 
"cheap" school. Hey, if you're planning on working in a medical specialty that pays 
$400,000 a year or something like that, loans are no problem. Just make sure you 
match into the right residency for your specialty--easy, right? You're just competing with 
all the other med students scrambling to pay off half a mil and still make that cushy 
living their parents promised them.

Blech. 

It's true, many doctors really are just greedy, but I think the more probable issue with 
doctors today is fear. If I don't get this much per patient, it will take me 20 years to pay 
off my loans! I can't possibly go help people in low-income areas--how would I pay off  
insurance and practice costs? Having one kid will throw everything out the window! We 
know if one thing goes wrong the budget dies, and that's scary. We'll chat a bit about 
fear later, but first I've compiled a short list of payment alternatives for those of us who 
just really, really can't live that way, either because our career dreams involve lower-
income clients or we just don't want the debt.

 Health Professions Services Scholarship

The Army, Navy, and Air-force will pay for your medical school if you promise them 
years of service equivalent to the time they paid--so, four years of medical school 
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means four years working for these branches afterwards. You also have to give them 
your residency, but for me, that's a plus—no worries about whether or not I'll match. I 
like that they pay me a stipend just under $2000 every month, plus health insurance, 
dental, and other benefits for my husband and me for the rest of my time in the military. I
also like the possibility of doing my residency overseas. They also provide (and require) 
a paid medical or military training of 45 days each year, basically like a paid version of 
the rotations you do anyway your third and fourth year. I chose the Army because, as of 
2012 when I signed up, they pay a bit more and they offer bigger hospitals with more 
diverse residency choices. I want advanced high-risk trauma training, and that's 
something they can provide.

Different recruiters will tell you different things, so try to get your hands on the original 
handbook or regulations that actually detail exactly what HPSP obligations look like. 
Here's the official Army regulation:

http://www.apd.army.mil/pdffiles/r601_141.pdf

and here's an easier guide to survival and what to expect:

http://www.acog.org/-/media/Districts/AFD-Junior-
Fellows/HPSPSurvivalGuide2013Update.pdf

To get in touch with a recruiter and get the process started, go to goarmy.com and 
select "find a recruiter." Enter "AMEDD" or medical corps into the search drop-down, put
in your region, and there you go. Just make sure you don't sign anything until you've 
reviewed the actual regulation. And be prepared for slow-ass service--like slower than 
running a marathon chest-deep in honey with dead donkeys tied to your ankles. You 
may have to make a ridiculously high number of follow-up phone calls, and people may 
tell you they'll pay you three or four months before they actually do (don't expect your 
first bonus until two months into medical school, btw = P). But hey, since I want to work 
for patients who can't afford to pay back my aircraft-carrier's worth of loans, this was my 
only option. You'll meet some good people, and with some hesitation, I recommend it.

 National Health Service Corps

Almost identical to the military repayment program, the NHSC scholarship provides 
stipend, required fees, and tuition payment for medical school students who promise the
US government 1 year of service in an underserved area for every year of the 
scholarship. It's more difficult to get into than the military scholarship, and you must go 
into primary health care and practice in the states. Many of my family-practice friends 
have applied, and there's a loan repayment program 

 CMDA Missions Steury Scholarship and Others
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 MedSend Debt Repayment Program

Alright, so fear. I suspect that doctors who live their lives in fear of what might happen 
will tend to act defensive around patients and eventually lose compassion--and the 
more afraid we are of running out of money, the more money-hungry we become. I don't
want to preach at you, and I don't know all the answers, but I know I can't live my life in 
fear, and I know the future holds something good. So why fear anyway? God tells me in 
Jeremiah 29:11: "For I know the plans I have for you, says the Lord; plans to do you 
good, and not evil, to give you a future and a hope." How do you feel about that? 
Natcho cuppa tea, or "Amen, sister"? Either way, I love you, stranger, and don't want 
you to live freaking out about loans for the next four years. So whether or not we agree 
on God, let's at least be conscientious of the fears that want to rob us of our joy.

FIXAL

2. Learning in Med School: Grades, Study Strategies, and the USMLE

Fundamental Learning Tips

from the Dean of Physiology and Pharmacology
Multiple choice questions: think like lawyers. The lawyer goes exactly by letter of the law
and doesn't give you any other options. "What's the most frequent symptom of these 
diseases?" Well, in medicine that kind of thing is hard to determine, and a bit subjective 
depending on the resource or the book or the patient. The doctor wants to relate and 
analyze and give discussion and analysis--but to answer multiple choice questions, 
you'll distract yourself that way. "Apply the law"--don't think too much, just throw out the 
most frequent symptom "by law" and answer the most exact and precise question you 
can get from dissecting the question. Don't adapt and reason to specific cases--think 
generally and horrifically legalistically, and understand the question in the most clear 
and simple way.

That's not how you take care of patients. 

Review books are great, but you need textbooks, says that dean guy. Why? When you 
read a textbook and make your own review or handout, and then read your review or 
handout later, you will recall everything you read. You won't have that kind of recall 
when you're reading someone else's handout/review work, which has no emotional or 
kinesthetic or experiential memory for you.

Dr. Arroyo, my anatomy teacher, says to read the answers and the last line of the 
questions first. Then, if you can't answer it automatically, go back and read the whole 
case.
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Guide to doing well on the Shelfs--by Jose Ruiz, president of Student Helping Students

The Shelf, says Jose, is supposed to be a way for the school to measure its 
performance compared to other schools, not to measure individual performance--but 
many medical schools use it as a "final exam" and ask for NBME (the Shelf-creators) to 
give them grades. So you get a three-digit score. The school then uses your score 
based on a "conversion factor" from the NBME to "boost" your score--if you did really 
well compared to other students, you get a higher boost, if you did worse, you get less. 
That sucks--you may have done really well, and gotten like 80%, but if everyone else in 
the country did better than you, you may be "punished" by your school in the grade they
give you for your "final exam." That wasn't the point of the SHELF, but that's how it's 
used.

The good thing about the SHELF is that it's retired Step 1 questions, so you can use it 
to study for the Step 1. 

Jose feels many schools don't prepare us well for the SHELF. Some schools will buy 
you practice questions and give you practice times, but in Jose's experience some 
schools just treat it like self-study and leave you to sink or swim. Doing well in your 
classes may not necessarily help you in the SHELF, and the SHELF questions may not 
necessarily match your exam questions. So practice SHELF questions on your own, 
every day, whenever you can, using the First Aid book, Kaplan or Q-world question 
banks, and books like Guyton's Physiology Review and Gray's Anatomy Review.

Sleep well and practice your speed. If you're slow, now is the time to fix that. You'll have 
1.5 minutes per SHELF question, so build that speed. Don't take too much caffeine, 
because that will decrease your concentration power. Jose says DON'T BOTHER WITH
CLASS MATERIAL--do questions and watch Kaplan videos or read review books so 
that you know the most high-yield stuff possible. You don't have much time, and you 
need to know the stuff they're going to ask you. (You need to know everything else, too, 
but for the SHELF focus on the most important stuff!) Use your own notes--things you've
written in the margins of your review books and class notes, things that are "big deal" 
main ideas.

http://www.nbme.org/students/Subject-Exams/subexams.html
http://www.usmle.org/pdfs/step-1/2013content_step1.pdf

Section by section:
Anatomy: 125 questions are anatomy, and 20 are embryo (wow that's harsh). Give 
embryo a little bit of time to give you that edge. Use Grey's Anatomy Review, and the 
Rapid Review if you don't like the BRS Review. The Michigan Anatomy database (link 
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here) will help. There's a little bit of neuro here, so try knowing cranial nerves and Circle 
of Willis.

www.learningradiology.org (lots of schools don't teach this well)

Physio Shelf: Do questions in the BRS, read the Rapid Review (but BRS is kind of gold 
standard), do the Guyton Review, do some Pretests, do some Kaplan HY questions, 
read BRS Cases and Problems for Physiology, and if understand principles. The details 
of mechanisms that they teach us in class don't help as much as knowing 
pathophysiology and mechanisms of diseases. "What hormone works through the use 
of cyclic GMP" 
Know your equations for renal and cardio. They may ask you to use lab values in the 
exam! Know little details about diseases--the tiny little mechanisms and symptoms and 
what causes them--and know the heart sounds. Know muscular physiology well.

Biochemistry: Try the Rapid Review, the Deja Review, and Kaplan High-Yield Videos.

Kill two birds with one stone?
What will prepare you both for class and for SHELF?
Kaplan Comprehensive and lecture notes
First Aid Organ Systems and General Principles
Physiology by Costanzo

Start out by strengthening your strengths and fixing your weaknesses NOW. An 8-hour 
day of studying will be normal for you, but you can do it!

Don't let the Shelf determine your life. Don't let exams define you.
The only exam that will fefine your life will be the Step 1, but that's not here yet, says 
Jose. = P

USMLE Suggestions from the Doctors in Training Guy 

This guy says if you got a recommendation letter from the president himself it wouldn't 
overshadow a bad Step 1 score. Step 2 CK is super-important—way more now than it's 
ever been—but it is still not as important as Step 1. It's now ranked the 4th or 5th most 
important thing many residency people look for, compared to 8th or 10th most important 
thing from just two or three years back. Do well on the Step 1 so you don't end up in the 
worst place ever for three or five years of your life.

So the 230 line is where pretty much what every residency program wants. 188 is a 
passing score, and 225 is the national average. The scary thing? That 225 is up 3 points
over last year, and it looks to still be rising. 230 will not get you a neuro residency at 
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Johns Hopkins, but it can get your foot in the door for many residencies. It gives you the
chance to sell yourself on personality, beyond a piece of paper. 

Step 1 is 322 multiple choice questions for 8 hours. You can see anywhere from about 3
to 5 audiovisual questions, with heart murmurs. Each hourly block is about 46 
questions. You get to choose the 45 minutes of breaks whenever you want. Go to 
national board of medical examiner's website for free practice test. It gives you a tutorial
that's about 15 minutes so you don't need to use the tutorial on test day. Don't do more 
than 2 hours of testing without taking a break—start with 15 minutes, then 30 minutes, 
and then 15 minutes at the end. Bring yourself food!

It will cut down stress if you make study schedules now. Incorporate different resources 
and manage daily goals so you don't feel overwhelmed! Schedule days off, and 
schedule certain times to study specific topics for exam days. The basic rule of thumb 
for your schedule is a 1 to 1 ratio—1 hour for each hour in class. 

Suggestions from Kaplan Regional Med Programs Director Scott Robertson

 Scout out good places to study on and off campus, looking for places of least 
distraction and good places to study in group and alone (you need to do both!)
◦ He compared this to a gym. You don't work with just one muscle and you 

don't work with just one part of your brain.
 Consider a medical terminology book or online course--knowing prefixes/suffixes 

will help us unlock the new terms we're mastering this year
 Prepare for lectures: the brain sorts info more efficiently if it's got a framework to 

fit new info into. You should make an outline before class that you can put notes 
into afterwards. (It doesn't have to be so organized, a/b/c whatever, just general) 
That's how I'm writing this little study thing!

 Be careful about using other people's notes--taking your own makes you listen 
more carefully. If you're getting prepared notes, trying to personalize them--write 
on them, putting things in your own words--will help. (So write on me!)

 Many of us have better auditory than visual memory, so going to class is good. 
Listening to the lecture at home takes a little longer than listening in class 
because we have to keep pausing to re-hear what he said, and we don't get to 
see the professor's face emphasizing what's most important. 

 "Being familiar with" isn't the same as understanding the material.
 To manage information overload, find clues for subject importance. Look for if 

he's tapping the board, writing chapter headings, poses questions targeting 
exams, other ways he emphasizes material during lecture. Don't ask "should I 
know this for the exam" because that will make him angry. Tell him you were 
looking over notes, reading the text book, and you're not sure you understand the
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most important parts of the material. Focus on the framework first, then get him 
to fill in the blanks.

 The object of med school is to never hate studying. So take a break to do a 
chore you hate (so you really want to come back)! Look at pictures, read, listen to
recordings, check on-line resources, watch online videos--don't just sit there 
getting angrier and angrier. Take pieces at a time and do whatever you can to 
switch up your studying.

 Different content means different study approaches.
 Look at a question, cover up answer choices with a post-it note, and play 

jeopardy with yourself. Look at the answers sometimes and see if you can guess 
what the questions are! Old exam questions will help. It's not all about 
memorizing--some things are--but not everything.

 Tough stuff like biochemistry needs multiple passes: pass 1 learn where energy 
is made/used, pass 2 learn key enzyme steps, pass 3 learn where initial 
substrate comes from and where final product goes, pass 4 learn related enzyme
defect diseases.

 Anatomy: Find out what you can identify by meeting classmates in lab. It's tough
because we all look a little different! Our cadavers--our bodies!--are super-
different. So don't just memorize by basic location, look at different cadavers!

 Neuroanatomy needs bi-directional learning, which means you need to be able 
to answer if someone asks you effects of a lesion--and you need to answer the 
other way, if they ask what lesion causes this effects.

 Physiology needs understanding, not memorization. You have to be able to 
predict how the body will cope under different conditions. What happens if this 
enzyme or substrate is too low or too high? (That's why I'm throwing questions 
throughout my physiology notes) You can't memorize every single possible 
scenario: you have to memorize the key rules and be able to apply them.

 If you use flash cards, vary how you quiz yourself. Look at different sides. 
They've done studies that most people who use flash cards are unidirectional: 
they only flip one way, and then they can't answer the reverse questions! 
Directionality problems are serious, so study both ways--from question to answer
and answer to question.

 Don't be dogmatic about your studying. "This has always worked for me. It 
worked for my father before me. For my grandfather when he was in med 
school..."

 Your brain can hold a lot, but it's how you hold it in there. Cramming vs. gently 
laying it in. Retrospective, comprehensive self-testing helps! Ask yourself why 
you chose that answer, and go over everything. 

 No one can remember everything. Focus on knowing well what will be heavily 
tested and spend more time on stuff that's harder. Come to a test having stopped
studying for a test the afternoon before.
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 Prepare for exams by reducing the bulk of what you're studying. You're only 
going to be tested on a portion of the material, so divide and conquer the 
material, studying the framework first. 

 View your performance on practice questions as useful feedback to focus on, not
a judgement of how stupid or smart you are. You're in med school: you're already
smart. So don't put your self-worth in what you get wrong. Research hard into 
why you missed your questions, though. 

 After lecture, fill in, fix, and finalize the lecture notes you took.
 Try personal audio notes. If you record lecture, after you take notes in lecture go 

back over the sound bytes you thought were hard, close your eyes, and try to 
memorize from sound.

 Try color coding your highlighting for every topic. Use pink for one kind of 
concept, yellow for another, so on and so forth. Scott suggests highlighting 
general patterns in pink, common things (things that are common to male, 
female, etc) in green, and very important distinctions in blue. Don't make 
everything a color, though!

 Find diagrams and charts to summarize.
 Try doing questions before studying, so that you learn what you need to study. It 

will also tell you your strength and weakness up front. You don't just know 
nothing--you do know stuff beforehand--you just gotta figure out what it is you 
already know and don't need to study.

 Aim to understand, not just memorize.
 Managing your time: more isn't necessarily better. Each study activity should 

have a concrete goal. It's not "I'm gonna study six hours," it's "I'm going to know 
this."

 Tally how often you get distracted, and practice not being distracted--remember 
that USMLE is 8 hours, so you need good concentration power!

 Don't assume you need several hours to get anything done. Small time chunks 
can be very useful!

 Study the way you apply make-up--layer by layer, little thing at a time, little goal 
at a time.

 Don't study alone all the time. Some other people may make you think about 
something in a new way that will help you remember stuff for your tests and 
exams--and sometimes they may just go ahead and critique you! But you gotta 
take those tests by yourself and analyze them by yourself so you can be truly 
honest.

 A good study group is maybe 4 people, 3 with different strengths, and 1 who 
always brings good snacks.

 Build stamina by taking multiple practice tests before exam day. Use slow deep 
breathing and muscle relaxation exercises to decrease tension/anxiety.

 There are times when you have to say "no, I've got to study," and other times 
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when you have to say, "no, I need to go do stuff."

 Use item strategies--specific pictures, or small things you remember that help 
you remember the rest of a subject.

Mr. Scott says factors impacting exam performance include:
 Knowledge base: 60% to 70%
 Test taking skills: 25% to 30% That doesn't mean how smart you are, 

that's recognizing the question type and figuring out how they're 
challenging you, and what it is you need to answer. Don't answer the 
question you want to answer instead of the question being asked.

 Attitude and emotions: 10% to 15% This is the difference between a B and
an A. Instead of lashing out, ask why you miss this, and why you don't 
understand that.

 Most of your time for every question should be spent analyzing the 
question itself. Find the answer in your head for yourself before looking at 
the answer choices.

 Vignette questions basically say "here you have this 53-year-old man 
coming in doing this, he's got this...what drug is he on that could be 
causing this problem?" Don't say "he's got this this and this, he probably 
has this, too"; don't read anything into it. Just list the clues they give you 
and then come up with your own answer before looking at their answers, 
because good question writers have very sexy bad answer choices waiting
for you. If your answer choice isn't there, rule out any choice that doesn't 
account for all findings and just grab one and go on.

 Review without question practice leaves you clueless, but question 
practice with no review can confuse you (you have no framework, just 
details). If you go out and play golf forever and ever without a teacher, you
will take forever to get better--you're reinventing the wheel--so teach 
yourself!

 Decision rules--once you've narrowed down to two choices and still can't 
decide, look back at the question and see what reflects the information in 
the question. When you're clueless, don't just guess. Don't just "dangit." 
Think about what you do know about the topic and even if it's almost 
nothing, pick based on that.

 Stop studying by noon the day before the test and let your brain organize 
the information itself.

 Use white space on the exam/scrap paper/white board to write down 
formulas, mnemonics, ways to help you that you can use through the 
exam.

 Pace yourself--don't be done in 12 minutes and run away, and don't take 
forever and ever to analyze the question and add information in that's not 
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there. Your grade will tell you if you're maybe too fast or slow. If you're 
pacing's off, and you're at the end of the time with lots of test left, don't 
pace anymore. Triage and choose the questions you know.

 If you feel anxious, take 60 seconds to breathe. For some people that's an 
eternity--"like I could create a new kind of cheese in that time!" "Excuse 
me professor, can I dust your desk, because I've got to have a mental 
break!" No. Just take 60. 

 Have an actual reason for changing an answer, not a feeling. "Go with 
your gut" is true until it's not true. There are a lot of us that when we click 
on C, our brains suddenly click and realize "hey, wait, that can't be right, 
because this! It's A!" It will take you some 10,000 questions to figure out 
what you're like. Final answer: don't change unless you've got a hardcore 
factual reason!

 Draw on more general concepts if you can't remember the specific detail. 
If I can't remember a specific nerve, I can just talk myself through the rest 
of them until I dig that one back outta my brain.

 To analyze your errors, make columns of topic, task, format, 
image/diagram, lab interpretation, and calculation. Put each question in 
those categories (is is a mechanism question? Is it about cardiology?) and
then you'll know what you need to study. Not everyone needs to do this, 
but some of us do!

 If you're missing a lot of questions early in the test, that may mean you're 
just freaking out at the beginning. If your errors occur at the end you're 
maybe pacing wrong--rushing through the last ones--or you've got mental 
fatigue. Your health and stamina will reflect this.

 Reading problems are a big deal. Even medical school geniuses like us 
get nervous, rush, and read wrong. We end up answering questions we 
want to ask instead of the ones we're asked.

 Anger will not help you. Just say "why do I miss this" because being angry 
can distract you from answering questions!

 You may have knowledge gaps--certain material you didn't like, or didn't 
think would be tested, may still matter. So diagnose that, and then fix it.

What Scott says about the USMLE:

The USMLE is 8 hours long and you need your brain "muscle" and your clicking 
muscles primed and ready to go. People come outta there permanently cross-eyed, 
says Scott. The passing number for the USMLE, by the way, is not enough to get into 
residency!

You need to practice the timing, too. Statistics show student performance goes up until 
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about the 5th section, and then after a while you just start dying. And you're going at 78 
seconds per question that entire time--people are just clicking to get outta there by the 
end of that! So we need marathon ability.

No one else can tell you what you need to study--unless it's a professor who's been 
working closely with you and knows what you're struggling with. So you need to find a 
way to track what you're good at and what you need to review.

So that leads us right into...

3. Our Question Bank And Review Course Resource List

Kaplan

At Kaptest.com you can get a free Step 1 diagnostic exam (don't take it until about 
Christmas the year before your Step 1, or you'll just discourage yourself), high yield 
study, and some other stuff. You can buy Kaplan's question bank and study guide, too 
(they come separately). That study guide covers in about 50 hours all the things you 
need to know. Kaplan's got diagnostics that let you track what kind of topics you're 
struggling with, and you can set it to give you explanations for all the questions. You can
also set it to only ask certain question types, and to show you the most common types 
of questions.

Mr. Robertson gave us his e-mail for this great presentation, and if you want to ask him 
for more information about med school and Kaplan and studying styles, you can 
apparently e-mail scott.robertson@kaplan.com. 

That's it for Mr. Robertson's medical school study tips!

Doctors in Training Review Course

Average DIT student score, says the DIT representative, is 235. They're the only board 
review course that will share their average scores. Cool beans, too—Brian Jenkins, the 
guy who founded this, was using these strategies in medical school and did super, 
super well, so second year students behind him reached out to him to ask for help. He 
got his whole school using his strategies, and his school saw a 10 point jump in average
USMLE score results. He became a doctor, recorded himself, put himself online, and 
now his ideas get shared with everyone all around the world.

The plan for DIT is in the first wo years of med school, build a solid foundation of basic 
science knowledge. Then your first review should be 3-4 months, about 10-12 hours a 
week. Your second review is 3-6 weeks before, about 12 hours a day. The final review is
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5 days straight, 12 hours a day. “Promise me that you won't look at anything new during 
the final review,” says DIT man.

DIT teaches you in three layers. First a primer, which has videos hand-selected by their 
physicians, high-yield and difficult topics, and quizzes. This you have access to forever
—initial high-yield info. They do short answer questions, not multiple choice, because 
it's a more active learning format, and more efficient (1 short answer may cover 2 or 3 
multiple choice). They also reference your text books. Study questions, and video 
answers—not just video answers.

Part 2 is the intensive video series, with the most up-to-date information possible. They 
re-shoot videos every year, and send you a study guide book, and you can put the 
videos on any platform (your phone, too!). The access is 45 days of unlimited access to 
force you to go through it right away and finish all the videos. 

DIT also provides a Student Advisor that makes personalized study calendars that will 
incorporate your Qworld or Pathoma or whatever other resources you're using into 
them. support@doctorsintraining.com will help you if you decide to use DIT. They'll give 
you the program for free for 14 days, and you can get a 100% refund during that time, 
but after that it costs $$$. For my school, they told us it normally cost $799.00, but you 
can get a big discount or order online. We have a special offer using 14Ponce7 as our 
code online, and we can get a $109 discount (biggest one they offered this year) and 
pay only $690. Coupon code expires midnight Thursday next week. Dayum. They'll also
give us student advising for free, with a free 6 week study calendar. (Costs about $108 
normally) Hmm....

Morcan Duke Mduke@doctorsintraining.com

Buy this second year

Qworld is recommended as the best one by the DIT guy. He wants you to do a minimum
of 2000 questions. The NBME has several almost-full length exams for about 50 to 60 
dollars each. 

University of Michigan Anatomy Questions
PrepU Anatomy Questions

4. Your Medical Career: Residency Application and Specialty Selection

Where do you want to do your residencies? What are the best hospitals? Here are 
some rankings I got from our advisors, from US news' last 5 years, for you. Remember,
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Top 5 Hospitals for Cancer:
University of Texas MD Anderson Cancer Center, Houston
Memorial Sloan-Kettering Cancer Center, NY
Mayo Clinic Rochester, Minnesota
John Hopkins Hospital Baltimore
Danna-Farber Cancer Institute, Boston

Top 5 Hospitals for Ob/Gyn:
Mayo Clinic, Rochester, Minnesota
Brighman and Women's Hospital, boston, MA
Cleveland Clinic, Cleveland, Ohio
Magee-

Top 5 for Ortho
Hospital for special Surgery, NY
Mayo Clinic
Cleveland Clinic, Cleveland, Ohio
Massachusetts

Summer program stuff
Why you have to do a summer program thing
Tips, so you're not just blindly googling:

• If you're interested in the Neuro-Oncology Blood-Brain Barrier research, there's a
program at the Oregon Health & Science University you may want to look into.

• Mayo Clinic's looking for minority students at LCME accredited schools who are 
in the 1st or 2nd year and want to spend 8-10 weeks doing summer research and 
getting paid $4,300 for 8 weeks plus traveling expenses. 
Http://www.mayo.edu/msgme/diversity-srf.html The app deadline's usually March 
1st—definitely look into it.

• University of Texas pays $4000 for a 10 week program, and of course looks 
awesome on an oncology resume. Google MDACC summer program.

• Massachussetts General Hospital, at http://www.massgeneral.org/mao/students/ 
offers a stipend of $4,000 during the summer, as of this writing, with a deadline of
Dec. 2. You may be able to land a nice surgery residency here if you can get to 
know some people over the summer.

• Moffitt Cancer Center & Research Institute at www.moffitt.org have an application
deadline in March 14 and pay housing, plus $1000, with a meal card at the 
hospital. They want college and med school transcripts, 2 letters of rec, a 
personal statement, and of course their application. The benefit is you can alter 
the program duration between 4 and 10 weeks, so if you want to do something 
else in the summer, too, this is a cool option.

• Memorial Sloan-Kettering Cancer Center pays you $5,800 for 8 weeks (but you 
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have to survive in New York!) and has housing opportunities available. Their 
summer fellowship has a December deadline.

• If you want to rotate in a Spanish Speaking area, Hospital San Lucas in Puerto 
Rico 

• About the Society for Pediatric Research (APS/SPR) Student Research Program
—look up Dr. Barbara Anagnostelis, barbaraa@aps-spr.org in Texas for 
pediatrics experience.

• For those of you who love the government, the NIH has training programs at 
https://www.training.nih.gov. You'll be trying to contact Dr. Ellen Sidransky, a 
neuroscientist who recommends asking for your recommendation letter before 
Christmas recess, and working on your essay and CV during that break.

When you're writing your personal statement for residencies or summer programs, don't
pretend you're going into med school again. Don't write about your enthusiasm for 
medicine and so on and so forth, or tell them in general terms you want a good 
residency. Write about:

• Why your personality fits with that residency
• Your experience and interest in that specialty
• What specifically you will give that summer program or residency, based on your 

experience
• Why that particular residency has programs or experiences you need

That's what Dr. Soto says. Anything else is suicide, he says.

He also points out that medical programs—unlike pretty much every non-medical 
company I've worked for or every client I've written for—want a CV, not a resume. That 
means they want the list of ALL your activities all the way back through college, not just 
the relevant bullet-point stingers that relate to the position you're applying for.

5. The Most Important Thing--Staying Away from the 25 percent

News sites in the US are throwing around figures of 20 to 25 percent, and one 2012 
study in the Kathmandu University Medical Journal rated med students in Nepal with a 
nearly 29.78 percent depression rate. One of our big depression triggers is the medical 
hierarchy
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Chapter 2: Anatomy
We're not here to vomit facts, but rather to learn the human body to better help patients.

Of course I laughed when they put up the ppt slide saying "Gross Faculty & Staff." (Ew, 
our Faculty and Staff are gross...)

My astounding maturity aside, we're starting with 
• Directional terms you should already know
• Thorax, Gastrointestinal tract, Anterior Abdominal Wall, and Posterior Abdominal 

Wall. 
• Pelvis, Perineum, Back, and Upper & Lower Limbs, 
• with Head & Neck last. 

Okay, ready? Take out your atlas and hold it open. Point at each of these structures as I 
talk to you about them. Seriously, do it! I've tried to write this so as you read each little 
bit you can close your eyes and the descriptions should help you "see" in your head. 
I've also included clinicals for each section. 

Finally, listen to my truncated audio notes while you do what a wise upperclassman told 
me to do: draw the structures. You don't have to be a good artist. Just map out for 
yourself where all this is, and try to be as accurate as possible. I read a study a few 
years back that said manual work like that--notes and drawing, especially shapes like 
organic chemistry structures--is really good for your brain and will improve your 
learning. I don't remember where the study is, and it doesn't really matter right now, but 
the point is, try drawing from memory. Also, for practice, try explaining to someone else 
where this stuff is located.

You have to get an atlas and look at pictures.

You can skip straight to the learning FIXAL link, or read the anatomy tips below.

What I Had To Bring to Lab:
2 bath-size towels, 4-white hand size towels
Lab gloves
Scrubs
3 Bottles of Blue Downy/Snuggle 64 oz fabric softener (WTF)
2 Bottles of other detergent
Atlas (Netter or Grant)
Dissection Kit
Clipboard
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Terms you should already know

 Anatomical Position: Head, eyes anterior; upper limbs by the sides with palms 
faced anteriorly; lower limbs together with feet directed anteriorly.

 Ipsilateral means something is on the same side as something else--so my left 
eye is ipsilateral with my left shoulder. Contralateral means the opposite--my left 
eye is contralateral from my right eye. Bilateral means something is symmetric on
both sides, and unilateral means something is located on just one side--like the 
heart.

 Anatomical Planes: Frontal/Coronal plane (bisect through the head to leave the 
face/front off), Transverse plane (Cut through the ribs/stomach to leave head and
legs separated), Sagittal plane (the only cut, through the middle, that leaves two 
symmetric halves), Parasagittal (diagonal cuts; rotate the sagittal plane to go 
through a shoulder)

 Relationship-Comparison Terms: Superficial, Intermediate, and Deep (Duh), 
Medial and Lateral (Medial toward the Middle, Lateral towards the Left and right 
sides), Proximal and Distal (Proximal closest to the medial line), Inferior and 
Superior (Superior is above, all arrogant-like), Cranial and Caudal (Cranial is 
higher up, like your Crown), Dorsum vs. Sole or Palm (Dorsal is the back of your 
hand or foot, the bony part, not the fleshy part)

 Flexing or Extending: Flexing is towards the Front, in a forward rotation--except 
for the foot, with dorsiflexion towards dorsal side, plantarflexion towards sole.

 Abduction and Adduction--shorten to Abd or Add when communicating, to avoid 
similarity in sound--adduction is towards the midline, like you're adding your 
arm/leg/tentacle to the body. The only exception is your middle finger, which 
abducts both laterally and medially; your fingers abduct or adduct with respect to 
that middle finger (it becomes the midline). Your thumb also adducts and abducts
with respect to your forefinger (away is abd, towards is add!) perpendicular to the
plane of your hand--it flexes and extends in the same plane.

 Eversion vs. Inversion--inversion is rotating your foot in towards the midline
 Supination and Pronation--Supinar means to ask, so Supination means putting 

your hand palm-up like you're asking for something
 Your thumb can touch your pinky in a movement called opposition; returning it to 

normal is reposition. If a patient can't touch these two together there may be 
nerve damage present.

Two final tips.

First, you need to realize there are 20 or more variations common in the appearance of 
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many body parts, especially in the GI area--people look different!--so study different 
pictures and check different cadavers to see each area's variations!

Second, a tip on muscles: the origin, where the muscle starts, and the insertion, where 
the muscle ends, give you clues into the muscle's function. The muscle always pulls 
from insertion towards the origin--it's always going back to its roots!

Gross Anatomy: Thorax

In the Sternum, where's the...
 Manubrium--it's the top section of the sternum where the first rib attaches. It's the

part I imagine the alien bursting out of in Alien, and the part that has kind of a 
groove on it. It's located between T3 and T4.

 Jugular notch--a notch at the top of the manubrium. It's that sexy line at the 
bottom of everyone's throat, the one you can stick your finger in and find a little 
depression? Right between your collarbones? That one.

 Clavicular notch--The notch the clavicle fits into, right next to the jugular notch. 
(Your clavicle is your collarbone, by the way)

 Body--that's the big chunky part below the manubrium and above the pointy 
xyphoid process in the bottom. It's the middle! Sometimes it's perforated because
of a common defect. The second to seventh costal cartilages (the rib cartilage 
that closes your rib cage) attach here. At T5-T9. You can take bone marrow from 
here if you're an experienced dermatologist. The danger is if you stab too far and 
break the pericardial lining or a vein back there and make it bleed internally and 
kill the heart, so better to take it from the hip if you can.

 Sternal angle of Louis--the joint between the manubrium and body. Second rib 
articulates here. It's located anterior to T4 and T5.

 Xiphoid process--the pointy part at the bottom. In younger people it's a chunk of 
cartilage, but in middle-aged and older people it's ossified.

 Superior aperture--where the thoracic cage opens up top (above the 1st rib and 
the superior border of the manubrium)

 Inferior aperture--T12, 11-12 ribs, where the diaphragm's located and the 
opening created by costal cartilage 7-10. There are babies that are born with 
defects here where the left diaphragm isn't connected, and so the lung is 
collapsing and air is going into the peritoneal cavity below. Intestines start 
entering the pleural area. (The right diaphragm closes first in development so this
stuff pretty much doesn't happen on that side because of the liver)

In a Thoracic Vertebra, find the...
 Vertebral body--This is just the main body of the vertebrae, don't sweat it. The 

vertebrae is a kind of symphysis joint, by the way, which means two bones join 
together via a fibrocartilaginous disc. 
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 Vertebral Foramen--the hole in each vertebrae that is part of the vertebral canal.
 Vertebral Arch/Neural Arch--There's a spikey thing attached to the vertebral body 

that surrounds the vertebral foramen. If you shaved the spikey parts off, you'd get
the smooth arch around the foramen. On this arch, the parts that attach to the 
vertebral body are pedicles (think little pedestals holding up the spikes process). 
Laminae are the smooth flat plates at the top of the arch, between the spikes, 
that hold the thing together.

 Processes--These are the spikes for ligaments to attach. The spinous process is 
the one where the two laminae meet, the transverse processes are located 
between the pedicle and the laminae (they're the sideways spikes), and the 4 
articular processes are the rest of the spikes. Two of these little articular 
processes point up when they're aligned on the spine--they're superior articular 
processes--and two point down, and are inferior. Each one has a facet that 
articulates with the vertebrae above and below it, allowing your spine to bend. 
Facets are basically the fibrocartilaginous discs I mentioned above that make this
a symphysis joint.

 Costal facets--This is basically the smooth side of the vertebral body moving 
along the transverse processes. If you stared down at the vertebrae from above 
and stroked the transverse processes from the vertebral body, you'd touch these 
facets. Costal is rib, so they connect with the ribs.

 Superior and inferior vertebral notches--The hollows on either side of the 
pedicles. This is where the vertebrae really articulate against each other, and 
they're the boundaries of the little holes you see (foramina) when you look at the 
spine, all assembled, from the front. If you're looking at the vertebrae from above,
and you have the body pointing up (so it looks kinda like a space invader), it's the
groove in the little legs of the space invader.

In the rib, identify:
 The head--This is the part that joins with the spine. It's rougher-looking and bulgy.

It's got two articulating facets, one upper and one lower, and inserts "between" 
the vertebrae. You name the rib by the vertebrae touching it on the bottom. A lot 
of times it you can't figure out the # of a rib you count the vertebrae. You have to 
be very specific about where rib trauma happens, since 4 and 5 are much more 
dangerous (over lungs).

 The neck--This is the thin part just beyond the head.
 Tubercle--This is the bump just after the neck, where the rib begins to widen out 

again. It's got a little symphysis joint-plate on it that meets with the transverse 
process of a vertebrae. That vertebrae and its attaching rib have the same 
number.

 Angle--Where the rib starts to curve. This is the most common fracture point of 
the ribs in a car accident.
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 Costal groove--This is a little seam along the lower border of the rib where the 

nerves and intercostal vessels flow through.

When we look at the rib cage, my teachers want me to notice that ribs slope downward 
so that the end of each rib that touches the sternum is lower down than the end of the 
rib that touches the spine. Ribs and cartilages get longer from the 1st to the 7th (so the 
7th is the longest), and so the thorax in general increases in diameter from the 1st to the
8th rib. The 8th rib points laterally or bulges out more than the others. The angle--and by
this I don't mean angle of the rib's bend, but angle that the rib diverges from parallel, so 
up and down angle--increases from the 1st to the 9th. So the 1st is more straight. 
You've got 12 pairs of ribs and costal cartilages. The "true" ribs are 1-7; false don't have 
their own cartilage up to the sternum, but rather join by cartilage to the rib above them. 
The false are 8 to 10. Floating are 11 and 12, with no connection to the sternum, but 
they're imbedded in tendon and not actually floating. To do kidney surgery you open 
behind these floating ribs, below rib 12. This whole box is flexible for breathing because 
of those great cartilages, but by 80 years or so rib trauma can be very dangerous, since 
those have ossified. 

Your cartilages can have costochondritis--inflammation of the cartilage due to blunt 
trauma--that's characterized by a sharp pain which gets worse when you breathe. That's
an important distinction--that it gets worse when you breathe--which you won't see in a 
heart attack.

The most atyptical rib is the 1st one, with subclavian grooves and a scalene tubercle. 
It's under the clavicle, so you can't find it. It's fatter. To count the ribs from the front you 
find the joint between the manubrium and the sternum, and know that's the second rib, 
which is also irregular-looking, and has got two facets. 11-12 don't have tubercle or 
neck. 10 and 12 have only one facet.

Soft Tissue of the Anterolateral Thorax

 Pectoralis major--This is what we know of as the pecs, the big fleshy thing 
under the breast. It's actually got two parts, the clavicular portion and the 
sternocostal portion. The sternocostal is the lower portion, the big part that 
extends almost all the way to the middle of your ribs. The clavicular portion is, 
predictably, right attached to the clavicle, or collar bone. It's considered an 
accessory muscle, and if you've got trauma, you can use it to raise your rib cage 
to breathe by lifting your arms.

 There's a tiny space between your deltoids and that clavicular part of the 
pectoralis major, and that's called the clavipectoral or deltopectoral triangle. 
The vein in there is called the cephalic vein. Ceph means head, and this vein 
kinda flows towards the head of the clavicle and the "head" or top of the 
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pectoralis major.
 Lateral pectoral nerve--If you cut away the clavicular portion of the pectoralis 

major, you can see some tissue strands going up into it. That's the lateral 
pectoral nerve. Also, besides it--kinda tangled in it--you will find the muscular 
branches of the thoracoacromial artery. Wikipedia has a lovely mnemonic for 
differentiating this and the medial pectoral nerve, which passes through the 
pecs minor and pierces the pecs major: "lateral less, medial more." The lateral 
innervates "less"--just the pectoralis major--and the medial innervates mostly the 
minor but more, it goes into the major, too.

 Pectoralis minor--That's the small pec underneath the major. It's kind of like a 
long rubber band that stretches under the lateral pectoral nerve and 
thoracoacromial artery. To the lateral side, snaking just under it and to the lateral 
side around the breast, you find the lateral mammary or lateral thoracic artery.
Right over the top of the pectoralis minor there's a string of tissue trailing from the
clavicular portion of the pectoralis major down the pectoralis minor--that's the 
medial pectoral nerve.

 Internal Thoracic Artery--This runs down the "middle" of your chest, kind of. It's 
lateral to your sternum's edge, and you have one on either side of your chest 
running down. Two internal thoracic veins run alongside it on either side, 
carrying blood back towards the heart (remember arteries are away) and around 
the second costal cartilage (second rib level) they join into one. That one vein 
continues with the thoracic artery all the way to the subclavian artery--in the case
of the internal thoracic artery--and the brachiocephalic vein--in the case of the 
vein. These blood vessels feed your sternum and the muscles along your ribs--
they're super important! Running from the internal thoracic artery you've got 
the anterior intercostal arteries, which feed each rib. Each one has a vein 
running alongside it. So from the subclavian artery up by your collarbone you've 
got the internal thoracic artery, and that runs all the way down your sternum with 
intercostal arteries branching off of it to feed your ribs. The deoxygenated blood 
runs back from the ribs along the intercostal veins, meets the internal thoracic 
veins/vein, and goes back to the brachiocephalic vein to run back towards the 
heart. There's a set of branches running from the thoracic internal artery that 
goes along the back, the posterior intercostal branches.

 Your posterior intercostal arteries for the first three ribs come from the 
supreme superior intercostal artery, which comes from the subclavian. The 
other posterior intercostal arteries come directly from the descending thoracic 
aorta.

 Transversus thoracis muscle/sternocostalis--This starts at the bottom end of 
the sternum (but above the xyphoid process). Each "frond" fans upward to insert 
into the surfaces of the 3 to 6 costal cartilages. It's like a palm frond, to me. 
These help depress your chest after you breathe. They're on the inside of the 
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front.

 On the intercostal spaces of the ribs (the spaces between them where the 
vessels and nerves run) there are three layers of intercostal muscles. 
Predictably, the outside is external, then there's internal, then innermost. They 
all attach to the inferior border of the ribs and then to the superior border of the 
rib below that--so they kinda connect from one rib to the other, filling in the space 
between like a very thick, lovely webbing. The externals pull "oblique"ly, at an 
angle up towards the spine and down-ish towards the sternum. In the front of the 
body, they only extend to where the ribs touch the sternum, at the costal 
cartilage, and there an external intercostal membrane covers the cartilage, 
instead of muscle. The internal intercostals run at a right angle to the external, 
going up towards the sternum and down towards the spine. They only get to the 
angle of the ribs: from the tubercles to the spine is the internal intercostal 
membrane. You can remember this direction by remembering the internal 
intercostals run down in to the spine. The external lifts the chest for inspiration, 
while parts of the internals may help in expiration and others in inspiration. The 
innermost intercostals run in the same direction and do the same work as the 
internal intercostals.

 Subcostales muscles run along the inside back wall, weaving from one rib to the
other and across another. So, for example, one attaches to rib 6 and rib 8, 
passing right over rib 7. They help depress your ribs (not, as in, make them sad, 
but push them down). They're located at the angle of your ribs, right in the hollow
under your lungs, and they kind of sit atop the rest of the innermost intercostal 
muscles. My teacher's notes classify them as part of the innermost intercostal 
muscles. They're part of the stabilization of the back.

 Anterior Serratus--If you place your fingers just under your armpits and spread 
them towards your front you're kind of copying where the anterior serratus is. 
They hang out from the top, down to your eighth or ninth rib. They're a fan along 
your sides and back, and they extend along your first rib, too, even though you 
only really see them--in super-muscly people--down by the seventh-ninth.

 Levator costarum--Twelve thin muscles that come off the cervical and thoracic 
vertebrae (upper spine) and insert into the outer surface of the rib below the 
vertebrae they start from. So from the third vertebrae on the left side, you've got 
a levator costarum that goes down to the fourth rib. Each of the four bottom 
levators also splits in two and has a fascicle that goes below that (so one levator 
costarum comes off the 9th vertebrae to touch the 10th, and then branches off to 
touch the 11th, too). Help lift ribs.

 Serratus posterior--The inferior of this starts at like the T12 and L3 (so way 
down low) vertebrae in the back and fans upwards to connect with the 9th 
through 12 ribs; the superior posterior serratus starts at the 7th cervical and 
upper 2 or three thoracic to fan down to the ribs, reaching all the way to the 5th 
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rib. The inferior help pull down the back; the superior pull it up.
 Breast--The breast has several suspensory ligaments (of Cooper) that 

connect between the globs of fat-looking tissue (gland lobules) and help hold 
support. The suspensory ligaments are big white tough separations of tissue 
between blobby pink and yellow stuff. These ligaments help determine the 
difference between benign fibroadenoma (fibrocystic changes) and serious 
cancer: a benign tumor is movable and has a capsule separating it from the other
body tissues, and because it has a capsule it slides around. Non-movable tumors
cling to the underlying ligaments of Cooper, and they're cancers anchoring 
themselves and trying to spread. Tumors can pull so much on the ligaments that 
they retract the skin.
◦ Behind the breast you can see a bursa, or cushioned space, called the 

retromammary space. That space separates the breasts from the pectoralis 
major. It's very bad if a cancer penetrates beyond here--that means it's going 
out into the other tissues. 

◦ The places where the milk comes from are lactiferous ducts, which are thin 
white strings that converge on the lactiferous sinus. Lactation is stimulated 
by prolactin. Duct cancer is most common and then there's lobe cancer. 

◦ 2/3 of the breast covers the deep pectoralis fascia and 1/3 covers the serratus
anterior muscle, and the breast has an axillary tail that extends into the arm 
pit. Cancer is most frequent in the upper outer quadrant.

◦ The breast is innervated by 4th to 6th intercostal nerves and affected by the 
apical, humeral, central, pectoral, and subscapular lymph nodes. (Apical is up
top, central is between humerus and third rib, humeral is in the arm under 
humeral, pectoral is next to the 5th rib on the lateral side of the breast, 
subscapular is right up in the arm pit) Tumors escaping the breast travel 
through lymph nodes, usually towards the axillary or arm pit (so they start 
pectorally and move apically). We use PET scans to highlight high-glucose-
consuming areas--which include out-of-control tumors, and the heart. The 
lymph nodes can complicate tumor removal. If you're not careful and you're 
taking out axillary nodes to get at a cancer and you break lymph channels you
can get edema of the ipsilateral upper limb. We can also inject a blue paint 
called Alcian blue into the lymph nodes, and if the blue paint sticks and clings 
and stains an area, we know that area is cancerous. 

◦ The most common cancer is in duct C8. 
◦ In X-rays breasts will sometimes be denser or less dense in different women, 

and they'll often show up as denser shadows so low you think they're lungs or
something. Younger women or women on hormone therapy tend to have 
denser breasts.

◦ Sonograms only help you to see if a cancer's cystic (a hollow with liquid 
inside) or solid.
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 Subclavian--This is the big ole' honkin' artery that comes off the brachiocephalic 

trunk off the aortic arch, which means it pretty much comes directly from the 
heart. It flows with its vein, the subclavian vein, under the clavicle until it 
becomes the axillary artery. The aorta actually continues down the body kind of 
along the spine (where it's called the thoracic aorta) so that your posterior 
intercostal arteries feed directly off of it to inundate your back ribs.
◦ In radiology the subclavian vein will be really useful to you, because lots of 

imaging and anti-cancer treatment lines pass through here. You want to insert
from the right subclavian all the way into the superior vena cava, but if you 
make a mistake you will get it from the right subclavian across into the left 
subclavian. That's why you take additional radiography to make sure you put 
your catheter in right.

Thorax and Mediastinum: Cage Function
 Functions to protect vital organs
 Resists negative (below atmospheric pressures) made by the elastic recoil of the 

lungs. When you breathe out, you create a negative pressure. The atmosphere 
would like to just stay in your lungs, but you need to be able to keep it out. If your
break all those muscles and ribs, you won't be able to keep that negative 
pressure.

 Support the upper limbs
 Anchors the muscles that move and maintain position of ribs/trunk/etc
 Thorax is divided into mediastinum and two lateral cavities (pulmonary cavs)
 With age connective tissue in here becomes more rigid, making breathing harder,

so masses and tumors in here are worse for older people

Fascias and linings of the thoracic wall
 Endothoracic fascia--This is a super-deep layer of tissue that separates the ribs 

and intercostal spaces from the lungs. At the C7 level this forms the suprapleural 
membrane and is more fibrous, helping the pleura stick to the lung.

 Pectoral fascia--This covers the pectoralis major and runs over the axillary lymph
nodes.

 Clavipectoral fascia--This attaches to the clavicle and runs under it, under the 
clavicular portion of the pectoralis major (so it covers the pectoralis minor).

 Pleural sac--covers the lungs--and touches the visceral lining--the serous 
membrane lining the wall. You can divide the pleural into sections to describe an 
area in more detail--the mediastinal pleural, for example, separates the lungs 
from the mediastinum (the area that contains all thoracic organs except lungs). 
When we're describing a lesion, we need to be able to give an exact location.

 Costodiaphragmatic recess--the reflection line between the diaphragm and the 
costal lines, the lines where the ribs are. This is the area that you take water out 
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if there's liquid (blood or something) compressing the lungs. If you want to do 
this--or stick something in here so you can take a kidney biopsy--you'll ask your 
patient to breathe out hard. That lowers the diaphragm and lets you stick 
something in to work. 

 Costomediastinal recess--the recess/line (almost imaginary hole) between the 
costal layer (the ribs and stuff) and the mediastinum. The most clinically-
important is the left side where the heart is, and this is a common place to try to 
remove liquid that's crushing the heart.

Mediastinum 
This is the hollow that contains almost all the thoracic organs except the lungs. It lies 
between the lungs and extends from the diaphragm to the T1 vertebrae just above the 
clavicle. In this area, identify the:

 Anterior mediastinum--This is the thin globbity area just under the sternum 
that's filled with fat. It goes from the transverse thoracic plane at vertebrae T5 
down to the diaphragm. There's a little bit of the thymus gland and some lymph 
nodes there. In the infant and child, the thymus is a big, active organ between the
lungs that reaches way into this area, but after puberty it shrinks and gets 
replaced by fibrous tissue and fat. It's a big, adaptive immunity organ that 
produces T-cells. In auto-immune diseases people often have a thymus that 
doesn't leave when it should and that forms a thymoma. Part of inferior 
mediastinum.

 Middle mediastinum--This is the heart and pericardium. Part of inferior 
mediastinum.

 Posterior mediastinum--This is just in front of the spine, the area containing 
your esophagus, aorta, azygos vein, etc. It's all squished between the lungs. Part
of inferior mediastinum. From T5 to T12.

 Superior mediastinum--This is just the stuff between your neck and thorax, just 
above the middle mediastinum. From T5 up to your collar bones. Most of the 
thymus gland was here. 

 Esophagus--passes in front of the aorta and behind the middle mediastinum. It's
one of the only parts of the abdominal viscera that don't have peritoneum.

 Vagus nerves (right and left)--These go down from the neck into your gut and 
carry all kinds of axons through your body, from neurons with external sensory 
function to parasympathetic autonomic (making you do the stuff you don't think 
about) and visceral afferent (sensing stuff in your gut to monitor stuff you don't 
think about) functions. It's a cranial nerve that, most importantly, helps lower your
heart-rate. Parts of the vagus nerve fibers spread over your esophagus to form 
the esophageal plexus. This is a little hard to think about, so start up top with 
me. 
◦ From your neck, you've got a vagus nerve coming down on the left and on the
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right. There are two branches right and left that pass behind the roots of your 
lungs as they descend, with little fibrils trailing off to manage their heart-rate 
parasympathetic function as they pass. 

◦ When they reach the middle of your esophagus, which they meet together, 
the two left and right branches spread out like fingers all over the esophagus, 
winding down along it towards your stomach. (It looks, in my anatomy atlas, 
like the tendrils of the nasty symbiont that becomes Venom from Spiderman) 

◦ This is where it gets a little funny. From this set of spreading fibers, as you 
move down the esophagus towards the stomach, the vagus splits again. This 
time it splits front and back, so you've got the left vagus turning into the 
anterior vagus trunk and the right vagus turning into the posterior vagus 
trunk. In this area you've got parasympathetic metabolism regulation from the 
vagus, and you continue on until these nerves reach the stomach. You can 
remember it's left to anterior and right to posterior by remembering that L 
comes before R in the alphabet, just like A comes before P. 

◦ This is a pre-synaptic trunk. You'll find that the post-synaptic neurons are 
short, and in the organs they target, at least in the parasympathetic.

 Azygous venous system--This is the whole system of veins that converge into 
the superior vena cava towards the heart. It's like a web of rectangles on the 
back wall of your thorax, winding besides your esophagus and syncing into the 
intercostal veins. The azygous system is super-important for connecting the 
superior and inferior vena cava, and it's a unique structure because usually 
capillary beds drain into veins which drain into the heart, but here you have a 
system of capillaries connecting two sets of veins. This is called a portal system. 
There are no valves on these vessels, so blood can flow both ways, and this 
system is important in hypertension because of its relationship with the liver. 
Parts of this system include:
◦ The azygos vein, which goes up along the right posterior side of the 

esophagus. It runs over your superior bronchus--part of the lung--before 
going into the superior vena cava. Draining into this you have all the posterior 
intercostal veins on the right side. 

◦ The hemiazygos vein, which looks like another azygous vein running from 
down under the diaphragm up the left side of the esophagus--but it then 
ducks behind the esophagus to connect with the azygous vein at about the 
7th or 8th rib (at about T9). Hemi means half, so you can remember this looks
like a bottom half of an azygos vein on the side opposite the real azygos vein.

◦ The accessory hemiazygos vein continues upward from where the 
hemiazygous vein left off. What actually happens is the azygos vein splits 
behind the esophagus, around the 7th or 8th rib (T8), and the hemiazygos 
vein goes down while the accessory hemiazygos vein goes up.

◦ Left gastric vein connects into the azygos venous system from the stomach, 
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where its tendrils trail up the esophagus and meet the azygos system there. 
(This gastric vein comes from a trunk originating on the right side that 
connects into the splenic vein, which collects blood from the the spleen, and 
the mesenteric vein, which travels down below. More on these later)

 Descending aorta--Also called the thoracic aorta, this comes from the aortic 
arch right next to the top of the heart and trails down your spine next to your 
esophagus. Branches called bronchial arteries trail off it to feed the lungs, and 
its esophageal branches feed the esophagus.

 Thoracic duct--This is a lymph vessel running up and down the spine just 
behind the esophagus and besides the thoracic aorta. It's just in front of the 
azygos vein. It passes through the diaphragm in the same hole the aorta goes 
through, and it ends at the angle where the jugular and subclavian veins meet at 
the base of the neck. It drains there. As it goes up, it starts on the right of the 
midline, and then around T4-T5-and T6 it starts being on the left on its way to 
that venous angle.

 Sympathetic trunk (chain)--This comes into the thorax from up in your neck, 
from the cervical sympathetic trunk, and travels all the way down your thorax on 
either side of the midline. It looks like a chain of ganglia, or nerve clumps, over 
each vertebrae and rib. This runs down lateral to the vagus nerves, which are 
parasympathetic. From the sympathetic ganglion each intercostal nerve has two 
rami, or branches, that talk to its corresponding ganglion: one white, and one 
gray. These are called rami communicantes.

 Sympathetic splanchnic nerves (thoracic greater and lesser splanchnic 
nerves)--Took me forever to find a good picture of this, but basically the greater 
splanchnic nerve trails off of the main sympathetic nerve trunk at around rib 6 or 
7 (it's made of fibers from the 5th to 10th thoracic sympathetic ganglia). While the
sympathetic nerve trunk isn't technically part of the mediastinum (it's not between
the lungs, but behind them) parts of these splanchnic nerves are. The greater is 
the bigger, top branch coming off the trunk towards the midline, and the lesser is 
the smaller branch that's just lateral to it (closer to the trunk, farther from the 
midline). The lesser doesn't branch off until a few ribs below the greater, from 
thoracic sympathetic ganglia 10th and 11th. These are nerves that don't bundle 
into the ganglia of the trunk and go all the way down into the abdomen to 
innervate the abdomino-pelvic viscera.

 Trachea--the windpipe, next to the esophagus, that branches into two main 
bronchi. Only the front two-thirds of the trachea are made of cartilage: in the 
back it's a musculofibrous membrane. If you cut the trachea open and look down 
into it, you can see the fold/wall where it breaks off into two bronchi, the carina. 
It's usually slightly to the left, and near T4. The azygous vein is here on the right, 
with the apex and pleura of the lungs posterolateral (to the back and side).
◦ The bronchi at each level have names. The lobar bronchi are the first division 
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after the main carina; the segmental are the next division after that.

◦ The right lung has a more vertical bronchus, and that's usually where objects 
you choke on go. This is both because the right lung's a wider, bigger vacuum
and because its bronchus is more vertical.

 Tracheobronchial lymph nodes--These are two lymph nodes on either side of 
the trachea right at the point where it branches into bronchi.

 Arch of the aorta and branches--This should be fairly easy, since we've 
referenced the aorta so much now for so many different vessels. Just so you 
know, the heart sits right in front of the bronchi, so the aorta arches over the 
bronchi to go behind the bronchi and down as the thoracic/descending aorta. 
There are three major arteries going off the top of this arch: the brachiocephalic
trunk, the left common carotid artery, and the left subclavian artery (that's 
from right to left from patient's point of view). The brachiocephalic splits into the 
right common carotid artery--which follows the left one up towards the neck, but 
on the right side--and the right subclavian artery. Under the arch there's a little 
cord, a string that ties the bottom of the arch to the left pulmonary artery trunk: 
that's called the ligamentum arteriosum. That string used to be the ductus 
arteriosus in the embryo--it was a shunt for blood.
◦ A trick: before the aorta reaches its arch, there are two arteries that it feeds 

first. So a trick question could be "which are the first arteries branching off the
ascending aorta", and the answer would not be brachiocephalic trunk. It 
would be coronary arteries, which feed the heart and come just off the 
ascending aorta as it leaves the heart.

 Left recurrent laryngeal nerve--There are two recurrent laryngeal nerves which 
trace their way down next to the trachea, but the left one goes down to the aorta 
and loops around the arch there, just behind the ligamentum arteriosum, and 
goes up towards the larynx. It's a branch of the left vagus. The branch of the right
recurrent laryngeal nerve doesn't enter the thorax. You have to be careful, if 
you're cutting around the heart, not to break this nerve.

 Phrenic nerves--This is another set of left/right nerves that go down the thorax, 
but these are more lateral than the ones we've talked about so far--lateral to the 
vagus and sympathetic trunk, and anterior, instead of posterior, to the roots of the
lungs. You can't breathe without these. They innervate your diaphragm.

 Pulmonary trunk and arteries--The first thing you notice when you see a 
picture of these is how the arteries run left to right across the midline, in front of 
the trachea and behind the aorta. The right pulmonary artery flows pretty much 
seamlessly into the left pulmonary artery, and just left of the midline the 
GIGANTIC pulmonary trunk comes down off of them. It is huge. Parallel to that 
line of arteries you've got a line of veins, the pulmonary veins, but they're inferior 
and anterior to the line of arteries. There are four veins: superior and inferior left, 
and superior and inferior right.
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 Left and right brachiocephalic veins--These converge from two sides of the 
body to make the superior vena cava. They meet just to the right of the 
manubrium. The left one is twice as long as the right. (Left is usually bigger than 
the right in the venous system) In the right-hand corner of the brachiocephalic 
(the place where internal jugular and subclavian meet) you will find a right 
lymphatic duct nearby. Each one has a jugular (going up the neck) and 
subclavian (going under the collar bone) vein leading into it, and they both drain 
into the superior vena cava.

Lungs, Pleura, and Posterior Thoracic Wall
Here we need to find the:

 The Pleura are the spaces that the lungs have to fill when you breathe. 
 The root of the lung is all the structures passing to and from the lung, so each 

lung has a root that includes pulmonary veins, arteries, bronchial vessels, so on 
and so forth.
◦ In both lungs, the arteries are kind of "above" the other root structures, but in 

the right lung they're more anterior (less above, more to the front, may not 
even be above) and in the left lung they're more superior than the bronchi and
veins. RALS--right anterior, left superior.

 The bronchial vessels are small things that bring blood to the surface of the 
lung itself. If you look in the root, you can easily see the big bronchus and the 
pulmonary veins and arteries; the bronchial vessels are tiny little things on the 
posterior edge of the bronchi. They follow the bronchi branches (ramifications) 
throughout the lung.

 The eparterial bronchus, or the secondary bronchus to the right lung, is the top 
division of the bronchus in the right lung. The other divisions have names, too, 
which we've got in the histo section page FIXAL.

Notice that:
 The right lung is shorter, but holds more volume, than the left. It's got three lobes,

a superior, middle, and inferior. The separation between the superior and middle 
is the horizontal fissure, and the separation between the middle and inferior is the
oblique fissure. The middle lobe only reaches to the midaxillary line.

 The left lung is tall, narrow, and molded around the heart. It's got 2 lobes, a 
superior and inferior, and they're separated by an oblique fissure. In the superior 
lobe there's a notch that's shaped like half a heart, called the cardiac notch. 
There's a bit of flesh in the lowest and most forward part of the superior lobe 
called the linguia (it looks like a tongue). It's just above the linguia that you can 
see the cardiac notch.

 Some people don't have very fissured lungs.
 The inferior lobe of each lung is the back, while the superior lobe is most anterior.
 Each lung has impressions in it, or grooves, where other structures were pressed
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into it--like the footprints of the other structures. We can find impressions in the 
right lung that are:
◦ The cardiac impression--this is in the right lung and left lung, in the superior 

lobe right in the middle
◦ The groove for the esophagus--this is a really small, slight groove on the right 

lung passing just behind the root. You can see an area up at the top of the 
right and left lungs that's kinda flat, just below the apex, that touched the 
esophagus.

◦ Groove for arch of azygos vein--this is in the right lung, and it's a very defined 
arch from the back to the front over the root that fits right into the...

◦ Groove for the superior vena cava--this trails down in front of the root of the 
right lung.

◦ Groove for the inferior vena cava--this passes just below the root of the right 
lung, near the oblique fissure.

◦ A groove for the brachiocephalic vein--This is above the groove for the 
superior vena cava, and just a little below the apex of the right lung.

The left lung has a set of impressions, too. We can look for:
 The cardiac impression--this is huge and towards the front on the superior 

lobe. The cardiac notch is at the lower edge of this impression.
 Groove for arch of the aorta--this is huge and super-easy to see, right 

behind the root and arching over it.
 Groove for descending aorta--this comes from the arch of the aorta and 

trails down the left lung.
 Some people don't have very fissured lungs.
 The surface of the lung may be covered in a network of little black webs. This is 

contamination from ash or smoking, and it appears as a network because of the 
lymph and the macrophages hanging out there trying to deal with the 
contamination.

 On the pleura's visceral surface you have afferent fibers that detect stretch; only 
the parietal nerves can hurt (intercostal and phrenic nerves).

 It's bad when you get things in your pleural space--it's supposed to be a virtual, 
not real space, where the visceral and pleural linings run smoothly against each 
other.
◦ There's pneumothorax, hemothorax, hydrothorax, which are air in the pleural 

space, blood in there, and water in the pleural space, but know the less 
common chylothorax, too. That's fat from the lymph system draining into the 
thorax, and that's what happens if you rupture the thoracic duct. 

◦ The pneumothorax isn't just a problem because it's squishing the lung, but 
also it's making the lung squish the heart and crush the great vessels. You 
can see on an X-ray of a patient with pneumothorax how the white blob that is
the heart and bronchus crushes towards the left lung, leaving a huge black 
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space on the right and a tiny black space on the left. Patients with COPD are 
extremely prone to this.

◦ When you put a tube in to take stuff out for pneumothorax, you put it in the 7-
9 intercostal space.2 That's so you don't hit the liver (on the right) or the heart 
(on the left). 

◦
Heart and Pericardium

My lab notes say to "manually explore the pericardial sac"--manually? I mean, what else
ammi gonna explore it with? My tongue? 
Anyway, about the pericardium, we should know:

 There's a fibrous and tough outer layer called--no surprise--the fibrous 
pericardium. It's held in place by the anterior-sternopericardial ligament and the 
inferior pericardiophrenic ligament. Their names tell you where they are!
◦ The pericardium is fed by the pericardiophrenic artery (which is from internal

thoracic artery) and the musculophrenic (from the superior epigastric, which 
is in the front tummy and we'll talk about in a bit)

◦ The phrenic nerve tells you about pain here
◦ The vagus and sympathetic trunks run control here
◦ Cardiac tamponade is when there's something filling the pericardium 

(pericardial effusion) and the heart is getting squished. If the jugular is 
getting big and red and the other veins in the head and face are getting big it 
means the superior vena cava is being squished by that big sac of fluid, 
preventing those upper veins from draining. That's one sign someone has a 
hemopericardium or other liquid in the pericardium. You have 8-10 minutes 
to react and insert a needle through the fifth intercostal space to suck the fluid
out. That's called pericardiocentesis. This is where the cardiac notch from 
the left lung is important--that notch lets you stick your needle in here, into the
heart, without hitting the lung.

 There's a smooth and mucous-y (serous) inner layer called the parietal layer of 
serous pericardium.

 The epicardium is the smooth visceral serous layer underneath these.
 If you take the heart out of the body and the pericardium and look at the back 

wall that's left, you should be able to see two hollows or "cul-de-sacs," as Netter's
anatomy calls them. They are called sinuses. The oblique pericardial sinus is 
just below the line of adipose tissue "connecting" the pulmonary veins, and the 
transverse sinus is just above that line, kind of "cutting across" the heart. If you 
stick your whole hand behind the heart, from the left side, you'll find a place 

2 I've seen 4th intercostal space, and I can't for the life of me figure out why, but here's a citation. Some people say
4th. BRS says 7-9, so I'll go with BRS. http://ceaccp.oxfordjournals.org/content/8/6/204.full Oxford Journals 
Contin Educ Anaesth Crit Care Pain (2008) 8 (6): 204-209. 
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where you can't push forward anymore, and where your hand is you call the 
oblique pericardial sinus. If you stick your fingers behind the ascending aorta and
pulmonary trunk, you're in the transverse sinus. The transverse is "clinically 
significant," as doctor-people say, because it's just posterior to the ascending 
aorta and the pulmonary trunk, and just in front of the superior vena cava. If 
anything gets in that transverse sinus and puts pressure on those to the point 
where they're completely occluded (blocked), you could completely stop 
ventricular outflow. So when you're doing a heart surgery, you would put a clamp 
right here to close off blood flow to the heart while you work.

Some more general observations:
 The right atrium, right ventricle, and left ventricle are easy to see even when you 

have the heart still in the body. The left atrium is kind of under the pulmonary 
trunk, and it's pretty much the bulk of the back of the heart. (The back is called 
the base)

 The right border of the heart is almost in line with the superior and inferior vena 
cava lines.

 The heart's positioned such that the right ventricle, not the tip of the heart, is the 
lower border of the heart. A tiny bit to the left of the bottom belongs to the left 
ventricle but mostly the bottom of the heart is the right ventricle.

 The left border of the heart is the left ventricle--the "tip" (apex) of the heart is part 
of the left ventricle.

Above the heart you've got the:
 Superior vena cava--This is the big vein on the right-most side.
 Ascending aorta--This comes up from the heart, nestled just under the left 

brachiocephalic vein, and arches down.
◦ BTW, if you want to hear the aorta with a stethoscope, you actually wouldn't 

place the stethoscope right above the place where it sits on the left of the 
sternum. You'd place your stethoscope on the right of the sternum, along the 
brachiocephalic trunk, because to evaluate a valve you listen to the blood flow
after it, preferably removed from bone.

 Pulmonary arterial trunk--The pulmonary trunk divides into two major 
pulmonary arteries super-close to the heart, so it's really only just next to the 
aorta that you can see this as the pulmonary trunk. It's basically the third major 
vessel coming off the heart, so remember SAP--superior vena cava, aorta, and 
pulmonary trunk. Because vampires totally think you're full of sweet, sweet sap.

 Left vagus nerve--You can find this easily because a part of it--the left 
recurrent laryngeal nerve--wraps around the aorta. Following the "stem" where 
that nerve comes down you can see the left vagus nerve, which you should 
already know where is from above. In relation to the heart, it comes down behind 
the pulmonary trunk. The whole left vagus passes in front of the lateral part of the
aortic arch.
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 Brachiocephalic trunk--This is the first of the major arteries off the aorta (the 
right-most from POV of the patient).

 Left common carotid artery--This is the second major artery off the aorta (the 
middle one).

 Left subclavian artery--This is the third major artery off the aorta, the one that 
goes under the left collar bone.

 Pulmonary veins--These are not really superior to the heart. They are pretty 
much behind the atria, two going into each side, but both opening into the left 
atrium, which, as I said before, is pretty much the back of the heart.

 Ligamentum arteriosum--This is the little connecting flesh between the aorta 
and the pulmonary trunk that keeps the two from just bobbing around.

If you take the heart out, and look at its surface, you'll see:
 Two auricles--which means ears. They're these fleshy flaps over top of each 

atrium. They look like some kind of nasty growth, and they're muscle-y, so they 
serve to help a little moving blood along. They're also kind of reservoirs.

 Coronary sulcus--This is the groove that holds the right coronary artery. It's just 
under the lobe of the right auricle and it snakes around the side, kind of 
separating the atria from the ventricles. This is also called the atrioventricular 
sulcus.

 Just about parallel to the coronary sulcus, at least from the front, is the anterior
interventricular sulcus, into which fits the anterior interventricular branch of the 
left coronary artery. This sulcus continues along the bottom and up the back, so it
"divides" the two ventricles from each other and in the back holds the posterior 
interventricular branch of the right coronary artery.

 Both of these sulci are normally filled with fat.
 Right coronary artery--This, coming from the aorta through coronary sulcus, 

has several branches. 
◦ The right marginal branch runs perpendicular to its source, down next to a 

small cardiac vein, away from the right auricle and kind of--only kind 
of--"around" where the pulmonary artery comes from. It's kinda down the right
ventricle. 

◦ Then the posterior interventricular branch runs along the back, down from 
the right coronary artery through the sulcus between the left and right 
ventricle. 

◦ In about 70% of people, this PIV comes from the right coronary 
artery. In about 10%, it comes from the left, and in about 20% of 
people it comes from both (with dominance from one side or the 
other). This is clinically significant because this is a really bad place
to have artery-plaque and arterial necrosis, but if you're one of the 
lucky people who has it coming from the left your chances are 
much much lower of this artery occluding. Even better, if this PIV is 
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supplied from both the left and the right you're super-safe--that 
much blood flow, it's just really statistically unlikely that you'll get 
occluded here. It's super-super bad if you get blocked blood flow or 
cell death here in the PIV, because this is the blood flow to your A/V
node (see physiology section). The A/V node is responsible for your
heartbeat traveling to the ventricles, so yeah--really, really bad if 
you don't send blood to it!

◦ This supplies 80% of what the A/V node needs (20% comes from 
various branches from the left coronary).

◦ This also supplies 1/3 of the blood the interventricular septum 
needs (the other 2/3 comes from the front IV branch).

◦ The Sinuatrial nodal branch feeds the S/A node, which is the portion of cells
that initiate your heartbeat. So, it's a kinda big deal. It's located off the right 
coronary artery running over the right atrium towards the back, between the 
superior vena cava and the aorta. That's 70% blood the S/A needs (30% 
comes from the left).

◦ If you cut one of these coronary arteries, blood will pool in the pericardium 
and crush the heart.

 Left coronary artery--Just as the right coronary artery comes off the aorta on 
the right side, the left coronary artery comes off the aorta on the left side. It goes 
more anteriorly, along the opposite side of the root of the pulmonary artery 
compared to the right. It splits into the:
◦ Anterior interventricular branch--This is also called the LAD, left anterior 

descending artery, and this is where it's most common to get plaque build-up 
and necrosis or occlusion. As the name implies, this trails more or less down 
between the ventricles. It does not go straight from the left coronary artery 
down to the tip of the apex--it's important to note that the margin between the 
left and right ventricle isn't down the apex of the heart. The left ventricle owns 
the apex, and the right ventricle owns the "bottom" border of the heart, so the 
interventricular branch doesn't go symmetrically down the apex, but kind of to 
the right of it.
▪ This supplies 2/3 of what the IV septum needs.

◦ Circumflex branch--This is the other major branch of the left coronary, and 
instead of trailing down like the LAD does it turns left right away to wrap 
around the heart. It's kind of like the "border" between the atria and ventricles.
▪ This provides 30% of what the S/A node needs.

◦ Left marginal branch--Also called the obtuse artery. This goes more straight 
down towards the apex of the heart from the left coronary. 

◦ Diagonal artery--As the LAD goes down towards the bottom of the heart it 
splits, and one of the splits is the diagonal branch. That diverges more 
towards the apex, traveling diagonally from the LAD towards the left.
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◦ So from left to right, the divisions of the left coronary artery are the LAD, its 
diagonal branch, the left marginal, and the circumflex.

◦ These help supply the left atrium and ventricle, part of the right ventricle, and 
20% of the A/V node.

◦ The openings of the coronary arteries are often (usually, in most patients) 
covered by the flaps of the aortic valves as blood flows by, preventing back-
flow and making the coronary arteries fill during diastole, but that's not always
the case. Sometimes the openings are higher up.

 Coronary sinus--This big vein collects pretty much most of the blood that feeds 
the surface of the heart. It's in the back of the heart, just under the pulmonary 
veins and the left atrium, but it empties into the right atrium. It's got two major 
tributaries:
◦ Great cardiac vein--This follows the circumflex branch of the coronary artery 

around the heart until you get to the front, where the great cardiac vein 
diverges downward to follow the LAD between the ventricles.

◦ Middle cardiac vein--Right where the coronary sinus meets the right atrium, 
the middle cardiac vein snakes downward, following the posterior IV artery 
down between the two ventricles in the back.

◦ and the small cardiac vein empties into the coronary sinus, too. This wraps 
around the heart from the point where the coronary sinus meets the right 
atrium and basically just borders the right atrium until you get to the front, 
where the small cardiac vein follows the marginal branch of the right coronary
artery. It is, as its name implies, small.

◦ Oblique vein of the left atrium also comes off the coronary sinus, right where 
the coronary sinus becomes the great cardiac vein. Instead of wrapping 
around like the great cardiac vein does, the oblique vein travels just a little 
higher up over onto the surface of the left atrium.

◦ There's also a few anterior cardiac veins, which cross the right coronary 
artery from the right auricle and go down. They're tiny and hard to see, but 
they drain directly into the right atrium instead of going into the coronary 
sinus.

Major valves of the major vessels include:
 Aortic valve--If you look down the aorta, this looks kind of like a tri-force balloon.

From the bottom you can see the three semilunar cusps, or the three gates of the
valve, one right, left, and one posterior. There's a nodule, a little bump, in the 
middle of each cusp's edge. These nodules kinda meet at the "middle" of the 
valve. They help hold the valve shut, like little buttons. The left coronary artery 
has its origin just above the aortic valve, above the left cusp. On the right side 
you've got the right coronary artery, coming off above the right cusp.
◦ Aortic sinus of Valsalva is the space in the "cups" of the cusps. The 

coronaries fill during diastole, and then these cusps close over them during 
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systole when blood's going to the rest of the body.

 The pulmonary valve is just to the left of the aortic valve, and it's also got three 
cusps (left, right, and anterior). It also looks like balloons. It's about the level of 
the 3rd costal cartilage. It's got a fibrous ring holding it in place.

 So the aortic valve and the pulmonary valve both have three cusps, but on has 
an anterior cusp and one has a posterior. My friend told me to remember this 
using APPA--anterior pulmonary, posterior aorta. It's a palindrome, so as long as 
you remember APPA the order of the mnemonic won't be a problem.

Opening the heart:
 The heart wall has three layers, epicardium, myocardium (muscle), and 

endocardium (the inner lining of the heart).
 The heart has a "fibrous skeleton" to help it keep its shape, the rings and such 

that help form the valves.
 Starting with the right atrium, look in and see:

◦ A smooth back wall (sinus venarum) which gets blood from the superior and 
inferior vena cava, as well as the coronary sinus. This is getting all the blood 
from your body. The hole for the coronary sinus is between the hole for the 
inferior vena cava and the huge atrioventricular orifice that leads into the right 
ventricle.

◦ A rough front wall with tree-looking ridges, the pectinate muscles. 
◦ Where the front and back wall meet is the crista terminalis (pretty much the 

terminating ridge)--that runs from the superior to inferior vena cava orifices.
◦ The big hole between the atrium and ventricle, big enough to put three fingers

into, and its tricuspid valve. Even though other valves have three cusps, 
they are not called tricuspid. That's weird. This one has anterior, posterior, 
and septal cusps, where the septal is nearest the septum and the other two 
are as their name indicates.

◦ The fossa ovalis which is an oval/circle in the wall between the atria. It used 
to be a hole called the foramen ovalis (it allowed blood to flow through all the 
chambers of your heart as a baby), but when you were born the pressure of 
the air in your lungs drove your returning blood pressure to seal it shut, and 
now it's just a depression.

◦ You can't see it, but right in the crista terminalis, to the right of the superior 
vena cava, is the S/A node.

◦ The AV node is just medial to the opening of the coronary sinus.
 Opening the right ventricle:

◦ You can see the right atrioventricular orifice in the top right, through which 
blood enters, and in the superior left "corner" you've got the pulmonary valve 
to let blood out into the lungs.

◦ Find the papillary muscles, little fingers or tendrils of the cardiac muscles in 
the walls that reach out towards the tricuspid valve. They help close/hold shut
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the cusps, and each papillary muscle controls the cusp closest to it. They're 
thick at the base, and then near the cusps they branch into chordae 
tendinae, strands of collagenous fibers that look like parachute cords.

◦ The wall is lined with trabeculae carneae, bands of muscle protruding inward
and making everything look really spongy.

◦ From the papillary muscles there's an extension that kinda anchors them to 
the septum. That's called the septomarginal trabecula (moderator band). 
When the signal from the AV node comes to the bottom of the septum, it 
travels along this band to reach the anterior papillary muscle. (The right 
branch after the bundle of His runs through here) That's super-important!

◦ Pressure's higher in the left ventricle, so the septum kinda protrudes into the 
right here. It's domed, or convex, into the right ventricle.

 Opening the left atrium:
◦ The walls here are mostly smooth except for a few tiny pectinate muscles in 

the left auricle (that fleshy lump on the top). 
◦ Slightly thicker walls here than in the right atrium--here we're receiving blood 

from the lungs and getting ready to send it to the body, so that's why.
◦ The pulmonary veins feeding in here have no valves.
◦ The left atrioventricular orifice into the left ventricle is bicuspid, instead of 

tricuspid. It's sometimes called the mitral valve. It has a cooler name 
because the mitral is kind of in the cooler or more exciting side of the heart.

 The left ventricle has--
◦ A longer, more cone-shaped hollow.
◦ Much thicker walls--about three times as thick--as the right one, explaining 

the increased pressure. This is so the left ventricle can push blood into the 
whole body!

◦ Both papillary muscles and trabeculae carneae. The TC here are thinner 
(finer) than in the right ventricle, but there are more of them. The papillary 
muscles (one anterior, one posterior) are bigger than those in the right 
ventricle. The posterior one has two tips.

◦ The chordae tendineae (the lines from the papillary muscles to the bicuspid 
valve) are thicker here, but there are less of them. (Which makes sense, 
since you have one less papillary)

The heart gets sympathetic nerve branches from T1-T4, and parasympathetic 
innervation from the vagus nerve.

Abdomen

Anterolateral Abdominal Wall

Remember the xiphoid process and costal cartilages 7, 8, 9, and 10 from above (those 
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are the cartilage of the 7th rib and connected to the false ribs 8-10, and the upper limit 
of the anterolateral abdominal wall). Otherwise, these are new!

 Iliac crest--This is the bony part that hurts if you knock your hip against the door 
or a table. If you know what I mean. It's the highest part of the big bone that 
makes the support for your butt and abdomen, the ilium.

 Anterior superior iliac spine (ASIS)--this is different from the ischial spine, 
which is facing the coccyx and on the inner edge of this whole ilium complex. To 
find the anterior superior iliac spines, put your fingers on the iliac crest and follow
it down until you get to a point where you can't go forward anymore and still be 
touching bone. That's the place! It's a forward-facing spike.

 Pecten pubis (pectineal line)--If you could put your hand in the smooth part of 
your ilium--where all your guts are kinda sitting--and follow it down to where it 
narrows, you'd get to a ridge. That ridge, running down the middle of where the 
ilium begins to narrow, is the pecten pubis. It becomes more pronounced until it 
ends in the pubic tubercle, so if you can't find it you could always start from the 
point of bumpy bone between your legs (the tubercle) and trace the tubercle 
backwards and superior until you find yourself following the pectin pubis line up. 
This is, of course, assuming that you have no muscle or internal organs, and that
you can just kinda reach in yourself and find crap, which I know isn't the case 
(unless you're undead or something, in which case why are you studying 
medicine instead of eating brains?). But yeah.

 Pubic crest--You know how the pubic tubercle is the most front-facing bump of 
between your legs? If you go medial to this, towards the cartilage between the 
two tubercles, there's a bit of bone that connects the tubercles to the cartilage. 
That's the pubic crest: the border between the tubercle and the--

 Pubic symphysis--This is the lowest part of the front abdominal wall, the 
cartilage between the two pubic tubercles and ischial tuberosities (the big 
bumpy structures that don't quite meet in your middle between your legs).

 You have four major arteries feeding this area: superior epigastric artery, a 
branch of the internal thoracic artery (from the subclavian), the external iliac 
artery which comes diagonally from the common iliac from the descending aorta,
the inferior epigastric artery which comes on the bottom from the external iliac 
and runs up to meet the superior epigastric, and the superficial epigastric 
artery which comes from the femoral artery down on the leg and runs 
superficially over the abdominal wall. Let's go over that again. The descending 
aorta feeds the common iliac. The common iliac feeds the external iliac. The 
external iliac feeds the inferior epigastric. Down farther, the superficial epigastric 
comes from the leg back up and into the inferior epigastric, and the superior 
epigastric comes from the internal thoracic down.
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Fascia of the anterolateral abdominal wall
These may be kinda hard to find in your cadaver, since a lotta times they get discarded, 
but so you know:

 Tela subcutanea--is the most superficial fascia. It's got two layers:
◦ Camper's fascia--this is the yellow fatty fascia, the top of the superficial 

fascia, which has superficial epigastric vessels winding through it. In 
patients with cirrhosis, the hepatic portal vein becomes occluded or damaged,
and these superficial epigastric vessels will take the blood instead. They 
become swollen, and you can see their dark color through the patient's skin 
when he or she breathes--that helps you diagnose cirrhosis, and is called a 
caput medusa.

◦ Scarpa's fascia--this is the white membrane underneath the camper's fascia.
 The deep fascia doesn't really come off the muscles very easily; it's a thin, really 

strong layer kinda holding the muscles in place and wrapping over the muscles 
as deep as it can go. Speaking of muscles...

 On the inside of the abdominal wall you've got what's basically the abdominal 
version of the endothoracic fascia, the fascia trasversalis. It's somewhat 
transparent and yellowish.

 Peritoneum--The smooth, wet membranes lining your abdominal cavities are 
parietal peritoneum, and they've got special folds in them that help you classify 
hernias. So take the front of the tummy off and look at it. In the very middle you'll 
see the median umbilical fold, right above and along the belly-button. It's 
containing the median umbilical ligament, which came from the urachus of the 
embryo. Close to it you'll see medial folds, which go diagonally downwards, and 
have medial umbilical ligaments, which came from arteries of the embryo. 
Parallel to them but more laterally you'll see the lateral umbilical folds. You can 
remember the difference between medial and median folds because medial and 
diagonal rhyme--and you know the line running down the middle isn't diagonal. 
◦ When a patient has appendicitis, they won't let you touch the area because 

the pain will be translated through inflammation to the peritoneum. The 
abdominal wall becomes rigid because of the inflammation of the parietal 
peritoneum (the visceral peritoneum is inflamed, too, but that doesn't make 
the muscles tense). You have to be careful not to cut the iliohypogastric or 
ilioinguinal nerves when you're doing surgery here.

 When we're communicating localized pain or trying to make diagnoses, we can 
divide the anterolateral abdominal wall into 4 quadrants, the right upper quadrant,
left upper, right lower, so on. 

 We can also divide into 9 regions by drawing three lines down and two lines 
across. This gives us, top layer, left to right, the right hypochondriac, epigastric, 
left hypochondriac; middle layer left to right is right lumbar flank, umbilical, and 
left lumbar flank; lower layer is right inguinal/iliac, hypogastric, and left 
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inguinal/iliac.

Muscles of the anterolateral abdominal wall

 External oblique--these go down over your abs from the serratus anterior down,
passing over your ribs and wrapping up the length of your abdomen, starting 
from the lower eight ribs and actually mingling with the fibers of the serratus. 
They've got a muscle-y section, and then towards the midline they fade into an 
aponuerotic part, which is a flat white fibrous tendon-like fascia thing just under 
the scarpa's fascia. The meeting between the aponeurotic portion and the fleshy 
portion is a curved line that's pretty much directly south from the middle of your 
clavicle (so it's a midclavicular line). The lower (inferior) edge of the aponeurotic 
part rolls back to become a thickened inguinal ligament. The ligament attaches 
just short of the pubic tubercle, at the pecten pubis (the ridge leading to the 
tubercle), where they're called the lacunar ligament. If you follow the inguinal 
ligament down towards the genitals, you'll see the aponeurotic part of the 
external obliques has a little hole or triangle to let the spermatic cord in men pass
from deep inside the body to out towards the penis. In women, this hole or 
triangle lets the round ligament of the uterus pass. It's base is the pubic crest, 
and its sides are called medial and lateral crus; that triangular hole in the 
external oblique aponeurosis is called the superficial inguinal ring. The 
transversus abdominis forms the bottom of this triangle, too.

 Internal oblique--As you'd expect, these are internal to the external obliques. 
But they don't go over the ribs and down, like the external ones do; they go from 
the lower edge of the abdomen up (more or less at the same angle as the costal 
cartilages) and down towards the genitalia, in kind of a fan. They originate at the 
iliac crest (and part of the inguinal ligament, which I'll get to in a sec) and stretch 
up to attach to the lowest ribs. Like the externals, they become aponeurotic, but 
at the linea semilunaris, which is the edge of the rectus abdominis. When the 
internals reach the ASIS (those spikes facing forward from the ilium) they start 
being horizontal. Below this they point down, and above this they point up.

 Transversus abdominis--This is underneath both of the obliques, and under the
traditional "six-pack" muscles. It's basically a band of muscle stretching 
horizontally around your belly. Its origin (the place it attaches first, and pulls 
towards) is the front of the iliac crest, the lower six ribs, and the lumbodorsal 
fascia (the fascia in the sides of your lower back). Like the obliques, these are 
fleshy (muscly) towards the back and sides, but as they get to the middle of the 
body they become aponeurotic (broad tendon). They become aponeurotic at the 
linea semilunaris. These muscles are often fused to the internal oblique muscles 
just medial to the inguinal canal, at a place called the conjoint tendon or falx 
inguinalis. That strengthens the abdominal wall behind the superficial inguinal 
ring, kind of acting like a support for the medial crus of the ring's triangle.
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 Rectus abdominis--these are what you know of as the "abs" from your six-pack.
(I'm imagining you have a six-pack) There's a rectus sheath around this, which 
is the combination of all the aponeuroses of all the other muscles. These all meet
and interweave at the midline of the body, where there's a white line with few 
blood vessels called the linea alba which stretches from the xiphoid process 
down to the symphysis pubis. (The connective tissue here is called raphe) The 
rectus sheath covers both the front and the back of the rectus abdominis except 
when you reach just below the belly button. That's where the linea alba gets 
interrupted, and just below that there's a crescent line called the arcuate line. 
Below it only the anterior rectus sheath continues. A little bit of the transversalis 
fascia covers the lowest 1/4 of the rectus muscle after this. The rectus sheath 
has three tendon insertions penetrating the rectus abdominal muscle to hold it 
tight, and the back of it contains two sets of vessels, the superior epigastric 
vessels and the inferior epigastric vessels. (These are different from the 
superficial epigastric vessels that wind through the fat layer we mentioned 
earlier, Camper's fascia)
◦ The Pfannensteil incision made for C-sections is below the arcuate line, at the

bikini line, around this area (so it wouldn't cut through posterior rectus sheath,
only anterior). It goes convex, instead of straight across, to avoid hurting the 
segmental nerves, which don't go straight across.

◦ Arcuate line importance isn't just the change in fascia--also when you're doing
parascopic surgery you gotta find all the vessels so you don't break them, and
the arcuate line helps you see the inferior epigastric artery so you don't hurt it.

 Primary ventral rami of spinal nerves T-7 to L-1--These run between the 
internal obliques and transversus muscles, giving sensation to both the obliques 
and the transversus abdominis. They've got branches that go towards the skin 
(cutaneous branches) near where the external oblique begins. Those branches 
innervate the rectus abdominus and pierce through its sheath, coming out on its 
surface as anterior cutaneous branches, and other branches towards the skin 
hang out near the origin of the external obliques (up in the 7-10 ribs) as lateral 
cutaneous branches. All of these cutaneous things hang out in the superficial 
fascia. Each set of spinal nerves has its own dermatome of skin that it deals with,
so if someone has shingles the dermatome or area of skin that blisters and hurts 
will tell you which vertebrae is infected causing the pain. Skin above your belly-
button is T7-T9, skin around/horizontal with your belly-button is T-10, and skin 
below your belly-button is T-11 through L-1.

 Iliohypogastric nerve--This comes from L1 and a few branches of T12, 
innervating the area below the stomach. The ilioinguinal nerve comes from this.

 Lymph drainage--above the umbilicus everything drains into the axillary and 
sternal nodes, below it drains into superficial inguinal nodes.
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Inguinal Region

There's a canal that kind of follows the course of the inguinal ligament and runs parallel 
to it. It's called the inguinal canal. It passes through the superficial inguinal ring, down 
through the aponeuroses and muscles of the anterior abdominal wall, and finally down 
into the deep inguinal ring (which is so deep it goes into the transversalis fascia). The 
deep inguinal ring is just a finger-width above the inguinal ligament, right between the 
ASIS and the pubic tubercle.

This is a really big hernia zone. There are two kinds of hernias that occur in this area: 
indirect, which is congenital, and direct, which is due to blunt trauma. The indirect kind 
happens because the man is born with extra space in this area (the deep inguinal ring 
doesn't close during development) that allows the intestine to push through towards the 
superficial ring. Indirect hernias happen in the deep inguinal ring (lateral fossa of the 
abdominal wall), while direct hernias happen in the inguinal triangle of Hesselbach 
(medial fossa). The inguinal triangle of Hesselbach is made up of the border of the 
rectus abdominis, the inferior epigastric vessels (laterally), and the inguinal ligament, 
and its back wall is the conjoint tendon--just a thin layer of tissue tensed tightly between 
the obliques and the transversus. You can remember what lines the triangle of 
Hesselbach as RIP (because direct hernias rip through the abdominal wall): rectus 
sheath, inferior epigastric vessels, and Poupart's ligament (another name for inguinal 
ligament). This is a natural weak spot. Women can have direct hernias, because we 
have triangle of Hesselbach, but our superficial inguinal canals are sealed shut around 
our round uterus ligament--we don't have a natural space for a spermatic cord, since the
uterus ligament is so much thinner and smaller--so we don't get indirect hernias. Indirect
hernias are the most common clinically, and they're most frequent on the right side 
because the right testis descends later, and closes its processus vaginalis later, leaving 
that vulnerable space. You can find them by having the patient lay down with his legs 
flexed, and inserting a small finger into the area of the inguinal ring, and then asking him
to cough. If you feel a bulge when he coughs, he's got an indirect hernia. 

There's also a nerve that comes out here through the superficial inguinal ring, just 
lateral to the spermatic cord, called the ilioinguinal nerve. It's a branch of spinal nerve 
L-1, and it helps maintain sensation in the thighs and some parts of the genitals 
(scrotum or labia majora) according to Healthline.3 If you accidentally cut part of this 
during surgery, you will cause serious chronic pain in those areas. It doesn't quite go as 
deep as the deep inguinal ring, but it's close! That happens following a lot of hernia 
surgeries. If you completely cut away the whole nerve, there will be no pain--there just 
won't be sensation there.

Normally, some intercrural fibers prevent the crura (the sides) of the superficial 
3 http://www.healthline.com/human-body-maps/ilioinguinal-nerve
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inguinal ring from spreading--because when you flex your tummy muscles (rectus 
abdominus) you open this ring, and you don't want the spermatic cord to pop out of 
here. The fibers keep the spermatic cord from popping out.  

The inguinal ligament has some fibers, from the medial crus (that's the medial leg of 
the triangle of the superficial inguinal ring) which branch out. They go under the 
spermatic cord, all the way down to the pecten pubis. They form the lacunar ligament. 
They're actually the "floor" of the inguinal canal. The inguinal ligament also has some 
fibers called the reflex inguinal ligament. They kind of look like a widening, or a 
sheath, at the end of the inguinal ligament--like the inguinal ligament is going into a 
tunnel of spiderweb. The "web" passes from the inguinal ligament behind the sperm 
cord--from the pubic tubercle--up towards the linea alba, which was the white midline. 
Like the rest of the inguinal ligament, they come from the aponeurotic fibers of the 
external obliques, so they are just in front of (anterior to) the conjoint tendon where the 
external obliques and transversus meet.

Male abdominal structures
 Fascias of the scrotum and spermatic cord

◦ On the very outside of the scrotal sac, the fascia just under the skin is called 
dartos fascia. It's what makes the scrotum look creased or rough, and it's full
of smooth muscle fibers (dartos muscle). It's the same material as Scarpa's 
fascia on the anterior abdominal wall. When a man's balls are cold and the 
cremaster muscle pulls them up into his body, the dartos fascia wrinkles up 
and folds up to cuddle the testicles and keep them warm. 

◦ Netter's Atlas shows another fascia layer, the superficial, just under this, but 
honestly it's really hard to separate any of the fascias in the cadaver. It may 
be easier to see the...

◦ External spermatic fascia. This is smooth and comes from the aponeurosis 
of the external oblique muscle. It's under the superficial, above the 
cremasteric.

◦ Cremasteric muscle and fascia--This arises in little slips from the internal 
oblique around the spermatic cord and testes. It's a covering and helps with 
temperature modulation (to pull the balls back "up" if it's cold). It's under the 
external and above the internal. It comes from the internal oblique muscle.

◦ Internal spermatic fascia--from the transversalis fascia, which was inside 
the abdominal wall. By now we've gotten under all the layers, so we'd expect, 
if this was the normal body cavity, to see some peritoneum. But the spermatic 
cord doesn't have much of this. In the embryo-boy, there was a whole 
peritoneal out-pouching called the processus vaginalis, a partially-hollow 
sac that held all the testicular formations, but that peritoneum fused when the 
testicles descended a few weeks around birth and the membrane related to it 
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disappeared. If this doesn't fuse, there's an "empty space" between the 
testicles and the membrane around them, and that lack of attachment actually
makes it easier for them to get twisted and injured within their sac. It also 
makes hydrocele--liquid build-up in that sac--easy to form. Sometimes an 
indirect hernia will cause hydrocele because intestines blocking the inguinal 
canal will make it hard for liquid to be reabsorbed out of there. After the 
processus vaginalis fuses, it leaves a tunica vaginalis, which is a smooth, 
serous visceral surface on the testes and the scrotal wall. On the testes, it's 
the visceral layer, but on the posterior surface of the testes (where they attach
to the scrotum so they don't have emptiness that lets them twist) and on the 
scrotal wall this layer is called the parietal layer. 

◦ All of these fascia form when the testicles descend. In the little embryo boy, 
the gonads form inside the body cavity. A ligament called the gubernaculum 
pulls the testicles down, and as they go down, they drag a bunch of vessels 
with them, and push all the body tissues down, too. So you can imagine 
where the different layers come from, based on that. The gubernaculums 
testis is the scrotal ligament in born people. It's the lowest place where the 
testes attach to the scrotum.

 Cremastic artery--This gives blood to the testes. It branches from the inferior 
epigastric artery, and runs alongside the spermatic duct. 

 Vans deferens--This is the spermatic duct. Going into the body cavity, it goes 
down through the superior inguinal ring, through the inguinal canal, and down 
into the deep inguinal ring. Going out of the body cavity, it goes down to the 
testes inside the spermatic cord. It's a really hard tube because it's full of muscle 
to help move sperm along, and it's lateral to the inferior epigastric vessels in the 
deep inguinal ring. 
◦ There is a delicate vans deferens artery that follows this all the way to the 

testis, but it's super-tiny and hard to see.
◦ Eventually the vans deferens goes down and meets the testicle itself. The 

place it meets is a tongue-shaped rising or segment called the epididymis. 
That's full of those stereocilia we talked about in histology which help move 
sperm along.

◦ If you slice the testes open, you can see thick fibrous capsules inside, under 
the tunica vaginalis. That's the tunica albuginea.

◦ Also in the testes are a bunch of septa that divide them into lobules.
◦ This crosses superior to the ureter near the bladder.

 Genitofemoral nerve--This trails over top of the external fascia, and it's motor 
fibers to help the cremaster muscle "withdraw" the testicles. I was told that if you 
need to check if there's damage in this nerve, you'll check the function of the 
cremaster by brushing something against the thigh and seeing if the scrotum 
withdraws or not (cremaster muscle function).
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 Pampiniform plexus--This is the the vein plexus in the spermatic cord that 
wraps around the vans deferens. It's normally small and thin, but in the case of 
varicose veins it gets really thick. If there's an obstruction, or a hernia or kidney 
problem is causing liquid to pool in here, you can touch the scrotum and these 
veins will feel like thick worms under the skin. This is corrected by widening the 
veins in a simple outpatient procedure, or correcting the underlying problem.

 In the spermatic cord there's also a serious of autonomic fibers and lymphatic 
vessels.

 Testicular artery--This branches from the abdominal aorta into the spermatic 
cord.

GI Tract

 Pain--Abdominal pain will have several types.
◦ Visceral pain: Comes from stiffening, and it hurts when something's 

stretched, distended, or spasming, or when there's a chemical problem. 
Prostaglandins and substance P will produce this pain. It's usually a dull ache 
without a specific location, where the patient will point at the midline. Foregut 
pain will be in general areas, like epigastric (up around the tummy), while 
midgut pain will be periumbilical, and hindgut pain will be suprapubic.

◦ Parietal or Somatic pain: This is after inflammation has progressed, and it's 
very precise and cutting or piercing. The patient will point to the specific area, 
or there will be a dermatome of pain affected. A patient with peritoneal 
irritation (which usually makes parietal pain) will either have voluntary 
guarding--not let you touch the area--or have rebound tenderness, where 
when you take your hand away it hurts more than when you put your hand on 
the area. Severe tenderness, rebound tenderness, and rigidity should make 
you think parietal or peritonitis.

◦ Referred pain: This is where the pain's far away from the site of injury. For 
example, if you rupture your spleen, but feel the pain in your left shoulder 
(Kehr's sign).

 Esophagus: Esophageal constrictions--we can see three. These are  
constrictions where we can see the esophagus narrows and controls what 
enters. 
◦ The cervical constriction which is the cricopharyngeus muscle at C6 and the

upper esophageal sphincter. 
◦ Then there's the thoracic constriction. The thoracic is the aortic arch at T5, 

and the left main bronchus at T5 and T6. 
◦ Then there's the diaphragmatic, which is the lower esophageal sphincter and 

the phrenicoesophageal ligament which attaches the esophagus to the 
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esophageal hiatus of the diaphragm. 

◦ The esophagus gets blood from a bunch of stuff. The inferior thyroid 
arteries and veins feed the upper part; the descending aorta and azygos 
system feed the middle; the left gastric and left inferior phrenic and the 
left gastric portal system feed the bottom. It's also fed by lymph, with 
cervical at the top, posterior mediastinal in the middle, and the left gastric and
celiac at the abdomen. It's also innervated. The vagal trunks innervate it as 
we've already talked about, and the thoracic sympathetic trunks feed it from 
the greater splanchnic nerve at T5-T9, the lesser from T10-T11, and the 
periarterial plexuses around it (which are really there to feed the left gastric 
and inferior phrenic artery).

 Stomach: Two curvatures here, the greater and lesser. The greater is the one on
the outside, the lesser is the inner curve. The stomach also has four parts:
◦ The cardiac portion, or cardia, which is where the esophagus meets the 

stomach (the top of the angle between the esophagus and the stomach is 
called the cardiac notch),

◦ The fundus, which is the lump above where the esophagus and stomach 
join--if you drew a line from the esophagus horizontally across the stomach, 
everything above the line would be the fundus,

◦ The body, which is the majority of the stomach,
◦ The pyloric region, which is the area just before the stomach folds into the 

duodenum. The pylorus is the line between the stomach and the duodenum, 
and the narrowing as you get there is the pyloric canal. 
▪ If you have stenosis (squishing) of this region you will get projectile 

vomiting. This may happen in little infants (3 weeks old, etc) and they just 
won't stop vomiting. hypertrophic pyloric stenosis

The bend from the greater curvature into the pyloric region is the pyloric antrum. There's
a notch where the lesser curvature meets the pyloric region: that's the angular notch, 
incisura angularis. The sphincter between the stomach and the duodenum is the 
pyloric sphincter, and the external area right on top of that is called the antrum.

◦ The inside of the stomach is all folded. Those folds are called rugae, and they
disappear when the stomach's stretched. In the fundus and the body, the 
rugae criss-cross; in the pyloric region they line up parallel, long-ways.

◦ The stomach bed, where the stomach hangs out, is the transverse colon on 
the bottom, the transverse mesocolon behind the stomach, and the body and 
tail of the pancreas above the transverse mesocolon.

◦ The stomach opens into the esophagus at T11/T12.
◦ The stomach's got so many arteries to it! Left gastric (comes from celiac 

trunk), right gastric (comes from proper hepatic artery), right gastro-omental 
(comes from gastroduodenal artery), left gastro-omental (comes from 
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splenic), short gastric arteries (come from splenic)...
◦ Also some nerves here. The anterior vagus nerve makes a web around the 

stomach's front, with some branches going to the celiac and hepatic nerves; 
the posterior vagus nerve makes a web around the back. On both sides the 
main nerve, running along the small curvature of the stomach from the vagus,
is called the anterior or posterior nerve of Latarjet.

◦ If you have a peptic ulcer, you'll have a burning pain that starts after you eat,
then disappears when you eat again or drink milk. You may have normal 
physical exam, but when you get an upper GI study you'll see the ulcer. 
These are usually in the bulboduodenal section, which is right after the 
stomach. 

◦ A perforated ulcer will cause pain in the whole abdomen, tachycardia, fever, 
dehydration, and you won't hear any sounds when you put the stethoscope to
the stomach. That silence of the stomach indicates ileus, or the GI tract up 
there paralyzed itself. This will have very sudden onset. The pain will be 
parietal and very severe, but it will be localized everywhere because the 
gastric acids are burning everything. (You will have peritonitis) On the X-ray 
from the feet up, you'll see "free air" that came from the intestines pushing up 
on the diaphragm, and that'll put a dark space between the diaphragm and 
the white mass of the liver. 

◦ An ulcer in the back of the duodenum (posterior) can cause the 
gastroduodenal artery to start bleeding. (Sometimes you'll lose the gastric 
artery, instead of the gastroduodenal, but gastroduodenal is most likely; this is
called upper GI bleeding) If the patient's vomiting blood (hematemesis) and 
blood's coming out his rectum, and he's got tachycardia and he's hypotensive 
(he's lost blood, lower blood pressure), it may indicate he's got a posterior 
ulcer like this. He's vomiting blood because his body is trying to get it out of 
his digestive system, but now he's in hypovolemic shock! Prolonged use of 
NSAIDs will irritate your GI system and help cause this. What do you do first 
with this patient? Resuscitate him and get an IV in to treat the shock! Then 
you deal with the root problem, the ulcer.

◦ Lots of NSAIDs can also give you chronic gastritis, or inflammation of the 
mucosa in your stomach. This may be related to ulceration, or if you have no 
H. pylori it just may not. The inflammation's hurting your parietal cells, so they 
won't make as much gastric acid in response to gastrin and you'll have 
digestive issues.

 Gastrocolic portion of the greater omentum--The omentum is a weave of 
apron-like tissue spread over the surface of the stomach and upper intestinal 
area. It's got a lot of connective and fat tissue, so in obese people it's a lot thicker
and heavier. The greater omentum has three parts:
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◦ Gastrocolic ligament, which attaches to the greater curvature of the 

stomach, covers the transverse (across-segment of the) colon, and covers 
some parts of the upper small intestine,

◦ Gastrophrenic ligament, which attaches to the diaphragm from the 
stomach's lesser curvature,

◦ Gastrosplenic ligament, which attaches around the spleen from the tip of 
the stomach's lesser curvature, where it meets the greater curvature. 
Contains short gastric vessels and left gastroomental vessels

The lesser omentum is where the omentum attaches to the lesser curvature of 
the stomach. It's got two parts:
◦ Hepatogastric ligament, which attaches to the liver from the lesser curvature
of the stomach,
◦ Hepatoduodenal ligament, which attaches the liver to the duodenum. This is
where the portal triad is: the bile duct, the proper hepatic artery (which comes 
from the common hepatic artery), and the portal vein. 
◦ The area behind this hepatoduodenal ligament, connecting the greater and 
lesser omentum, is the foramen of Winslow or omental/epiploic foramen. 
▪ Its borders are the hepatoduodenal ligament, the inferior vena cava, the 
liver, and the 1st part of the duodenum. It's a cavity behind the stomach, 
basically.
◦ Just behind the lesser omentum you have the lesser sac, or omental bursa.
▪ It's behind the stomach, in front of the pancreas. That's bound by the 
diaphragm and coronary ligament, the transverse colon, the stomach and lesser 
omentum and gastrocolic ligament, and the posterior abdominal wall (the 
pancreas). 
▪ This has superior and inferior parts, with the foramen of Winslow making
up the smack-dab middle.
▪ Basically it's just a way to divide the peritoneum: we have greater sac  
and lesser sac. The greater sac is behind all the small intestines (infracolic 
department) and in front of it and the other organs (supracolic). It's not so 
important right now, but adult patients who are lying down for a long time 
sometimes have things accumulate there.

 Small intestine
◦ The first bend of the small intestine is called the duodenum. 

▪ It has a straight, transverse part coming out of the stomach, 
▪ then bends down into a descending segment, 
▪ then goes across the body horizontally back the way it came (to the right) 

for the third part, 
▪ and then it ascends for its fourth part. 
▪ The first part of the duodenum is the burboduodenum. 
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▪ The fourth part of the duodenum, the connection between the duodenum 
and the jejunum, is held up by the ligament of Treitz. It's fibrous and 
muscular tissue that attaches to the right crus of the diaphragm. The 
superior mesenteric artery crosses over it in the front (behind the 
pancreas). 

▪ The first part of the duodenum can move around a lot, since the 
mesentery that's attached to it is long and flexible, but the rest of it is stuck
to the peritoneum and can't move a lot. 

◦ The second part of the small intestine is called the jejunum. It's hard to find 
where it starts--basically it's more mobile and squishy, and full of villi, so you 
have to feel along the hard, muscular duodenum until you feel things getting 
squishy. There isn't much difference between the jejunum and the next part, 
even though the jejunum's a bit thicker: 

◦ the ileum's pretty much just the last 3/5 of small intestine. The ileum is the 
part of the small intestine that meets the colon. There's a little valve there to 
keep bad things from getting back into your absorptive small intestine, and if 
you cut open the large intestine here at the cecum--where the LI begins--you 
can see the little iliocecal orifice. If you cut through the cecum, you can look 
at this orifice and see the iliocecal valve, which keeps the poop from going 
back into the SI, and is basically part of the ileum protruding into the cecum. 
There's a whole bunch of mesentery holding the small intestine in place--
basically stretching between the iliocecal and duodejenal junctions--and it 
kind of gathers into a root across the posterior wall.

 Large Intestine wraps around the small on the right side (with the cecum and 
the ascending colon), on the top (with the transverse colon), and on the left with 
the descending colon and the sigmoid colon. 
◦ Just below the ileocecal orifice there's another opening into the cecum, the 

opening for the vermiform appendix. 
▪ The appendix is usually hanging out behind the cecum, and there's a little 

triangle of mesentery, the mesoappendix, anchoring it. 
▪ If you have acute appendicitis, it will at first show a generalized pain 

that's localized around the umbilicus. Why? Because the pain was visceral
at first, and you'll have midgut--periumbilical--pain. The lower left quadrant
will hurt when you touch it, and there will be rebound tenderness. This is 
where the parietal or somatic pain comes in. As inflammation progresses, 
the pain moved to the parietal area just above the appendix. The patient 
will usually have at least a slightly high temperature. To treat, you'll make a
small incision right between the rectus abdominus and the line showing 
the external obliques. When you've gotten through all the body wall layers,
you can find the tennae coli and follow them to the appendix. You'll first cut
and close the appendix artery, and then take out the appendix. As you're 
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going in, you need to be careful not to touch the iliohypogastric nerve (or 
sometimes the ilioinguinal), which is between the transverse abdominus 
and the internal oblique and comes from L1. If you cut this, the patient will 
lose some sensation and muscle tone that will predispose him to a direct 
inguinal hernia.

Tennae coli are thin, longitudinal bands of smooth muscle that start at the base 
of the appendix and stretch across the length of the large intestine until they 
end in the rectal wall. These muscle layers are shorter than the rest of the 
large intestine, so they pull on it and wrinkle it. That's how you get those hard 
bumps that you see when you look at the large intestine--those humps that go
all along its length, and make it all segmented? Those are called haustras. 
Attached to the haustras, all along the length of the large intestine, you've got
appendices epiploicae. They're little fat flobbities hanging down like little 
fingers everywhere except at the rectum and the anal canal.

◦ The ascending colon has no mesentery, and is anchored to the back of the 
abdominal wall, so it can't move (basically long mesentery is stretchy and 
gives you wiggle room without letting your intestines flow everywhere). 

◦ Right where the ascending colon bends at a right angle to become the 
transverse colon is the right colic flexure, or hepatic flexure, so named 'cuz
it sits next to the liver. The other bend, on the left, is the left colic flexure, or 
splenic flexure, because it's near the spleen. This flexure is attached to the 
diaphragm by a phrenicolic ligament, and that holds it up a little higher 
(more superior) than the right flexure. Between the two flexures, the 
transverse colon can move a lot--it's got long mesentary, transverse 
mesocolon, which is only anchored to the bottom border of the pancreas. 

◦ After the left colic flexure, the descending colon shrinks a bit, compared to the
ascending part. The back of the descending colon is stuck to the posterior 
abdominal wall. 

◦ Finally, the sigmoid colon, so named because of its S-shape, curves towards
and meets the rectum. It's got long mesentery, so it's free to move a lot. 

◦ Since colon controls poop, I thought I'd mention:
▪ melena is dark, tar-like poop
▪ hematochezia is bright red blood passing through the rectum

Abdomen: Peritoneum and Glands of the GI Tract

 Liver--has two important connecting surfaces. The diaphragmatic surface, as 
you'd expect, is the top and front part that lies against the diaphragm. There's a 
coronary ligament holding the liver there. The visceral surface is the back, 
which lays against the stomach, colon, and parts of the intestine. In this surface 
you've got several important structures:
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◦ The liver has 4 lobes, right, left, quadrate, and caudate. The right and left are 
the big ones in the front. If you were to keep the liver in the body, but lift it up 
so you could see under it (like lifting the trunk of your car), the middle square 
you see there underneath, the one all the portal veins and arteries and bile 
ducts go into, is the quadrate lobe. Below that, and more towards the bottom
and front, is the caudate lobe. If you just took the whole liver out, the caudate
lobe is the one on top. You can remember where the quadrate lobe is 
because the q-shaped gallbladder is right next to it. If you looked from the left 
side, just peering under the left lobe, you'd see a little tongue-thing sticking 
out under the left lobe and that would be the caudate. The gallbladder fossa 
and inferior vena cava basically make up the plane separating the right and 
left lobes on the internal surface (facing the viscera), while the flappy falciform
ligament separates these two lobes on the external (facing the front body 
wall) surface. Usually when a mother donates a liver lobe to a child, you take 
a right lobe.

◦ The liver lies between the 7-11 ribs and crosses the midline towards the left 
nipple.

◦ The liver stores glycogen and spits out bile. The only metabolic substance it 
can't work with is fat.

◦ The top of the liver--where it meets the diaphragm--makes a triangle with no 
peritoneum on it called the bare area of the liver. You've got some ligaments 
around here:
▪ The coronary ligament is the peritoneum around the bare area. Part of it 

connects to the kidney, so you can call it the hepatorenal ligament. 
Under it, there's a potential space called the hepatorenal recess of 
Morrison.

▪ Left triangular ligament--the part of the coronary ligament that stretches 
in a little triangle off the tip of the left lobe and connects to the diaphragm.

▪ Ligamentum venosum--This is the ligament just behind the vena cava, in
the groove between the lobes. It actually runs from the vena cava because
it used to be a little duct or vein in the embryo!

▪ Falciform ligament--This is the flap of thin tissue running between the 
two lobes in the front of the liver. At the very bottom of it you'll find some 
white, round, hard tissue--something more like a "ligament" than the sheet
of the falciform. That round ligament of the liver is called the 
ligamentum teres.

▪ In radiography, remember that the right side of the diaphragm will look 
more elevated because of the liver pushing up from the right.

▪ In a physical exam, sometimes you'll feel on the right that this is all big and
sticking out. That's hepatomegaly.

◦ Inferior vena cava--This goes from the top of the liver through the diaphragm
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at around T8. If you slice the liver open and take the top part off, you'll see a 
right, left, and middle hepatic vein running to the inferior vena cava from the 
parts of the liver.

◦ Gallbladder--This lies just over the duodenum; its tip touches the transverse 
colon and it's squished by the most anterior lobe of the liver. It's kind of tucked
into the "pocket" formed by the liver laying over the distal end of the stomach 
(the pyloric region). It stores the bile the liver makes.
▪ If you've got acute cholecystitis, and your gallbladder is inflamed, you 

will have pain after eating a fatty meal. You'll confirm this with a positive 
Murphy's sign: when you breathe out, the area of the gallbladder hurts 
more. You need an operation. 

▪ Stone formation in the gallbladder is called cholelithiasis.
◦ Hepatic portal--If you take the liver out, you'll have to cut the inferior vena 

cava. Under where you cut it--just under where the inferior vena cava leaves 
the liver and travels further south in the body--you'll see another thick vein 
with little tubes beside it. That thick vein you see below the inferior vena cava 
is the hepatic portal vein. The little tubes will be the hepatic artery and the 
bile duct coming from the gallbladder. You should be able to see, in some 
cuts, a right and left hepatic artery branching off from the main (proper one), 
and more than one hepatic duct.
▪ The right hepatic artery feeds the right lobe and part of the caudate lobe
▪ The left hepatic artery feeds the left, quadrate, and caudate lobes

◦ The three structures mentioned above make up the portal triad: the portal 
vein, proper hepatic artery, and the common bile duct. These hang out just 
behind the hepatoduodenal ligament, which as you know is the part of the 
lesser omentum that connects the duodenum with the liver.
▪ The proper hepatic artery is the top branch of the common hepatic 

artery, the branch going up into the liver. 
▪ The portal vein is the big honking chunk of vessel behind all the other 

vasculature going into the liver.
▪ The common bile duct divides on its way to the liver. The branch going 

into the liver is the common hepatic duct. The one splitting towards the 
gallbladder is the cystic duct. The hepatic duct splits into right and left 
really close to the liver, and it may be hard to see those divisions. (Cystic 
almost always has to do with the gall bladder, while hepatic is the liver)
 Remember the common bile duct will go all the way through the 

pancreas to the duodenum, where it empties its contents. It's on the 
way FROM the liver, cystic duct, etc etc TO the duodenum that it 
passes the hepatopancreatic ampulla. 

 If you have a pain you describe as boring into your back, that's a sign 
of a pancreatitis. Its very likely that this comes from a stone getting 
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stuck somewhere--specifically in the hepatopancreatic ampulla, 
which is the most narrow part of the bile duct system because of its 
sphincter of Odi. (This ampulla is called the ampulla of Vater)

 An inflammation of the gall bladder itself (cholecystitis) will show up 
as pain in the shoulder, because the gallbladder shares the phrenic 
innervation with the diaphragm up to C3, C4, C5. The gall bladder also 
gets sympathetic innervation from the celiac plexus and 
parasympathetic innervation from the vagus nerve. If you do have pain 
in the abdomen, it will be because the gallbladder's contracting against
the stone, and that will be called biliary colic.

 If the stone is stuck in the common bile duct, and you get an infection 
in the biliary tract, we call it acute cholangitis. This is different from 
acute cholecystitis because that's inflammation of the gallbladder itself 
because of cystic duct blockage.

 If you have a tumor in the head of your pancreas you'll block the 
common bile duct, blocking the liver from recycling bile. That means 
bilirubin, which is a yellow product of breaking down blood cells, can't 
get excreted into the duodenum, and it builds up in your tissues. That's
jaundice. The patient will have pain "boring" into his or her back. 
(Remember the head of the pancreas is where the pancreas gets its 
bile duct)

 The cystic duct, liver, and common hepatic duct make up the triangle 
of Calot. That helps you find the cystic artery in a cholecystectomy. 
You have to be careful to find the cystic artery, not the right hepatic 
artery, when you cut out this gall bladder, and since the cystic artery 
comes from the right hepatic artery, that can be tough. So just look for 
the little artery running through the triangle of Calot.

▪ Behind the portal triad and parts of the lesser omentum you'll find a space.
If you stick your finger behind the hepatoduodenal ligament you'll have to 
go through a little hole, the epiploic foramen of Winslow. Each part of 
the hollow back there (the lesser sac or omental bursa) has a different 
name, which is really silly, since the hollow isn't very big. If you keep your 
hand back there, and poke your fingers up, you're in the superior recess.
If you poke your hand down, behind the stomach, you're into the inferior 
recess. If you keep your hand right in the middle you're staying in the 
foramen of Winslow.

 Note that the peritoneum has two membranes--the visceral, which covers the 
organs, and the parietal, which touches the body wall. The space between these 
two layers is completely closed in males, but actually open in females because of
the uterine tubes (which is a possible pathway of infection for peritonitis). The 
fluid in here is lubricant, lymph, and leukocytes. (3Ls) The parietal is very 
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sensitive and pain is very well localized, while the visceral it's hard to know 
exactly where it hurts, and it's not so sensitive. Most of the nerves in the visceral 
are for stretching and chemical irritation. 
◦ Some body parts like the aorta, IVC, kidneys, pancreas, adrenals, duodenum,

and ascending and descending colon aren't totally covered by peritoneum. 
We say that the ones that are on the back are retroperitoneal. 
Intraperitoneal organs like the liver (except for the bare area), the stomach, 
duodenum's front part, spleen, cecum, transverse colon, and body of uterus 
and fallopean tubes are totally covered by the peritoneum. 

◦ The omentum and other divisions of the peritoneum help carry neurovascular 
structures. 

◦ Subphrenic recess--This peritoneal space is what you find if you put your 
hands behind the diaphragm and the liver's left and right lobes.

◦ There are four other "spaces" between the parietal and visceral peritoneum 
where germs and other pathological stuff can pass. These are called gutters.
▪ Right and left lateral gutter are what you find if you just dig your hands 

right next to your cadaver's intestines. Just kinda slip them in the side, and
that space between the intestines and the body walls is what you're 
looking for.

▪ Right and left gutters of the mesentery--these are under the mesentery.
Like really, lift up the mesentery--with the intestines--and scoot it to the 
right, and where you dig your hands under it is the left mesentery. This is 
like under and near the roots of the mesentery.

 Spleen--If you go along the diaphragm until you're behind the stomach on the left
side you can find this. It's got a tip, or hilus, and a visceral surface in front of 
and below it that touches the other organs (like the stomach), and a 
diaphragmatic surface against the you-know-what. The top of spleen points 
towards the vertebral column, and the lower part rests on the left colic flexure.
◦ From the spleen to the left kidney you've got some lesser omentum called the

splenorenal ligament (or lienorenal) and from the spleen to the greater 
curvature of the stomach you have the gastrosplenic ligament, which is part
of the greater omentum. The splenorenal ligament has splenic vessels and 
the tail of the pancreas, while the gastrosplenic has short gastric vessels and 
left gastroomental vessels. Remember the phrenicolic ligament sits behind 
the spleen, and the spleen kinda sits on it.

◦ A fracture along the 9th and 10th ribs will rupture the spleen and make you 
lose a whole bunch of blood. You'll always try to preserve this organ in 
children, instead of taking it out, even if it's ruptured, because it's your most 
important lymphatic organ. If you remove the spleen, the liver and bone 
marrow have to take over its job. 

◦ The spleen shouldn't be palpable in a physical exam, but if you can feel it on 
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the left side there's some kind of lymphatic problem going on. You have to tell 
the patient not to do contact sports if there's splenomegaly like this, because
we don't want it to rupture. 

 Pancreas--Just in the duodenal curve the pancreas head pokes in--kinda using 
the duodenum like a pillow. The most inferior part of this head kinda looks like a 
tongue flap, and that's called the uncinate process. The part of the pancreas 
poking into the spleen--basically the long, smaller part after the bulk of the body--
is called the tail. 
◦ Cancer here is one of the most aggressive cancers, and often metastasizes 

to the liver and the rest of the body because it excretes into EVERYTHING. It 
gets into the liver by sending cancer into the splenic vein, which connects to 
the superior mesenteric vein to form the portal vein, and passes the cancer 
into the liver.

◦ The head of the pancreas gets its blood from the superior mesenteric and 
gastroduodenal arteries. The body and the tail get their blood from the splenic
vessels.

 The blood vessels are my favorite part of this body region. They're kind of 
complex, so one of my classmates--the one who taught them to me--explained 
that you should identify them in the cadaver by where they lead, not what big 
artery they come from. They'll look really obvious--"oh, this should be the splenic 
artery, 'cuz it looks like it's going towards the spleen"--until you arrive at the place
and find they're not there, or until you're looking for the middle colic artery and it's
not coming off the superior mesentery like it's supposed to. "Where did it go? I 
know the middle colic comes off the superior mesentery!" Sure, but there are so 
many variations in the cadaver that you're better off starting at the organ, and 
then working your way back to the origin of the vessel. Some folks have their 
middle colic artery coming off the inferior mesenteric artery, which means you 
could look where it's "supposed" to be all day and not find it until you start at the 
transverse colon the middle colic feeds and work your way backwards. My 
classmate also made this cool little chart for remembering which vessels are 
what down here. Here, look, and then I'll explain to you where they are! 
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        Image courtesy of Natasha Santos

 The vessels here start from the abdominal aorta. Right under the diaphragm 
you'll find a whorl, on the left, where three arteries come off of the aorta. That 
whorl of three has its base on the celiac trunk. It's a super-short "trunk" from the 
aorta. In my cadaver, we couldn't even see a trunk. It looked like the three 
vessels just came straight off the aorta. So it may look like that for you.
◦ By the way, an abdominal aorta aneurysm (Triple A) will cause an 

excruciating pain in the back. It usually happens after or under the kidneys.
 From the celiac trunk, you have three branches. 

◦ Splenic artery, which goes towards the spleen along the top border of the 
pancreas, is the largest vessel from the celiac trunk. This divides into the 
▪ Left gastroepiploic or left gastro-omental artery! This goes down along 

the greater curvature of the stomach.
▪ Short gastric arteries, which are easily snapped in surgery. Sometimes 

you're working on the splenic area, and you're not careful, and you just 
yank these out. If that happens, the fundus of the stomach will have 
ischemia (it will die of lack of nutrients and oxygen), because these are 
what feeds the fundus. 

▪ So the splenic artery feeds the body of the pancreas (dorsal and superior 
pancreatic arteries), its tail (caudal pancreatic artery), the fundus of the 
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stomach (short gastric arteries), the left part of the greater curvature (in 
the left gastroomental artery) and in omental branches of the greater 
omentum.

◦ Common hepatic artery, which travels right. Just straight right, towards the 
liver, away from the aorta where it started. Before it gets to the liver it splits 
into the 
▪ Proper hepatic artery, which goes straight and properly and in a very 

upright and civilized manner towards the liver where it belongs.
 This divides into the right and left hepatic, but they're super-hard to see

and really tucked into the liver. The right hepatic artery goes to the right
lobe and part of the caudate, while the left feeds the left, quadrate, and
part of the caudate. 

 This also breaks off into the right gastric artery. Basically, this goes 
down to feed the lesser curvature of the stomach from the right side. It 
matches the left gastric artery, which I'll mention in a second.

▪ Gastroduodenal artery, which goes down through the mesentery to feed 
your stomach and intestines and things. It splits into the 
 Superior pancreaticoduodenal artery, which brings blood to the 

pancreas and duodenum, true to its name.
 Right gastroepiploic or right gastroomentic artery, which goes 

along the greater curvature of the stomach and actually anastomoses 
with the left gastroepiploic (which comes from the splenic)

 Some people have a supraduodenal artery (30% of people don't) 
which goes down over the duodenum.

 If you have an ulcer in the posterior part of your duodenum you might 
rupture this gastoduodenal artery. The hylobacteria pylori could be a 
bacteria responsible for this kind of ulcer, which can kill someone if 
they don't seek medical help.

◦ Okay, so we did the parts of the splenic and common hepatic. Now there was 
a third branch off of that celiac trunk with those guys, and that was the left 
gastric artery, which goes straight to the lesser curvature of the stomach. 
You can remember that this has a shorter name than the left epiploic, and 
that's why it goes to the shorter side of the stomach.

 Those were the arteries in the top part of the abdomen, more or less above and 
around the stomach. Let's talk about the ones that go down to your intestines and
stuff! First we're dealing with the superior mesenteric artery. It's super-big-
looking, and comes straight down off the abdominal aorta crossing over the 
ligament of Treitz. You'll notice it's all straight, not all windy like the other ones, 
and that's because when you're a little embryo the superior mesenteric artery 
runs along your gut-tube and feeds the midgut. When your gut rotates as it's 
forming, it rotates around the superior mesenteric artery, so only the superior 
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mesenteric artery doesn't get squished or changed. The superior mesenteric 
artery has several branches coming off of it:
◦ Inferior pancreaticoduodenal artery, which is a smaller artery that goes up 

towards the pancreas and duodenum,
◦ IRM. I remember these together because then it's easier for me to remember 

where they go. IRM is the order, clockwise, that they splay off towards the 
colon. We start at the 7-9 o'clock position-ish with the ileocolic artery, then 
above that, going with the clock, we have the right colic artery, and then the 
middle colic artery. These are pretty easy to visualize in your head, since 
the middle colic artery feeds the transverse--or middle--colon, and the right 
colic artery feeds the ascending--or right--colon. The ileocolic artery feeds the 
ilium and the colon, and it's got a special little branch--the appendicular 
artery--that feeds the appendix.

◦ Intestinal branches. These go to the intestine, through the mesentery. 
They're really straight, but then just short of the intestine they break into 
arcuate arteries, which are quite literally little arches that travel under the 
intestine, following its curves. From these arcuate arteries some vasa recta, 
or straight arteries, feed the small intestines. These vasa recta jut off of the 
arcuate arteries in very straight lines, making the mesentery look all spider-
webbed. The vasa recta do not anastamose, meaning they do not reach the 
intestine and then wrap around it to share blood with each other on each side.
They go to the intestines, and that's it! That's why if you were to damage 
some of these, you've damaged the only blood supply that segment of 
intestine has--and the cells there will die.

◦ By the way, the superior mesenteric artery can kill you if it's crushing your 
duodenum against the aorta. This is superior mesenteric artery syndrome 
or Wilkie's syndrome. If the intestines didn't rotate all the way, or the 
duodenum is too high with the ligament of Treitz, or the SMA forms too low, 
you'll have the SMA squishing the duodenum. This makes you have to vomit 
all the time, and blocks your food passage. It's called a nutcracker effect 
because of the angle between the SMA and the aorta.

 A bit further down the aorta you'll find the inferior mesenteric artery, which goes
to the left (the superior mesenteric, at least in my cadaver, goes right). It's got the
◦ Left colic artery, to match the right colic artery, going to the descending (left 

side!) colon.
◦ Sigmoid arteries, which go down to the sigmoid section of the colon.
◦ Superior rectal artery, which goes down to the you-know-where.

Veins: The portal vein (straight off the IVC) splits into the superior mesenteric vein 
and the splenic vein. The splenic vein gives us the inferior mesenteric vein. The IVC 
and left renal vein are caval veins, while the splenic and superior mesenteric are portal.
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When the liver is damaged by alcohol, and you have cirrhosis of the liver, your portal 
system of blood will try to save you by backing up blood and carrying blood that the 
caval system can't. If you see a question about alcohol and blood, you may need to 
think cirrhosis right away. You'll see connections--anastomosis--where the blood system
is changing to accommodate back up. Sometimes the surgeon will make a major 
portal/caval (systemic) connection himself to help relieve that hypertension, too. There 
will always be a portal and systemic connection, never portal-portal:

 In the lower esophagus, the left gastric vein (portal) will anastamose with 
the azygos vein.

 In the upper anal canal, the superior rectal vein (portal) will anastamose 
with the middle and inferior rectal veins. 

 Near the umbilicus, the paraumbilical vein (portal) will anastamose with 
the epigastric veins. This is where you see the caput medusa, the snake-
head-looking vessels all around the belly button.

The portal system is everything that comes from the celiac trunk--all the GI stuff. Splenic
vein, hepatic portal vein, superior and inferior mesenteric veins. (The hepatic portal 
vein's usually formed by the others all pouring into it). The liver's the only organ fed by 
both a caval and the portal system.

Posterior Abdominal Structures And Diaphragm

 Kidneys--The kidneys themselves are located T12-L3, with the left a little higher 
than the right because of the liver. Coming into its hilum the vein's in front of the 
artery, which is in front of the ureter. (I remember this in Spanish: arteria atras) 
Outside, the kidneys are covered with renal fascia, also called the false capsule.
This separates the kidney's fat into the 
◦ perirenal fat (the fat inside the fascia; also called the fatty capsule) and the 
◦ pararenal fat (fat outside the fascia). 
◦ The actual surface of the kidney is the fibrous true capsule.

You can remember these because i in perirenal is the same as i for inside. The fascia's 
thicker in the sides and back of the kidney (lateral and posterior).
Other parts of the kidney:

◦ Renal pelvis--Where the ureter meets the kidney, just before splitting into 
smaller conduction channels. It's the big, wide part of the ureter. Technically 
the ureter is part of the renal pelvis, since the renal pelvis came first in the 
embryo and then the rest of the ureter was stretched into being as the 
kidneys moved up from the lower abdomen into the back. The ureter's made 
of muscle.

◦ Renal cortex--If you cut the kidney in half, this is the kinda striped/striated 
tissue on the outer 1/3, before you get into the bases of the triangles.

◦ Renal medulla--This is the inside part of the kidney, from the bases of the 
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triangles inward. The triangles are called renal pyramids. The straight parts 
in between the triangles--which look like extensions of/the same tissue as the 
cortex--are renal columns. The glomerulus or head of the nephron is in the 
cortex, while the loop of Henle is down in the renal pyramids. (More on this in 
renal phys)

◦ Renal papillae--These pass urine into the collecting ducts, the minor calyces.
They're the little white-ish tips of the renal pyramids.

◦ Minor calyces--These are the little collecting ducts that collect urine from the 
renal papillae and then pass it off onto the bigger ducts, which are the

◦ Major calyces--These pass urine into the pelvis of the kidney, and then into 
the ureter so it can go to the bladder! Yippee! (Sorry)

◦ The Renal nerve plexus, where the kidney gets sympathetic and 
parasympathetic innervation, traces along the blood vessels to get into the 
kidney. The abdominopelvic splanchnic nerves are important here.

Kidney stones hurt from the loin to the groin (pain's brought to dorsal root ganglia of 
T11-L2, so you could feel it from the small of your back to your flank to your genitals), 
but they lodge at particular sites. The three most common sites for kidney stones to 
block pee-flow are:

◦ where the ureter goes into the bladder, through its detrusor muscle wall 
(uterovescical junction)

◦ where the ureter joins the kidney's pelvis and starts to narrow
◦ at the part of the ureter where the ureter crosses the big common iliac vessel

 Renal veins go directly from the pelvis of the kidney into the inferior vena cava--
like directly. You'll see them form a big cross with the inferior vena cava right at 
kidney-level. The left vein is much bigger, even though it's kinda squished 
between the abdominal aorta in back and the superior mesenteric artery in front.
◦ Since the left vein's bigger--and because the IVC is shifted into the right side 

of the body, and harder to access--it's got a tributary the right vein doesn't 
have: the left testicular vein or left ovarian vein drains into it. The right 
testicular or ovarian vein drains straight into the IVC.

◦ There's a syndrome called the Nutcracker syndrome where the left renal 
vein gets squished between the superior mesenteric artery and the aorta. 
Remember to distinguish between nutcracker syndrome and nutcracker effect
(which has to do with crushing the duodenum). A man with varicosele in the 
left side of his testicles--and its like he has a "bag of worms" in there--may 
have this condition, because if you've squished the left renal vein you're 
keeping the left gonadal vein from draining. This makes the pampiniform 
plexus swollen.

 Renal arteries hang out just behind the renal veins, come straight from the 
aorta, and divide into two branches of 5 little arteries (usually) before getting into 
the kidney. The testicular or ovarian arteries don't come from the renal 
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arteries--they usually come straight from the aorta. In women, the gonadal 
arteries will cross the external iliac vessels really close to the ureter. 
(Remember that the external iliac vessels came from the thick common iliac 
vessels that the aorta branches into) In men, the gonadal arteries will be closer 
together (less lateral). They come into the kidney around L1 and L2. The right 
one is longer 'cuz it's gotta get all the way from the aorta, behind the IVC, to the 
kidney. The renal arteries also have super-tiny branches that go along the length 
of the ureter and feed them.

 Suprarenal glands--Sitting on top of the kidney you'll see these fat-looking 
globular lumps that have lots of blood vessels going into them. Those are the 
suprarenal or adrenal glands that release those famous hormones everyone is 
always talking about. 

▪ It's really cool that we have fascia between the suprarenal glands and the 
kidney, because it makes it possible to take the kidneys out for transplant 
without damaging the adrenal glands.

▪ The right suprarenal gland is more triangular, and it's just behind the 
inferior vena cava, which is squishing it and making it triangular like dat.

▪ The left suprarenal gland is more blobular, like a half-moon, and it's closer 
to the top and closer to the medial side of the kidney. Sometimes it even 
reaches the kidney's hilus, where the blood vessels go into the kidney. You
can remember the left is more blobby and moon-like by remembering Left 
Lunar.

▪ The cortex, or outer layer, makes aldosterone, corticosteroids, and 
androgens that help with sodium and water retention to increase blood 
volume and pressure, while the medulla, or inner portion, secretes 
norepinephrine and epinephrine. The cortex comes from mesoderm while 
the medulla came from neural crest cells in embryo. Sympathetic 
innervation from the greater splanchnic nerves (which come from T5-T11) 
stimulate the suprarenal glands to secrete stuff.

▪ You've got several arteries coming in here straight off the IVC: 
 the inferior phrenic artery, which goes up towards the diaphragm but 

on its way, gives you the whole net of superior suprarenal arteries 
straight to the adrenal gland; 

 the middle suprarenal artery goes straight from the aorta into the 
suprarenal glands; 

 and the left inferior suprarenal artery comes off the left renal artery.
 Other abdominal aorta-related arteries: We've already learned the inferior 

phrenic arteries, celiac trunk, superior mesenteric artery, inferior mesenteric, 
renal arteries, and gonadal arteries. All of these come directly from the aorta. As 
it goes down, it splits into two huge common iliac arteries. Those split into the 
external and internal iliac arteries, all in a very organized way moving down. 
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You'll notice just under the kidneys along the lumbar spine you've got some small
arteries coming straight off the back of the aorta and traveling through the 
intercostal areas: those are lumbar arteries. You've got 4 pairs of them here 
between the renal arteries and the common iliac arteries.

 Psoas Major--If you look at the lumbar spine, and look at the muscles directly to 
the sides (medial), those are the psoas major. Their origin is at the vertebrae, 
and their insertion all the way at the inner part of the femur (lesser trochanter) so 
they can help flex the thigh. 
◦ If you have really bad tuberculosis in your lumbar region, it usually goes into 

the psoas sheath, thickening the fascia around this muscle into a nasty tube 
of pus. This is a psoas abscess. The pus usually travels all the way down 
and surfaces in the top of the thigh. 

◦ This muscle's also super-useful in finding disease in posterior abdominal wall 
organs. It's connected to everything, so if the kidneys, ureters, cecum, 
appendix, sigmoid colon, pancreas, lumbar lymph nodes, or nerves back 
there are injured, moving the psoas will hurt. If you suspect intra-abdominal 
inflammation, ask your patient to lie on the side that doesn't hurt, and flex 
their thigh against your hand. If that hurts, this is a positive psoas sign.

 Quadratus Lumborum--These are more lateral than the psoas muscles. They 
hold the 12th rib still when you're breathing in, so they attach from the bottom of 
the 12th rib and go down to the inside lip of the iliac crest, or to the iliolumbar 
ligament. They also help you bend your back side to side--remember that 
muscles pull from the insertion to the origin, so that means their origin is on the 
bottom, on their iliac crest attachment.

 Transversus Abdominis--Remember how in the front these were part of a band 
wrapping straight around the stomach, under the internal obliques? They 
wrapped all the way from your posterior abdominal wall. They kind of "hold" the 
quadratus lumborum inside them. By that I mean quadratus lumborum is deeper, 
transversus abdominis more superficial.

We're gonna go over nerves in this area from superior to inferior in order to make it 
easier.

 Subcostal nerve--Just under the 12th rib. This is a little bigger than the other 
thoracic nerves. It's really easy to injure when you're doing bone grafts, when 
you're harvesting bone from the anterior iliac crest, because it can be as close as
6 cm to the ASIS.4

 Lumbar plexus--Nerves L1-L4. They're cushioned/they weave along the psoas 
major. They all get gray rami communicates from the sympathetic trunk, even 
though they're not sympathetic themselves. Their branches are:
◦ L1

▪ Iliohypogastric nerve--This is the more superior nerve from L1. It follows 

4 J NeuroSurg Spine., 2004 Jul;1(1):87-9 http://www.ncbi.nlm.nih.gov/pubmed/15291026
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in front of the quadratus lumborum and plunges up through the 
transversus abdominis muscle to reach the skin of the suprapubic area. 
(Suprapubic being above the pubic area; hypogastric being below the 
stomach) 

▪ Ilioinguinal nerve--This was mentioned earlier, and it goes through the 
inguinal ring. It sometimes comes off iliohypogastric nerve, but sometimes 
it comes off lower (still L1 though). Sometimes it's missing.

◦ Lateral cutaneous nerve of the thigh (or femoral lateral cutaneous nerve) 
comes from both L2 and L3. It travels over the front of the iliacus muscle (the 
muscle coating the inside posterior wall of the ilium/pubic bone). It goes under
the inguinal ligament and runs laterally until it gets down to the outer front 
surface of your thigh.

◦ Femoral nerve--From L2-L4, this comes out and runs below the others I've 
mentioned. It's a lot thicker, so should be easier to find, and it goes all the way
down along the lateral edge of the psoas major muscle, through the iliacus 
muscle (the muscle at the back of the pelvic basin), and down to the knee's 
extensors. It's mostly behind the psoas major til about the sacral level.

◦ Genitofemoral nerve really comes off the iliohypogastric nerve, or directly 
from L1 with some L2 fibers thrown in. As it travels down the outside border of
the psoas muscle, it travels under the muscle and below the psoas fascia until
just before it splits, where it pierces up out of the muscle. There it eventually 
meets the place where the external iliac arteries come off the common, and it 
splits: the genital part goes to the genitals,and the femoral part goes to the 
leg.

◦ Obturator nerve--This one, from L2-L4, goes down along the inferior medial 
(bottom inner) edge of the psoas major muscle, and then down under the 
superior pubic ramus and just over the ischium. So those two holes between 
the bones on either side of your genitals--the big gap-things, where one bone 
goes down and curves and another bone is on top and flat--that space is what
the obturator nerve goes through. It innervates your inner thigh, its adductor 
muscles. Sometimes it will have a little buddy, an accessory obturator 
nerve which travels along the same path, but 90% of people don't have that.

 Lumbosaccral trunk--This comes from L4 and L5, going over the wing (ala) of 
the sacrum (the butt-bone) and going down into the pelvis. It's a really thick 
nerve, as thick as the femoral nerve, and it meets a plexus of S1-S4 nerves that 
go into the even thicker sciatic nerve, in your leg.

So to summarize those nerves, you've got 4 branches of the lumbar plexus in the lateral
border of the psoas major muscle. They're the femoral, the lateral femoral cutaneous 
nerve, the genitofemoral, and you could say the iliohypogastric and ilioinguinal run 
laterally, too. Out of these, only the genitofemoral actually pierces the psoas major 
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muscle after running underneath it. Both the obturator nerve and its accessory run 
medial to the psoas major muscle.

 Diaphragm--This clover-leaf-shaped muscle has 4 major parts, 2 crus, and 3 
arcuate ligaments that make it up. The 4 major parts are:
◦ Sternal--This is the front part, exactly where the diaphragm connects to the 

sternum at the xyphoid process.
◦ Costal--This is the part where the diaphragm's attached to the lower six 

cartilages of your ribs.
◦ Lumbar--Here the diaphragm connects to your top three lumbar vertebrae. 

Around and below it you'll see the quadratus lumborum muscle.
◦ Central Tendon--This is the white, stiff connective tissue that has the hole in 

it for the vena cava. It's kind of shaped like an alien spaceship in-between all 
the diaphragm muscle, in front of the spine. You'll recognize it right away. This
came from the septum transversum in the embryo.

And the 2 crus are little bits of white connective tissue that narrow up and wrap around 
the aortic hiatus. 

◦ Left crux goes just between the hole for the psoas major and the hole for the 
aortic hiatus.

◦ The Right crux has a muscle slip running from it down the middle of the body 
(inferomedially). That's part of the ligament of Treitz (suspensory muscle of 
the duodenum) and helps hold up the duodenojejunal flexure. It's between the
hole for the right psoas major and the aortic hiatus.

And the 3 arcuate ligaments are
◦ Medial arcuate ligament--This is an arch around the hole for the psoas 

major. 
◦ Lateral arcuate ligament--This crosses the top of the quadratus lumborum, 

and comes from the pleuroperitoneal membrane in the embryo.
◦ Median arcuate ligament--This is where the two crura of the diaphragm join, 

superior and anterior to the aortic hiatus. Basically at the top of the hiatus is 
this ligament. It came from the meso-esophagus in embryo.

Finally, we have three openings, each named for what passes through it:
◦ Venacaval foramen
◦ Esophageal hiatus
◦ Aortic hiatus

You can remember where each tube passes through the diaphragm with "I ate ten eggs 
at twelve": I8, E10, A12, or inferior vena cava at 8, esophagus at T10, and aorta at T12. 
The caval one is the biggest, in my atlas, anyway. The higher up the hole in the 
diaphragm, the more forward it sits--so the vena cava's hole sits really anterior in the 
diaphragm. This is super-helpful if you're gonna have to identify holes in a diaphragm 
removed from the body. The vagal trunks and lymphatic and inferior gastric vessels go 
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through the esophageal hiatus, while the thoracic duct, azygos, and hemiazygos veins 
go through the aortic hiatus.

The diaphragm's prone to hernias sometimes. Some people's diaphragms don't close all
the way near the 12th left rib, because the lateral arcuate ligament didn't form right. That
leaves a little triangle, the lumbocostal triangle, where guts can poke through if there's
a sudden burst of pressure change in either the abdomen or the thorax. That's called a 
diaphragmatic hernia. It's called a hiatal hernia if some of the stomach pokes into the 
thorax through the esophageal hiatus, where the esophagus goes.

When your diaphragm's hurt, you'll feel it in two separate places. If it's hurt in the 
periphery, along the edges, well then it's right next to the intercostal nerves, so you'll 
feel it right there where it hurts. But if it's hurt more medially, or in the peritoneum, or 
near the lungs, it's hurting closer to the phrenic nerve. The phrenic nerve comes from 
C3-C5, so it'll bring the pain up into your shoulder--since your shoulder also comes from
C3-C5. You can remember where the phrenic comes from with this rhyme: C3, C4, C5 
keeps the diaphragm alive, S2, S3, S4 keeps the penis off the floor. (Those last ones 
are your sacral nerves.) 

If you break your phrenic nerve, going into your diaphragm, on just one side, you'll have 
hemidiaphragm paralysis. You'll recognize it in an X-ray because when the patient 
breathes in, one side of the diaphragm will contract down like it's supposed to, but the 
other side will be ballooning up. The working side is building pressure in the abdomen, 
and that pressure forces the non-working side to balloon.

You've got two phrenic arteries coming from the aorta on the superior surface, and two
phrenic arteries coming from the aorta on the inferior surface to feed the diaphragm.

Thoracic and Abdominal Lymphatics

The lymph system, our major defense system, also drains the extracellular tissue and 
also helps absorb things that the capillaries can't. Lymph vessels usually complex with 
capillaries to absorb liquid and strange things and take them into the lymph nodes. 
Bone marrow, spleen, and tonsils are all counted as lymphoid organs. 

The superficial and deep vessels will receive fluid from the blood and extremities and 
bring it into lymphatic trunks, which eventually form the two major ducts: right 
lymphatic duct, and thoracic duct. The right lymphatic duct receives everything from 
the right side of the head and right upper quadrant, and hangs out at the root of the 
neck near the right venous angle between the right subclavian and right jugular artery, 
where it sends fluid back into the circulation. The thoracic duct takes from the left side of
the head and neck and left arm, but also takes things from the bottom half of the body, 
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and inserts fluid back into circulation near the left venous angle. Everything from the 
lower half of the body arrives at the cisterna chyli, which then passes everything to the 
thoracic duct.

Nervous System Overview, With Thoracic Focus

There are 8 cervical nerves, 12 thoracic nerves, and 5 lumbar nerves. Why is there one 
more cervical nerve than there are vertebrae? Because the first nerve originates above 
the vertebrae to work with the face above the spine. This first nerve does not have a 
dorsal root or a dermatome (no sensory function).

The spinal cord has several different coverings, meninges, which are the second level 
of defense after the vertebrae. They're broken into dura mater, arachnoid space, and 
pia mater. The dura is harder (dura, like hard in spanish) and on the outside, and the 
deeper, softer pia mater tissue is transparent. You've got little ligaments that look like 
teeth (denticulate ligaments) that anchor the spinal cord to the pia mater at the right 
place--they're extensions of the pia mater poking into the arachnoid space and dura 
mater to hold everything together. 

Inside the spinal cord you've got a grey and a white part. Grey matter is where we find 
the dendrites and bodies of the neurons. The parts that are axons, covered with myelin, 
look white. The spinal cord grey matter looks kind of like an H, and we classify each 
horn of the H based on kind of nerve there. The front, ventral, or anterior horns of 
the H are motor or efferent nerve fibers, while the posterior/dorsal horns of the H 
are sensory or afferent fibers. (You can remember motor=Efferent because doing 
things is Exciting; remember the sensory nerves come from the back because we hide 
our feelings and our sensitive selves in the back and don't show them right away when 
we meet people = P) Spinal nerves are mixed nerves, which means each nerve bundle 
coming from the spine has half of itself coming from the front horns, and half coming 
from the back horns. To put it a simpler way, the H is positioned so two legs of it point 
towards your back, and two legs point towards your front, and your nerves come from 
the sides of the H. Each nerve branch grabs the two horns closest to it, the back one, 
and the front one, getting both sensory and motor fibers. Later, as that big fat nerve fiber
goes laterally towards whatever it needs to innervate, sensory and nerve fibers will split 
out as they need to, so they leave the spinal cord together in the same bundle, but then 
split up to do their individual jobs. Each section that a particular spinal nerve feeds is a 
myotome, or dermatome, or other ome. 

Now, when the nerves begin to split up, they may split anterior and posterior again, but 
they won't split the same way they came out of the spine. Most anterior branches merge
to form plexuses (fancy way to say nerve joinings) and innervate the extremities. Each 
plexus will give off new nerve bundles, so one nerve may have many roots: so for 
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example, the phrenic nerve comes from C3, C4, and C5. 

These somatic spinal nerves will handle your reflexes (at the spinal cord level) and 
information will travel straight along the spinal nerves to the gray matter of that cord. 
(Somatic fibers are called GSA and GSE, A for afferent and E for efferent) But visceral 
reflexes will travel through GVA and GVE, through the sympathetic chain ganglia.

Sympathetic system

Your autonomic nervous system only carries efferent, or motor fibers. Your autonomic 
nervous system does not feel. It is a cold, heartless machine.

This means you will never have any sympathetic or parasympathetic nerves forming 
roots in the dorsal part of the spine. Only sensory things root there. Now, in networks for
visceral reflexes, and in all the functioning of your autonomic nervous system, you need 
the sensory fibers, sure--and sensory fibers will follow along and play with and 
intermingle with the autonomic system--but in the end, when you trace autonomic fibers 
back to their source, they'll root in the intermediate lateral horns. The sensory fibers 
associated with the visceral reflexes and stuff—the fibers that sense how your heart is 
doing, for example—are called GVA fibers, general visceral afferent fibers, and they are 
unconsciously felt and such, and they help your sympathetic and parasympathetic 
systems, but they aren't part of those systems.

We always have a preganglionic and postganglionic nerve. The preganglionic comes 
from the spinal cord, the postganglionic synapse somewhere else in the body. 

The sympathetic or thoracolumbar division come from T1 to L2. T1-6 go to head and 
thorax, while T7-T11 go down to the abdomen and stuff. T12-L2 go for rectum, bladder, 
and uterus. Even though the cell bodies live in the intermediolateral part of the spinal 
cord (in the lateral horn of the gray matter), their axons send information out anteriorly. 
This means, for example, that the head and face get sympathetic innervation from the 
thoracic anterior roots of T1-T3. The fibers coming out of your spinal cord will synapse 
with stuff. Before the synapse, they are called pre-synaptic. The neuron receiving the 
signal from that synapse, and carrying it to the target organ, is post-synaptic.

So from the intermediate lateral horns the little branches go out the front side (so they
come from the lateral side, but they leave in the front with the motor neurons) to the 
white rami communicantes which will then go to their assigned ganglia and their 
postganglionic nerve. Your presynaptic fibers are pretty short, from the spinal cord to the
ganglia where they synapse, but your postganglionic are pretty long to arrive at the right
part or organ. That's because the sympathetic chain ganglia is like right next to the 
spinal cord there in front of it like a bunch of beads. 
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Splanchnic nerves connect the presynaptic ganglia through the sympathetic 
trunk/chain ganglia. Stuff that doesn't make a synapse in the sympathetic trunk but 
passes through to synapse somewhere else later use the splanchnic nerves. 

Everything that's white rami is going TO the ganglia--the gray is stuff is coming back 
from or through the ganglia to send motor information to another part of the body, and 
it's mixed post and pre-synaptic. In other words, you can have information leaving 
through the white, getting into a ganglion, and then traveling through the gray back 
through a ganglion towards another part of the body. Usually think gray and think post. 

After you synapse, your postsynaptic fibers can now branch posteriorly. Your posterior 
thoracic primary rami, for example, control the apertures of the blood vessels going to 
your back muscles and skin. Because you leave the roots at the spinal cord anteriorly, 
posterior rami in the sympathetic system will always be post-synaptic.

There are two kinds of synapses your pre-synaptic fibers can reach. They can synapse 
with the paravertebral or prevertebral ganglia. Paravertebral are the sympathetic trunk 
ganglia, or sympathetic chain ganglia, and you already have a lot of post-ganglionic 
synapses right there. Most pre-synaptic fibers will have to be before this, in other words.
Prevertebral ganglia, on the other hand, are associated with your aorta and stuff: they 
are your your celiac ganglia, superior mesenteric ganglia, aorticorenal, and inferior 
mesenteric ganglia, so basically all the ganglia "in front of" your sympathetic trunk. 
Prevertebral means it's in front of the vertebrae. Some of your fibers don't synapse in 
the trunk, and they wait to synapse in prevertebral ganglia instead.

Parasympathetic system

Parasympathetic system fibers in your thorax have tiny tiny ganglias in the viscera, 
nowhere else, and there's no chain bundle or anything for them, because they generally
carry information straight to the brain along the vagus nerve.

Pelvis and Perineum

Pelvic floor, walls, and male and female organs
The pubic symphysis and pubic bones make up the front (anterior) border of the pelvis; 
the sacrum, piriformis muscles, and parts of the ilium make up the posterior border. 
You've got a few holes in your pelvis. Remember that one in the bottom, between the 
ischial tuberosity and the bone above it, that the obturator nerve goes through? That's 
actually the obturator foramen (usually covered with membrane). 

You have two big ligaments here, one that attaches from your sacrum to your ischial 
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spine, and the other from your pubic turbercle to your sacrum. These sacrospinous 
and sacrotuberous ligaments separate the big hole in the side of the pelvis into a 
greater and lesser sciatic foramen. The greater, which is the larger hole on top, is the 
one the piriformis muscle, sciatic nerve, and other nerves pass through; the lesser lets 
the pudendal nerve bundle back in. (We'll talk about nerves more later; for now just 
remember the holes.) This whole sciatic foramen is in the back and bottom of the pelvis,
making up kind of a back floor.

During pregnancy, all these joints and ligaments relax because of hormone relaxin and 
sex hormones, and the coccyx moves backwards, and that relaxation causes lordosis, 
where your behind sticks out more and your spine curves.

By the way, to hold your pelvis in anatomical position, both front ASIS's and the front 
edge of the pubic symphysis have to be in the same horizontal plane. We always 
assume anatomical position, of course.

 Pelvic inlet
That's the circle, or rim, of the pelvis, that you'd touch if you ran your finger from a 
skeleton's pubic symphysis, along the border of the pubic crest, along the pecten pubis, 
and continuing along the arcuate line of the ilium, front of the ala (wing) of the ilium, and
around again to the other pubic symphysis. It divides the true pelvis from the false. The 
true pelvis is the stuff below the ring, everything that contains your urinary bladder, 
rectum, and reproductive organs. The false pelvis is everything above the ring, from 
the anterior abdominal wall to the iliac fossa and the L5 vertebrae. It's carrying the ileum
and sigmoid colon. The "plane" of the inlet is the line from the top of the sacrum—its 
promontory—to the top of the pubic symphysis. Ideally, we would like to measure the 
true pelvis diameter from the sacral promontory (top of the sacrum where it meets the 
spine) to the posterosuperior (top back) edge of the pubic symphysis. But that “true 
obstetrical conjugate” is actually impossible in a live patient because the bladder's in the
way, so instead we measure the “diagonal conjugate,” which is from the sacral 
promontory to the bottom (inferior border) of the symphysis pubis.

 Pelvic outlet
Plane of the outlet is the line from the bottom of the coccyx to the bottom of the pubic 
symphysis. It's also called the pelvic diaphragm, and it's basically the bottom of 
everything--bottom of the pubic symphysis, the sacrotuberous ligaments, and the tip of 
the coccyx.

 Difference between male and female bone structure
Male pelvis is thick and heavy, with a deeper false pelvis, narrower and deeper true 
pelvis, heart-shaped pelvic inlet, smaller pelvic outlet, and narrow pubic arch. You can 
remember this by remembering a man's heart is in his groin (this is not true, but nice 
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and easy stereotype). The male subpubic angle is narrower, the obturator foramen 
rounder, and acetabulum larger. Women have a round, not heart-shaped inlet. The most
common reason given for c-sections is cephalopelvic disproportion—head too big 
compared to pelvic opening. 

Muscles

 Ischiococcygeus/coccygeus--This muscle goes from the ischial spine to the 
coccyx. If you're looking down from the top, it's two triangles, one on either side, 
down kinda towards the back floor of the pelvis. If you're looking from the side, 
you can just see that the ischiococcygeus part is the part closer to the ischial 
spine, which was the lower ridge in the big pubic complex of bones. This muscle 
flexes the coccyx and is a part of the pelvic diaphragm.

 Iliococcygeus--This is part of the levator ani muscle group. It's like the 
coccygeus, but it's more forward, bigger, and layered opposite--so the base of 
the triangle is towards the outside, while the base of the coccygeus is towards 
the inside on the coccyx. Iliococcygeus comes from the lateral sides in, while the 
coccygeus comes from the medial line out. This and the below muscle are 
basically just floor-support muscles.

 Pubococcygeus--There is a triangle going longways--"forward-to-backward"--if 
you're looking from the top. Puborectalis is the inner part of that triangle, going 
from the pubic symphysis, and around the rectum. Pubococcygeus are more 
external fibers, nearer the iliococcygeus, and those fibers go to the coccyx. There
are pubovaginalis fibers in the woman. Those are the muscle fibers that lose 
strength after childbirth, causing incontinence, and they're the most frequently-
torn muscle in childbirth, too. This is part of the levator ani muscle group.

 All these muscles that are part of the levator ani are innervated by the levator 
ani/coccygeus nerve, which is from S3-S4. That one nerve helps innervate the 
entire diaphragm of the pelvis, in other words. 

 Obturator internus muscle--If you look at the pelvic diaphragm, along the sides 
of the ischial spine, just lateral to where the illiococcygeus part of the levator ani 
attaches to the side of the pubic wall, you will see a thin band of muscle tucked 
under the ischial tuberosity on either side. This band of muscle, the obturator 
internus, is just below where the sacrospinous ligament attaches, and just above 
where the sacrotuberus ligament attaches. If you look from the top, you'll see 
some fascia on the sides of the pubic area, just above where the levator ani 
muscles connect to the iliac spine. That's the obturator fascia, and you'll see a 
break in it, a little hole, through which the obturator nerve and obturator 
vessels break through the muscle and down into the gaps of bone between your 
legs. From there, the obturator nerve can go, as you know, to the inner thigh. But 
first it has to go down through the obturator muscle here along the side of the 



Becoming Healers 77

pubic hollow. This muscle helps rotate the thigh laterally and holds the femur in 
place. It goes out the lesser sciatic foramen and wraps around to sit in your butt 
between two other muscles we'll talk about later.

 If you're looking down from the top, you'll see what looks like the bottom of the 
obturator or the top of the levator ani triangles, a thin white arching line. That's 
the tendinous arch of the levator ani, going from the pubic bone to the ischial 
spine, which is the bump at the bottom of the hip bone, kind of in line with the 
coccyx. That's where the levator ani fascia turns into a tendon, and it's actually 
kind of in the middle of the obturator muscle, even though it looks like it forms a 
bottom border at first glance. It actually kind of looks like it cuts the obturator in 
half, but the obturator keeps going under the tendinous arch to meet its own 
fascia.

 The bottom of the obturator fascia thickens down by the ischioanal fossa to form 
part of the pudendal canal (holds your pudendal nerve and artery, FIXAL) just by 
the bottom edge of the ischium. What's the ischioanal fossa? It's basically 
where the fat-pad of your butt is, starting just above the bottom edge of your 
ischium and continuing until your fat ends, depending on how fat you are!

 Piriformis muscle--There are a whole bunch of muscle bundles snaking along 
the levels of your sacrum. They're attached from your sacrum, and then they go 
to either side under your ischial spine. The piriformis muscle is the bed of the 
sacral plexus, and it actually leaves the pelvis to go out and attach to the hip. It 
helps rotate the thigh laterally, or outward, abduct your thigh, and keep the hip-
bone in place. The nerve that specifically works with the piriformis is S1-S2, the 
piriformis nerve.

 Iliacus muscle—this sits along the “wings” of your ilium. It blends with the psoas
muscle to insert on the lesser trochanter of your femur, where it becomes the 
iliopsoas, and helps flex your thigh and stabilize your hip joint.

Organs of the Pelvis
 Urinary bladder

◦ Looks like an alien spaceship! Inside, on the back wall, see a triangle called 
the trigone. The entrances of the ureters into the bladder, and then the "exit-
path" from the bladder (the internal urethral orifice) make up trigone's 
corners. 

◦ When sensory fibers feel your bladder is full, parasympathetic fibers inhibit 
your sphincter so you can relax, and contract your bladder's detrusor 
muscles to pee. You don't have control over that. But you have some alpha 
motor neurons coming out of the sacrum that control the sphincter.5 You can 
just decide to open or close that. But as a child that's really hard to NOT do. 
To fight your parasympathetic system.

5 From my Intro to Neurobiology Class at University of Virginia, 11/20/2012
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◦ The sympathetic system shuts down bladder so it doesn't work--relaxes the 

bladder, constricts the sphincter (remember in fight or flight you don't need to 
be peeing). So to pee, you have to 1) turn on your parasympathetic to 
contract your bladder, 2) turn off the relaxation from the sympathetic, and 3) 
activate that middle system of alpha neurons. You only have conscious 
control over the alpha neurons.

 Ureter
◦ Ureters are retroperitoneal like the kidneys. They follow the internal iliac. They

end at the posterosuperior angle. The inferior vesical (male) or uterine 
arteries feed them at the bottom. 

◦ It's important to notice that the ureter enters the pelvis at an angle in front of 
the external iliac arteries. That's why it's easy for stones to get stuck there. 
Then, when it reaches the bladder, it goes into the bladder at an angle almost 
horizontal to the bladder's surface. That horizontal-ness also makes it easy 
for stones to get stuck (they can't just fall down) but it makes it a little harder 
for pee in the bladder to get back up into the kidney (your bladder-wall 
muscles clamp down to prevent that, and everything's horizontal so that gives
you a little extra length and give before pressure just pushes stuff back up).

◦ In men, ureters pass behind the vans deferens up near the bladder.
◦ In women, near the cervix, the uterine arteries cross the ureters. The uterine 

artery crosses ABOVE the ureter, while the vaginal artery is below. You can 
kinda remember this because the uterus is also kinda above the vagina. (Not 
just kinda)  

◦ One of the biggest reasons for suing doctors in gynecology: doctors 
accidentally ligate (close off) the ureter when doing a hysterectomy and trying 
to ligate the uterine artery. You're trying to close the blood vessel and you 
close the ureter instead. This happens most on the right side. You end up 
blocking the ureter and in less than 72 hours there can be kidney failure in the
patient. Remember, the river goes under the bridge. The ureter is under the 
vessel because the ureter, like the river, carries water. 

◦ Lateral aortic, common iliac, external iliac, and internal iliac lymph nodes can 
carry cancer here. 

◦ The ureter has peristalsis that comes from the renal, aortic, superior, and 
inferior hypogastric plexus. It's got pain fibers from T11-L2 called retrograde 
fibers, so if you get something caught in your ureter, you'll feel the classic “loin
to groin” pain from your flank and side (near your kidney) down to your lower 
lower abdomen. Ilioinguinal and iliohypogastric nerves come from these 
fibers. Inguinal/testicular pain (because it's also ilioinguinal) and also 
genitofemoral nerve pain can come from damage to this area. 

 Male urethra--has preprostatic (bladder neck), prostatic (through the prostate), 
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membranous, and spongy and penile parts. You cut out the prostatic and 
preprostatic areas when you're cutting for cancer. 
◦ At the membranous urethra we're really into the perineum. This is the most 

rigid part. When you're doing curettage to fight prostate cancer--wait, what's 
curettage? It's scraping the area with something like a spoon to get cancerous
tissue out. In prostate cancer, you may insert a curette through the man's 
urethra (so up through his penis) to scrape off small crescent-shaped chips of 
his prostate. That's called transurethral resection. Anyway, when you're doing 
that and going in through the urethra, the membranous area is the most 
dangerous part, cuz it's most rigid and easy to break. If you break it the 
patient will have incontinence, which they'll have to deal with using an artificial
valve. The easiest place to work on curettage is the expandable, wide 
prostatic urethra. 

◦ In the floor of the prostatic urethra you have the urethral crest. Urethral crest
has the prostatic sinus, and multiple ejaculatory ductules, and little holes 
that let the prostate excrete food-liquid for the sperms. There's a seminal 
colliculus, which is this bumped-hole in the center of the urethral crest, and a
prostatic utricle, which in a woman would have converted into a uterovaginal
canal instead of a prostate. Ejaculatory ducts flow from prostatic utricles. 

The male urethra is fed by the inferior vesicle and middle rectal arteries, and drained by 
the veins of the same name. The internal iliac lymph nodes supply its immunity, and the 
pudendal and prostatic plexus nerves handle its innervation.

 Female urethra--There are a series of internal loops around this, according to 
Netter, called the female internal sphincter--but my professor says for purposes 
of the exam, that's not functional. Worry about the external sphincter. Here in the 
female urethra you'll find several paraurethral glands which are similar to the 
prostate in so far as protecting the urethra with coating during sex. The internal 
pudendal and vaginal arteries and veins run here, while the internal iliac lymph 
vessel, and the pudendal nerve feed this area in their own way, too. 

 Anal canal
◦ Anal columns are these vertical ridges just below the ampulla (wide part) of 

the rectum, basically above the opening. In each column you've got a 
collection of rectal veins; the space between two columns is an anal valve of 
Houston.
▪ The veins that are in your anal columns can swell up and that's 

hemorrhoids. You can get hemorrhoids from high blood pressure in your 
portal system like with cirrhosis. 

◦ The pectinate line is all the anal columns added together. Internal 
hemorrhoids are varicose veins above the pectinate line, while external 
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hemorrhoids are varicose veins below it. 
▪ The pectinate line is the division between the hindgut (the upper part of 

the anal canal) and the proctodeum/anal pit in embryo. 
▪ Above the pectinate line, the anal canal is innervated by visceral nerves, 

while below it's somatic. 
▪ Different lymphatic chains feed above and below this line, so when you're 

dealing with cancer you need to tell the surgeon how far above or below 
the line it is so you can take cancer away from the right lymph node. 
Below the line it's superficial inguinal lymph nodes. Above the line it's 
internal iliac lymph nodes. 

▪ If you have a tumor below the line, it will hurt because the inferior rectal 
nerves coming from the pudendal nerve are down there.

◦ There's another line, further down, where you have the white line of Hilton--
the difference between the stratified squamous epithelium towards the 
outside, and the simple columnar epithelium towards the inside.

◦ It's parasympathetic nerves that help keep your internal anal sphincter 
contracted most of the time. See physiology page FIXAL for more on this. For 
now, remember your external anal sphincter, the skeletal muscle outside the
GI tract here, is your voluntary control, while the smooth muscle of your 
internal is involuntary.

◦ Prostate diagnosis goes through here. If you put sonogram in his rectum you 
can calculate the exact volume of the prostate. They also have a little needle-
gun, which honestly sounds pretty horrible, where you stick it in there and 
then shoot him in the rectum (up to 18 times) to get tissue samples.

◦ You can check nerves S2-S4, and the pudendal nerve, by checking the anal 
wink or anocutaneous reflex. The external anal sphincter should contract 
when the skin around the anus is stroked.

Reproductive organs
 Uterus

▪ Innervated by uterovaginal plexus, from the inferior hypogastric plexus: 
S2-S4 sympathetics, pelvic parasympathetic splanchnics, and the 
pudendal nerve (spinal S2-S4). Sensory fibers travel back along the 
pudendal nerve and the pelvic splanchnics. Uterine tube, cervix, and 
upper vagina also innervated by this plexus.
 Managing pain in childbirth:

◦ Spinal block--anesthetic from L3-L4 numbs everything below the 
waist; mother can't feel contractions, needs electrical monitoring to 
be reminded when to push

◦ Pudendal nerve block--as the nerve leaves the greater sciatic 
foramen, block S2-S4 dermatomes, which is perineum and lower 
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1/4 of vagina; mother can still feel contractions in fundus and body 
of uterus because those pain fibers follow sympathetics going up 
into the thorax, instead of going along the pudendal nerve and 
pelvic splanchnics.

◦ Caudal epidural block--from the sacral canal, anesthetic touches 
roots of pudendal nerve, cervix, and upper vagina.

◦ You never lose motor function in any of these, even if you lose the 
sensation of motor function.

◦ You have to be extremely careful not to inject anesthesia into a 
vessel and cause cardiac problems. You need to inject at the nerve.

▪ Uterus has a fundus and isthmus (body). Also has walls called 
perimetrium, myometrium, and endometrium, much like the heart. 
 Most eggs implant in the fundus.

▪ Has a bunch of important ligaments:
 Round ligament--Remember this from the inguinal region. It goes 

from the front surface of the uterus up through the inguinal canal.
 Broad ligament--This is all the flat stuff holding the uterus up. It's 

double-layered, and it's got three parts:
◦ Mesometrium, which is the biggest part of the broad ligament, the 

flat stuff holding up all the uterus (or metrium)
◦ Mesosalpinx, which is the broad part under the salpinx, or uterine 

tube/fallopian tube, helping to maintain the tube's curved 
shape/position

◦ Mesovarium, which is the bits of ligament only around the ovary. 
The ovary also has a round, firm suspensory ligament going up 
with the ovarian artery (towards the aorta) and an ovarian 
ligament connecting it to the corner where the uterus meets the 
salpinx.

 There's also a uterosacral ligament holding the uterus straight 
posteriorly in the bottom. The uterus is super, super stable.

▪ You know those tubes going off it, the uterine tubes? The places they 
attach are called the horns of the uterus.

▪ Estrogen makes growth of the endometrium, progesterone makes 
maturation. Weirdest thing I've ever heard, something my teacher said a 
colleague of his said: menstruation is just the tears of the uterus for not 
having received a baby. 0_0 Oh gosh the strange poetry. 

▪ Uterine position is actually important to get sperm in. It's most fertile as it 
is, over top of the vagina anteriorly--there are women who are infertile 
because their uteruses are pointing backwards. Being too anterior can 
cause pain.

▪ The cervix is the opening to the uterus, the part that extends out into the 
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vagina (creating the fornix). 
 We have two ligaments down in the cervix, cardinal ligaments or 

transverse cervical ligaments, which give stability to the cervix position.
 Cervix has some other parts, too. 

◦ It's got a supravaginal part, which is the front part connected to the
bladder near the uterovesical pouch.

◦ Also the vaginal part, or the whole canal that sticks into the vagina, 
◦ and an external and internal os. Those are the openings, in and 

out. The cervical canal is between the external and internal os. 
◦ Placenta previa happens when the baby's placenta blocks the 

internal os, and the mother bleeds a lot, and the baby can't get out 
because the placenta's in the way. 

◦ When you're doing a physical exam with a speculum, you can see 
inside whether the cervical os is shaped like a little circle or like a 
smiling fish-mouth (a line with other lines going up). The latter 
means she's had a baby in the past.

◦ Large superior uterine artery, vaginal artery. 
◦ Uterine tubes--go from the uterine horns to open in the peritoneal cavity. The

feathery-looking parts, the fibrium, have peristalsis, and they're always 
wiggling and flexing and making a vacuum to draw the egg up into them from 
the ovary. Because these little feathery parts open into the peritoneum, there 
have been cases of "ectopic" pregnancies where the baby grew outside of the
uterus, in the pelvic cavity. Of course that requires C-section. 

◦ Pampiniform plexus in men? We gals have one, too. That's our vaginal and 
uterine vessels all winding around the uterus and vagina.

◦ If the cervix descends into the vagina, it's called a prolapse. Third degree 
prolapse is the worst, where the cervix and uterus are practically leaving the 
vagina.

◦ You've got about five traditional incisions that a gynecological/obstetric 
surgeon will use. Two go straight down the middle of the body: a midline cut 
and a paramedian cut, besides it. Then you've got three incisions shaped like 
a smile: a Cherney incision, which is at the pubic line, Pfannenstiel, which is 
very small and a bit above the pubic line, and the Maylard incision, which is 
above the Pfannenstiel. You have others you can use, of course.

◦ When you're doing a laparoscopy to see the uterus, you'll insert the scope 
just under the belly button and avoid the intestines. There's usually a camera 
on the laparoscope so you can see where you're going as you push the scope
deeper in there, but with patients who have had surgery before, it's 
recommended that you actually open the woman layer by layer before 
inserting the scope so you can make absolutely sure you're not getting into 
intestines which often stick to the stomach wall after surgeries.
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◦ When we do a hysterectomy we have two possibilities: abdominal 
hysterectomy or vaginal hysterectomy. Abdominal means we'll enter under the
belly button and make a small incision, while vaginal means we'll actually take
the uterus out through the vagina. You need to make sure there's enough 
space, if you do it vaginal.
▪ Women who have to have a hysterectomy for cancer, and still want to 

have children, may try to save their eggs for later. It's easier to freeze an 
embryo for later than to freeze eggs, so it's often easier to save fertility for 
later in a married woman. 

◦ An enterocele occurs if intestines push into the rectouterine space and 
squish the vagina. Cytocele happens if the bladder pushes against the 
vagina from the front.

◦ It's said that every gynecologist should have one good friend who's a 
surgeon, and one good friend who's a urologist. This helps in case you have 
an anatomic anomaly or trouble identifying the ureter during surgery, and you 
need to call for help—which is perfectly reasonable. The ureter's kind of like 
that pesky puppy dog that won't stop following you, the whole way down the 
uterus, and you need to make sure when you're doing uterovaginal surgery 
you don't cut or suture it.

◦ Pain from labor in the upper uterus will refer to T11-L2, following sympathetic 
nerve fibers. Remember, sympathetic go TOWARDS the organ, the pain 
fibers go away.

◦ Lymphatic from the ovary and uterine tube drains into the lumbar 
caval/aortic nodes. 

◦ The superficial inguinal nodes really only drain EXTERNAL lady-stuff: 
vulva, the part of the vagina inferior to the hymen, the skin-covering or 
prepuce of the clitoris—the only internal reproductive stuff it drains is the 
superolateral uterus near where the round ligament attaches, and that makes 
sense because the round ligament goes straight to the superficial inguinal 
ring. This round ligament connection means that cancer can travel from the 
uterus to the labius majorus outside, just because the inguinal region tissue 
that receives the round ligament is continuous with the external female 
genitalia.

◦ Fundus of the uterus drains to the lumbar lymph node, while the body drains
into the external and internal iliac.

◦ The glans clitoris drains into the deep inguinal node. The superficial node 
also drains into the deep.

 Vagina
 The vagina muscles are the pubovaginalis, external urethral sphincter, 

urethrovaginal sphincter (equivalent to an internal sphincter, between 
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vagina and urethra), and bulbospongiosus just under the clitoris. 

 The bulbospongiosus is the same as the muscle in men that covers 
the bottom of the penis, under the balls, connecting it to the perineal
body. More on that later. In women, it's the muscle kind of wrapped 
around the labia majora, reaching up to stabilize the clitoris. 

 The area that extends back behind the uterus (the area that can stretch to 
accommodate a longer penis, for example) is called the fornix. You can do
pap smears in the fornix because cervical cells go down there. You also 
take a scrape inside the cervix, and along the front/outside of the cervix.6 

◦ You also go through the posterior fornix for culdocentesis in a ruptured 
ectopic pregnancy.

 So many lymph nodes here—
◦ superior vagina: internal and external iliac, 
◦ middle: internal iliac, 
◦ inferior: sacral, common iliac, and superficial inguinal towards the outside. 
◦ Cancer or infection will be palpated in the superficial inguinal nodes. 
 Veinous supply here includes the vaginal venous plexus, uterovaginal 

venous plexus, internal iliac vein, and vaginal veins.
 The pudendal nerve is the main player in the external area here. If you 

take biopsy from the fornix it doesn't hurt. But if you take it from the 
external or proximal part that does hurt because of the somatic pudendal 
nerve innervation.

 Just like you can have prolapse of the uterus, you can also have vaginal 
prolapse, where the vaginal support ligaments weaken and the vagina 
starts leaving the body. Vaginal prolapse will be smooth, while the uterine 
prolapse will show you a cervix. You can also have the bladder leaving 
through the vaginal hole. When you're trying to identify a prolapse, your 
patient may have to stand up with one leg up on something like a step and
“push” for you to see what comes out (it can be hard to push when you're 
lying down).

 Pain from the upper part of the vagina and lower part of the cervix gets 
referred to the S2-S4 spinal cord levels through visceral sensory fibers that
follow autonomic fibers.

 Vans deferens
▪ The ductus deferens starts at the epididymus, which sits like a white 

foamy blob on top of the testicles and has a little "mesh" of tiny ducts that 
connect it to the seminiferous tubules inside the testicles. It then curves up
towards the inguinal canal, and enters it to go down deep behind the 
muscles--before this, it was all in front of the muscles. It then goes down 

6 http://www.meddean.luc.edu/lumen/meded/medicine/pulmonar/pd/pstep69.htm
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behind the bladder, then lateral to and in front of the ureters, and goes 
down to end at the seminal vesicles, which are two leaf-looking things at 
the back of the bladder. Just before the vans deferens joins the seminal 
vesicles it widens, and we call its widening its ampulla. The seminal 
vesicles join the ampulla to form the ejaculatory duct.
 Seminal vesicles do not store sperm. They're between the fundus of 

the bladder and rectum, behind the ureters, and separated from the 
rectum by the rectovesical pouch. Supplied by the inferior vesical and
middle rectal arteries and veins, inferior hypogastric plexus, and 
internal iliac lymphatic system.

▪ It's the deferential vein and the deferential artery that feeds this vans 
deferens. That anastomoses with the testicular artery.

▪ A bit of the vesical plexus, from the bladder (and ultimately from the 
inferior hypogastric plexus), helps innervate the vans deferens, seminal 
vesicles, and ejaculatory duct. Remember point and shoot: 
parasympathetic points for erection, sympathetic shoots for ejaculation.
 "Point" works via the cavernous nerve relaxing smooth muscle 

around the cavernous spaces in the penis, letting blood flow in there

 Prostate--This is just behind the bladder's neck, and it looks to me like a pink 
upside-down triangle thing that the bladder's kinda sitting on. The first part of the 
urethra, the prostatic urethra, passes in front of it. That's why men with 
enlarged prostates may have trouble peeing. 
◦ Women have a gland called the Skene's gland, which was recently re-named

the female prostate because it does the same things as the male prostate--
secretes prostate-specific antigen and releases fluid during orgasm.7

When you take the prostate out, it comes out complete because of its capsule. It's 
covered with a fibrous sheath that stabilizes it. The prostate's also got some other parts:

◦ It's got a base at the neck of the bladder, 
◦ an apex, 
◦ a muscular anterior surface, 
◦ a posterior surface near the ampulla of the rectum, 
◦ and an inferolateral surface near the levator ani. 

 It's got several lobes, anterior, posterior, lateral, and middle, and its duct is the 
prostatic sinus. 
◦ Anterior lobe is near the urethra. It's fibromuscular and has less glands action.
◦ The posterior part is the part you can touch in a rectal exam, 

▪ If you feel that posterior part is bumpy and irregular, or really hard, you 

7 Kratochvíl S (1994). "Orgasmic expulsions in women". Česk Psychiatr (in Czech) 90 (2): 71–7. PMID 8004685. 
and Flam, Faye (2006-03-15). "The Seattle Times: Health: Gee, women have ... a prostate?". 
seattletimes.nwsource.com, retrieved 2009-04-28



Becoming Healers 86
know there's a problem. If you feel a hard prostate, you'll do a PSA test, 
and if it's super high, you know the prostate is cancerous. 

◦ the lateral lobes are on each side of the urethra, 
◦ and the middle or median lobe gland is between the urethra and the 

ejaculatory duct. 
▪ You usually have a prostate tumor in the back or in the medial areas. Even

without cancer, as you get benign prostatic hypertrophy, where the 
muscles and the ducts will grow and crush the urethra, the patient can 
have a lot of pain. 

▪ If you cut the prostate in half transversely, you will see a whole bunch of 
canals all joining to one big one. The thing they're joining to is the 
prostatic sinus. Behind it you'll see two small round holes. Those are 
ejaculatory ducts. Between them and the sinus is the median lobe.

When you take out the prostate gland, you will take out fertility, but you need to be 
especially careful not to take out any nerves--that would leave the patient with erectile 
dysfunction. Microsurgery helps avoid this.

Joints
◦ Lumbosaccral joints go from L5 to S1. They have iliolumbar ligaments.
◦ The sacrococcygeal joint has anterior, posterior, and lateral ligaments, all 

going from the sacrum down to the coccyx.
◦ Sacroiliac joints have interosseous ligaments. They cross from the sacrum

to the ilium, kind of like broad wings in the back. They're different from the 
anterior sacroiliac ligaments, which are just along the bottom front of the 
synovial joint where the sacrum and the ilium join; the anterior sacroiliac 
ligaments don't really stretch across a distance, they just kind of wrap around 
the front of the joint, right along the back wall to keep the sacrum from sliding 
forward. You also have sacrotuberous ligaments, which go to the pubic 
tuberosity, the round bump pointing out most anteriorly. That closes the 
posterior-lateral part of the pelvis, making the greater sciatic foramen.

◦ The sacrospinous ligament makes the lesser sciatic foramen. 
◦ Iliolumbar ligament is from the top wing of your ilium to your transverse 

process of your last lumbar vertebrae.
◦ Your hip joint's all one piece, but in a little kid that joint—the acetabulum—is 

three separate bones joined by one triradiate (three-piece) cartilage that'll 
show up with a Y-shaped space between them on an X-ray.

◦ Ligaments of the hip
▪ The iliofemoral ligament resists hyperextension and medial rotation of 

the hip joint. It runs from the ASIS to the front edge of the femur, along the 
intertrochanteric line (the line between the two big bumps, or trochanters, 
that are on the other side of the femur kind of opposite the head)
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▪ Pubofemoral ligament runs the same place as the iliofemoral, but it's 
more transverse and less diagonal. It comes more from the acetabular 
rim. It blends into part of the iliofemoral ligament and keeps you from 
overabducting your hip.

▪ Ischiofemoral ligament is posterior to these two, and it comes from the 
ischial part of the rim of the acetabulum (Hip joint) and spirals upward 
around the neck of the femur.

▪ Transverse acetabular ligament is really the bottom, fibrous part of the 
acetabular capsule—you know, the smooth part where the femur 
articulates with the hip.

▪ Ligament of the head of the femur connects the middle of the femur's 
head to the fibrous capsule of the acetabulum. It's kind of like you're a 
string doll, with a string going into your leg to attach it to your body!

Nerves
 The whole sympathetic system of the pelvis comes from the superior hypogastric

plexus and inferior hypogastric, or pelvic plexus. The superior hypogastric sits in 
front of the common iliac arteries, on the corner where they branch off of the 
aorta. The inferior hypogastric plexus is the real main actor here, where ALL 
the sympathetic AND parasympathetic innervation converges before 
redistribution to target organs. Sympathetic fibers reach that plexus either from 
◦ branches of the sympathetic trunk, 

▪ send post-synaptic branches anteriomedially to join the inferior 
hypogastric plexus. They're mostly postganglionic (Remember up in the 
thorax, sympathetic splanchnic nerves are mostly preganglionic, a 
highway for the fibers to travel without reaching their ganglia yet. As you 
get lower down your splanchnics become more and more postganglionic. 
When they get to the hypogastric plexus, any pre-ganglionic fibers that are
left will synapse with tiny ganglionic cells. This is different than the 
parasympathetic, which will hang out as pre-ganglionic almost til they 
reach the viscera.) 

▪ the two sympathetic trunks converge in the middle of the coccyx as the 
ganglion impar

▪ The sympathetic trunks send grey rami communicantes to the saccral and 
coccygeal spinal nerves around the rectum, and to the median sacral 
artery.

▪ Most important: postganglionic sympathetic innervation of the lower limb
◦ or from branches of the superior hypogastric plexus, which is ONLY 

sympathetic. Superior hypogastric gets some nerves from 
▪ intermesenteric plexus, 
▪ and L3, L4 splanchnic nerves
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The inferior hypogastric plexus is basically a mesh of fibers all around the rectum on 
either side. It's got several "subsidiary plexuses" that are parts of it and help it out: the 
rectal, vesical (bladder), uterovaginal, and prostatic plexuses. Of course, gals don't have
the prostatic one and dudes don't have the uterovaginal one.

 The pelvic parasympathetic innervation enters the pelvis ONLY through the 
pelvic splanchnic nerves. Everything else is either sympathetic or non-
autonomic spinal nerve stuff. In the pelvis the parasympathetic fibers are from 
S2-S4 in the subplexus. They're called nervi erigentes. 
◦ Innervate hindgut (distal 1/3 of transverse colon) and pelvic viscera.
◦ Preganglionic--travel lateral horn to ventral horn to ventral root to associate 

with spinal nerve and ventral ramus, then branch off as splanchnics to inferior 
hypogastric plexus. Parasympathetic splanchnics travel through the 
hypogastric plexus without synapsing, staying pre-ganglionic until they get to 
the organ. They have long pre-ganglionic fibers.

When you open your cadaver and trace your line of sight (or your finger) along the inner
sacrum, you'll be able to see the S1-S4 nerve bundles lying on the piriformis, coming off
on either side of the sacrum. The top nerve you'll see will be the lumbosaccral trunk, 
which sticks close to the sacrum and becomes part of the sciatic nerve. Then you'll see 
S1, S2, and S3 without difficulty, and down deep you may be able to see S4.

 Pudendal nerve comes from S2-S4, principle perineum nerve. Follows the 
bundles of nerves of the piriformis and leaves with the grater sciatic. Goes 
around the sacrospinosus ligament. It then comes back in through the lesser 
sciatic foramen and runs through the pudendal canal.
◦ Inferior rectal branches come off this nerve and help you maintain voluntary

control over your external anal sphincter.
◦ Does not carry parasympathetic fibers.
◦ To find this nerve for a pudendal nerve block in childbirth, you would place 

your fingers inside the patient's vagina and search for the ischial spine. From 
the outside, you inject your needle horizontally through the sacrospinous 
ligament towards that spine you've found.

 Sciatic nerve is the biggest you see in the body, from L4-S3. Principle nerve for 
inferior extremities; leaves pelvis through greater sciatic foramen.

 Superior gluteus nerve goes out through the greater sciatic foramen and 
innervates the gluteus medius and minimus, and the tensor of fascia lata. That's 
lateral and tenses all the fascia around your leg muscle. This helps strengthen 
and unify your leg muscles. (stabilize)

 The gluteus maximus only uses the inferior gluteal nerve which goes through 
the greater sciatic foramen and comes from L5-S2. 

 Superior gemellus nerve is L5-S2. 
 At the very end of the vertebral column we get the coccygeal plexus. This gives 

two posterior branches from S3-S4, the coccygeal nerve and the ventral rami S4-
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S5. 
The sacral plexus doesn't have parasympathetic fibers that go into the pelvis. The 
vesical, pelvic, and inferior hypogastric plexus are parasympathetic. The sacral plexus is
ONLY somatic. The superior hypogastric is sympathetic. Nervi erigentes is the vagus 
equivalent of parasympathetic fibers towards the pelvic organs.

Any pelvic and lower abdominal organs above the pelvic pain line (like the upper portion
of the uterus) will get pain fibers from T11-L2, following sympathetic nerve fibers. Stuff 
below the pelvic pain line send pain fibers along S2-S4. In the large intestine, the pelvic 
pain line is the middle of the sigmoid colon, and everywhere else it's where the 
peritoneum ends (its inferior limit). Yeah, that peritoneal membrane that housed all your 
organs up in abdomen? It ends just about midline to your uterus, so everything down in 
your peritoneum is kind of under it, or separated from your guts and stuff—they're 
retroperitoneal and behind it, like your kidneys.

Vessels
Remember the common iliac arteries? They split into the internal and external iliacs, 
named by their position, of course. Internal iliac ends on the superior (top) border of the 
greater sciatic foramen. From the internal iliac, you get SO MANY ARTERIES. I've 
arranged them kind of top-to-bottom, in the order they come off. 

In the back (posterior) branch of the internal iliac, your arteries are:
 Iliolumbar artery, which is a tiny little branch-string-thing that bends back up to 

trace back up the spine.
 Lateral sacral artery, another tiny branch that goes down the sacrum.
 Superior gluteal artery, by far the thickest of these three, going straight back 

(posteriorly) to feed the gluteus maxiumus with its superficial branch and the 
medius and minimus with its deep branch.

Sometimes these arteries come from a common root. 
From the front branch of each internal iliac artery, we get:

 Umbilical artery, which courses forward and up until it becomes the medial 
umbilical ligament (remember that goes through the medial peritoneal umbilical 
fold up the abdominal body wall). It also produces three or four superior vesical 
arteries for the top of the bladder as it goes up. 

 Obturator artery, which goes with the obturator nerve through that hole I 
mentioned earlier. Sometimes it arises from the inferior epigastric artery instead, 
and runs parallel to the inguinal ligament, and has to go through the femoral ring 
to get to the obturator canal.

 Middle rectal artery--Not surprisingly, courses towards the rectum. In males also
feeds the seminal glands and prostate. If your patient has cirrhosis, notice that 
the middle rectal is part of the caval system, while the superior rectal came from 
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the inferior mesenteric artery, so the middle rectal can anastomose with the 
superior rectal to relieve portal blood pressure.

 Inferior vesical artery (in males)--In our cadaver, this arose from the middle 
rectal artery, but most books say it comes directly from the anterior internal iliac 
artery. It feeds the bottom half of the bladder, the seminal vesicles, the lower part 
of the ureter, and the prostate. It's the male equivalent of the vaginal artery.

 Uterine artery (females)--Replaces the inferior vesical artery. Feeds the uterus. 
Remember, this is superior to the ureter, while the vaginal artery is inferior. 
Anastamoses with the ovarian artery, and as it trails along the uterus may go 
down to anastomose with the vaginal artery, too.

 Vaginal artery (females)--May arise from/share a common root with the uterine 
artery, which goes into the uterus through the root of the broad ligament. 

 Inferior gluteal artery--Feeds the gluteus medius and inferior gluteus. 
Sometimes shares a root with the...

 Internal pudendal artery--Usually larger in males than females, because in 
males it has to feed the erectile bodies. This, the internal pudendal vein, and the 
pudendal nerve leave the pelvis through the greater sciatic foramen, curve 
around, and come back in through the lesser sciatic foramen. This positions 
these streams to feed the anal canal muscles, perineum, skin and urogenital 
triangle as it travels forward (anteriorly) through the pudendal canal--basically 
several major parts of the perineum (the organs-y part below the pelvic outlet, 
lower down near the genitals). The pudendal canal is really in the ischiorectal 
fossa, the curve or hollow between the ischium and the rectum where your fat 
lives. Internal pudendal artery ends near the clitoris in the woman, near the penis
in men.

Remember the ovarian and testicular arteries started up in the aorta and came down, in 
the case of the ovarian through the suspensory ligament of the ovaries.

Along the abdominal aorta there's a little artery that leaves before it breaks into 
the iliacs and stuff. That's the median sacral artery, and it's really little and just in front 
of L4-L5, the sacrum, and the coccyx, feeding the sacrum. 

All that stuff came from the internal iliac—what did the external do? It becomes 
the femoral artery!

Perineum

Technically some of the stuff we've talked about already is perineum. The perineum is 
the area between your legs--the area bound by the pubic symphysis, inferior pubic rami 
and ischial rami, ischial tuberosity, sacrotuberous ligament, sacrum, and coccyx. 

The sacrotuberous ligaments divide the perineum into two triangles, the anal and 
urogenital triangle. In the center of these two triangles and sacrotuberous ligaments 
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you find the perineal body. That's the area where pretty much all the perineal muscles 
meet and anchor, including:

• The external anal sphincter
• The bulbospongiosum (the muscle around the base of the penis, covering the 

bulb, under the balls and going up along the length of the base) and 
• the superficial and deep transverse perineal muscles (stabilizing muscles 

going transverse across the perineum, towards the body) also meet here. 
In the woman, the perineal body is the little bit of flesh between the vaginal opening and
anus. In childbirth, if you rip the perineal body too far, you'll hurt your external anal 
sphincter and maybe you won't be able to poop properly. 

• They sometimes cut the perineal body, to control where the woman will tear in 
childbirth—basically opening up a little more so the baby can come out. (Eek)
◦ You cut along one side diagonally, (to avoid cutting the most important muscle

anchors here and to avoid the anal sphincter). That's mediolateral episiotomy.
◦ If it is done down the middle, it's called a median episiotomy, instead of a 

mediolateral episiotomy. 
◦ Mediolateral is better since the cut can extend further without reaching the 

woman's anus, 
◦ but of course a mediolateral episiotomy will still injure the superficial 

transverse perineus muscle. 
◦ An episiotomy risks so many infections and things, and can really hurt the 

stability of the vagina, but sometimes they have to do it to control how the 
woman will tear so that she won't tear her anus and suffer more in recovery. 
This is not a decision to be made lightly: the perineal body is the place that 
sustains the perineal floor!

The fascia of the perineum--
By → I mean these are all continuous. Think of these things together.
Women:
Fatty superficial: labia majora-->mons pubis-->Camper's fascia.
Under these, we've got the membranous deep-->labia menora-->Scarpa's fascia
Men:
Fatty superficial (scanty, men don't have a lot)-->dartos' muscle (scrotum)--> Camper's 
fascia
Deep (Colles—stabilizes the root of the penis)-->Dartos fascia-->Scarpa's fascia
These fascias help divide your urinary system from your reproductive. If the pee starts 
to go into the scrotum, and leave out the front of it, you know you've probably ruptured 
your membranous urethra, which can happen if you're Evil Knieval on a bike and you 
land super-hard and...well, ouch between your legs.

Let's go down a level. 
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Deep perineal fascia: investing or Gallaudet's fascia, which holds everything in the 
perineum. This invests or wraps the ischiocavernosus, bulbiospongiosus, and 
superficial tranverse muscles. We talked about the bulbiospongiosus already a bit--it's 
the big muscle making up the base of the penis, below the balls and connecting to the 
perineal body. The triangles on either side of the bulbospongiosus are superficial 
transverse and ischiocavernosus muscles, with the transverse forming the base of 
the triangle, and the ischiocavernosus forming the sides. The ischiocavernosus is the 
muscle of the sides of the penis. 
The deep perineal fascia is continuous with the fascia of abdomen. In men, the deep 
perineal fascia is fused with the deep buck fascia of penis and the suspensory ligament
of the penis (clitoris in women).

Technically we've already talked about a lot of parts of the perineum--both the male and 
female urethra really fit in this area. But we'll just keep going deeper into the perineum, 
like we have been, and talk about structures as we see them.

Male crura and bulb of the penis. The proximal part of the spongy urethra is at the 
very base of the penis. The root of the penis is the part very inside, looking like a flower 
once we cut off the ischiocavernosus and bulbospongiosum muscles to leave a tulip-
looking length. The triangles at the base are the crura, the base itself is the bulb.

At this level--deep to the deep fascia, but superficial to the superficial transverse 
muscles--women have greater vestibular glands of Bartholin, which are little glands 
on the bottom left and right of the vagina. Those glands secrete mucous to lubricate the 
outside of your vagina and sensitive labia during sex. If you have too much constant 
trauma there you can get infection and closing off of those glands. They will continue 
making mucous, but they will hurt you by growing and you'll get inflammation. (These 
glands are different from Skene's gland, which works in female ejaculation and it more 
analogous to the prostate, even though both are tiny tiny glands.)

Let's go deeper. Take off the crura, the bulb, (basically the whole penis is gone) and the 
see the deepest part of what was the penis is the membranous urethra. We also take 
away the superficial transverse muscles, so we can see the deep transverse perineal 
muscles under them, which are a bit broader but running in the same direction. You can 
now see the pudendal canal and nerves really well, running perpendicular to the 
transverse deep perineal muscle, right next to the ischium. Pudendal canal is just above
the ischial bone. It's in the ischio-anal fossa, in the lateral wall of it. The fossa is the area
inferior to the levator ani's puborectal area and superior to the bone. 

Now at this level we're looking at the external urethral sphincter and the bulbourethral 
glands. Bulbourethral glands are equivalent to the Bartholin glands in women, and 
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they're roughly in the same location relative to the penis as the Bartholin glands are 
relative to the vagina. They send a viscous lubricant fluid through the penis. If we go 
deep the same way in the female cadaver, you'll see the same muscles and no 
bulbourethral gland. (You can still see the clitoris--it goes super-deep into the body) 
Remember that the Bartholin are superficial, while the bulbourethral glands are deep. 

Urogenital diaphragm--goes around the deep transverse perineal muscle. That muscle
really helps divide the pelvis from the perineum. The urogenital diaphragm includes: 

• the deep transverse perineal muscle, 
• sphincter urethrae, 
• perineal membrane, (inferior fascia) and 
• superior fascia.

Let's talk external anatomy a little bit more.

Penis--Suspensory and fundiform ligaments hold the penis up. If you cut the penis 
transversely (so cutting off the tip) you'll be looking at two circles on the "bottom" 
(inferior if he's standing) and one circle at the top, so three distinct areas arranged in a 
triangle. The two big, lower ones are the corpora cavernosa which are the crura of the 
penis and have a tunica albuginea (fibrous capsule). Corpora spongiosum contains the 
spongey urethra. Again, no urethra in the corpora cavernosa, which are the front and 
the muscly part. There are lots of arteries in the corpora cavernosa which open up and 
fill during erection. Why are there so many layers of fascia in the penis? Well the fascia 
helps hold everything together and expand everything towards the front (the corpora 
cavernosa) when a man has an erection. (Remember in an erection, if he's pointing up, 
the corpora cavernosa will be facing the front) The corona or crown of the penis--the 
edge of the head that sticks out and makes it look like a mushroom--is continuous with 
the neck.

Glans clitoris—The clitoris is covered with a skin called the prepuce, equivalent to the 
foreskin in men. While the head of the penis, the glans, comes from the corpus 
spongiosum, the glans clitoris comes from corpus cavernosum. 

Pro and cons for circumcision, as told by Dr. Arroyo
What doctors say pro: When not cleaned regularly, glands under the foreskin make a 
liquid that becomes white and cheesy and build up of lots of this has been associated 
with some penile cancer. Even without being cancerous, the build-up can become so 
bad and impacted it becomes what's called a cauliflower lesion, which needs to be 
removed by a doctor (but some men are afraid to have this taken off because of 
masculinity/social fears). Cleaning regularly should avoid this, but Dr. Arroyo has found 
that sexually active men who have multiple partners--and, says Dr. Arroyo, have higher 
incidence of HPV--often have this kind of build up and haven't taken care of it.
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Also, young boys who don't know how to clean properly and withdraw the 

foreskin when they pee may have urine build up that eventually clots there at the 
entrance to the penis.
What doctors say con: The continuous exposure of the glans to the exterior can cause
abrasions, decreasing sensation, and some say also making the body more 
predisposed to cancers because of the stimulus killing cells. 
Conclusion: check regularly for lesions and bumps and clean well, no matter what kind
of penis you have.

Before we end, we need to talk about the blood flow to this area. The internal pudendal
artery, which came from the anterior internal iliac vessel, leaves the pelvis through the 
greater sciatic notch, and then turns back around to come back in to the perineum 
through the lesser sciatic notch, lower down. When it comes back in, it's in the pudendal
canal, or Alcock's canal. This important artery gives rise to pretty much everything 
feeding your genitalia. 

• First, it releases an inferior rectal artery, which feeds your anus. 
• Then it makes a perineal artery, which feeds your superficial perineal muscles 

and splits into two more arteries.
◦ The posterior scrotal
◦ Artery to the bulb of penis, or vestibule 

▪ females: artery supplies the greater vestibular glands
▪ males: artery gives off helicine arteries, which empty directly into the 

cavernous spaces of the penis. Normally these are all curled up tightly so 
they can't fill with much blood. Parasympathetic stimulation makes them 
uncurl.

• Then once we're really in deep, the internal pudendal gives off the deep artery of
the penis or clitoris, which runs through the center of the corpus cavernosum, 
feeding the erectile tissue. Remember, we have two internal pudendal arteries, 
so you'll have two deep arteries to your penis or clitoris.

• The internal pudendal also gives off the dorsal artery of the penis or clitoris, 
which runs along the dorsal side of the penis, between the two corpora 
cavernosa right under your skin. Again, we will have two of these, but they will be
on either side of a dorsal vein—we only have one dorsal vein. The dorsal arteries
and vein go through the suspensory ligament of the penis or clitoris. That 
ligament's on the dorsal side to help the penis kind of stay “up”--that's why it 
doesn't actually dangle or flop all the way straight down.

Everything that wants to get into the penis or external female genitalia must pierce the 
perineal membrane to get there.

So the internal pudendal gets all this attention—well, is there an external pudendal? 
Yeah, it's a branch of the femoral artery much lower down, and it splits into a 
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superficial and deep branch that we'll worry about a bit later.

Gluteal Region, Posterior Thigh, & Popliteal Fossa

General gluteal “geography”

Remember, the sacrotuberous ligament is the bottom of the lesser sciatic foramen, 
while the sacrospinous is the top of it and the bottom of the greater sciatic foramen. 
These foramens connect the pelvis and the gluteal region.

All passing out of the pelvis through the greater sciatic foramen--

• Don't forget the piriformis muscle
• Superior and inferior gluteal vessels and nerves
• internal pudendal vessel
• pudendal nerve
• sciatic nerve
• post-femoral cutaneous nerve
• and nerves to the obturator internus and quadratus femoris muscle

Lesser sciatic foramen is where things leave the perineum, like the tendon obturator 
internus and nerve, except for the internal pudendal nerve, and pudendal vessels, which
enter the perineum there.

Fascia of your thigh and gluteal region

The superficial or subcutaneous fascia is deep to the skin and loose connective 
tissue. It's full of fat, cutaneous nerves, superficial veins, and lymph, and continuous 
with the inferior anterolateral abdominal wall and buttock.  Above the knee, the 
superficial fascia covers the whole thigh, anterior and posterior, and the buttocks, finally 
blending with the fascia on the anterolateral abdominal wall. At the knee, it connects 
and blends with your deep fascia.

At your deep fascia, dense connective tissue covers your muscles like pantyhose, 
encapsulating them in fibrous goodness. This is called fascia lata. The deep fascia 
helps compress your veins so the muscle contraction in your legs pushes blood up, 
instead of just letting everything pool. It doesn't just cover the outside of your muscles, 
but also goes between the different regions of muscle so they can articulate separately 
according to their function. The divisions it makes are called septas. Your septa 
separate your leg into three compartments: anterior, medial, and posterior. Above the 
fascia lata you've got the inguinal ligament, pubic arch, body of pubis, and pubic 
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tubercle. On the sides of your leg, the fascia lata becomes an iliotibial tract, which is 
the aponeurosis of the tensor fascia lata muscle and the gluteus maximus. You can kind
of feel it even in yourself, running in a band along the side towards your knee. 

Parts of your femur

You can review the hip-bones on page FIXAL.

Your femur has:
• A head, which is the ball part that fits in the acetabulum to make your hip joint
• A neck, which is the smooth part attached to the ball
• A greater trochanter, which is opposite the head, on the other side of the neck. 

This is the bump on the outside of your thigh, about half-way down your butt. You
can't see it on everyone, but that's what this is. It's basically the top tip of the 
femur, if you don't count the head.

• A lesser trochanter, which is the medial bump up here. It's on the same side as 
the head, and it's on the underside of the neck, instead of up top like the greater.

• An intertrochanteric line, which is the anterior line, the one you'd see from the 
front connecting the two trochanters.

• An intertrochanteric crest, which is the posterior crest, the one you'd see from 
the back connecting the two trochanters.

• A gluteal tuberosity, which starts just below the lesser trochanter. It's a bump in 
the middle of the bone, just lateral to the lesser trochanter, in the back (posterior).
The spiral line, from just under the lesser trochanter, connects to it and they run 
down the back of the femur in one unified line called the--

• Linea aspera. When this line gets down just above the popliteal fossa (back of 
the knee) it splits into the
◦ Medial supracondylar line and the
◦ Lateral supracondylar line, which both just crest off in their respective 

directions and connect to the two condyles, which are the big bumps at the 
bottom of your femur that make your knee joint. The two lines are basically 
the two sides of a widening of the linea aspera until it becomes a plateau, the 
popliteal surface.

• An adductor tubercle, which is a little bump on just above the medial 
epicondyle, where the hamstring part of the adductor magnus attaches.

Gluteal region muscles

Superficial
• Gluteus maximus, medius, and minimum
• Tensor fascia lata
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These are mostly for rotating medially, extending, and abducting your thigh. The 
extension helps you bring your leg back to midline after you bend it up towards your 
tummy. Flexing is when you lower the angle between your tummy and your quads. 

Gluteus maximus: 
• most superficial
• fed by the superior and inferior gluteal arteries
• inferior gluteal nerve. 
• Powerful extensor, lateral rotator, and when it flexes it abducts, and when it's 

extended it does adduction. Helps you get up from sitting and do squats. If you 
injure your femur, without the femur opposing it the gluteus maximus will laterally 
rotate and lift your injured leg so it'll be a little more “up” than the other.

• If you hurt the sciatic nerve when you're injecting stuff in people's gluteus 
maximus you can make the whole lower leg paralyzed. The sciatic nerve is deep 
to the gluteus maximus, but doesn't help innervate it. The safe place to give a 
gluteal injection is in the upper outer quadrant of the butt, on either the gluteus 
medius or upper edge of the gluteus maximus.

Gluteus medius and minimus:
• All named gluteus because common point of insertion. These are fan-shaped 

muscles deep the to the gluteus maximums.
• Fed by the superior gluteal artery and nerve.
• Medius is in the same plane as all the little butt muscles, piriformis, superior 

gemellus, etc, like a bigger triangle superior to them. Under it, the minimus is 
pretty much like the back wall of your butt.

Tensor fascia lata:
• Continuous with your fascia lata; it's on the side of your leg under your iliotibial 

tract
• You can get trochanteric bursitis in this area, where the iliotibial tract and the 

tensor fascia lata rub all the time against the trochanter, and you'll get pain all 
along the tract from inflammation. You'll feel the pain most in stair climbing.

• Flexes the thigh, helping the iliopsoas and rectus femoris (doesn't act alone)
• As name suggests, tenses the fascia lata to make rigidity to help support you 

standing

Deep
This is in order of height (superior to inferior)

• Piriformis
◦ I recognize this as the second biggest one (only quad. fem. is bigger)
◦ You can use it as a landmark to know the superior vessels and nerves are 
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above it, and the inferior ones are below it. All nerves except superior gluteal 
are below (inferior to) this muscle.

◦ Also the longest because it actually goes through that greater sciatic foramen 
to originate at the sacrum, then comes out to insert at the superior (top) 
border of the femur's greater trochanter.

◦ Innervated by anterior rami S1, S2
• Superior gemelli

◦ Originates on superior ischial spine
◦ Innervated with the obturator internus (L5, S1)

• Obturator Internus
◦ Its tendon is sandwiched by the two “twins.” I'm sure there's a sexy, 

misogynist way to remember that, but I can't think of it right now.
◦ Don't confuse this with the obturator externus, which isn't part of the 

posterior compartment. It's anteriormedial and mostly helps laterally rotate the
thigh and stabilize the femur. It's really low down and deep, like near between 
the lesser trochantor and under the sacrotuberous ligament.

◦ Innervated NOT by obturator nerve (which is L2-L4, goes to adductor 
muscles) but by “nerve to obturator internus” from L5 and S1.

• Inferior gemelli
◦ Originates ischial tuberosity
◦ Innervated with the quadratus femoris (L5, S1, but different nerve from 

superior gemellus)
• Quadratus femorus

◦ Originates from the lateral border of ischial tuberosity
◦ Innervated by “nerve to quadratus femoris” from L5 and S1, which is like in 

your hip joint

--These are all hiding under the inferior half of the big gluteus.
--Trochanteric part of the femur is the place where all these deep things insert. All of 
them have it as their insertion, so they pull it back. That makes lateral rotation. They can
abduct your flexed thigh. And they stabilize your hip joint. 
--Just below your inferior gemellus, and slightly superior and medial to your quadratus 
femoris, you've got an ischial tuberosity (this is again, still in the back of the butt). If you 
do too much cycling, the friction of the tendon in that area against the tuberosity can 
cause inflammation, or ischial bursitis, which will mean a pain in the lower, medial part
of the buttocks.

Gluteal nerves 

Nerves supplying this area:
• Superior and inferior gluteal nerves
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• Inferior gluteal affects gluteal maximus, so if you hurt your inferior gluteal nerve—
either through surgery, or by dislocating your hip posteriorly—it will be hard to:
◦ climb stairs because extending and laterally rotating your thigh at the hip will 

be hard and 
◦ raising from sitting will be hard (extending). 
◦ Jumping will be gone
◦ The patient will walk with their body leaned backwards when their heel 

touches the ground.
• Superior gluteal nerve affects the gluteus medius and minimus. So,

◦ Lose medial rotation 
◦ No feeling in medius and minimus and tensor fascia lata. 
◦ Can't abduct the thigh or keep the pelvis level.
◦ You will have gluteal gate or positive Trendelenburg gait. I had a little trouble

getting this, so Imma explain it slow in case you're the same way. In 
Trendenlenburg gait one hip always falls, and you have trouble keeping the 
pelvis in one place. Okay? So the opposite hip from the injury always falls and
you'll have a very straight paralyzed hip and leg on the injured side. Why? 
The gluteus medius and minimus on the non-injured are pulling your non-
injured leg really far down, SO HARD, and the injured leg isn't pulling down 
on its gluteus medius and minimus, so it's just letting its leg rise up 'cuz it's 
not pulling back. So again, the hurt side will be elevated, while the not hurt 
side will not be, because the hurt side isn't pulling your hip down to walk.

Nerves just passing through this region:
• Sciatic nerve runs under the gluteus maximus and between the greater 

trochanter and ischial tuberosity, and goes to the most posterior thigh far down, 
all the leg and foot muscles, the skin and foot, joints of lower limbs, but NOT 
GLUTEAL REGION. 
◦ At your knee, it splits into the common fibular/peroneal nerve, and the 

tibial nerve, which is really just the straight-line extension of the sciatic.
◦ The common fibular/peroneal:

▪ gives off the deep and superficial branches that supply many lateral and 
lower leg muscles and some foot cutaneous sensation.

▪ Comes from L5
▪ Fracture the neck of the fibula and you'll injure your common peroneal 

nerve.
• Also if someone stabs or beats the lateral side of your leg just right
• You'll lose foot eversion and dorsiflexion
• You can't extend your toes (that's pulling them up towards you, not 

pointing down like a ballerina)
• You lose sensation on the top (dorsal part) of your foot and front, outer 
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side (anteriolateral) of your leg.

• A patient with this injury will have foot drop, be unable to stand on their 
heels, and their feet will “slap” the ground when they walk.

• This is the most commonly injured lower-limb nerve because of the 
way it winds around the weak little fibula. If your friends are weak, 
you're vulnerable!

• If you totally sever the nerve the whole lower limb's paralyzed in all 
anterior and lateral compartments.

◦ Tibial nerve:
▪ starts just above the popliteal fossa (the back-of-your-knee-hole) as the 

sciatic's continuation
▪ Can be injured by a blow to the back of your knee or some kind of 

stabbing trauma just right there 
• Injury means no plantar-flexion (flexing your ankle to point down, like a 

ballerina) and weakened inversion.
• Lose sensation on the sole of your foot 
• You can't stand on your toes, and your foot will stay dorsiflexed and 

everted, so really tense looking with your feet turned out.
So punchline: the sciatic doesn't do anything in the gluteal region, and these two 
branches it gives off are going to be really important for understanding the rest of
the leg in a bit. Bear with me.

• Pudendal nerve is trying to get back into the perineum.

Gluteal arteries

Superior gluteal artery divides into the superficial and the deep. Superficial goes to g-
max and skin, deep goes to g-med and min and tensor fascia lata. Remember the 
superior came from the posterior branch of the internal iliac artery! 

Inferior gluteal artery comes from the anterior branch of the internal iliac and feeds the
g-max, obturator internus, quadatrus fermorus, and upper parts of the hamstring. It 
anastomoses with superior gluteal artery and that's the cruciate anastomosis of the 
thigh. It's like a little triangle right above and medial to the gluteal crest of the femur. The
first perforating artery, from the profunda femoris (which comes from the femoral artery),
is part of this cruciate anastomosis too. That perforating artery forms the lower side of 
the little triangle, since it comes from lower down—the femoral artery starts in the front, 
so it has to wind around the femur medially as the profunda femoris and its perforating 
butt-slash-posterior-thigh-branches come off it.

Posterior Thigh Muscles
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Hamstrings. These guys attach to the ischial tuberosity.

• Biceps femoris is the first muscle you will see here, the most superficial one 
with two heads, a short and a long. Unlike in the arm, the short head is the most 
lateral. 

• Semitendonosis is more medial and a bit inferior to the biceps femoris. 
Semitendinosis muscle covers the...

• Semimembranosus muscle. This is called semimembranosus because it's 
really wide, and much less tendon-like than the semitendonosus.

These are all innervated by a tibial division of the sciatic nerve, except the short head of
the bicep femoris which is stimulated by the peroneal/fibular nerve. That makes sense if
you think about it—it's more lateral, so the more lateral or more towards-the-fibula nerve
should take care of it.

These all help extend your leg and put it back where it belongs under your body. These 
are your hamstrings and they get hurt a lot in athletes who are doing repetitive quick-
start stuff. If you're not well-stretched you can actually rip these muscles off the ischial 
tuberosity (hurdling injury) because of forcible flexion of the hip. Then you can't walk 
because to walk we need extension and flexion. 

Anteromedial Thigh & Knee

Femoral triangle goes here 

The femoral triangle is formed by the inguinal ligament up top, the adductor longus on 
the medial side, and the sartorius muscle on the lateral side. The floor of the triangle is 
the iliopsoas and pectineus muscle, and the roof is made by the fascia lata (and also 
the cribiform fascia around the saphenous vein, and the skin and stuff). The femoral 
triangle has the femoral nerve (L2-L4) and the femoral sheath. The femoral sheath does
not contain the nerve! It only has the blood and lymph in it. 

The femoral sheath's a continuation of the transversalis fascia. It contains only the 
femoral artery, vein, and canal, each in its own little wrapping of tissue. The canal's full 
of fat and lymph nodes, and is the most medial. Artery is lateral, vein is intermediate 
(and gives off the great saphenous vein), and the canal is squishy so the vein can 
expand if it needs to. You'll also hear about the femoral ring, which is the circle of 
fascia that forms the canal up at the level of the inguinal ligament as the femoral vein 
passes upwards—basically the canal's the space and the ring's the circle of tissue 
around it. Women get hernias here because of that potential space. That's inferior and 
lateral to the pubic tubercle, and you'll feel like a mass there.

Liquids (Bloody Lymph)
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Femoral artery comes from the external iliac artery, and after it crosses the femoral 
triangle it's basically in your inner thigh, in the adductors. It goes deep to the sartorius to
enter the adductor canal, and through there it crosses into the back of your leg into the
popliteal fossa to become the popliteal artery. As the external iliac, before it converts to
femoral, the artery gives off:

• The inferior epigastric artery
• Superficial epigastric artery 
• External pudendal artery 
• Superficial circumflex iliac artery, which branches around the outside of your 

iliac bone under your ASIS.
We've talked about all those before, but just to give you an idea what's going on here I 
repeated them. Now, at your thigh, the femoral gives off:

• Profunda femoris, or deep artery of the thigh, which goes deep to the femoral
and gives off four perforating arteries that wrap around and feed the femur. This 
is the biggest femoral branch. Close to the junction with the femoral artery, 
the profunda femoris gives off:
• Lateral circumflex femoral artery, which goes laterally to wrap straight 

around the femur under the lesser trochanter and under the greater 
trochanter.

• Medial circumflex femoral artery, which wraps around the neck of the 
femur. If you dislocate your femur, this is most likely to get injured.

Then, further from that junction, it makes the perforating arteries.
Genicular anastomosis: The femoral and popliteal arteries have a bunch of branches 
that meet and form a web around the knee. Superior medial genicular artery, middle 
genicular artery, inferior lateral and superior lateral genicular artery, and inferior medial 
genicular artery. 

In the leg you've got deep veins that pair with all the major arteries.

The Great saphenous vein drains blood from the dorsal vein of the great toe and the 
dorsal venous arch, and empties into the femoral vein. There's an opening in the fascia 
lata just over top of the femoral sheath where the great saphenous vein goes through: 
we call it the saphenous opening, through the cribiform fascia. The great saphenous 
vein is most commonly used in arterial bypass because it's the most superficial and 
easiest to use. It's the medial one; the small saphenous is the lateral one, which 
comes from the heel and goes through the popliteal fossa (back of the knee-hole) into 
the popliteal vein. 

Deep to the Great saphenous you've got the superficial femoral vein, which follows the 
femoral artery, and the deep vein of the thigh is a little vein deep to that. Superficial 
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lymph nodes trace the leg all along the great saphenous vein and up to the inguinal 
region. 

Nerves

Innervation in the skin
• Iliohypogastric lateral cutaneous branch innervates the superolateral quadrant of 

buttock (L1)
• Ilioinguinal's femoral branch arrives at the medial femoral triangle (L1)
• The genitofemoral nerve has a femoral branch to the lateral femoral triangle and 

you know where the genital branch goes. (Genitofemoral comes from L2-L3)
• Lateral cutaneous nerve of the thigh (L2-L3) goes to lateral and anterior skin 
• Anterior cutaneous comes from L2-L4
• Obturator nerve (L2-L4) middle part of medial thigh, the adductors.
• Posterior cutaneous (S1-S3) is posterior thigh (duh) and popliteal fossa

Other nerves:
• Femoral nerve: The femoral nerve feeds the anterior thigh muscles hip and 

knee, and anteromedial thigh skin. It comes from L2-L4, and the saphenous 
nerve comes off of it lateral to the femoral sheath. If you get a pelvic fracture or 
other trauma that hits your femoral triangle, you can injure your femoral nerve. 
Then you... 
◦ can't extend your leg at all, 
◦ weaken thigh flexion
◦ lose sensation of anterior thigh and medial leg
◦ won't have a knee-jerk reflex

• Obturator nerve: If you dislocate your hip, or the doctor makes a mistake in a 
radical retropubic prostatectomy, you can hurt this. Then you'll 
◦ lose thigh adduction
◦ lose sensation to the medial thigh

• The saphenous nerve from the femoral goes through the adductor canal with 
the femoral artery and vein, and then innervates the skin and fascia of your 
anteromedial lower-limb from the knee down. So it basically goes down your leg 
with the femoral to your knee, then goes down your leg with the great saphenous
vein to your ankle.

Muscles

• Medial compartment does adduction
• Anterior compartment flexes the hip (extends the leg). Within that anterior 

compartment, the rectus femoris flexes the thigh, the others all extend the leg
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Let's start with that anterior muscle compartment. currentwork

Pectineus is a transitional muscle in the anterior and medial compartment that adducts 
the thigh, flexes it, and helps with medial rotation. It gets stuff from the femoral nerve 
(L2-L3) and the obturator nerve. You'll find it by looking at the pubic tubercle and tracing 
the wider, flatter bit of muscle tissue that comes off it, just under the femoral triangle. Its 
medial and deep to its neighbor, the...

Iliopsoas muscle is the chief flexor of the thigh. It's a postural muscle, the blending of 
the psoas and the iliacus, and it looks kind of twisty and round just lateral to the femoral 
triangle. Innervation comes from the anterior rami (L1,L2,L3) and the femoral nerves 
(L2-L3). Lumbar vertebrae and iliac fossa is its origin; its insertion is in the lesser 
trochanter.

Sartorius muscle is the tailor's muscle, the longest muscle, basically crossing your leg 
from your ASIS to your inner/medial knee. It even wraps around the inner edge of your 
knee, to finally connect on the top of your tibia! It's a weak synergist that helps the other 
thigh muscles work together. It's an abductor of the thigh, and it helps flex the hip and 
knee. It's a lateral rotator of the thigh at the hip and helps you sit cross-legged. It's 
innervated by the femoral nerve (L2-L3) and it originates from the ASIS and inserts into 
the medial surface of the tibia.

The last muscles in the anterior compartment are the quadriceps femoris. Out of them,
the rectus femoris is the only quad that crosses 2 joints. It works with the iliopsoas for 
hip flexion, stabilizes the hip joint, is a great extensor of the leg, and basically does all 
the things you need for kicking at the knee joint. It's the big rectangular muscle sitting on
top of all the others. Then we've got the vastus lateralis, intermedius, and medialis 
which are all innervated from the femoral nerve and all help extend the leg. They all go 
from the quadriceps tendon to the patellar ligament, and they're basically lying next to 
each other in a layer under the rectus by their names. These are all innervated by the 
femoral nerve, so when you hit a patient's knee to see if their quadriceps contract 
automatically, you're testing the function of the femoral nerve.

Let's talk about the medial thigh muscle compartment. All these muscles help 
adduction.

The adductor longus is the longest, the brevis is short, and the magnus does a lot of 
stuff 'cuz it's so big. It flexes the thigh and is innervated by the obturator nerve (L2, L3, 
L4). It's got an anterior part and a more posterior part. The more posterior parts are 
innervated by the tibialis nerve from the sciatic nerve. That's its hamstring part that 
helps extend the thigh. That means if you sever the obturator nerve, the adductor 
longus and brevis will lose all power, but the adductor magnus and the pectineus (which
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also shares other nerve fibers) will still work kind of to help you adduct.

Gracilis muscle is the graceful muscle, for ballerinas. It's the most superficial, and it's a
synergist to help adduct the thigh, flex the knee, and medially rotate the leg. It goes all 
the way to the medial surface of the tibia. Because it's kind of shaped like the sartorius, I
have to keep them straight in my head by remembering the sartorius comes from the 
other side, while the gracilis comes from my groin. Stretching out your groin before 
exercise helps keep you from stretching this muscle, which is innervated by the 
obturator.

Obturator externus is the deepest muscle in this area, hidden under your thigh joint 
pretty much under your groin, so it's hard to find in your atlas or cadaver. It goes from 
the ischial spine under your perineum to the major trochanter head of the femur, 
wrapping around the acetabulum. It mainly helps rotate the thigh laterally; it's super-
connected into the iliofemoral ligament, so I'm pretty sure if you could tear it or at least 
make it mad by dislocating your hip.

The medial compartment, all the adductors get innervation from the obturator nerve 
except that part of the adductor magnus I mentioned up there.

There are three muscles that go through different compartments, but arrive at the same 
place in the knee. That place where they arrive is called the pes anserinus. The 
gracilis, sartorious (femoral nerve) and semitendonous (tibial nerve) muscles all 
stabilize the medial aspect of the extended knee. Right at that place, the pes anserinus, 
they meet below the knee, and there in the knee you find bursas which are little things 
full of liquid. With too much use you can get bursitis which have painful blisters in the 
knee of over use.

The Adductor canal goes from the tip of the femoral triangle down to the adductor 
hiatus. It's between the vastus medialis anterior and lateral to it and the adductor longus
and magnus behind it, and it's got the sartorius muscle medial to and kind of on top of it.
It contains the femoral artery and vein and saphenous nerve.

Lower Leg
Bones!
Tibia—That's the big one down here, medially. It's got two bumps at the top called 
condyles where lots of muscles attach, and in the bottom it's got a medial malleolus 
which is your inner ankle. There's also an tibial tuberosity on the medial front of the 
bone. Attached to the tibia you've got your patellar tendon, an extension of the 
quadriceps muscle. If you break that in a car accident or something you can't extend 
your leg. 
Fibula—That's the little one down here that doesn't bear weight. Its extension in the 



Becoming Healers 106
bottom, the lateral malleolus, makes up your outer ankle. 
Interosseus membrane—Between both bones you've got kind of a sheet. That's this.

Like with your upper leg, the fascia separates everything into three compartments, 
anterior, posterior, and lateral, with septa between them. The interoosseus membrane 
divides the posterior compartment into superficial and deep muscles. If you've got an 
abscess or other nasty injury, it'll get stuck in one compartment and push and stretch 
that, rather than spreading and infecting somewhere else. So the first stuff that'll get 
really badly hurt will be your blood vessels getting crushed by that abscess. That's 
called compartment syndrome. You can relieve the pressure by cutting the fascia 
(fasciotomy).

Knee! 
• When you crack open the front of your cadaver's knee, the first thing you'll see is 

this little bit of tissue stretching from between the epicondyles down to the 
infrapatellar fat pad just on top of the patella. Like me and my colleagues, you 
may be tempted to think that's the ACL, since it pretty much traces the exact 
same route and covers it, but it's not! It's actually the infrapatellar synovial fold.
You have to cut that away—it'll be soft and floppy—to find the much more rigid 
ACL.

• Anterior cruciate ligament—Keeps the femur from sliding backwards on the 
tibia. It crosses at an angle, from the lateral epicondyle to the tibia just under the 
medial meniscus. 
◦ An anterior drawer sign is when your anterior cruciate ligament is damaged 

and the tibia moves forward too much on the femur.
◦ You usually hurt your knee either by whacking it laterally, or by twisting too 

hard laterally while at the same time you were flexing your knee, pulling it out 
of place. The tibial collateral ligament can't hold the medial side straight 
against all your twisting and your turning could even knock the medial 
meniscus out of joint. If you close your eyes and picture a knee trying to flex 
and twist at the same time, this suddenly makes a whole lot of sense; same if 
you picture a blow coming from the side, throwing force over by pushing the 
knee medially and knocking the tibial ligament out of place. After that tibial 
ligament's ruptured, the ACL will rupture because it's taut when you're flexing 
(not because of the twist so much).

• Posterior cruciate ligament—Crosses behind the ACL, but it's a lot straighter 
than she is. Helps keep the femur from sliding forward on the tibia.

• Meniscuses are the things the epicondyles sit on, separating the femur from the 
tibia's condyles.

• You can look inside the knee of a living person with arthroscopy, by sticking little
canella with cameras into little portal holes you make in their knee. If one of the 
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meniscuses is torn, you can stick something in through a portal to cut the torn 
part away so it's not getting all squished between there and causing problems.

• When you dislocate your patella—the round little bone sitting on top of your knee 
joint and making it round—it tends to fall laterally, prolly 'cuz your lateral 
epicondyle and condyle are smaller than the medial and because of the 
arrangements of the tendons on either side of the knee. But normally your vastus
medialis, and fact that your lateral “Notch” or facet is deeper than the medial, 
help to keep the patella in place laterally.

The knee: femur and tibia and the patella. The knee joint is kept stable by the 
quadriceps femorus muscles, which are he mose important components of stability, 
more than the bones. The two meniscuses are the places the chondyles (bumpy parts) 
of the femur insert into and articulate against. The knee is innervated by the femoral 
nerve anteriorly, tibial nerve posteriorly, medially the obturator nerve and saphenous 
cutaneous nerve, and laterally via the common fibular nerve. Remember the bursae in 
your knee, the little bags full of synovial fluid. You've got a bursa anterior to the patella, 
under the patella and through and around it called the subcutaneous bursae. When it's 
inflammed you get housemaid's knee. 

The back of your knee: the Popliteal fossa

The popliteal fossa, like any good relationship, has boundaries. They are the:
• Biceps femoris and semitendinosus muscles up top
• and then in the bottom the gastrocnemius muscle (which has two heads) 

This is basically the knee hole behind our leg. You've got the popliteal artery, vein, and 
nerve in here. The vein's the biggest and most superficial of the three. You could also 
have fibers of the tibia, sciatic nerve, or other nerves in here. It's around here that the 
sciatic nerve breaks into the tibial and common peroneal nerves; the common peroneal 
than gives off a lateral and medial surral nerve.

If someone's pulse in their popliteal fossa's low, that means femoral artery obstruction. 
You can check by making them lie down on their face and flex their knee—that relaxes 
the hamstrings and loosens the fascia so you can reach the artery, which is tough 
because it's super-deep. People are usually less fatty in the inferior part of the fossa so 
you can feel better there. Remember, if the femoral's clogged, blood can still reach the 
area from the genicular anstomoses around the knee.

Muscles! Yay! Remember the four muscles in your anterior compartment:
Tibialis anterior—This is a major flexor and invertor, running from your tibia to the 
inside, medial border of the foot. You can find it easiest, especially in a tough cadaver, 
by starting at the ankle and looking for the tendon. This is what's stretching and hurting 
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when you have shin splints, which are basically mild anterior compartment syndrome 
from the swelling tibialis anterior muscle.
Extensor digitorum longus—As the name suggests, this extends your middle toes. 
When you're looking at the foot, it's the tendon-y stripes that stick up on the surface, 
while the brevis, under it, is the muscle-y looking stripes. The longus comes all the way 
from the lateral side of your knee!
Extensor hallucis longus—Remember hallus should always=big toe. This muscle 
extends the big toe and runs from your fibula to the great toe. That means it crosses 
from outside to inside. Like with the extensor digitorum, there's a muscle-y brevis under 
the tendon-y longus of the extensor hallucis muscles.
Peroneal or fibularis tertius—Always think lateral when you see peroneal, and lateral 
should always make you think fibula. This runs from the fibula to the fifth metatarsal, 
and basically it's like “the extra toe” fiber of the extensor digitorum longus—the only 
tendon connected to the extensor digitorum that doesn't go to a toe! It helps evert your 
foot and dorsiflex your ankle.

Other stuff in the anterior compartment:
Superior and inferior extensor retinaculum—This is the band of fascia kind of 
wrapping around your ankle, pulling the three things together.
Deep fibular nerve—

• Helps you feel between your big toe and your second toe, in kind of a triangle on 
the surface. So if you got stabbed in the front of the leg, and it went in pretty 
deep, you'd lose sensation between your big and second toe. 

• It comes from the common peroneal nerve, right by the neck of the fibula under 
the long muscle that attaches there (fibularis or peroneus longus).

Anterior tibial artery—
• Small branch of the popliteal artery runs along the front surface of the 

interosseus membrane. 
• It gives off a branch just below your knee called the recurrent tibial artery. 
• Down near your foot it converts into the dorsalis pedis artery.

In the back, as we'll see in a sec, you can remember the muscle order via Tom, Dick, 
and Harry. Here in the front, you'd have to invert that. Tom, Harry and Dick pee (sorry to 
be rude, but um...)--Tibialis, hallucis, digitorum, and peroneal. You may just have to 
brute force it in order not to confuse yourself; I just remember Tom, Dick, and Harry in 
the back.

If you've got problems with your deep muscles here in the front, you'll have foot drop, 
and not be able to do dorsiflexion of the foot (which is extension of the toes). Your 
anterior compartment also makes you able to extend your leg and invert your foot.  
Remember, that means you'll have problems if you break connecting points both in the 
front of your fibula and your tibia. 
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Now the two muscles in your lateral compartment:
Fibularis longus—This is more superficial. Both of these start with a tendon from your 
lateral malleolus, or your outer ankle. The longus is longer, from the fibular head to the 
sole of your foot near your first metatarsus (so it wraps around to the inside, on the side 
where your big toe is). Just follow the white stripe of the tendon from the ankle up until it
actually connects to muscle. It's not the muscle under the tendon.
Fibularis brevis—The brevis is the muscle under the tendon—the tendon will look like 
a white stripe above it. It's shorter.

These keep your feet from inversion. That means they put your foot into eversion. 

Other stuff in this compartment:
Superficial fibular nerve—This terminal branch of the common fibular nerve 
innervates the skin and muscles of the lateral and dorsal compartments. It gives 
sensation to a really long segment of leg from about halfway down the lower leg, to your
foot, covering most of the front of your foot except for the very side and the area 
between your big and second toe.
Perforating branches of the anterior tibial and fibular artery help feed this area, but 
this lateral compartment doesn't really have its own artery going through here.

Have three superficial muscles from your posterior compartment:

Gastrocnemius—Yay it's a two-headed muscle! Remember that it made up the lower 
border of the popliteal fossa diamond, so should be easy to find. Both heads come from 
the femoral chondyles. It's fleshy towards the top, and tendinous more inferiorly, where 
it inserts into the calcaneous (your heel bone). The part of the gastrocnemius that acts 
like a tendon is called the calcaneous or Achilles tendon. Basically this is the most 
superficial muscle, covering all the others. The gastrocnemius can both flex the knee 
and plantar flex the ankle.
Soleus—If you cut away the gastrocnemius, underneath it at the top you'll find the 
soleus. It uses the same insertion tendon (the Achilles tendon) to attach at the bottom 
as the gastrocnemius does, but it's a little more lateral than the gastrocnemius, so it 
joins the tendon a bit from the side as well as from the top. 
Plantaris—My lab notes say I should look between the soleus and gastrocnemius 
muscles to find a long, thin tendon that looks like a nerve, and that'll be the tendon of 
this muscle. Not all cadavers have this muscle anymore, but if you follow that tendon up
you may find a little “flag” of muscle poking up between the heads of the gastrocnemius,
wrapping around the lateral or outside chondyle of the femur. People sometimes call 
this the “fool nerve” because its tendon is so thin. It's a really useful muscle to take 
grafts from for surgery.
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You can remember these three superficial muscles as GPS. They're called the triceps 
surae, as a group, and they plantar flex your foot.

Here, take some deep posterior compartment muscles for the road:
• Tibialis posterior—Under the soleus, this skinny thing has two tiny heads, kind 

of like the gastrocnemius, and stretches from kind of under-ish the fibula, 
connecting to the lateral part of the tibia, and down to the medial side of the foot. 
Gets innervation from L4 and L5 through tibial nerve. This is Tom.

• Flexor digitorum longus—This is Dick. Dick flexes your toes! Gets innervation 
from S2 and S3 through tibial nerve.

If you're very clever you're probably guessing the next muscle is Harry. See, if you start 
at the tendon, at the bottom, you can trace the order of these deep muscles medially to 
laterally by remembering Tom, Dick, ANd Harry. Tom is tibialis, Dick is digitorum, 
hallucis longus is Harry, and AN are the posterior tibial artery and nerve sitting between 
Dick and Harry. 

◦ These all help flex your foot, but none of them help with your knee. Only the 
gastrocnemius helps with your knee. All three of these muscles have an origin
kind of sandwiched between the fibula and tibia, on the lateral side of the 
tibia, and cross over towards the medial maleolus—but the tibialis posterior 
crosses over the flexor digitorum longus. Dick muscle is the one that starts 
most medially, very much on the posterior edge of the tibia, while tibialis 
posterior crosses over it to be the most medial at the ankle. 

• Flexor hallucis longus—So Harry is much bigger and stronger than the 
digitorum because it has to pull you forward while you're walking. Your big toe 
really pulls you along. Flexor hallucis gets its innervation from L4, L5, and S1 
through the tibial nerve.

One more deep posterior muscle is friends with these three:
• Popliteus—This is a flexor whose most important job is unlocking your knee. 

Sometimes your chondyles of the femor and the chondyles of the tibia will lock 
into place when you're standing for a while, and the popliteus unlocks that by 
rotating your tibia a bit, and pulling (pseudo-rotating) on the femur's chondyles a 
bit so you can get out of that hyper-stability state. If you hurt that, starting to walk 
will be really hard—you can't make complete extension since you're still locked. 
This runs from the tibia to the articular capsule of your knee, so it's very short, 
and very hidden. Gets its innervation from L4, L5, and S1 through the tibial 
nerve.

Other stuff in this compartment

Tibial nerve—This comes from your sciatic nerve, under your soleus muscle (deep). Its 
terminal branches are the medial and lateral plantar nerves. Every muscle in your 
posterior compartment gets innervated by the tibial nerve! The superficials use S1 and 
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S2, and the deep use various other fibers, but it's all tibial! Injury to the tibial nerve will 
make you unable to abduct your toes. Or really do anything like flexing them or 
anything.
Sural nerve—This gives sensation to the lateral back of your leg and the outermost 
border of your foot. It's made up of the medial and lateral sural nerves which came from 
the common peroneal, like we said earlier.

• This nerve's useful for grafts. It follows the small saphenous vein, but 
sometimes it's better in one leg than in the other so you check both. You 
don't use the small saphenous vein for grafts the way you use the great 
saphenous vein precisely because you're afraid of hurting the sural nerve.

• You can learn how to do a sural nerve graft here: 
https://wiki.uiowa.edu/display/protocols/Sural+Nerve+Graft+Harvest

Foot

Bones:
• Calcaneous—your big ole heel bone! It's got two little projections (calcaneal 

tuberosities) on its bottom side facing forward. 
◦ Sustentacular tali—part of the calcaneous, juts out medially. The tendon of 

the flexor hallucis longus crosses it. The spring ligament (plantar 
calceonavicular) attaches here and holds up the bridge of the foot. 
Sustentacular tali supports, above it, the...

• Talus—medial to the calcaneous, above the sustentacular tali.
• Cuboid—in front of the calcaneous on the lateral side of the foot. The tendon of 

fibularis longus crosses it “horizontally” (lateral/medially but at an angle).
• Navicular—anterior to the talus, medial to the calcaneous. Super squished-

looking. I sometimes have trouble remembering this is in the foot, since 
everything else starts with C and comes naturally to me, but in Spanish I 
remember navegar which means to go, and my navicular is in my foot to help me
navegar. If that doesn't help you at all I'm sorry. In front of the navicular are--

• Cuneiform bones—These three bones nestle right between the navicular 
behind them, the metatarsals in front, and the cuboidal bone to their left. They're 
named by position, as the medial, intermediate, and lateral cuneiform bones.

• Metatarsals—these are the big bones that make up the length of your foot's 
bridge, leading up to your phalanges, or toes. 
◦ If you place your hand on the outside border of your foot, on the metatarsal 

near your pinkie toe (your fifth metatarsal) and trace it backwards, you'll find a
bump sticking out. That's your fifth metatarsal's tuberosity. That's an 
important connecting point for the fibularis brevis muscle, and for a band of 
plantar tendon (aponeurosis) that connects the outside of your foot to the 
calcaneous, helping give your foot its shape and pulling it together. If this 
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tuberosity is broken it's called a dancer's fracture, presumably because of 
the stress put on the tuberosity by the plantar aponeurosis during all those 
foot-straining exercises.

• Bridge of the foot—I know to you and me it looks like just one arch, but actually 
it's three: a medial, lateral, and transverse arch. It makes sense—you can run 
your finger from the inside of the bridge to the outside under your talus bone, and
it arches up, so that's the transverse arch, and likewise you can find the medial 
and lateral arches by running your finger along the underside of your foot from 
front to back. The bridge of your foot is kind of like the 3d projection of these 2d 
arches, if you will. As mentioned earlier, this bridge exists partly because your 
spring ligament (planar calceonavicular) stretches from the sustentacular tali of 
the calcaneous to the navicular bone, holding up the talus bone. Someone with 
flat feet just has different ligaments and bone arrangement.

Protecting the foot with soft tissue

You've got thick skin in the bottom, and then a very thick layer of deep plantar fascia, 
the plantar aponeurosis. Under that we've got three layers of muscles.

◦ You've got so many ligaments here, but honestly, if you know the bones 
they're easy to divide because they're all named from where they start to 
where they go: the anterior talofibular goes from the from of the talus to the 
fibula, for example. You've got three lateral ligaments, which are weaker (their
weakness makes you get ankle sprains via inversion easier than eversion), 
and some stronger medial and anterior ligaments.

Muscles from the sole of your foot!

(Hot tip: the posterior tibial nerve divides into medial and lateral plantar nerves, and 
since the medial innervates more stuff, if someone asks you which one innervates what,
you almost always want to pick medial unless it's dead obvious it's lateral!)

• First layer of muscles:
◦ Abductor hallucis

▪ The most medial, connects to the medial side of the big toe from the 
medial tubercle of the calcaneous's tuberosity

▪ Innervated by the medial plantar nerve.
◦ Flexor digitorum brevis

▪ This is right smack-dab in the middle, from your calcaneous up to your 
middle phalanges.

▪ Also medial plantar nerve.
◦ Abductor digiti minimi—I love the name of this one. It's so cute!



Becoming Healers 113

▪ This is the most lateral one, connecting to the lateral side of the base of 
the proximal phalange of your little toe from the tubercles of your 
calcaneous.

▪ Lateral plantar nerve innervates this.
• Second layer of muscles:

◦ Quadratus plantae
▪ This is a big square under everything, even under your lateral plantar 

nerve and artery.
▪ Helps flex your lateral four digits. It's kind of like a flexor digitorum 

profundus, kind of.
▪ From the lateral plantar nerve.

◦ Tendons of flexor hallucis longus and flexor digitorum longus (so not actual 
muscle here)
▪ They help the lumpricals attach.

◦ Lumbricals—These get their name because their origin is in the tendon of the 
flexor digitorum longus. 
▪ They help when you're trying to flex your toes (flex your toes like you're 

grabbing things, like a monkey, and that's what they're helping do). That 
means they're flexing your proximal phalanges. 

▪ They can also help extend the middle and distal phalanges. That's why 
when you squeeze your feet down, with your foot on the floor, you don't 
have to bend your distal phalanges under the proximal ones and scrape 
your toes.

▪ These are basically all in between your tarsals.
▪ The medial lumbrical is your medial plantar nerve; other three lumbricals 

use your lateral plantar nerve. (Different than hand, where it's two and 
two!)

• Third layer of muscles:
◦ Flexor hallucis brevis

▪ This under the tendon of the flexor hallucis longus
▪ It's kind of wrapped around either side of the base of the toe like a 

bulbiospongiosus muscle is around the penis
▪ Innervated by the medial plantar nerve

◦ Adductor hallucis
▪ This has two heads, a transverse and an oblique, and so it stretches from 

your pinky-toe, across the base, to the proximal phalange of the big toe, 
and then its oblique head is in a diagonal across the palm of your foot 
from the bases of metatarsals 2-4 to the proximal phalange of your big 
toe.

▪ Innervated by the deep branch of the lateral plantar nerve.
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◦ Flexor digiti minimi brevis

▪ Tucked under the abductor digit minimi, between it and the flexor 
digitorum brevis.

▪ Flexes your mini digit.
▪ Superficial branch of lateral plantar nerve reaches it.

• Fourth layer of muscles:
◦ Plantar interossei—You've got three of these, all helping adduct your 3-5 toes.

Remember PAD—plantar ADduct.
◦ Dorsal interossei—You've got four of these, under your foot, all helping 

abduct your 3 and 4 toes. That means they bring them closer together. DAB—
Dorsal ABduct. 

On the top of your foot, you've also got the ends of the extensor digitorum brevis and 
the extensor digitorum hallucis. It's not just tendon—it's actual part of the muscle.

So to keep the layers straight, remember abductors, then quadratus and lumbricals, 
then flexors, and interossei. So A, Q, L, F, I. A questionable lifestyle feels inappropriate, 
or All questions layer foot-muscles identically. I don't know. But the adductor is in the 
flexor region.

Blood vessels in your foot 

Remember how the popliteal artery split into the anterior and posterior tibial arteries? 
The posterior tibial also gives off the fibular artery, and then of course further down it 
enters the foot near the attachments of the Tom, Dick, and Harry muscles (pg. FIXAL). 
You can take pulse there, between the medial malleolus and the calcaneal tendon. 
People who don't have pulse here might have serious diabetes. Under your foot, the 
posterior tibial artery turns into the lateral plantar artery, which becomes the deep 
plantar arch. This gives off plantar metatarsal arteries, which of course branch into 
plantar digital arteries. Like the dorsal digital arteries, there is one plantar digital artery
for each side of each toe, so ten total.

The anterior tibial artery turns into the dorsalis pedis artery. It splits into the medial and 
lateral tarsal arteries. The lateral tarsal artery rejoins with the dorsalis pedis to make 
kind of a loop on the dorsal part of your foot. Off this loop come your dorsal metatarsal 
arteries. Up in the toes these split into your dorsal digital arteries. 

Back 

Let's review the vertebrae! Yay!

Every vertebrae has a:
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• vertebral body
◦ in the assembled spine, a disc goes between these to make symphysis joints
◦ Herniated disks happen when the gooey nucleus pulposis is squished by 

these bodies and pushes out of the annulus fibrosis capsule around it. It 
usually pokes out posterolaterally. Back pain's localized via local inflammation
and pressure; chronic pain might go out to dermatomes because you're 
squishing spinal nerves. Most herniations—and indeed, it seems most 
problems, as you'll see later—happen around L4-L5, or L5-S1. The L5-S1 
herniation can crush the roots of the sciatic nerve and cause sciatica, or 
referred leg pain.

• foramen 
◦ read “hole” (all the holes together make up the vertebral canal)

• arch (neural arch)--the thing that makes the hole and holds up the spikes
◦ pedicles—the part of the arch connecting the body to the transverse spikes
◦ laminae—the part of the arch connecting the transverse and spinous spikes

▪ Sometimes you may cut off your patient's spinous process to reach neural 
cord tumors or relieve pressure on the cord. That's laminectomy, 
because you cut the two laminae. Laminectomy can sometimes mean you
take out the whole vertebral arch by cutting the pedicles, even though, as 
you can see, that's not really an accurate term.

• some processes (spikes)
◦ transverse—pointing sideways (help muscles attach)
◦ spinous—pointing backwards (help muscles attach)
◦ articular—two pointing up, two down, with flat cartilage facets for vertebrae to

articulate with each other
▪ These articular processes form zygapophysial joints. 

• These joints are innervated by little branches from spinal nerves on 
their way out to dermatomes and myotomes. Sometimes when you 
have osteoarthritis, or you get little build-ups of bone tissue that you 
shouldn't called osteophytes, you pinch the nerves in these 
zygapophysial joints. That can cause spasms of myotomes and pain of
dermatomes—even though the whole nerve isn't entrapped in the joint,
the pain source is near the root of the nerve, so the same way 
diaphragm pain will refer to your shoulder, this joint-pinching will make 
you interpret pain in an entire dermatome or have you spasm a whole 
myotome. If you can prove that's what's going on in your patient with 
chronic lumbar back pain,8 you can treat this by cutting the part of the 

8 Check Tome-Bermejo F, et al. “Identifying patients with chronic low back pain likely to benefit from lumbar 
facet radiofrequency denervation: a prospective study.” in the J Spinal Disord Tech. 2011 Apr. They explain that 
you try to prove the problem's in the zygopophysial joint by seeing if anesthetic block works there, but that can 
give you false positives 30 percent of the time. Imaging tests may help rule out other problems.
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nerve that's squished. You have to cut two nerves: both the one leaving
the spine at the level of that joint, and the one just above it, since both 
will have branches going through the affected joint. Sometimes, 
instead of cutting the nerve by hand, you'll shoot waves at it to dissolve
it. That's radiofrequency percutaneous rhizolysis. (Grant's, pg 308)

• vertebral notches
◦ two superior and two inferior, one on the top and bottom of each side of the 

pedicle
◦ form holes between the vertebrae called intervertebral foramina

• A space between itself and the lower vertebrae
◦ Yes, duh, but there's an important point here. In each intervertebral space 

we've got a spinal nerve. Is the T4 spinal nerve above or below the T4 
vertebrate? Remember it by remembering there's an extra C8 nerve. You only
have 7 cervical vertebrae, but you have eight vertebral nerves—below C7 and
above T1 is nerve C8. This means that ABOVE C8, the nerve is always above
its corresponding vertebrae: C1 is above C1, and so on. BELOW C8, the 
nerve is always below the corresponding vertebrae: T4 is BELOW T4 and 
above T5 and so on. It's all because you have 7 cervical vertebrae, but 8 
cervical nerves.

◦ Speaking of cervical things...
Cervical vertebrae (the top seven in your neck) have some extra features that make 
them special. As a general descriptive rule, they get pointier from the first one to the 
seventh: the first one's got this big-ass hole in it that gets smaller and more triangular as
the processes get pointier and pointier and the anterior tubercle (bump in the front) 
kinda turns into, you know, an actual vertebral-body-looking thing. Okay, special things:

• foramen transversarium
◦ tiny-ass hole in each transverse process to let artery and vein through
◦ because C2 has a tiny bump for a transverse process, it doesn't have any FT

• small spinous processes that look like they have two heads (they're “bifid”)
• C1's nicknamed the atlas while C2's nicknamed the axis.

◦ The ligament between these is important. The transverse ligament of the atlas
holds the dens of the axis in place. If it breaks, you can dislocate this joint and
get quadriplegia. Or, if the dens gets pushed into the medulla, you will get 
death. This is different than rupturing the alar ligaments, which only hurt and 
increase your neck's range of motion.

• The bodies are really small—pokey processes take up most of the mass—and 
wide. Atlas doesn't even have a body, just a bump called the anterior tubercle, 
and axis has a rounder bump that still isn't quite a body yet, so we call it the 
odontoid process or dens. (C3-C7 still have anterior tubercles, but they have 
two of them, on either side of the body.)

• really big triangular holes (vertebral foramens)
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• Grant's Atlas, page 300, has some cool X-ray pictures to practice seeing “normal”
• Cervical vertebrae are the easiest to dislocate because they don't have the 

interlocking processes the other vertebrae have. They're a lot easier to dislocate 
and damage your spinal cord than they are to fracture.

• If you dislocate a cervical vertebrae unilaterally, or to one side, your neck will tilt 
towards that side.

• A really big downward force on the top of the head can crack C1 (the atlas!) on 
the sides. That's a Jefferson fracture or burst fracture, and you won't 
necessarily have neuro signs because you won't have hurt the spinal cord itself—
in fact there will be more room for the spinal cord with your atlas all opened up. 
Lots of upper neck pain though!

Thoracic vertebrae (our twelve “normal” vertebrae) have:
• really long, downward-angled spinous processes
• medium-sized, heart-shaped bodies ('cuz your heart's in your thorax)
• little, round, more evenly circular vertebral bodies
• costal facets

◦ T-11 and T-12 don't have costal facets on their transverse processes. They're 
the most commonly-fractured non-cervical vertebrae.

Lumbar vertebrae have:
• flat, square, short spinous processes that project straight back instead of angling 

down
• big kidney-shaped bodies
• really small, triangular holes—think as opposite from cervical as you can get, with

very little hole, not a lot of spike, and a lot of body
• no holes (“foramina”) in their transverse processes
• no facets for connecting with ribs (duh)
• If you fracture the interarticular (gah! This means between the joints) parts of the 

lamina of L5, L5 might slip forward. That's spondylolysis. This can get in the 
way of childbearing (L5 is protruding into the pelvic area) and may put pressure 
on your spinal nerves towards your sacrum (back and lower limb pain).

• L5 is also the most common site of spina bifida occulta. In occulta, the neural 
tube doesn't close, but you can't tell except for like a tuft of hair here. In spina 
bifida cystica, you can see a cyst of neural tissue sticking out here.

• Spinal tap happens at L4 and L5. It hurts a lot. You take fluid out of the lumbar 
cistern. See, right around this area you've got the conus medullaris, which is 
kind of the ending of the spinal cord where any nerve tissue that's left all collects 
into the cauda equina, which is basically the bundle of your dorsal nerves' spinal
roots (basically your L2-coccygeus nerve all start here again). Right after the 
conus medullaris, where the spinal cord starts to end, the subarachnoid space is 
a lot bigger—meaning the liquid-y area is bigger, and you can stick a needle in 
here and take it out, which you couldn't really do without stabbing nerves up in 
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the thorax. You can't really do this lower because there's a dural sac below S2. 
Your landmark's gonna be the iliac crests. Look for them and then go medially to 
the vertebral column to make your puncture.

• mamillary processes
◦ this is an extra pair of spikes between the transverse and spinous processes 

for deep back muscles to attach
◦ T12 has these, too, but they're small, making its spinous process look like a 

you-know-what (look at it and you will know what and also not forget)
Remember you have 5 lumbar vertebrae. Also, if you have trouble remembering lumbar 
is the big ones on the bottom, please don't be embarrassed, because, um, I totally get 
confused cuz my cervix isn't in my neck so why are my cervical vertebrae up there? I 
remember lumbar are all big because they're all lumbering like a bear. Also sometimes I 
forget 8-12-5, which is embarrassing, too, so to help myself I'm remembering 7+5 is 12, 
(so 12 normal vertebrae, 12 weird vertebrae), and I put the big number up top because 
the bottom vertebrae are big and don't need lots of help—so 5 on the bottom, 7 up top.

Clinical: Fractures
• Crush fracture: you've injured a vertebral body because of the weight on it (you 

might see this in osteoporosis)
• Wedge fracture: is on a vertebral body, but presents small fractures around it's 

edge, not fractures through the whole thing like a crush fracture 
• Both of these reduce your overall height.
• You can fracture your spinal, transverse, or superior articular processes with 

oblique, transverse, or comminuted fractures.

Clinical: Some curvatures of the spine
If the front (anterior) part of your vertebrae erode, you can get humpback, or kyphosis. 
If your sacrum tilts forward and down, so your butt sticks out more and you're kind of 
always extending your back, that's lordosis. (Hollow back) Your chest stays straight, 
with shoulders back, but you kind of tilt your body so you're not straight and relaxed, 
and if I look at you from the side your spine makes an S. You do this temporarily during 
pregnancy to compensate for that heavy baby. If you're not pregnant, and you have this,
you probably have weak tummy muscles (they don't pull back when your back muscles 
pull back). Scoliosis, the most common vertebral deformity in girls 12-15, is when your 
spine curves sideways.

The vertebrae have some important ligaments. 
• The ligamentum flavum joins the laminae of adjacent vertebrae. It's the back wall 

of the vertebral canal, so it's directly in contact with the vertebral foramen and if 
it's enlarged or something it can cause spinal stenosis (restriction or narrowing 
and squishing of your spinal canal!).
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• The anterior longitudinal ligament resists extension. It's along the smooth edge of
the vertebrae, forward-facing, on all the bodies. If you get whiplash you might 
stretch and damage this ligament.

• Supraspinous ligaments go from each spinous process to the next at the tip of 
the spine; inter spinous ligaments are closer to the inside of the spine, more 
“inter,” also connecting spinous processes.

• The nuchal ligament is the supraspinous ligaments above C7 getting really thick.

Aiight, easy-peasy, bones done. Muscles! We've got three groups of muscles: 
superficial, intermediate, and deep (“true”). The superficial group are two layers, so 
we've actually got four layers of muscles back here.
Superficial group (2Ls, 2Rs, and a T):

• First layer:
◦ trapezius—if you were to put on a shawl of muscle, across your shoulders 

and draping down your neck, that would be this. It's a diamond from the base 
of your skull to your shoulders to your thoracic spine. There's a nerve plexus 
under it—spinal accessory nerve CN XI and branches of C3-C4 that make 
up the thoracodorsal nerve. Helps extend your atlanto-occipital joint (extend
your neck back). It also does a whole bunch of shoulder-y stuff.

◦ latissimus dorsi—This is what you think of when you think of your back. It 
just covers the whole surface; if you're a woman, and you step out of the 
shower and wrap a towel around your torso to cover up, the back part of the 
towel would roughly follow the lat dorsi. Pulls from outside to inside, so helps 
pull your scapula in and down.

• Second layer:
◦ rhomboid major—right under your trapezius, upper back. This is a square—

or, more accurately, a rhombus or parallelogram—from your cervical spine to 
your scapula. It pulls your scapula medially. Just above it is its assistant, the

◦ rhomboid minor. This is a little strip of tissue from the corner of your scapula
to your spine. Both of these muscles hold your scapula medially and help 
adduct it, and they're innervated by the dorsal scapular nerve from C5. So if 
you damage that nerve, your scapula will move laterally.

◦ levator scapulae—as their name indicates, these lift the scapula. They're 
almost neck muscles, actually, cuz they go from the corner of your scapula up
just under your sternocleidomastoids in the side of your neck.

Intermediate group:
• serratus posterior superior—three diagonal stripes sloped from your cervical 

spine (up in your neck) DOWN to your back ribs. Help you breathe.
• serratus posterior inferior—These help you breathe, too, and basically run in 

the opposite angle to the serratus posterior superior. They're way down in the 
lumbar area of your back, and they've got a really big thick aponeurosis down 
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there. They're sloped from the lower spine UP to the ribs.

Deep group:
• Splenius—big ole' neck muscle. Once you get everything else out of the way, 

you don't see any more of that fascia/aponeurosis/tendon business that was 
above it. This muscle is pure muscle, wrapped like a brace around your neck and
attacked down to your cervical spine. It makes a V just under the base of your 
skull, and the bottom makes a V at your thoracic spine. More on this later.

• Erector spinae—Okay, we all know what you're thinking of when you think of 
erection. Hey, I love sex, too. In fact, that's an awesome way to remember these 
muscles!
◦ I—Iliocostalis (out near your ribs, or costillas)
◦ Love—longissimus (in the middle, being long)
◦ Sex—spinalis (near your spine)

These muscles are long bundles going straight down your back and inserting above 
your butt-crack. If you fire just one side, they pull that side down and make you bend 
from side to side. If you fire both sides at once, they extend your vertebrae (backwards
—this is how you bend into bridge if you're a gymnast), and when you're bending 
forward they kind of modulate and control the movement so you don't just collapse 
forwards. They pretty much hold your spine erect.

Back strain usually happens in the lumbar IV joints because of extreme extension or 
rotation of muscles down there ripping muscle fibers at the microscopic level (so maybe 
your lower erectors, or your serratus posterior inferior).

You should know the auscultation triangle in the back here. That's a part where the 
muscles are thinner, so you can listen to the lungs with your stethoscope. It's a triangle 
between the trapezius (medial), the lat dorsi (below), and the medial border of the 
scapula (lateral).

Your back's also got a lumbar triangle. Lumbar pus or hernias often come out here. It's
the lower edge of the lat dorsi, the back edge of your external oblique ab muscle, and 
the top of the iliac crest makes the triangle's bottom.

Suboccipital Region—The back of your neck

The muscles here, from superficial to deep, are:
• superior part of the trapezius muscle—helps extend your neck (extending your 

atlanto-occipital joint, so like to nod your head up).
• sternocleidomastoid—long, thin muscle going from just short of behind your 

ears on either side. It goes from the back of your neck, down along the sides and
towards the front, so it's not like a huge “back of neck” muscle. Helps bend your 
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neck laterally; the front fibers helps you flex your neck forward (flexing the 
atlanto-occipital joints). Also, when you rotate your head, it helps rotate some of 
your axial joints in the opposite direction. What? Well, when you rotate your 
head, you've got some ipsilateral rotation—some of your muscles rotate from the 
same side, pulling the head from the same side that it's turning—but you also 
have some contralateral rotation, where the muscles live on the other side of the 
neck from the direction the head's turning. These help do that contralateral 
rotation. You can imagine that by imagining pulling your sternocleidomastoid 
down—see how your head will turn away from that sternocleidomastoid?

• splenius capitus—this is the long v-shaped muscle just under the trapezius, 
from below the sternocleidomastoids under the ears down to the spine at C7-T6. 
When you fire just one side of it, it helps flex your neck laterally and rotate your 
head to the side. When you activate both sides, it extends your head and neck 
(so like the nodding up movement).

• semispinalis capitus—this is apparently the “great” extensor muscle of the 
head and neck. It also helps in that contralateral rotation we were talking about 
earlier. It's a long, straight muscle that makes the real back wall of your neck 
under the splenius.

• obliquus capitis superioris—just under (deep to) the top of where the splenius 
attaches. Helps extension of your atlanto-occipital joints (so tilting your head 
back or nodding up). It's oblique, meaning it goes at an angle from the top of your
neck down toward your ear-lobe (but it's super short). Its lower end makes a 
corner with the... 

• obliquus capitis inferioris. This is the same layer (deep to the splenius) as the 
obliquus capitis superioris. It's basically the other little angled muscle, the inferior 
one, so it goes at an opposite angle to the superioris. Helps rotate your atlanto-
axial joints in the same direction as your head turns (ipsilateral). These are both 
innervated by the suboccipital nerve.

• rectus capitis posterior major—same layer as the two obliquus muscles. It's 
the straighter, not oblique, little muscle medial to them. If you're having trouble 
finding it, see how the two obliquus muscles make kind of a triangle? The thing 
that makes the medial leg of the triangle is the rectus capitis posterior major. 

• rectus capitis posterior minor—straighter, shorter muscle medial to the rectus 
capitis posterior major. Same level. Along with its big brother Major it helps with 
ipsilateral rotation and extension of the atlanto-occipital joint.

These muscles help make up a thing called the suboccipital triangle. Everything in 
this triangle's innervated by C1. The triangle's got the atlanto-occipital membrane 
deep to it, as its floor, and the semispinalis capitis as its roof. The muscles that make 
the legs and base are:

• Inner leg: rectus capitis posterior major and rectus capitis posterior minor
• Outer leg: Obliquus capitis superioris
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• Bottom: Obliquus capitis inferioris

The triangle holds the vertebral artery (but you won't see it unless you cut away the 
muscles) and the suboccipital nerve, which we'll point out in a second.

Nerves you can see:
• tiny suboccipital nerve from C1, which we pointed out above = P
• Greater occipital nerve—this actually travels from C2 to pierce the semispinalis 

capitis above C1, so you'll probably see it above the suboccipital nerve
• Along the semispinalis capitis you may be able to see the posterior rami of C2, 

C3, and C4
Arteries:

• Remember the vertebral artery goes through those foramina transversarium 
that the cervical vertebrae have, so you'll have to go super-deep, into the bone, 
to see this.

• The occipital artery lies just under the semispinalis capitis and on top of the 
rectus and oblique capitis muscles. It turns into the deep cervical artery as you 
go down. Runs alongside the deep cervical vein.

• The vertebral venous plexuses act as alternate return routes to the heart for 
blood from the pelvis and abdomen if pelvic and abdominal veins are blocked. 
They're also important highways for cancer to get to your brain and vertebrae.

Shoulder and Brachial Plexus And Stinky Arm Pit

Bones

You're prolly already familiar with the clavicle, scapula, and humerus that form our 
shoulders; let's look at pieces of each real quick so when we talk about nerves and 
muscles we get some good landmarks.

Scapula has:
• Acromion: That's the part of the scapula sticking out under your deltoid, the part 

that sits on top of your humerus.
◦ If this is sticking out abnormally in your patient, they may have a dislocated 

acromioclavicular joint. This can happen if you're thrown violently against a 
wall. The shoulder will sag, and abduction will be painful.

• Head: Surprisingly enough, huh. That's the round part under the acromion that's 
pushed up against/around the head of the humerus. The neck's the narrowing 
between the head and the major blade you recognize about the scapula.

• Spine: From the acromion down to the blade, at an angle. Sometimes when I 
think of the scapula, I think of this wing-triangle, but it's important to remember 
the acromion above that, so it's more like a wing with a big spike and a shark fin 
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coming off the top. 
• Supraspinatus fossa: So between the spine, and the clavicle, there's a groove 

of bone going down and then up again. The down part is the supraspinatus 
fossa, the up part is the...

• Superior angle and superior border: This is a very medial part of the scapula, 
very medial and anterior-facing, that sticks up under your ear. If you look at the 
scapula and the collarbone from above, you'll see they form an angle, with the 
acromion and their joint pointing outward, and the spine pointing towards the 
back of the neck while the clavicle points forwards at your sternum. The 
supraspinatus fossa is kind of a cup just in front of the scapula, and the superior 
angle is kind of a wall of that cup pointing back at the clavicle.

• Coracoid process: This sticks out under the deltoid area of the clavicle, acting 
like the wedge for the clavicle's lever.
◦ When the shoulder's dislocated the humerus will be under this instead of out 

where it's supposed to be—so forward from where it belongs.
• Glenoid fossa: Where the humerus fits. There's a bump over it called the 

supraglenoid tubercle, and a bump under it called the infraglenoid tubercle.

Clavicle has:
• Acromial facet, which articulates or joint-i-lates with the acromion of the scapula
• Sternal end
• Subclavian groove, which is this long notch on the underside of the curve you 

feel when you touch your collarbone in your living self
• Deltoid tubercle, between the acromial facet and the curve you feel when you 

reach for your clavicle; deltoid muscles attach here.
• Conoid tubercle, exactly opposite the deltoid tubercle.
• The ability to fracture. If you fracture this, the shoulder will be pulled 

inferiomedially—down and towards the midline. You'll actually see part of the 
fracture sticking out from the clavicle area.

A fractured clavicle will poke out of the shoulder and give your patient weakness and 
dangling of the arm and shoulder. That's 'cuz the sternocleoimastoid is pulling up the 
first part of the collar bone, making it pop out of the shoulder. Normally, since the 
clavicle's all one piece, the pecs and the trapezius pull back down on the clavicle, 
stabilizing it, but since it's snapped the pecs aren't connected to the back part anymore, 
and the trapezius is trying all by itself to pull up the entire shoulder-weight that's on the 
back of the clavicle, and it can't do that. The pecs only attach to the front of the clavicle, 
and they hold your shoulder up by pulling the front of the clavicle down like a lever. The 
“lever” of the clavicle rests on the coracoid process of the scapula. You need to 
compare both shoulders, but otherwise it's pretty easy to diagnose a fractured clavicle.
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Another important landmark: your armpit! Your axilla's a big triangle, and the base is 
made up by skin and fascia. The front “wall” you can kind of grab if you grab your armpit
is the pecs, and if you reach and try to grab a “back wall” of your arm pit you'll grab the 
scapula and subscapularis muscle. Your ribs make a middle wall, and of course if you 
close your arm over your armpit your humerus is kind of a door, or a lateral wall. The 
very top point of your armpit is called the cervicoaxillary canal—if we were less fatty 
and skin-endowed, you might be able to poke your finger through it to your first rib near 
where it meets your clavicle and the top of your scapula. Arteries and nerves and 
lymphy stuff go through the cervicoaxillary canal to pass into your arm.

Fracture of greater tubercle of the humerus: Avulsion fracture is when a fragment 
tears away from main mass of a bone. That can be because you were working out and 
ripped your supraspinatus muscle. The greater tubercle's the part facing out, away from 
the head—basically the part you identify with your outer shoulder bump.

Fracture of the neck of the humerus: The humerus has one head, but two necks. The
transverse line where the posterior and anterior circumflex humeral arteries wrap 
around, below your shoulder—that's the surgical neck. But between the round part 
where your shoulder inserts into the joint spot, and the greater tubercle pointing out, you
can make a diagonal line that's the anatomical neck. If you are older, and have 
osteoporosis, and fall on your hand, you will probably break the surgical neck and 
maybe hurt those arteries or even pinch the axillary nerve that is behind the neck. It's 
pretty darn hard to break the anatomical neck without a sword and stuff.

Other humerus fractures:
• Radial groove: There's a groove that spirals about half-way down the humerus, 

where the radial nerve and artery sit—it's not a very profound or obvious groove, 
but it's there. Breaking that are can hurt the radial nerve.

• Distal humerus: The median nerve passes in front of the epicondyles here.
• Medial epicondyle: The ulnar nerve passes under this.

Shoulder muscles, quick make sure you know them before we dive into the scary that is
the nerves in this area
(Yes, that's a legit subtitle)

Your shoulder muscles are the TISS, deltoids, and teres major. DONE.

TISS are the muscles in your rotator cuff. 
• Teres minor (externally rotates the arm, axillary nerve C5),

◦ Helps make up the back border of your underarm; stretches from your 
humerus to your scapula and lives just inferior to the infraspinatus,.

• Infraspinatus (externally rotates the arm, suprascapular nerve from C5,6),
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◦ Lives in the infraspinous fossa of the scapula. So, under the scapula's spine, 
connecting the most medial border of the scapula to your humerus.

• Supraspinatus (abducts the arm, suprascapular nerve C5,6), 
◦ Lives in the supraspinous fossa (Page FIXAL) we mentioned above

• Subscapularis (internally rotates the humerus, upper and lower subscapular 
nerve from posterior root C5, 6)
◦ This is the deepest muscle, and it basically just covers the whole scapula 

under the other muscles, and then connects to the humerus.
The most common rotator cuff injury is to the supraspinatus. 

The deltoids are shaped like an upside down Greek letter delta. They get blood from 
the deltoid branch of the thoroacromial trunk. You can divide the deltoids into anterior 
(flexor and medial rotater,) middle (chief abductor of humerus), and posterior (strong 
extensor and lateral rotator). The deltoid works with other muscles, like the front part 
works with the pectoralis major and coracobrachialis. The deltoid helps hold the head of
the humerus in the glenoid fossa of scapula during arm movements. 

Teres major abducts your arm and helps rotate it medially. Its the big ole thing below 
the teres minor; the teres minor crosses over the heads of the triceps, while the teres 
major crosses under them. 

That woven teres major/minor arrangement makes two important spaces: the 
quadrangular space, and the triangular interval.

Since the teres minor crosses over the two tricep heads, and the teres major crosses 
under, you make a little square between them. That's the quadrangular space, and it's 
pretty much a little tiny hole in the back of your way-upper arm. Since the outer head of 
the triceps in this area (the lateral head) is shorter, the actual outer border of the square 
is the humerus. Then you've got teres minor as the top border, teres major as the 
bottom, and the long head of the triceps medially. If you peek into that quadrangular 
space, you should be able to see the axillary nerve and the posterior humeral circumflex
artery living in there. If this area's compressed, and you have quadrangular space 
syndrome, you'll hurt your axillary nerve and posterior humeral circumflex artery, which 
we'll talk about in more detail in a sec.

Now, below the teres major, you've got another little space. This triangular interval is 
bound superiorly by the teres major, medially by the long head of the triceps brachii, and
laterally by the lateral head of the triceps. It has the radial nerve and profound brachii 
artery in it.

We mentioned what muscles do what. Let's do bidirectional learning and mention what's
done by what muscles, if you follow me:
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• Abducting your arm comes from supraspinatus, deltoid, serratus anterior, and 
trapezius muscle. 
◦ The first 15 degrees of abduction are the supraspinatus, and the deltoids kick 

in (with lat dorsi, actually) for the rest of that to bring you horizontal.
◦ The trapezius and serratus then kick in to lift it above your head.

• External rotation comes from deltoid, infraspinatus, teres minor.
• Adduction comes from subscapularis, teres major, pectoralis major, infraspinatus,

triceps brachii long head, latissimus dorsi, coracobrachialis. Weird you need so 
many more for lowering!

• Internal rotation towards your center comes from the deltoid, subscapularis, teres
major, latissimus dorsi, and pectoralis major. 

So people talk about rotator cuff injury all the time. What do they mean? You have 
some bursa that separates part of your shoulders from each other. If you overuse your 
lifting-over-your-head muscles, you're irritating the bursa separating the supraspinatus 
tendon from the coroacocromial ligament, the acromion, and the deltoid muscle. You 
just keep rubbing it on the rotator cuff muscles, and they get irritated and inflamed and 
you get pain and weakness and overtime if this isn't helped you will get rupture of a 
tendon. Normally you give the patient pain meds and try to drive down the inflammation.

Nerves and what muscles they work with

The brachial plexus hanging out basically in your underarm and shoulder is like a messy
spiderweb tangle of evil. It is really, really scary. You just really, really gotta draw it. But 
I've got a way of figuring it out that I think helps—I just break it into sections, and then 
actually it's pretty easy, just learning by association.

C5-C6==>Superior trunk
C7==>Middle trunk
C8-T1==>Inferior trunk

That's the beginning. C5 through C7 each give off little pieces to help make the long 
thoracic or mammary nerve, and C5 lets off a little thing called the dorsal scapular 
nerve before it merges with C6.

Now,

Superior trunk + a piece of the middle trunk ==> Lateral cord
Middle + Superior piece + Inferior piece ==> Posterior cord
Inferior trunk==> Medial cord
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That's probably where you're going to actually begin to see the plexus in the cadaver. 
While superior, middle, and inferior trunks are pretty intuitive, the cords are kinda funny-
looking. It can help to start below the trunks, at the nerves, and look for an M, and find 
the posterior cord because it's behind the M, while the lateral and medial cords help 
make part of the M. So once you've found the one that's behind the M, you know what 
the other two are. 

Okay, what M?

Medial cord + Lateral cord==>The middle leg of the M==>The Median nerve
Lateral cord==>Top/outer leg of the M==>Musculocutaneous nerve
Medial cord==>Lower/Inner/Medial leg of the M==>Ulnar nerve

And then the posterior cord just continues behind the M, where it splits into the axillary 
and radial nerves.

Hey, that's actually not that bad. With flashcards it should get pretty easy. But there's 
actually an easy mnemonic to remember the nerves of the M:

My aunt re-married my uncle

Musculocutaneous, Axilla, Radial, Median, Ulnar. MARMU!!!

That's the nerves from lateral to medial. The axillary and radial nerves, from the 
posterior cord, will be behind the other two, so this isn't my favorite way to find them in 
real life, but as long as you remember that they're behind it, and that MMU makes up 
the M, it shouldn't be hard. (That's because Mooo begins with M, and there ain't no A or 
R in Moo, so only letters that could pretend to be in Mmuuuu are in the M!)

Alright. Unfortunately, it gets a little tough here, because you've got different nerves that 
come off the trunks and the cords that I didn't want to mention earlier 'cuz I didn't want 
to get confused. Now that we've got the plexus more or less drawn out in our heads, 
let's see what comes off it.

Each of these segments has these tiny little nerves that diverge from it, in order of 
appearance:

Superior trunk:
• Suprascapular nerve
• Nerve to subclavius
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Lateral cord:

• Lateral pectoral nerve, which connects to the medial pectoral nerve from the 
medial cord

Posterior cord:
• Upper subscapular nerve
• Thoracodorsal nerve
• Lower subscapular nerve

Medial cord: 
• Medial pectoral nerve, which joins with the lateral pectoral nerve from the lateral 

cord. Because of that it's way far away, way above the other two things that come
out of the medial cord, which are...

• Medial brachial cutaneous nerve
• Medial antebrachial cutaneous nerve

Now that you've photographically memorized what comes from what, what do these 
nerves do?

The long thoracic nerve is the first one we mentioned, the one that came from the 
roots of the plexus at C5-C7 and trailed down, instead of going along the plexus with 
everything else. It helps the serratus anterior muscle, which:

• Starts at the back near your spine and goes towards the front like fingers or saw 
teeth under your underarm

• Connects the front surface of the scapula to the lateral parts of your 1st to 8th ribs.
• That holds the scapula against the thoracic wall.
• Also, this can rotate your scapula so you can abduct your arm.

So if you sever the long thoracic nerve you'll get a winged scapula. That's common with 
mastectomy, which is a surgery you take out breast tissue. You can take out breast 
tissue from a man if he's got estrogen problems (gynecomastia making it look like he 
has breasts) or breast cancer. The roots of C5-7 could get cut and then he'd have 
winged scapula. You can also cut the long thoracic nerve more distally, closer to where 
it attaches to the serratus, in a knife fight, because the long thoracic is pretty much on 
the surface of the serratus under your underarms, and if you raise your arms while 
you're stabbing at someone (which I hope you don't do often) they can reach under and 
stab at you! The injured person won't be able to abduct his arm more than horizontal 
position upward. Because he can't rotate the scapula.

The next nerve we mentioned was the dorsal scapular nerve, which comes from C5 
and innervates the rhomboid muscles and the levator scapulae, which you already know
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about. If this is injured, you could have a general dull ache along the medial border of 
your scapula, into the lateral surface of the arm and forearm. Your rhomboid and levator
scapulae muscles will be weak, and the scapula on that side will be deviated laterally 
compared to the normal scapula.

Next remember we said the superior trunk lets off two nerves before forming the lateral 
cord.

The suprascapular nerve innervates the supraspinatus and infraspinatus muscle. You 
test the supra function by having someone abduct fully adducted humerus against 
resistance. You test the infra function by having someone laterally rotate the adducted 
humerus against resistance.  The suprascapular artery (which comes from the cervical 
trunk from the subclavian) will follow this suprascapular nerve. Supraspinatus helps you 
abduct, and heavy bags hanging from the shoulder for a long time can trap the 
suprascapular nerve and hurt you. The infraspinatus helps you with external rotation, 
kind of like when you reach backwards to put on a seatbelt. A direct fall injury or cancer 
can also trap your suprascapular nerve and make it not work this muscle pair.

Subclavian nerve, or nerve to subclavius, innervates your tiny subclavius muscle, 
which is tucked under the lower groove of your collarbone. The subclavian nerve also 
has a little root that goes to the phrenic nerve, and it innervates the joint between the 
collarbone and sternum.

Then, we mentioned the lateral pectoral nerve from the lateral trunk—we already 
learned about this nerve on page FIXAL. 

Then we mentioned three nerves from the posterior cord.

The upper subscapular nerve helps the upper part of the subscapularis muscle. It just 
goes straight back, right there, so it's pretty short and should be easier-ish to see.

The middle subscapular or thoracodorsal nerve innervates the lat dorsi muscles. If you
remember what makes up the posterior cord, you're not surprised that the nerve's got 
fibers from C6, 7, and 8: 6 and 8 from the superior and inferior trunk, respectively, and 
C7 from the middle trunk. It's accompanied by the thoracodorsal artery, which comes 
from the subscapular artery, which comes from the third part of the axillary artery (we'll 
go into the axillary blood supply in just a second). Because the lat dorsi helps move 
your humerus—like when you're climbing, for example, or adducting and rotating the 
humerus towards your body—you can test the thoracodorsal nerve by having the 
patient abduct at 90 degrees, and then adduct against resistance while the anterior 
border of the muscle is palpated. It's often injured during surgery in the inferior part of 
the axilla.
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The lower subscapular nerve helps the lower part of the subscapularis. Also the teres 
major. It doesn't go as directly as the upper does—it ducks under the subscapular artery
and vein first.

And three from the medial cord.

The medial pectoral nerve you learned about on page FIXAL.

The medial brachial cutaneous is super-tiny. It actually runs on the axillary (and then 
brachial) vein to reach the skin on your medial arm—all the way to your medial 
epicondyle in your elbow.

The medial antebrachial cutaneous—AKA the median cutaneous nerve of the forearm
—runs with the ulnar nerve until it gets all deep and cuddly with the basilic vein. There, 
it goes under the subcutaneous tissue and divides into anterior and posterior branches 
that come up to help the skin on the medial side of your forearm up to your wrist.

Finally, the nerves from the M, from MARMU, are super important.

The upper root of the brachial plexus is C5-C6 and it gives off the musculocutaneous 
nerve. Normally, that nerve helps all the muscles of your arm's anterior compartment. 

Now, where you sunder a nerve is important. If you broke down at the 
musculocutaneous level, you'd not be able to use your biceps and brachialis and 
coracobrachialis. But if you break C5-C6, you're also knocking out your suprascapular, 
lateral pectoral, and subclavian nerves, along with some contributions to your axillary 
nerve. You'll get Erb-Duchenne palsy. When the baby's born if you pull him out too 
hard by the head you can hurt his arm and give him permanent or temporary Erb-
Duchenne palsy. That means 

• Teres minor problems
• Patient have problem doing abduction
• The baby or child will be in waiter's tip position:

◦ adducted arm (deltoid and supraspinatus weakness)
◦ rotated internally (teres minor and infraspinatus weakness)
◦ extended (biceps and brachioradialis weakness)
◦ pronated (supinator and brachioradialis weakness)
◦ with the wrist flexed (extensor carpi radialis longus and brevis weakness),

as if someone's gonna pass behind him and slip him some money in his open palm. You
could also get this palsy if you fell really hard out of a tree with your head twisted to the 
side on your shoulder, so you really rip the shoulder away from the head, and rip C5-C6.
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The axillary nerve comes from the upper trunk, posterior division, posterior cord C5-6. 
Because of its position in the quadrangular space, if you dislocate your shoulder 
backwards it will crush and injure the axillary nerve, and if it doesn't recover by itself in a
bit you have to do surgery to see if it's ruptured. The axillary nerve

• gives sensation to the superior and lateral aspects of the arm, 
• and helps the teres minor 
• and deltoids work. 

If you get stabbed in the underarm, and sever the posterior cord of your brachial plexus,
you will lose the innervation to your deltoid muscle through the axillary nerve. You won't 
be able to abduct. You can also lose some extensors. 

You can test the strength of the deltoid by putting the patient's arm in abduction, 
and then the patient holds it there against resistance. Inability to do this indicates injury 
to the axillary nerve. The muscle begins to atrophy and get really flat if the axillary nerve
is really damaged. You will lose sensation from the superior lateral cutaneous nerve 
which is the outside top part of the shoulder, like right over the head of the humerus.

So when you think shoulder dislocation, weakness in abduction/external rotation, 
think axillary nerve.

The Radial nerve comes from C5-T1 and innervates the posterior forearm and the 
triceps brachii medial/lateral head. It's super-important in the hand, so we'll go more into
that later.

The Median nerve innervates the anterior forearm compartment. It's important in the 
hand, too, with five intrinsic muscles in the thumb (thenar) half of the palm, and palm 
skin!

Another important-in-the-hand nerve, the ulnar nerve gets most of your hand muscles, 
and the skin medial to your ring finger (digid four). Also, two of your forearm muscles, 
the ones on the medial side (in anatomical position) of your arm: the flexor carpi ulnaris,
and flexor digitorum profundus. 

We'll talk about several injuries to the ulnar later, but for now if you injure C8 and T1, 
you know you'll knock out the inferior trunk that your ulnar nerve comes from. That 
means you'll also knock out your medial pectoral and medial brachial cutaneous and 
medial antebrachial cutaneous nerve, so you'll lose a lot of sensation to the medial side 
of your arm. This is Klumpke's palsy. It's much less common than Erb-Duchenne, just 
because it's kind of hard to rip the lower nerves here. But, if you were to be falling from 
a great height, and you caught yourself with one hand on a streetlight, and you were 
dangling there over the traffic, the force with which you yanked onto the streetlight could
rip C8-T1. Or if you're a baby and the stupid doctor pulls you too hard out by the arm. As
a result, you'd have this claw hand, because the muscles that oppose claw-ing with the 
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first three digits would be knocked out. Your last two digits, which use the ulnar nerve, 
wouldn't really bend much because they're just knocked out.

Bloods

Alright, everything here is a continuation of your subclavian artery, which you learned 
about on page FIXAL. You basically name your subclavian artery different things as it 
keeps going.

After the anterior scalene muscle, subclavian ==> axillary artery
• Part 1: From the 1st rib to the medial edge of pec minor
• Part 2: Behind the pec minor
• Part 3: Along the pec minor's lateral edge

After the teres major==> brachial artery.

Each part of the subclavian/axillary/brachial artery has little branches coming off it.
Subclavian:

• Vertebral artery 
• Thyrocervical trunk

◦ Suprascapular artery 
▪ Crosses the brachial plexus along the clavicle to make your life tangled 

and confusing, eventually deep to the acromion outside the scapular spine
to get to the infraspinous fossa (where the infraspinatus muscle is)

◦ Transverse cervical artery 
◦ Inferior thyroid artery 

▪ Thyroid
Axillary, part 1:

• Supreme superior thoracic artery 
◦ Supplies 1st and second intercostal spaces, top of serratus anterior 

Axillary part 2:
• Thoracoacromial artery (passes medial to pec minor)

◦ Divides into four to feed pectoral, deltoid, acromial, and clavicular
• Lateral thoracic artery (lateral to pec minor)

◦ Lateral breast
Axillary part 3:

• Subscapular artery 
◦ Goes along subscapularis muscle, turns into circumflex scapular and 

thoracodorsal arteries
• Anterior circumflex humeral artery 

◦ Circles surgical neck of the humerus
• Posterior circumflex humeral artery 
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◦ Quadrangular space; circles neck of humerus.
◦ The posterior circumflex humeral is accompanied by the axillary nerve.

Remember the axillary artery's branches with STLSAP. She Tastes Like Sweet Apple 
Pie, if you're a vampire, and you know that the axillary is a great place to drink.

A left humeral shaft fracture can hurt your brachial artery. The brachial artery is 
accompanied by the radial nerve. 

Arm

Parts of the bones:
Ulna:
Olecranon—the hollow where it receives the humerus 
Radial notch—the notch where the radius goes

Radius:
Styloid process—the pointy part at the distal end 
Got lots of grooves here for all the muscle tendons to fit 

Posterior muscle compartment

Extensors are all on the underside of the arm, so that's pretty much just the triceps 
brachii muscles. Remember that the tricep has a long, short, and lateral head. They 
end at the olecranon of the ulna, and begin around the glenoid fossa. The long head 
starts under the glenoid tubercle, the lateral head starts on the back surface of the 
humerus above the radial grove, and the medial head under it starts around the same 
place but under the radial groove. This posterior compartment of the arm also has the 
anconeus muscle, which we couldn't really see in our cadaver. It helps to stabilize the 
elbow during movement, and it's pretty much just hiding between the lateral epicondyle 
of the humerus and the lateral surface of the olecranon. Both of these get innervation 
from the radial nerve.

Anterior muscle compartment

Biceps brachii—short head comes from coracoid process of the scapula. The long 
head connects to a tendon from the intertubercular (between tubercles) groove of the 
humerus. They meet in the middle of the arm. This means the short head is more 
medial. That's the opposite of the biceps in your leg, but that's only because of 
anatomical position: if you turn your arm upside-down like a knee, you'll see the short 
head of the biceps brachii is almost the same place that the short head of the biceps 
femoris is in the leg. We just don't hold our legs the way we hold our arms. 
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This is the shallowest arm flexor muscle. It's a really important, powerful supinator.

Coracobrachialis muscle—Also comes from coracoid process. Its medial to the 
biceps, just under the short head. Pierced through by the musculocutaneous nerve, all 
the way into the biceps. 

Brachialis muscle—Starts from the surface of the humerus, the lower half. Flexes the 
forearm under the biceps. 

Brachioradialis—helps flex the elbow and helps pronate and supinate stabilization a 
little. This sits just above the condyles of the humerus, so if you imagine taking your fist 
to the bottom of your humerus, you'd pretty much be covering your brachioradialis 
muscle. It's on the lateral/radial side of the elbow and there its extensor tendon gets 
inflamed in tennis elbow. It's also got a common flexor tendon on the medial epicondyle.
It's the only anterior compartment muscle innervated by the radial nerve—everyone 
else is the musculocutaneous nerve. This starts pretty low down, so it pretty much 
transitions nicely into our forearm...

Forearm muscles

You've got two levels of extensors and other stuff in the back, and three levels of flexors 
and stuff in the front.

Superficial anterior, from most radial to most ulnar (so from brachioradialis to ulnar):
• Pronator teres

◦ Pronates the forearm at the elbow, innervated by median nerve (C6-C7)
• Flexor carpi radialis

◦ Flexes your hand, abducts your wrist 
◦ Median nerve (C6-C7)

• Palmaris longus
◦ Flexes your hand at your wrist, tenses the palmar aponeurosis
◦ Related to the palmaris brevis, in your hand, which hangs out above your 

hypothenar (non-thumb palm-bump) area and doesn't connect to any bones 
◦ Median nerve (C7-C8)

• Flexor carpi ulnaris
◦ Flexes and adducts the hand at the wrist, innervated by ulnar nerve (C7-C8)
◦ Think about it as the ulnar equivalent of the flexor carpi radialis!

These guys all have the same origin on the medial epicondyle of the humerus, and a 
common tendon there.

How do you find these? As you're going along the side of the forearm, you can 
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remember Pass Fail Pass Fail to remember these, from the more radial side all the way 
to the ulnar side. They're all side-by-side. Brachioradialis kind of sits right on top of the 
pronator teres on the radial/medial side, kind of next to and on top of your...

Intermediate flexor:
• Flexor digitorum superficialis

◦ This is super-easy to find! It's basically the tendons stretching to the fingers to
flex them! They stop at the middle phalanges—that's important, because the 
flexor digitorum profundus that I'll mention in a sec stop at the distal 
phalanges. FDS is innervated by the median nerve.

Deep layer of anterior flexors and stuff:
• Flexor digitorum profundus

◦ These are literally right under the flexor digitorum superficialis. They go all the
way to the tips of the fingers, so if you want to test them, you just hold the 
non-tips parts of the fingers still—you stabilize the middle phalanges so you 
can't flex them—and then try to bend your fingers. If the tips still flex, the 
flexor digitorum profundus is fine! They're innervated by the ulnar nerve, for 
the fourth and fifth fingers, and with the anterior interosseus nerve from the 
median nerve, for the 2nd and 3rd fingers.

• Flexor pollicis longus
◦ This is radial (medial) to the flexor digitorum profundus, and it goes to the 

thumb, just like the name (pollicis is always thumb) says, and flexes it. 
Innervated by the anterior interosseus nerve, from the median nerve.

• Pronator quadratus
◦ Also, between the ulna and the radius in the wrist, you'll find the pronator 

quadratus, which is super deep and the most important pronator in your arm.
◦ Innervated by the anterior interosseus nerve from the median nerve.

These guys are strictly forearm muscles, and don't cross the elbow joint like everyone 
else does.

Superficial posterior:
Start with brachioradialis. Your brachioradialis runs parallel, very lateral and radial to all 
of these superficial muscles, kind of on the side of your arm. RIGHT next to it, very 
parallel, and moving medially/ulnarly, is the...

• Extensor carpi radialis longus, 
◦ which is the most radial of these arm extendors.
◦ Its tendons cross under two of the deeper muscles, the abductor pollicis 

longus and extensor pollicis brevis, to get to the carpals under the 1st two 
fingers.

◦ It's innervated by the radial nerve,
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◦ and next to it, also parallel and moving medially/ulnarly, is the...

• Extensor carpi radialis brevis
◦ This follows the same course, roughly, as the radialis longus. 
◦ It's really sitting on top of the radialis longus, and it's shorter.
◦ It's innervated by the deep branch of the radial nerve.
◦ And medially/ulnarly next to it, but running much more straight to the fingers, 

is the...
• Extensor digitorum

◦ This is super-easy to find—just look for the tendons to the fingers!
◦ Innervated by the posterior interosseus nerve (C7-C8) from the radial nerve

• Extensor digiti minimi
◦ The pinky-finger gets an extra extensor. 
◦ It's ulnar to the extensor digitorum.
◦ It gets innervation from the posterior interosseus nerve.

• Extensor carpi ulnaris
◦ The most ulnar of these superficial extensors.
◦ Doesn't go into the hand, ends at the wrist.
◦ Innervated by the posterior interosseus nerve.

So everything back here is radial nerve related in some way.
Deep posterior:
Under the extensor digitorum, and parallel with the extensor carpi radialis brevis, you'll 
find the:

• Abductor pollicis longus, 
◦ This crosses over the extensor carpi muscles to get into the thumb. 
◦ It's an important member of the anatomical snuff box, which is called that 

because rich men used to sniff tobacco from their wrists here. If you extend 
your thumb backwards, at its base you'll see a little hollow, and that's the 
anatomical snuff box. If your hand's in anatomical position, the abductor 
pollicis longus is tendon you see most anterior in the snuff box.

◦ It's innervated by the posterior interosseus nerve,
◦ and parallel to it, moving ulnarly again, is the 

• Extensor pollicis brevis. 
◦ This is also part of the anatomical snuff box, and like the abductor pollicis 

longus it crosses over the extensor carpi muscles from the other side of the 
arm to get there. It's pretty tightly connected with the abductor pollicis.

◦ Innervated by the posterior interosseus.
◦ Again, moving ulnarly, and this time kind of on top of the pollicis previs, is the 

• Extensor pollicis longus. 
◦ This is the last part of the anatomical snuff box, the tendon you see most 

posteriorly if your hand's in anatomical position and you've extended your 
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thumb to make the box “stand out.” Like the other members of the snuff box, it
came from the other side of the arm, but it doesn't come over as far, so it 
stays very posterior on the hand, while they kind of cross over to anterior.

◦ Innervated by the posterior interosseus.
◦ Then, most ulnarly, is the 

• Extensor indicis.
◦ This is hard to find because it's really buried under the superficial extensors, 

but it goes all the way to your index finger.
◦ This is why you can point your second finger without pointing your others!
◦ Posterior interosseus nerve.

Finally, you need to know the 
Supinator—this is really deep, and runs down near and around your elbow joint. It's 
basically just superior and deep to the pronator, on the anterior side, and on the 
posterior side it's kind of under the extensor radialis brevis. It's innervated by the deep 
radial nerve.

Vessels

Brachial artery—This runs along the inside of your arm, medial to your intertubercular 
bicep tendon. It's a continuation of the axillary artery that ends at the lower edge of the 
teres major muscle. It runs along the median nerve, which is usually just lateral to it, and
then crosses it medially in front of the elbow joint. The brachial artery ends at the ventral
surface of the arm at the elbow's cubital fossa where it splits into the radial and ulnar 
arteries. Above the elbow, the brachial artery also gives 

• a branch called the profunda brachii artery or deep brachial artery that runs 
along with the radial nerve and goes down towards the humerus, 

• the superior collateral ulnar, which pierces the medial intermuscular septum 
just above midway down your upper arm to go down and feed the ulnar nerve, 

• and the inferior ulnar collateral, which breaks off closer to the end of the 
humerous and winds around its back between the triceps brachii. 

The Brachial vein runs along with the brachial artery and ends at the elbow. 

My radial artery passes between the heads of my first dorsal interoseus muscle. In a 
TINY percentage of the population the radial artery makes the interosseus artery, but 
otherwise NO!

Basilic vein—this goes along the medial side of the forearm (in anatomical position—
this is usually what you consider the outside of your arm). It's one of two major 
cutaneous veins, and it gets all the way to the dorsal arc of the hand.
Cephalic vein—up in the deltopectoral triangle. This is the lateral arm vein.
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These two veins meet at the cubital fossa with a little crossover bridge to give you the 
median cubital vein, which is what you use to obtain blood samples. It sends blood 
from the cephalic to the basilic vein. There are some nerves in this area that you can 
damage if you're just poking around and don't know where to hit, so you have to be 
careful. You've also got a median antebrachial vein which goes up the center of the 
forearm to drain into the median cubital vein. It's really small.

Nerves

Musculocutaneous nerve—innervates the skin of the anterolateral forearm by giving 
off the lateral antebrachial cutaneous nerve, which innervates the radial side of your 
arm skin. It's rare to get hurt here by accident—you really need to be stabbed in the 
underarm. You'd have trouble supinating your forearm or flexing your elbow, and maybe 
you won't feel the lateral/radial side of your arm skin anymore.
Axillary nerve—innervates the upper lateral arm skin, giving off the lateral brachial 
cutaneous nerve
Radial nerve—feeds the skin of the whole posterior arm and fore arm. If you break the 
shaft of the humerus, you'll break this nerve because this follows the deep brachial 
artery close to the bone. Posterior antebrachial cutaneous nerve comes from the 
radial nerve, runs on the back side of the arm. The superficial radial nerve feeds the 
dorsum of the hand. You'll usually have wrist-drop if you've injured the radial nerve.
Ulnar nerve—runs along the thumb side of your arm, innervates the medial wrist skin, 
and skin of medial 1 ½ fingers on the palm side, and 2 and ½ fingers on the back of 
your hand. The ulnar nerve runs along a groove behind the middle bump (epicondyle) of
the humerus, along the back part. A branch of the ulnar, the dorsal ulnar cutaneous 
nerve runs on the back of the hand and innervates the ulnar wrist, hand, and outer 
(medial) 1.5 fingers.
Median nerve—pierces the coracobrachial. Innervates anterior forearm except for the 
flexor carpi ulnaris and the ulnar half of the flexor digitorum profundus.

The cubital fossa is your elbow triangle, where you listen to your Korotkoff sounds to 
take blood pressure. It's made up by the lateral edge of the pronator teres muscle, the 
medial border of the brachioradialis muscle (lateral/radially), and an imaginary line 
between the medial and lateral epicondyles of the humerus. Basically its tip is directed 
down your elbow. In there you've got the radial nerve, the biceps brachii tendon, the 
brachial artery, and the median nerve, and that's why you have to be careful when 
you're taking a blood sample. Lateral to medial, Robin Beats BatMan: radial nerve, 
biceps tendon, brachial artery, median nerve. We usually consider the median cubital 
vein, cephalic vein, and basilic vein as running superficial to, not inside, the cubital 
fossa.
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LIGAMENTS IN YOUR ELBOW!!!
• The annular ligament 

◦ wrapped around your elbow, holding your radius head into position (you can 
rip the head out of the ligament if you lift a kid by her forearm! 0_o).

• ulnar collateral
◦ wraps around the medial epicondyle and olecronan of the ulna

• radial collateral
◦ goes from the lateral epicondyle to the annular ligament of the radius and the 

notch in the ulna

Hand and Wrist

Bones and ligaments

The Carpals, from lateral to medial, are the scaphoid, lunate, triquetrum, and pisiformis 
on the first level, and trapexium, trapezoid, capitate, and hamate on the second level. 
These are your true wrist, that unite your forearm with your arm. The scaphoid and 
lunate bones are the ones that articulate with the radial bone. The triquetrum can also 
sometimes articulate between the radius and the ulna. The lunate's the most commonly 
dislocated carpal bone. 

You can remember these from medial to lateral, bottom row first, as Scary Lovers Try 
Positions That They Can't Handle. Get it? HANDle? Mwahaha now you won't forget it.

Metacarpals—like the metatarsals of your feet. It's very common to break your fifth 
metacarpal, near your pinky, when you're angry and you punch something incorrectly. 
You should always punch with your first two knuckles to prevent this.
Phalanges—proximal, medial, and distal phalanges for each finger except for your 
thumb, which only has proximal and distal.
Sesamoids—the intrinsic muscles of the hand use these to hold on. They're these tiny 
little floating bits of bone attached to the parts of the metacarpals that unite with the 
phalanges.

What happens if you fracture your ulna or radius near your wrist pg. 408

Holding your metacarpals in place you have
• Palmar radiocarpal
• dorsal radiocarpal

Those are ligaments. 
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You've got a flexor retinaculum that makes the roof of your carpal tunnel. The 
scaphoid and trapezoid bonss make the lateral wall of that tunnel, while the pisiform and
hamate (hook) bones make the medial wall, and the carpal ligaments make the floor 
(radiocarpal ligaments). Inside the carpal tunnel you've got the flexor digitorum 
superficialis tendon, the flexor digitorum profundus tendon, the plexor pollicis longus 
tendon, and the median nerve.

The flexor retinaculum is a flat broad tendon sheath that basically acts like a bracelet 
stabilizing our wrist. Above it you've got palmar fascia that continues into the forearm. 
The palmar aponeurosis connects to the palmaris longus tendon and at the very tip, 
becomes part fo the flexor retinaculum. That palmar aponerurosis ends at the head of 
our metacarpals, so basically the end of our palm. There's a fibrous digital sheath that
covers each finger and holds all the pieces of the fingers in place. These ligamentous, 
fibrous tubes hold the synovial sheath and our bursa all inside. They hold the flexor 
pollicis longus and superficial and deep flexors for each finger, and they've got a little 
pulley system going of annular and cruciate parts. There are TONS of structures in this 
sheath that we won't talk about now, but the pulleys are a big deal!

The fibrous tissue also inserts into the hand and makes septa from your palm to the 
back of your hand. You've got one medial fibrous septum (hypothenar septum) that is 
near your fifth, pinky metacarpal, and you've got a lateral one (thenar septum) that ends
at the third metacarpal (your middle finger's metacarpal). So that means we have three 
compartments, the hypothenar, thenar, and central. You can kind of see that if you look 
at your hand.

Dupuytren's contracture is a condition associated with autoimmune problems. All the 
hand structures start to harden and contract and you loose movement. It doesn't matter 
if you operate and fix the ligament, the next day the auto-immune disease will start them
contracting the same way again.

Some places in the hand have more likelihood of sharing when there's infection. If you 
get an infection deep in your finger, the infection will probably stop at the synovial 
sheath, stop before getting out of that fibrous finger covering, but if you've got an 
infection somewhere where you connect to the carpal sheath, your infection's more 
likely to spread. We all have variations in our sheath, but usually it's the pinky finger and
the thumb that connect to the carpal sheath, while the other three fingers are separate 
tunnel cylinders.

In the hand we've got some intrinsic muscles.

Thenar compartment—think thenar and thumb
• Abductor pollicis brevis—this abducts the thumb. It's innervated by the median
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nerve. It's basically stretched across the base of your thumb, the fleshy thing 
under the tendon of the abductor pollicis longus.

• Flexor pollicis brevis—This connects to a sesamoid bone. Its large head is 
innervated by the recurrent part of the median nerve, while its small head's 
innervated by the ulnar nerve. It flexes your pollicis (thumb!). Sesamoids can 
help you find your way on an X-ray—if you see a sesamoid on the thumb, that's 
the lateral side. This muscle is basically stretched from the capitate muscle to 
that sesamoid up in the thumb, and it's more medial (more towards the palm) 
than the abductor pollicis brevis. It's basically sitting right under the tendon of the 
flexor pollicis longus.

• Opponens pollicis—This helps your thumb (pollicis!) do opposition, which is 
when you connect your thumb to your pinky. This also connects to a sesamoid, 
and it's innervated by the median nerve. It's hidden way under everything else, 
very much under your abductor pollicis longus and extensor pollicis brevis 
tendons, on the outer edge of your thumb.

• So all of these get median nerve innervation except the flexor pollicis brevis small
head and the...

• Adductor pollicis—This adducts your thumb and gets innervated by the ulnar 
nerve. It's the one that has a transverse and oblique head across your hand, 
basically the inner-most thenar muscle (most towards/in your palm). It's stretched
from your third metacarpal all the way out to your thumb.

Hypothenar compartment (not the thumb!)
• Abductor digiti minimi

◦ Abducts your tiny finger! It's the most ulnar intrinsic hand muscle you have.
• Flexor digiti minimi

◦ Flexes your little finger! It's radial to the abductor, so more towards your palm.
• Opponents digiti minimi

◦ Helps your little finger do opposition! It sits kind of under the flexor digit 
minimi, a little more radial or towards the middle finger.

These are all innervated by the ulnar nerve.

The palmaris brevis also gets innervated by the ulnar. You almost never see it because
it's up in your subcutaneous tissue—it's floating there, without connecting to any bone—
and it makes a roof over the ulnar nerve and artery. So the ulnar nerve and artery have 
the flexor reticulatum under them, and the palmar brevis above them. Basically the 
palmar brevis and its tendonous tissue are right above the hypothenar compartment, 
but it's not part of it. 

Finally, you've got two sets of important muscles that are deep, deep, deep!
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Lumbricals are really deep inside your hand. They help you flex your 
metacropphlanageal joints, and extend the joints between your phalanges. You've got 
lumbricals 1 and 2 (forefinger and middle finger) fed signals by the median nerve, while 
your third and fourth lumbricals get signals from your ulnar nerve (ulnar nerve is always 
medial, down or on the outside of your hand). You don't have lumbricals on your thumb 
carpals. These are basically the little muscles between each set of fingers that help flex 
your fingers at the metacarpophalageal joints and extend the interphalangeal joints—so 
if you keep your fingers totally straight, and bend them down, you're using your 
lumbricals.

Interossei muscles are between your carpals. You've got two sets of them: four dorsal 
muscles that help you abduct, and three palmar muscles that help you adduct. DAB—
dorsal abducts, and PAD—palmar adducts. All of these use the ulnar nerve. The little 
pinky has its own abductor, so it doesn't have a dorsal interosseous muscle.

If the lumbricals and interosseus work together, they do z-movement, which is where 
you put your fingers at a right angle to your hand and abduct or adduct them. These are
big piano-playing movements.

Remember ulnar, underside, or that the police and your pollicis (thumb!) use a radio, so 
radial. If you stick your thumb up it looks like a police radio, so that's the radial side.

Vessels of your hand

Because this is the most distal part of your body (except for your feet), you're really 
susceptible to temperature and environment changes out in your hand. So the vessels 
here have to compensate for this, with a dual vasculature. Just like in the foot, you've 
got two arcs, and dorsal and palmar arc. The palmar arc is mostly the radial and ulnar 
arteries. (?)

When the ulnar artery gets to the wrist it goes through a canal between the pisiform and
hamate bones. That's right under the palmaris brevis we talked about, and it's called 
Guyon's canal. First the ulnar artery gives off some carpal branches or arches, which 
will anastamose with branches from the radial artery opposite it. The palmar and dorsal 
carpal arches.
Then the ulnar artery will give two terminal arteries. First, it'll give off the superficial 
palmar branch, which is the main part of the superficial arch in the hand. You complete 
this arc with the superficial branch of the radial. Off of this superficial arch come the 
common palmar digital and palmar metacarpal arteries, and off of the common palmar 
digital arteries you'll get the proper palmar digital.
The second artery the ulnar artery gives off is the deep palmar, which forms the deep 
arch and anastomoses with the palmar metacarpal arteries. So you've got redundancy 
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not just between radial and ulnar, but also deep and superficial, so blood can get all up 
in your hand no matter what. 

So let's talk about the radial artery. Down by the wrist it does the same as the ulnar, 
pretty much. It gets there, throws out some carpal branches, a superficial palmar arch to
the superficial arch, and a deep arch. The main difference is that the radial gives off 
more branches towards the deep arch. You've got the 

• deep palmar, which anastamoses with the deep palmar of the ulnar, 
• but then you've also got the princeps pollicis, which gives off both the radialis 

indicis and proper digital of the thumb. 
• Finally, you have three palmar metacarpal arteries that anastomose with the 

common palmar digital that came from the ulnar.
So the ulnar artery really dominates the superficial arch, while the radial artery 
dominates the deep arch.

You can also see how infection travels in the hand—you've just got so many 
connections everywhere!

Nerves and their injuries

• The median nerve innervates the 2 ½ thenar things—the ABD, OP, superficial 
head of the FPB, and the 1st and 2nd lumbricals. Sensory wise, it does not pass 
the tunnel, but gives a palmar cutaneous branch of central palmar area. It also 
has a deep branch that gives sensation via the palmar digital nerve and common 
palmar digital nerve—so basically this is your palm nerve. To test sensation, you 
ask the patient to look somewhere else, and then you poke their finger from the 
middle of the palm down towards the wrist. 

• The fourth finger is half fed by the median nerve, and half by the ulnar nerve.
• You can get a median nerve lesion where you're stuck making a benediction 

sign if you try to make a fist. You can only move the fourth and fifth fingers. If the 
lesion is really proximal you get benedict sign. If the lesion is closer to the hand, 
less proximal, they will be able to make an ape hand, where they can bend 
partway down all the fingers but can't make a fist.

• Carpal tunnel syndrom is compression of your median nerve.
• The deep digitorum flexor is shared by the ulnar and radial nerves. 
• The ulnar nerve gives a superficial branch to the palmar skin of 1.5 fingers, and 

a deep branch to the hypothenar muscles, adductor pollicis and deep head of the
flexor pollicis brevis, 2 lumbrical (4 and 5) and all the interosseus. If you fracture 
your medial epicondyle you will hurt your ulnar nerve. Everything that has to do 
with your first finger is not ulnar.

• A lesion of the ulnar nerve can be ulnar tunnel syndrome, were you can get a 
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claw hand, and no radial deviation. If you have a lesion closer to the funny bone 
by fracturing the medial epicondyle you'll have radial deviation, and a claw hand. 
Radial deviation means that your hand twists towards the radial side, towards 
your thumb. That's because the flexor carpi ulnar from your elbow isn't working 
because there's an ulnar lesion near your elbow.

• The radial nerve does not help any hand muscles. If you lesion it, there will be 
wrist drop. All the extensors need the radial nerve. The deep branch. If you hurt 
the superficial branch of the radial nerve you won't have wrist drop and you'll 
have normal feeling in your little pinky.

Alright, we're technically almost done! Just one more body region. As we turn to head 
and neck, I think it'll be easier to understand everything if we tackle the hardest part 
first: 

Cranial Nerves

For these, Dr. Fernandez recommends Ch. 9 pg. 1053 in the larger Moore, and the 
slides starting on pg. 818 in Grant's. I adore the Grant's, but it's a bit raw and tough to 
process, so here's some processed stuff.

CN1—Olfactory
Where it is: Goes to the olfactory bulbs. The olfactory bulb and its tract often get 
confused with the actual 1st cranial nerve in undergraduate books, but they're not the 
cranial nerve, they're part of the other cellular matter in the brain. The cranial nerve is 
the tiny little points that connect to the olfactory bulb and then carry information to your 
periamygdala and entorhinal cortex. Its final sensory endings are bipolar nerves. You 
only see bipolar neurons for hearing, balance (vestibulum), in your retina, and here in 
your nose.

What it does: Helps you smell.

CN2—Optic

Where it is: Comes from the diencephalon, in the brain, and crosses over in the optic 
chiasma, behind the eyes, and then each optic nerve enters the eye in the back of the 
orbital cavity. The nerve bodies of this tract are in your retinal ganglia.

Half of the optic tract, the lateral tract in each eye, doesn't cross over, but the 
medial/nasal halves do cross over. This is an important cross-over, so important that the
genes that decide where your eyes go are closely related to the cross-over genes. This 
helps you create an eye-field that makes sense. Why? Well light naturally reflects at the 
same angle on the lateral side of your left eye as on the nasal side of your right eye, so 
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the lateral or temporal tract of your left eye naturally sees the same stuff as the nasal 
side of your right eye. Huh? If you draw two eyes, as if you're looking at them from 
above, and then draw light-ray lines into the temporal retina of the left eye, and the 
nasal retina of the right eye, you'll see that in order for your lines to be perpendicular to 
the eyeball (for them to “bounce off” it straight) they have to be parallel to each other. If 
you actually draw it out, it makes sense. If you don't want to, just believe that the lateral 
tract of one eye sees what the nasal tract of the other eye sees, so you want the nasal 
tract to cross over to the other side, to join the lateral tract, so you can form the image of
that side of your visual field all in sync. If you draw it you'll also see that the lateral tract 
sees the opposite side (so your left lateral tract is looking into your right side) while the 
nasal tract sees the same side (so your right nasal tract is looking at your right side, just
like your left lateral tract, so they both see your right side).9 You can also think of it as 
fibers from the left side of each eye make your left optic tract (and right visual field) 
while fibers from the right side of each eye make your right optic tract (and left visual 
field). Sometimes saying it a different way helps.

So if you understand this you can figure out where the lesion in an optic nerve injury is 
by which side a person can see. If you cut way back near your visual nucleus, you've 
lost both the temporal/lateral and the nasal lines on one side, and he'll be unable to see 
the visual field on the opposite side from the cut eye. If you cut right at the cross over, 
you've cut the nasal cords, the cross over. Since the nasal cords see laterally, and the 
lateral cords see medially, your patient with the cut nasal cords won't see the lateral 
parts. If you cut both the lateral and nasal cords, up right behind the eye, you've broken 
the whole optic nerve and he'll see nothing, not left eye field or right eye field, from that 
eye, so he'll have monocular blindness (he'll recognize that one eye just isn't seeing). If 
this doesn't make sense, draw it. Looking at a picture will not help as much as drawing 
it.

It's called the optic nerve before chiasm; optic tract after chiasm. All the same structure, 
really.

What it does: Carries sensory sight information, eventually to the lateral geniculate 
nucleus. It does NOT carry sensory “feel” information about the eye, like eye pain or eye
sensitivity or touch.

CN3—Oculomotor

Where it comes from: This one originates above the pons, behind the red nucleus, and 
has an accessory Edinger-Westphal nucleus behind its main nucleus to help it out. 
That's where the presynaptic parasympathetic bundle lives; the postsynaptic 

9 This explanation comes from in-class notes of the Neurobiology course I took in college, taught by Dr. Barry 
Condron in 2012; the class, said Dr. Condron, is the same as that taught to the medical students first year.



Becoming Healers 146
parasympathetic part of the oculomotor nerve is at the ciliary ganglion behind/besides 
your eye. We'll talk more about that specific red nucleus location in neuro. For now, it's 
easy to locate the beginning of the oculomotor nerve if you can find the triple-branched, 
thick trigeminal nerve, because the CN3 is part of a bundle of nerves just anterior to 
that. If you took a brain, and were looking at it from the bottom, the trigeminal nerve 
would be like 2 o'clock and CN3 would be at like 1. The most midline nerve is the 
olfactory nerve, then the optic nerves are on either side of that, then come 3, 4, and 6 all
clumped together, and then you see the big thick five fanning out at an angle towards 
the side. So again, if you find five, you know three is anterior and medial to it.

It's important that the oculomotor nerve leaves the skull through the superior orbital 
fissure to get into the eye.

What it does: Moves the eye by triggering extra-ocular muscles. But to move the eye 
you need three nerves. We've got extra-ocular muscles that receive these nerves, 
mostly from CN3, but also one from CN4, and one from CN6. 

CN3 also has another function. It innervates the intra-ocular muscles of the eye, 
carrying parasympathetic fibers that constrict your pupil in response to light. This is a 
two-part job: one, CN3 innervates the iris, which closes more tightly around the pupil 
when there's too much light. Two, CN3 innervates the ciliary muscles behind the iris, 
which adjust the lens focus so it, too accommodates the new light. This is all 
parasympathetic. If your patient is slow to respond to light like this on one side, he might
have a compressed oculomotor nerve. Now, remember, this is efferent. CN3 does not 
carry sensory fibers, only the muscle fibers. 

CN4—Trochlear

Where it comes from: This and CN3 connect to the midbrain. This is the only cranial 
nerve that originates dorsally, towards the back of your head and then crosses around 
to lie besides CN3. Everything else originates ventrally, from the underside/front of your 
brain. This is also the only muscular nerve that has crossover like the optic nerve.

What it does: This stimulates the superior oblique muscle of your eye so you can move 
it down-ish. (The movement's complicated, go pg. FIXAL to read more about it.)

CN5—Trigeminal

Where it is: Basically, it's a sensory nerve that comes from the midpons, from the 
trigeminal ganglion, and synapses at the sensory nucleus of the trigeminal nerve (so it's 
mostly post-synaptic in your head). It's pretty easy to recognize, all big and tri-looking, 
like a fork sticking out from the side of your midpons. 
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What it does: This nerve, also called the Gasserian or Semilunar nerve, is usually 
named trigeminal because it's got three big branches. First is in the forehead, the 
opthalmic branch, and provides sensation from your eyelids and nose all the way up to 
the top point of your head (your cervical nerves cover the back of your head). The 
second is your maxillary, and covers the middle of your face, while the third covers your 
mandible, giving sensation to your lower lip, the side of your head, your lower teeth, and
the front two-thirds of your tongue (that's somatic sensation, not taste). You call these 
branches V1, V2, and V3, respectively. V3 doesn't just do sensory stuff like its brothers 
do: it's got a motor roots also that help you chew and also hit the mylohyoid, anterior 
digastric, tensor veli palatini, and tensor tympani, so it's got a special synapse in the 
motor nucleus of the trigeminal nerve. 

All in all, this nerve innervates the cavities of your face, so it's the nerve that feels when 
you pick your nose or eat cold stuff.

Branches: 
V1—leaves the cranium through the superior orbital fissure. It's called the opthalmic 
nerve, and it gives off:

• Frontal nerve—if you cut away the top of the skull, just above the eye holes, and
look down, this is the most superior nerve, right over top of the eyeball. It helps 
you sense your forehead skin, upper eyelid, nose, and the mucosa of your frontal
sinus. As it traces its way forward above the levator palpebrae superioris (the 
muscle that lifts your eyelid) it divides into two branches. They are:
◦ Supra-orbital—This is the outer-most branch, the most lateral branch of the 

frontal nerve. It leaves the orbital cavity (eye bowl) through the supraorbital 
foramen, which is a tiny hole just under your eyebrow. It's the part of the 
frontal nerve that innervates the frontal sinus, forehead skin up to the top of 
your head (vertex), and your upper eyelid conjunctiva (the transparent inner 
mucous membrane of the eyelid).

◦ Supratrochlear—is the most medial part of the frontal nerve. Instead of 
leaving the orbit through a hole, it just goes right out the eyehole, staying very
close to the top medial area just laterally to the trochlea. The trochlea is a 
funny bone in the medial-most corner of your eye that we'll talk about later. 
(pg. FIXAL) The supratrochlear nerve takes care of the skin in the middle of 
your forehead, up to your hairline—there's basically a half-moon of skin that 
the supraorbital doesn't handle, and it's right above your eyebrows, and that's 
what the supratrochlear nerve gets.

• Nasociliary nerve—in detail on pg. FIXAL
• Lacrimal nerve—in detail on pg. FIXAL

V2—leaves the brain-area through the foramen rotundum to get out into the maxillary 
area. It's called the maxillary branch, and it gives off:
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• Zygomatic nerve—goes from your orbit into your cheek, giving off two nerves:

◦ Zygomaticotemporal—the front half of your temporal region skin, from your 
eye up

◦ Zygomaticofacial—a front piece of your temporal region skin, just below the 
stuff covered by its buddy up there. This is really the little bit of cheek bone 
under and posterior to your eye, before your cheeks get all fleshy.

• Infra-orbital nerve—just like the supra-orbital nerve I mentioned up there, it runs
along the inside of your eye cavity, only this nerve runs under your eyeball along 
the floor. Leaves the eye cavity through the infra-orbital foramen (enters through 
the inferior orbital fissure). Innervates:
◦ Your cheeks
◦ Lower eyelid
◦ The sides of your nose
◦ Your upper canines and premolars (via the anterior superior alveolar nerve)
◦ Your maxillary sinus
◦ Your upper lip

That's a lot of infra-orbital branches! 

In addition to these skin-branches, the maxillary nerve also gives sensory branches to 
inner head areas, like:

• a meningeal branch 
• sensory branches to the pterygopalatine ganglion (there are some postsynaptic 

parasympathetic fibers that piggy-bank on these)
• Greater Palatine Nerve (which enters your palate through a relatively large lateral

foramen to innervate your hard palate, and also gives off the posterior inferior 
lateral nasal nerves)

• Lesser palatine nerves (soft palate and palatine tonsil)
• Pharyngeal nerve
• Nasopalatine and posterior superior lateral and medial nasal branches (the last 

two go all through your nose; the nasopalatine goes between the nasal septum 
and your nose mucous to enter your palate/mouth area through the incisor canal 
between your two incisors)

So basically when you think V2, think sensory to nose and upper mouth, while when 
you think V1 you're thinking sensory to eyes and forehead, and V3 you're thinking 
sensory to chin and ears.

V3—leaves the brain area through the foramen ovale. It's called the mandibular 
branch, and it gives off nerves named:

• Auriculotemporal—follows the superficial temporal artery. Is the back division of
the mandibular branch, so it goes up and back while the other two branches go 
down and forward. It gets the back half of your temporal skin, so from the
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◦ middle of your temple to the front of your ear, including
◦ everything but the very tip-top of your ear and the very end of your earlobe. 

That means it also gets stuff inside your ear, to 
◦ the external acoustic meatus and 
◦ the upper tympanic membrane.

• Buccal—Skin of your lower cheek; gums (gingiva) by the 2nd and 3rd molars.
• Mental—Just your chin-skin, lower lip, and lower-lip epithelium (mucosa). Has to 

get our the mental foramen near the mandibular canal to get there.
• Lingual—general sensation for front 2/3 of the tongue (not taste!). However, the 

chorda tympani, from the facial nerve, joins with this lingual nerve near where it 
enters the mouth, so the lingual nerve does carry taste to the anterior 2/3, even 
though the legit lingual nerve itself from V3 is only sensation.

• Inferior alveolar nerve—this carries sensation to your lower teeth by giving off 
the inferior dental plexus, and also gives off the nerve to the mylohyoid (and 
anterior digastric).

This is just the sensory part of V3; remember that all four of your chewing muscles (so 
all except for the buccinator) get motor vibes from V3. It's also giving the kick to your 
mylohyoid, anterior digastric, tensor veli palatini, and tensor tympani. Think MATT.

CN6—Abducens

Where: This originates between the pons and the medulla, in the brain stem. 
Remember, from medial out the order's 1, 2, 3, 4, 5, then 6, although it looks like the 
order of 5 and 6 look kind of swapped in the Netter's. Leaves the inner cranium to get 
into the orbital cavity via superior orbital fissure.

What it does: This lets you abduct the eye, or move it out to the side, by innervating the 
lateral rectus muscle. 

CN7—Facial nerve

Where: This is kind of complex. Buckle up.

The facial nerve starts in your brain in a nucleus anterior to the CN6 nucleus (so before 
it, since we've been going medial to lateral and anterior to posterior). But then! CN7 
loops through the pons, around behind and superior to the CN6 nucleus, so it ends up 
coming out posterior to the CN6, between the pons and the medulla. So in the end it 
comes out in order, after 6 and 5. But technically its nucleus is before, or anterior to, 
CN6. Got it? Okay. 

Next, the facial nerve and CN8 both leave the brain through the internal acoustic 
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meatus to get to their ganglia. The facial nerve travels down towards the underside of 
the ear through its own canal, the facial canal, but a bunch of parasympathetic pre-
synaptic fibers from it switch off and go the other way towards the upper glands of the 
face. That parasympathetic switch-off is called the greater petrosal nerve. This is all 
before we've left the cranium.

After a little bit the greater petrosal nerve meets the sympathetic fibers coming from the 
carotid plexus, which are called the deep petrosal nerve. That deep petrosal nerve 
joins the greater petrosal, and together the new formation is called the nerve of the 
pterygoid canal, or the Vidian nerve.

The facial nerve, meanwhile, keeps going through the canal to the stylomastoid 
foramen where it gets out into your face muscles, just behind the mastoid process. It 
branches off to all the different muscles once it reaches the parotid gland. 

Finally, just behind the mastoid process there's another set of nerve fibers that come off 
the facial nerve. These are the chorda tympani, which pass the tympanic membrane to
go down to the submandibular gland following the lingual nerve. The chorda tympani is 
parasympathetic, but there are some sensory fibers from the intermediate nerve, 
another branch of the facial nerve, that follow the chorda tympani and help the front 2/3 
of your tongue taste. So if you cut the chorda tympani, you lose two functions: taste and
parasympathetic pre-synaptic function for saliva.

What it does: Think trigeminal=>face sensation and facial=>face motor. This lets you 
make expressions, cry, and use your submandibular and sublingual glands. It's an 
interesting nerve, because it's not just somatic, but also kind of visceral in that way, 
controlling all the glands in your head except your parotid glands. It pierces the parotid 
glands, but does not innervate them! Sensorily, it helps the front two-thirds of your 
tongue taste and your soft palate feel. So you see it's also a bit autonomic and 
parasympathetic, and also motor, and also sensory.

So where you damage the facial nerve matters. If you cut at the parotid plexus, outside 
the stylomastoid foramen, you'll just hurt facial expression, but if you cut up in the 
internal auditory meatus you'll lose taste and all the autonomic stuff too. 

Branches: The facial nerve as a whole exits the skull through the stylomastoid foramen 
right under your ear before dividing into a whole bunch of branches. Since they all fan 
out from the parotid gland, they're called the parotid plexus. We can go superior to 
inferior in kind of a clockwise way, since they all fan out like a clock around the parotid 
gland.

Temporal—at like 1 o'clock. 
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• Frontal belly of the occipitofrontalis muscle (so helps you wrinkle your forehead)
• Orbicularis oculi muscles (muscle circles around your eyes that help close/open 

them)
Zygomatic—at like 3 o'clock.

• Helps with the bottom half of the orbicularis oculi muscles
• Hits the levator labii superioris so you can lift your upper lip
• Hits the zygomaticus major muscle (helps you lift the side of your lip to smile or 

sneer)
Buccal—at like 4 o'clock.

• Buccinator muscle, in your cheek!
• Don't confuse the buccal branch of the facial nerve with the buccal nerve from 

the V3 of the trigeminal nerve.
Marginal mandibular—5 o'clock.

• Facial expression on the lower lip and chin.
Cervical—6 o'clock.

• Platysma muscle, in your neck
Posterior auricular—9 o'clock. 

• The only one from the parotid plexus that goes backwards.
• Hits the occipital bely of the occipitofrontalis, which means it hits the back part of 

your scalp-moving muscle
• Hits the auricularis muscles, which are a fan of scalp-muscle holding your ear in 

place. There's a front branch of the facial nerve, coming off right where the 
temporal nerve splits off, that also reaches these auricularis muscles.

And of course, we already mentioned the chorda tympani and the greater petrosal 
nerve. Chorda tympani==>submandibular and sublingual saliva glands. Greater 
petrosal==>lacrimal gland, nose and palate glands. Think greater petrosal superior 
(because it's greater = P) and chorda tympani is inferior, lower glands.

The intermediate nerve is the sensory branch of the facial nerve. It splits along three 
pathways:

• 1. By itself, from the geniculate ganglion/spinal trigeminal nucleus to the internal 
acoustic meatus. This bit of intermediate nerve gives the external acoustic 
meatus sensation. Somatic/general sensory.

• 2. Through the chorda tympani. That's from the geniculate ganglion's solitary 
nucleus to the facial canal and petrotympanic fissure and then into the floor of the
mouth and palate. This is the part that gives taste to the front 2/3 of the tongue. 
Specialized sensory.

• 3. Through the greater petrosal nerve. This gives visceral sensation from the 
nasopharynx and palate. Visceral sensory.
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CN8—Vestibulocochlear

Where: It's the most lateral of the cranial nerves, as it connects to the brain. It's kind of 
nice, because it comes out at the ponto-medullar junction (where the pons and medulla 
meet) right after or laterally to seven and before nine. It's seven, eight, nine, medial to 
lateral, right there around the brain stem. 

The CN8 gets to the ear through the internal acoustic meatus. It then splits so that the
vestibular portion really originates from the vestibular ganglion, to synapse with the 
vestibular nuclei which reach your balance organs (vestibule), while the hearing portion 
originates from the spiral ganglion and synapses with the cochlear nuclei, in your 
cochlea, where you hear.

What it does: Very specialized. Balance and hearing! 

CN9—Glossopharyngeal

I dunno if it helps you match, but the g in glossopharyngeal sure looks like a 9.

Where: Remember gloss means tongue. This, with 10 and 11, come from the area 
lateral to the olive nucleus. Just posterior to CN8. 

This nerve gets to its targets through the jugular foramen.

What: You've got both motor and sensory components here. I like to think the sensory 
part is the “gloss” part: the back 1/3 of the tongue, and general sensations for the 
tonsils, middle ear, and pharynx. The motor part is the “pharyngeal” part, to me, since it 
hits the stylopharyngeus muscle and the parotid gland. This helps you sense for your 
gag reflex (so it's the afferent part of that). 

Branches: 

Tympanic nerve-->lesser petrosal nerve-->otic ganglion-->piece following the 
auricotemporal nerve: The visceral fibers that send parasympathetic innervation to the
parotid gland also come from the medulla, but from the inferior salivatory nucleus. 
They stay tympanic nerve

• through the jugular foramen, 
• through the tympanic canaliculus (part of the petrous part of the temporal bone) 
• into the middle ear, 
• into the tympanic plexus just in front of the mastoid process 

From there, they turn into the lesser petrosal nerve, which 
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• pokes through the tympanic cavity roof
• gets into the middle cranial fossa (so it goes back into the skull!)
• leaves the skull again through the foramen ovale

The lesser petrosal nerve's parasympathetic fibers synapse in the otic ganglion before 
reaching the parotid gland following the auriculotemporal nerve from CNV3.

Basically, the tympanic branch branches off first, to go up, while the stylopharyngeal and
carotid branches stay together for a bit.

Carotid branch: The visceral sensory bits of the glossopharyngeal nerve go to the 
carotid body and sinus. Whoa, super-important! Branch off at about the same time as 
the...

Stylopharyngeal branch: The somatic fibers that bring motor to the stylopharyngeus 
help you swallow, and they're rooted in the medulla's nucleus ambiguus. Other bits of 
the glossopharyngeal nerve branch off of this.

The somatic sensory fibers to the middle to outer ear and pharynx synapse with 
the sensory nucleus of CNV. They follow the stylopharyngeal branch for a while before 
breaking off.

Finally, the special sensory stuff tastes from the back third of the tongue. (Remember 
the front 2/3 gets taste from the intermediate branch of the facial nerve via the chorda 
tympani) This stuff branches off the stylopharyngeal branch.

CN10—Vagus

Where: Posterior to your glossopharyngeal, CN9. This is good and convenient, because
it's closer to the thorax this way, and can go down your neck to the areas it needs to 
reach.

What it does: In addition to all the stuff you know already about the vagus, you need to 
think vagus==>motor to palate, pharynx, larynx, trachea, bronchi. Everything motor 
about your palate comes from the vagus, except for the palatine tensor which is 
innervated by the trigeminal (the trigeminal takes care of chewing by innervating all your
palatine tensors). This is the efferent part, the response, for your gag reflex.

While the parasympathetic function is only motor, the vagus also carries a little bit of 
autonomic sensory information from all that heart/lungs/GI stuff you already know about.
It carries that same autonomic sensory from your larynx, pharynx, and external ear; it 
actually even helps you taste a tiny bit in your epiglottis. 
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CN11—Spinal accessory nerve

Where: At its roots, it makes sense: if you're moving clockwise from anterior to posterior
and medial to lateral, you had 7, 8, 9 in the pons-medulla junction, then 10, 11 laterally 
to that, and 12 is pointing backwards. 

Part of the CN11 goes down your foramen magnum and joins C1-5; the other part goes 
out the jugular foramen to get down through the sternocleidomastoid and into the 
trapezius. The part that enters the foramen magnum blends into cranial nerve 10 
towards the pharynx and palate muscles. That part pretty much doesn't matter in any 
book I'm reading (Grant's, Netter's Atlas, Moore's Essential) so just think CN11, 
sternocleidomastoid and trapezius.

What it does: Motor function for sternocleomastoid and trapezius.

CN12—Hypoglossal

Where: This one originates most medially, right by the midline of your medulla, pointing 
straight back at 6 o'clock (again, if you're looking up from the underside of the brain). It 
leaves through the hypoglossal canal to follow C1. It's stuck to C1 so tightly that until 
recently people thought they were the same nerve. At the thyrohyoid muscle, C1 splits 
off to give motor ability to the thyrohyoid, while the hypoglossal nerve goes up through 
the geniohyoid, genioglossus, hyoglossus, styloglossus, and all the intrinsic muscles of 
the tongue except the palatoglossus (which is considered part of the palate, so is 
innervated by the vagus).

What it does: Another tongue nerve. This one innervates all the muscles of your tongue.

Cranial nerves with special senses

So the ones with special sense are (SOFOGV, the great Russian warlord...):
• olfactory, 
• optic, 
• facial, 
• stato-acoustic (vestibulocochlear), 
• glosso-pharyngeal, 
• and some slight contributions from the vagus (remember the epiglottis). 

These are different than the purely afferent sensory fibers of the trigeminal nerve, or the 
afferent sense of the facial, glossos-pharyngeal, and vagus nerves. 

Cranial nerves with multiple functions or only one kind of function?
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The trigeminal nerve, glosso-pharyngeal nerve, and vagus and facial nerves have both 
normal afferent sensory and motor function. 1, 2, and 8 only do special sense, and have
no other function. 4, 6, 11, and 12 only have motor function.10 Your oculomotor (3), facial
(7), glosso-pharyngeal (9), and of course vagus nerves carry parasympathetic fibers. 7, 
9, and 10 basically carry all the functions.

Special muscle functions

CN 5, 7, 9, and 10 innervate special muscles for chewing, facial expression, and your 
pharynx and larynx. By this I mean, these muscles came from pharyngeal arches, not 
from somites like other normal muscles do (embryology pg. FIXAL). Important 
exception: most of your pharynx/larynx muscles go with the vagus, but the 
stylopharyngeal muscle comes from 9.

Parasympathetic CNs

3, 7, 9, and 10 have autonomic function: parasympathetic. We've got ganglia in your 
head for all of them, except for the vagal nerve, which has its ganglia in the organs—it 
doesn't provide autonomic innervation for the head. The ganglia for 3, 7, and 9 are 
called ciliary, pterygopalatine, otic, and submandibular: 

• The ciliary ganglion is in the optic crater and has fibers from the oculomotor 
nerve. 

• The pterygopalatine ganglion is in your pterygopalatine fossa and has the 
second neuron from the facial nerve over the mouth. It's basically right behind 
your nasal cavity. It's got parasympathetic innervation for your acrymal, nasal, 
and palatine glands. 

• The submandibular ganglion is the opposite of the pterygopalatine, basically. 
It's for the glands in the floor of the mouth (sublingual, submandibular), and it's 
the other parasympathetic part of the facial nerve. 

• The otic ganglion has the second neuron of the parasympathetic fibers from 
cranial nerve 9, the glossopharyngeal, going to the parotid gland. 

The parasympathetic cranial nerves leave from their respective nuclei, travel to their 
ganglion, and synapse in the head. 

• The first nucleus is the Edinger-Westphal nucleus where the third cranial nerve 
originates. It's up in the midbrain, just a little off-midline. 

• The second is the superior salivatory nucleus, where VII originates. These 
fibers will get to two ganglions: the pterygopalatine, and the submandibular. 

10 Anything that “only” has motor function actually also has sensory function in the sense that there's feedback 
information to tell your CNS how much you're contracting, and how much more you can or need to contract. 
Remember those intrafusal muscle fibers? They're telling you how your motor system's doing. But you don't feel 
that like you feel getting punched. It's just muscle or motor feedback sense.
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• The inferior salivatory nucleus gives rise to cranial nerve nine, and it's 

basically just below the superior one, again right off the midline, getting down into
the medulla now below the diencephalon. 

• Below this, and slightly more off midline, you have your biggest parasympathetic 
nucleus, which is very long and belongs to the vagal nerve. That's the dorsal 
vagal nucleus, which is just behind the nucleus ambiguus. 

• The heart's controlled by the nucleus ambiguus while the other organs come 
from the dorsal vagal, so with damage to your vagal nerve the hope is that you 
can still keep your heart pumping even if other organs are damaged. 

Remember, the first neuron's always in a nucleus, while the second are after the 
ganglia.

What about your sympathetic head stuff?

All the sympathetic neurons for the head are in the sympathetic chain in the spinal cord.
That's from C1-C2. They come out and hitchhike on the walls of the closest arteries so 
they can come up to the head. The superior cervical ganglion is the highest 
sympathetic ganglion in the body, at the top of your neck under your mandible, and 
that's where the second neurons are for the head. The first are in C1-C2, and then after 
the superior cervical ganglion we're post-synaptic and traveling along the internal and 
external carotid arteries. So all the sympathetic neurons actually in the head are post-
synaptic, post-ganglionic; there aren't any pre-ganglionic axons in the head for the 
sympathetic system, even though there are for the parasympathetic.

Your skull is crazy complex—cranium 

Main bones

Main cavities

Junctions between cavities

Brain blood vessels and sinuses

Circle of Willis—most common aneurysm is the front of the circle where they join, the 
anterior communicating artery. You've also got anterior cerebral artery, posterior 
cerebral artery, and posterior communicating between them. These aneurysms present 
with worst headache of life, stiffness of neck (nuchal rigidity), and serious lethargy. 
People die fast. Happens with no trauma. Causes subarachnoid hemorrhage.

Middle meningeal artery often torn during trauma, impact to side of head, fracture of 
skull near pterion, blood pools between endosteal layer of dura mater and calvaria 
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which is epidural space. CT is good in trauma (CT is blood and bone)

Trauma to front of head can tear superior cerebral veins. Subdural hematoma (broken 
near the superior sagittal sinus)

Great cerebral vein of Galen midline vein merges with inferior sagittal dural venous 
sinus to make straight venous sinus. 

Maxillary vein drains pterygoid plexus, communicates with opthalmic veins

Danger triangle of the face because carries blood into brain—superior and inferior 
opthalmic veins spread infection from anterior nose tip to cavernous sinus, they connect
facial vein to cavernous sinus. Facial vein spreads infection, from labial commisures to 
bridge of nose. Any infection in facial vein can go to cavernous sinus. No valves in the 
face and scalp.

Hydrocephalus, communicating or non-communicating
communicating can be caused by hemorrhage, meninginits—congenital could be chiari 
malformation or absense of arachnoid granulations. Chiari malformation means 
cerebellar tonsils and medulla are too far down in the foramen magnum. Can be 
diagnosed at birth with open spinal dyraphism (?) or later 
Dandy-Walker means you are missing cerebellar vermis so your 4th ventricle is big

An important note about autonomic innervation up to your head 

Sympathetic chain ends at first cervical level. Anterior roots are presynaptic 
sympathetic. So everything up in head is post-synaptic. Thoracic anterior roots go into 
T1-3 mixed spinal nerves, get into chain through white rami communicantes, synapse in
superior cervical ganglion. So sympathetic nerve damage will happen because of 
thoracic anterior roots hurt.

What's happening in the back? Posterior cervical are afferent sensory. Posterior 
thoracic are afferent sensory. Thoracic posterior primary rami that are postsynaptic can 
be sympathetic but they're only sypathetic for blood vessels in the back and back skin. 
Thoracic gray rami communicantes are vertebral. Anything thoracic that's synapsed is 
not going to the head—head synapses at superior cervical ganglion.

Scalp and Superficial Face 

To remember the layers of the scalp, just remember SCALP.
• S=Skin
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• C=Dense Connective tissue—This is a fibrous tissue which holds the main 

nerves and vessels. This is why scalp wounds bleed like crazy.
• A=Aponeurosis—The epicranial aponeurosis is made of the occipitofrontalis 

muscle and its aponeurosis. This lets your scalp move, and helps you raise your 
eyebrows and wrinkle your forehead. A deep scalp wound through the 
epicranium, especially the aponeurotic part, will become super-wide because the 
muscles pull opposite ways! Your head connective tissue is really taut.
◦ The occipitofronatlis muscle is pretty much your forehead muscle, and then 

your back-of-head muscle. The front is it's frontal belly, and the back is its 
occipital belly. All of these get innervation from the facial nerve (CN 7).

• L=Loose areolar tissue—This forms the space under the connective tissue and 
above the skull that lets your scalp kind of articulate over the bone under it. This 
is the danger layer, where infections can spread through epiploic veins into the 
intracranial dural venous sinuses.

• P=Pericranium—Also called the external periosteum. This connective tissue is 
dense, fused to the outer surfaces of your skull bones.

Before you do a lumbar puncture you have to check the intracranial pressure of the 
cerebrospinal fluid. You do this by looking at the patient's eyes. If you don't check, you 
released all the pressure down in the lower body, and there's still high pressure up at 
the head, so you can end up causing a hernia where the brainstem pushes down 
through its skull-hole where it shouldn't.

Let's talk about skull holes.
• Foramen of Vesalius—Little vein connects the pterygoid plexus with the 

cavernous sinus passes through here. If you get an infected thrombus from 
outside the skull, it can enter the skull and reach the cavernous sinus through 
this little hole. This is also called the sphenoidal emmisary foramen.

Face muscles
• Zygomaticus minor
• Zygomaticus major

◦ Innervated by the zygomatic and buccal branches of the facial nerve
◦ Responsible for the stink face (if you just use one side)
◦ Elevates the corner of your mouth to smile! (if you use two sides)

• Levator labii superioris
◦ This lets you growl and look scary
◦ It stretches from the skin of your upper lip to your infraorbital margin, above 

your maxilla, right under your eye so it can pull your upper lip skin up
◦ Dilates the oral fissure

• Buccinator
◦ Originates at the mandible (alveolar process of maxilla and mandible) and the



Becoming Healers 159

pterygomandibular raphe, and reaches to the angle of the mouth where the 
orbicularis oris is

◦ People know this as the trumpeter muscle. If you want to blow a bubble or 
play a trumpet you might inflate your cheeks, and this lets you do that.

◦ This one is right next to the parotid duct<--important
◦ This keeps your cheek tight so it doesn't fold over and get chewed on
◦ Helps you while you're chewing by pulling your cheek tight against your teeth 

so food doesn't collect in that area between your teeth and your cheek (your 
vestibule)

◦ Innervated by the buccal branches of the facial nerve, and not by V3 (which is
rare—make sure to remember that, because the other chewing muscles get 
theirs from V!)

◦ Works with the muscle that's all around your mouth which is the...
• Orbucularis oris

◦ Helps you keep your mouth tightly shut. It's basically the circle of muscle 
around your lips.

◦ Innervated by buccal branches of the facial nerve.
◦ Inserts into the mucous membrane of your lips, comes from the medial 

maxilla and mandible
• Levator anguli oris

◦ Lifts the angle of your mouth
◦ Inserts into the angle of the mouth, originates at your infraorbital maxilla 

(canine fossa)
◦ Innervated by terminal branches of the facial nerve

• Levator palpebrae superioris
◦ Lifts your upper eyelid
◦ Oculomotor nerve (III) innervates this

• Superior tarsal muscle
◦ Lifts the eyelid involuntarily

• Orbicularis oculi
◦ Helps you wink!
◦ Encircles your eye
◦ Innervated by the temporal and zygomatic branches of your facial nerve
◦ Has an ocular and a palpebrae portion. The palpebrae is the inner part, 

closest to your eyelid for blinking, while the ocular is the part that extends to 
under your eyebrow on that bony ridge and helps you wink or hold your eye 
shut tightly. They're both circles around your eye.

◦ Facial nerve terminal branches innervate here
• Risorius

◦ REally small muscle
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◦ Pretty variable origin, but usually from the parotid fascia and buccal skin 

somewhere. It inserts in to the angle of your mouth and helps you widen your 
mouth

• Depressor anguli oris muscle
◦ Helps pull down your mouth corners to frown; attaches from under your chin, 

on the sides, to the corner of your mouth
• Mentalis muscle

◦ This is a really small muscle from the tip of your chin to the anterior roots of 
inferior incisors and pulls down your lip so you can stick it out like a baby

In embryology, all of these muscles come from the 2nd pharyngeal or branchial arch. All 
get innervated by the facial nerve. They're all subcutaneous.

Arteries and Veins of your face and scalp

• Facial artery
◦ Comes from the extneral cartodi and winds towards the lower (inferior) border

of the mandible. 
◦ Crosses over the submandibular gland
◦ You can palpate this at the inferior margin of the mandible

• Superficial temporal
◦ You can palpate this for pulse right in front of your ear, right in front of that 

little bump we call the tragus
• Lingual artery

◦ Branch of external carotid
◦ Runs in mouth-floor
◦ Near the submandibular duct, but not gland

• Superior thyroid artery
◦ Branch of e. carotid
◦ travels anterioinferiorly to supply upper pole of thyroid

• Ascending pharyngeal artery
◦ Posterior branch of ex. Carotid
◦ Blood to pharnyx

• Supraorbital vein
◦ This is important because it connects to the cavernou s sinus, but also to the 

angular facial vein, which can send infections and thrombosises from outside 
into your cavernous sinus, which is the big venous collecting of blood from 
your brain and stuff.

◦ This is right above your eye, kind of tracing up to your forehead.
• Angular facial vein 

◦ traces from under your eye, like where your tear path runs, and goes up to 
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your supraorbital vein
This is kind of a danger area, because it's a superficial vein that can connect with a 
deep vein and send infection inweard

The side of your head

Also called the temporal and infra-temporal regions.

Bone 

Muscle 

Lateral pterygoid pulls on TMJ for protrusion and protraction. Mandibular condyles slide 
forward! That's when you're using two lateral pterygoids—if you use only one side, you 
can move your jaw from side to side. Shingles is usually sensory, but a shingles 
infection in the sensory of V3 could hit the lateral pterygoid function! Trigeminal helps 
lateral pterygoid.

Masseter closes the jaw.

Medial pterygoid elevates the mandible.

Temporalis helps close the jaw, but it's mostly the primary retractors of the mandible.

Innervation

Blood supply

Ears 

The inside part of your ear sits under the petrous part of the temporal bone. Your 
hearing and balance apparatus sits between two holes: an internal acoustic meatus, 
facing the brain, and an external acoustic meatus, facing outside. The vestibulochoclear
nerve gets to the ear through the internal acoustic meatus, after which it splits.

The cochlear nerve goes to your hearing organ, the spiral organ. The nerve fans out in 
a spiral to follow the seashell-like cochlear shape. The cochlear spiral goes around 2 
and ¾ times, so if you were to cut it in half you'd see three “floors.” This organ's 
basically wrapped around a central bone called the modiolus. The cochlear nerve 
enters this central bone thing, and then gets into the spirals through the osseus spiral 
lamina. Basically in the center of each spiral is a bit of bone stretching from the inner 
edge, near the modiolus, to the outer edge. On that outer edge, inside the organ, on the
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inside of the outer wall, there's a little cochlear duct traveling the length of the organ. 
So in each spiral a bit of the nerve pierces the osseus spiral lamina to get to the 
cochlear duct. 

Inside the cochlear duct you've got outer hair cells (which face more outward = P) and 
inner hair cells. Insert neurobio part here about function FIXAL. The cochlear duct is a 
pretty big space, and then inside it you've got a tiny tectorial membrane that divides 
the outer hair cells and the cochlear nerve endings from the rest of the cochlear duct. 
The tectorial membrane touches the top of the outer hair cells and helps you hear. The 
cochlear duct, and the oseus spiral lamina reaching towards it, basically divide the spiral
into a scala vestibuli above the cochlear duct, separated from it by a thin vestibular 
membrane, and a scala tympani, below the cochlear duct, separated by a thick 
basilar membrane. 

The other part of your hear is the balance part. The cochlea is connected to the balance
part because its last, basal turn stretches out and connects to a bulb called the saccule. 
The saccule connects to a little bulb called the utricle, which then connects to three 
huge-looking semicircular arches. They're not actually huge, but they look like twice as 
big around as the cochlea, so they look huge when you look at a picture. The semi-
circular canals are the outer bony structure; the semicircular ducts are the inner, 
membranous stuff holding the little cilia that sense movement. Each semi-circular canal 
widens into an ampulla as it connects to the utricle, and its in these ampulla that the 
vestibular ganglion connect with the organ.

The hair cells in the base of the cochlea sense high frequency, while the stuff in the 
apex sense low-frequency sounds. Consonants are high frequency sounds, while 
vowelds are lower-frequency. Remember whales use low frequency to talk, and that's 
because low frequency travels long distances, and so low frequency travels the longest 
distance inside your ear to get to the apex (Lippencott's idea).

The tympanic membrane helps you hear stuff with low amplitudes (no matter what the 
frequency is). Blocking the external acourstic meatus means you have trouble with low 
amplitudes, too. Basically blocking anything major knocks out low amplitudes first (quiet 
stuff).

Orbit and Contents

These people are crazy. They want to turn everything into triangles and pyramids. Even 
the orbital cavity. I refuse. There is no base to no triangle in no orbital cavity. It is a 
sphere, not a pyramid. Or at best a bad egg-shaped cube.

Bones of orbital cavity
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 Each piece's contribution is called its “orbital plate.”
• Frontal bone donates the upper back half of the orbital cavity.
• The lesser wing of the sphenoid gives a medial portion. If the orbital's a pyramid 

with the tip pointing into your head, it's near the tip of the pyramid. The optic 
canal is the circle medial to the lesser wing, so it's a good landmark.

• The palatine bone donates a tiny dot, just under the optic canal.
• The maxilla donates the middle part of the floor. It's quite medial.
• The zygomatic bone, with a tiny zygomaticofacial foramen in its lower outer side, 

donates the most outward part of the lateral wall of the orbital.
• The greater wing of the sphenoid donates the inside back part of the lateral wall. 

The superior orbital fissure separates it from the lesser wing of the sphenoid. 
The fissure's really long and jagged, and it runs diagonally. It's almost continuous
with the inferior orbital fissure, which is under the sphenoid's greater wing and 
separates it from the maxilla.

• On the opposite side, the lacrimal bone gives a small medial part, deep to (more 
inside than) the maxilla.
◦ The lacrimal bone has a crest in it, a kind of rising edge, called the posterior 

lacrimal crest. The anterior lacrimal crest is in the maxilla, and between 
these two crests your lacrimal gland sits in the lacrimal fossa.

• The ethmoid bone gives a chunk of the medial back wall, more inside than the 
lacrimal bone. So medial to lateral, you have the maxilla, the lacrimal bone, and 
the ethmoid bone as you progress into the eye from the nose.

Some clinical things about the bones here:
• Exopthalmos can happen if you have an orbital fracture and the blood in the eye

pushes the eyeball forward. (Unilateral) Usually fractures happen where the 
bones join.

Fascia of the orbital cavity 
There's dura mater covering the orbit, between the bone and the soft structures. It's 
called periorbita or the periosteum of the orbit. Around the optic nerve you have a 
tenon capsule that separates the nerve from the fat around it.

Entering the orbital cavity 

If you are a nerve or artery, to get into the orbital cavity you have to penetrate both the 
bone and the fascia. You can penetrate the fascia through the common tendinous 
ring where a lot of the exopthalmic muscles that move the eye attach; you can enter 
through the round optic canal hole; or you can enter through the superior orbital fissure.

Enters through superior orbital fissure:
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• Trochlear nerve
• Frontal nerve—this is a branch from the V1 of the Trigeminal
• Lacrimal nerve
• Opthlamic vein

Enters through the superior orbital fissure AND the central tendinous ring
• Oculomotor nerve
• Nasociliary—this is a branch of the V1 from the Trigeminal
• Abducens—if you hurt this, you lose lateral rectus muscle work, so no lateral 

gaze, eye goes medially, you get diplopia
• Notice a trend? These are the “move the eye muscles” nerves

Enters through central tendinous ring only (via optic canal)
• Optic nerve
• Opthalmic artery
• All things in the optic canal also go through the central tendinous ring

The superior orbital fissure's the connection between the middle cranial fossa and the 
orbit. The inferior orbital fissure connects to the infratemporal and pterygopalatine fossa 
behind the orbit. Don't confuse it with the infra-orbital foramen, which is a little hole in 
the maxilla in the front that lets structures exit the orbit. Between the fissure and the 
foramen is the infraorbital canal.

Through the inferior orbital fissure enter these structures:
• Infraorbital nerve
• Infraorbital artery
• Zygomatic branch of maxillary nerve
• Inferior opthalmic vein to pterygoid plexus--*important infection route into head

Eyeball muscles and movement.
Grant's, pg. 662-665, has some good tips on this. The eyeball sits in the anterior or front
part of the orbital cavity, with some fat behind it around the optic nerve, and lots of 
muscles above, around, and below the fat. Those muscles are the:

• Superior levator palpebrae—lifts your eyelid, lays on top of the superior rectus, 
is the most superior and obvious muscle of the orbit if you're entering from the 
top.

• Superior rectus muscle—Right under the superior levator palpebrae. 
Innervated by the oculomotor. Each muscle to move the eye has its favorite 
position, where it acts the strongest: the superior rectus loves the abducted eye, 
because that makes the muscle straight. When the eye is abducted, it elevates 
the eyeball, or makes you look up.

• Inferior rectus—This is straight below the superior rectus, but all the way under 
the optic nerve and stuff. It also prefers Abd., and will make you look down, or 
depress the eyeball, in that position. Now what if the other muscles hold eye in 
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another position? Then these muscles will do something else. If your eye is 
looking straight forward, the two rectus will help a little with ADD, but that's a 
minimal contribution. That's tough for me to imagine. The medial rectus is pretty 
easy and obvious, because it's medial, and you can imagine it pulling medially for
adduction. It's a better adductor. The nerve working in pure eye ADD is cranial 
nerve III, the oculomotor.

• Superior oblique muscles—supported by cartilaginous trochlea,11 up in the top 
edge of the eyeball, which is where the trochlear nerve gets its name. The 
trochlear nerve innervates the superior oblique. It's important to understand that 
the superior oblique is above the medial rectus. If you're lucky, you'll be able to 
see the superior oblique bend at a really awkward angle at the trochlea, in the 
medial corner of the eye-hole when you're looking from the top. This means that 
the superior oblique pulls from the front of the eyeball, instead of from the back 
like the rectus muscles do. This means that the superior oblique is opposite of 
the superior rectus: when it's in its favorite position (ADD), it makes you look 
down, or depresses your eyeball.

• The inferior oblique also pulls from the front, which means elevation in ADD. It 
is under the bottom of the eyeball, and you may not see it in your cadaver. Unlike
the other muscles, which mostly look like they're running from the front to the 
back of the orbit, it's running almost straight across the underside of the eyeball 
medio-laterally. When you're looking straight forward (that's called primary 
position) both obliques will cause abduction. This makes zero sense to me, since
they are medial and I'd think they pull medially, but they make the eyeball turn 
laterally because it's a ball. The nerves helping in pure eye ABD are CN 3,4, and 
6 (which works only with the lateral rectus).

• The lateral rectus helps the two obliques with abduction. This makes sense, 
because you can imagine it pulling laterally. It is one of the only muscles here not
innervated by the oculomotor—it's innervated by the abducens, CN VI, which 
abducts.

You have two more special eye movements: Intorsion, medial rotation, and extorsion, 
or lateral rotation. If you actually turn the eyball in its cavity medially you have extorsion.
If you actually turn the eyeball in its cavity towards the lateral side you have extorsion. I 
don't mean actual lateral or medial, on a flat plane, I mean like counter-clockwise and 
not-counter clockwise. Also remember external rotation is extorsion; internal rotation 
is intorsion. In ABD, the superior oblique will do intorsion and the inferior oblique will do
extorsion. To do rotation the rectus have to be in adduction. In ADD the superior rectus 
will do extorsion; the inferior rectus will do intorsion. Again, the obliques are opposite of 
the rectus. So just remember the rectus, and that inferior is intorsion. Then you know 
the superior does the opposite, and that the obliques do the opposite thing in ABD.

11 Trochlea information, and info on the inferior orbital fissure, taken from emedicine.medscape.com



Becoming Healers 166

Nerves

So the eye's kind of cool. It's got 
• sympathetic fibers from the carotid plexus, 
• parasympathetic from the Edinger Westphal nucleus through the ciliary ganglion, 
• special sensory fibers from CNII, the optic nerve
• and general sensory fibers from CN V(1), from the trigeminal ganglion. 

The ciliary ganglion control the ciliary muscles, which constrict so you can see things up
close and read. The special sensory innervation lets you see, while the general sensory 
lets you feel if there's dust in your eye. The sympathetic fibers help you dilate and 
constrict your eyes so you can control the lens and the amount of light coming in.

When you open the orbit, here are the other nerves you'd like to see:

• Optic canal (CNII): CNII (sensory), optic nerve
• Oculomotor (CNIII): Traces along the underside of the superior rectus and 

superior levator palpebrae in its superior division, and the inferior rectus, inferior 
oblique, and middle rectus inferiorly. 

• Trochlear (CNIV): will get to SO4 and the abducens to lateral rectus
• Cranial nerve V, opthalmic division (V1): Splits into the frontal, nasociliary, and

lacrimal branches. 
◦ You can see the frontal as the thick thing over top of the levator palpebrae, if 

you cut the bone away from the top. It splits into the supratrochlear nerve, 
and the supraorbital nerve. pg. FIXAL

◦ If you got down under the top two muscles you can see the nasociliary 
branch, which splits into the 
▪ Posterior ethmoidal nerve (which is really small and very posterior and 

very hard to see) and the anterior ethmoidal nerve. Ethmoidal cells are 
cavities for your sinuses, covered with mucosa, which you can see on the 
very most medial side under the bone. The anterior and posterior 
ethmoidal nerves take care of this area; you may only see the anterior, 
because the posterior's small and easy to break.
• From the anterior ethmoidal you get the external nasal nerve, which 

innervates the skin on the top and tip of your nose—everything but the 
sides, which are innervated by stuff from V2.

▪ Nasociliary also gives the infratrochlear nerve which gets to the medial-
most corner of the eye right under the supratrochlear nerve, under the 
muscle tendon between them. The infratrochlear nerve gives feeling to the
skin and conjunctiva of the superior eyelid (remember the supraorbital 
only gives feels to the conjunctiva).
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▪ The nasociliary nerve also breaks off towards the lateral side towards a 
ganglion, the ciliary ganglion. There is a ciliary muscle that helps adjust 
your lens. The ciliary ganglion sends out long ciliary nerves, which travel
over top of the optic nerve, and a short ciliary nerve too. 
• The long ciliary nerve gets to the dilator of the pupil. They carry post-

synaptic sympathetic fibers from the internal carotid plexus. Those 
fibers dilate your pupil (which is really pulling back your iris, since your 
pupil is actually just a hole between your iris). The long ciliary also 
carry some general sensory fibers from your cornea. 

• The short ciliary also carries sympathetic fibers for the dilator pupillae, 
and general sensory fibers. But the short ciliary nerve also carries 
post-synaptic parasympathetic nerves from the oculomotor (so if you 
hurt your oculomotor you'll hurt your ability to contract in response to 
light!). They get to the sphincter of the pupillae and contract it, making 
the pupil smaller by making the iris take up more space. They also 
trigger the ciliary muscles to change the lens to accommodate the 
change in light. The ciliary muscles contract like a sphincter to thicken 
the lens, creating more focus for near stuff.  

• Midriasis is opening the pupil, miaisis is closing its diameter.
• In your eye, the sympathetic response is slower than the 

parasympathetic.
• Note that the dilator pupillae and the sphincter pupillae are two 

different muscles; the sphincter is a sphincter, while the dilator is a 
bunch of fibers facing outwards to “pull” on the iris.

◦ Lacrimal nerve
▪ Travels to the lacrimal gland, in the lateral corner of the eye. Pretty 

straight-forward. Gives sensation in those areas. 
▪ Brings some secretory fibers of the pterygopalatine ganglion with it.
▪ Also gives sensation to the little bit of conjunctiva of the upper eyelid that's

closest to the lacrimal gland.

Clinical nerves:
• Horner syndrome means you've got a sympathetic block somewhere in the 

cervical trunk. You'll have miosis, ptosis, vasodilation, and anhydrosis (no 
sweating).

• Oculomotor nerve palsy will ruin everything, because that nerve does so much.
You can't open your upper eyelids (ptosis), especially since the orbicularis orculi 
is still working (via facial nerve) and holding your eyes more closed. Your lateral 
rectus and superior oblique are like the only ones that don't get motor activity 
from the oculomotor, so they'll be working without anyone to oppose them, and 
the eye will go laterally and down, or down and out.
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• Any kind of tumor in your sinuses can wear down the walls—they're really thin—

and push on the optic nerve. A tumor behind your orbit can grow into it via the 
fissures; a tumor actually in your orbit will push your eyeball out.

Vessels
The opthalmic artery arrives under the optic nerve, but ends up curving around 

above it as it gives off its two major branches. First, it gives off a continuation of itself 
medially, which becomes the supraorbital artery. From that medial branch you get the 
anterior and posterior ethmoidal arteries, and the supratrochlear artery waaay in the 
front. The lateral branch gives you the lacrimal artery and goes to the lacrimal gland. (L, 
L, L!)

Eyelids
There's an eyelid protecting this cavity. You have eyelids. They have skin on the 
outside, and little muscles, little segments from the orbicularis oculi, the palpebral part, 
that are inside them just under the skin and in the fat. They anchor themselves on the 
tendon of the levator palpebrae superioris. Its fibers stretch like a tree, if you're looking 
from the side, with the “trunk” in the superior-posterior part of the eyelid and the 
“branches” reaching all the way to the skin of the eyelid. The pieces of orbicularis oculi 
sit “on” these branches. In your eyelid you also have a tarsal plate and tarsal glands. 
Tarsal glands make a fattier fluid that acts as a wiper to help clean the surface of the 
eye. At the angles of the eyelid you've got the lateral and medial canthus, which 
basically holds the eyelid in place via a ligament, the lateral palpebral or medial 
palpebral ligament depending on the side. There's also an orbital septum under all the 
skin of the eyelid, and even under all the muscle—it's this fibrous membrane, part of the
periosteum, that basically separates all the outside from all the inside. The only opening
in the periosteum is the site of the eyeball itself. The tarsal plates of the eyelid anchor in
this.

Nasolacrimal apparatus—all your crying

The gland is laterally and superiorly. Two lacrimal punctae take the liquid back in, into 
the lacrimal canaliculi, the two of which then enter one lacrimal sac, and then a 
nasolacrimal duct. So all the stuff that enters your eye, superior-laterally, flow into your 
nasopharynx into your nose in the bottom medial corner. Wow! You wash your eye out 
all the time. Your ophthalmoglosit can block the punctum so your eye doesn't dry out, if 
you don't make enough liquid for your eyes normally.

The nasolacrimal canal ends in your nose.

Eye itself
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Cornea—transparent exterior part
Sclera--
Iris—the colored part
Muscles that are really tiny help constrict and dilate the little black dot in the middle, the 
pupil.
Conjunctiva—lots of blood vessels to feed the cornea and carry nutrition—it's a small 
membrane over top of the sclera that has the blood vessels you see. Has two areas: 
bulbar, and continuous. The continuous is also called the palpebral, where it unites the 
palbebrae
The cornea is an 
Corneoslcera angle, where the sclera joints the cornea, look from the side and you'll see
this angle.

Nose and Sinuses

Bones

Soft tissue

middle ethmoid sinuses opens into the middle meatus of the nose 
the sphenoid sinus opens into the sphenoethmoidal reces
frontal sinus opens into the superior meatus 
anterior ethmoidal sinus opens into middle 
nasolacrimal duct opens into inferior creo

Innervation

Oral Cavity Mouth

Bones

Muscles

Innervation

Blood vessels

Glands and things

Submandibular gland drains to either side of the lingual frenulum

Parotid gland drains to the second molar tooth into oral vestibule (area between teeth 
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and cheek)

Palatine glands drain to the superior oral cavity, behind the hard palate

Sublingual glands drain to floor of mouth to sublingual folds

Neck
The neck's the point of entry and exit for many structures that enter and leave the thorax
and head, so its pretty important, but because of the small size of everything you may 
have trouble identifying the structures in lab. So study lots of pictures!

Neck bones
• Cervical vertebrae: The typical ones from C3-C6, and the C1, C2, and C7 weird 

ones. C7's weird because it has a funny prominence.
• Hyoid bone: These are at the C3 level and held up by the suprahyoid muscles 

(at the tongue level) and the infrahyoid muscles. These have a greater and lesser
horn. The greater horn is where a ligament connects. The hyoid bone helps make
the submandibular fossa. The hyoid bone keeps the airways open. It anchors the
thyrohyoid membrane, and stabilizes the base of the mouth.

• Those are the only bones in the neck. You've got a cartilagenous process called 
the crichoid process under the thyroid and its cartilage, and in the base of the 
skull, you've got some important processes that assist with neck muscle 
attachments. They are the 
◦ Mastoid process—Just behind where your jaw-bone meets your skull you've 

got kind of a downward-facing bump, the most inferior part of the skull. That's 
the mastoid process.

◦ Styloid process—This is between the mastoid process and the 
temporomandibular joint where your jaw-bone meets your skull. It's really long
and pokey and easy to break off, so you may not see it on your final cadaver.

◦ Mylohyoid line on the mandible—This is a diagonal streak inside your 
mandible, running along it longways (so like pointing from ear to the front, 
although it definitely doesn't reach your ear). You've got one on either side.

Neck fascia
• Fascia makes compartments here, which surgeons use to map where they are.
• Superficial fascia: Has cutaneous nerves, lymph, blood vessels, and fat all in it, 

and hangs out between the dermis and the investing fascia, which makes the 
compartments. 
◦ In some cadavers (and all living people) there's a muscle you'll see on the 

anterior part of the neck, the platysma muscle, which hangs out inside the 
superficial fascia and doesn't have a bone anchor site. That muscle extends 
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from the mandible to the top of the clavicle, and when you pull down the 
corners of your mouth and grimace it's helping. That's the most superficial 
neck muscle.

• Deep fascia: Subdivided in four:
◦ Investing (the most external)

▪ This basically surrounds the whole neck right under the superficial fascia
▪ It encloses the trapezius and SCM muscles and the parotid and 

submandibular glands
▪ Superiorly and posteriorly this fascia inserts in the nuchal line, which is the

line right under your skull, and in the mastoid process, which is where the 
sternocleomastoid bone starts right under your ear, and in the zygomatic 
arch, which is in your cheek, and the inferior border of the mandible. It 
also attaches and anchors to the hyoid bone, and then the spinous 
process of cervical vertebrae.

▪ Inferiorly this fascia attaches to the clavicle, the manubrium, and the 
acromion process and spine of your scapula.

▪ This fascia's continuous with the periosteum of C7
▪ The stylomandibular ligament, which comes from the styloid process to 

the medial aspect of the mandible, is a thickening of the investing fascia.
▪ In the front, when this fascia joins your manubrium, it splits into two layers 

to make a suprasternal space—a gap sitting just above your sternum. In 
this space you'll find the anterior jugular vein, the jugular venous arch, and
some fat and lymph nodes. 

◦ Pretracheal (which is in the anterior part of the neck, deep to and posterior to
the investing fascia on either side)
▪ Makes a looping compartment that encloses the thyroid gland, trachea, 

and esophagus. The back edge of this compartment is buccopharyngeal 
fascia, which is basically the posterior pretracheal fascia, and is just in 
front of your vertebrae. There's a thin layer of muscle and other fascia 
between the buccopharyngeal fascia and your neck vertebrae. From front 
to back, those layers are: buccopharyngeal fascia, alar fascia, 
retropharyngeal space (virtual space, not real space, lets pharynx kinda 
slide if necessary), prevertebral fascia, pharyngeal muscle, the anterior 
longitudinal ligament, and then vertebrae. The alar fascia really just 
divides the retropharyngeal space in two.

▪ Pretracheal fascia extends from the hyoid bone into the thorax (actually 
into the fibrous pericardium! Another route for infection.)

▪ Depending on the structure it's around, this fascia will divide in two: a 
muscular layer and a visceral layer
• Facing the infrahyoid muscles it's got a muscular layer, and around the 

front of the thyroid gland, trachea, and esophagus the pre-tracheal 
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fascia's partially a visceral layer

• The visceral layer's continuous with the buccopharyngeal fascia, which
is basically the most posterior part of the esophagus—it's connective 
tissue wrapped tight around the esophagus muscle.

• Basically you've got two layers to this fascia, a muscular layer most 
frontwards, and a visceral layer more deep.

▪ A thickening of the pretracheal fascia forms a pulley for the intermediate 
tendon of the digastric muscle.

▪ This fascia divides the omohyoid muscle into two.
◦ Prevertebral (which is posterior and makes back of neck muscle sheaths)

▪ This is a sheath, posteriorly, for all the prevertebral muscles, like longus 
colli and capitis, scalenes, and deep cervical muscles

▪ It's a tube that goes from the base of the skull around the occipital bone to 
the endothoracic fascia, which divides the thorax. It's really important that 
this tube extends down into the thorax! An inflammatory process—maybe 
because of perforation at the level of the pharynx, for example—like a 
retropharyngeal abscess, filled with pus, could destroy this fascia and 
through continuity start infecting the thorax. In fact, the retropharyngeal 
space between alar and prevertebral fascia is the main route for infection 
to go from the neck into the upper mediastinum. Hemorrhage in this area 
could also fill the thorax with blood. 

▪ Laterally the prevertebral fascia wraps around the brachial plexus and 
vessels (remember levels C5-C8) so you can also get infection traveling to
the shoulder/underarm

◦ Carotid sheath (which is basically a sheath, deep in your neck, around your 
carotid vessels)
▪ Contains the common and internal carotid arteries, the internal jugular 

vein, the vagus nerve, the deep cervical lymph nodes, the carotid sinus 
nerves, and the sympathetic fibers. It's important that you don’t have the 
external carotid arteries in here.

▪ This compartment communicates directly with the mediastinum and the 
cranial cavity, so problems in here can lead to meningitis.

Muscles, Nerves, Blood Vessels...

I'm grouping these together because they're most easily-studied in several different 
regions, all together. These regions are the posterior cervical, lateral cervical, 
sternocleidomastoid, and the anterior cervical. Posterior cervical's the suboccipital and 
upper-back region we did earlier, lateral cervical's the stuff between your 
sternocleidomastoid and trapezius, sternocleidomastoid's just your sternocleidomastoid,
and the anterior cervical's everything in front.
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In detail:
• For Posterior cervical region, see pg. FIXAL
• Lateral cervical region (or posterior triangle)

◦ Boundaries are the posterior border of the SCM, anterior border of the 
trapezius, and the middle third of the clavicle, with its apex at the superior 
nuchal line (the base of your skull in the back). It's got a roof made of the 
investing layer of deep fascia, and a floor of prevertebral fascia and the 
splenius capitis, levator scapulae, posterior and middle scalene, and anterior 
scalene muscles.
▪ Scalene muscle--These are neck muscles that lift the first rib. You've got 

anterior, which connect to the front of the first rib, medius, which connect 
to the middle of it, and posterior, which connect to the second rib and are 
behind the medius and anterior. Between the anterior and the medius—so 
in front of the medius and behind the anterior—you've got a space, where 
the brachial plexus and subclavian artery pass.

▪ Trapezius muscle, page FIXAL
▪ Sternocleidomastoid muscle, page FIXAL
▪ Omohyoid muscle—Only the posterior belly is in the posterior triangle; 

the rest is in the anterior triangle. The posterior belly goes from the top 
border of the scapula in your omo, or shoulder, to kind of an angle behind 
the sternocleidomastoid, and the anterior belly goes from that angled area 
up to the hyoid muscle, so basically this is the shoulder-to-hyoid muscle.

◦ It's a bit easier to see stuff in this region if you take out the middle third of the 
clavicle.

◦ This posterior triangle region contains the occipital triangle and the 
omoclavicular or subclavian triangle.
▪ These are divided by the omohyoid. The occipital triangle is the longer, 

more acute triangle above the omohyoid while the subclavian's the 
smaller, more regular triangle below it.

◦ The occipital triangle contains a part of the external jugular vein, the spinal 
accessory nerve (which came from under the trapezius, remember), the 
occipital artery, the trunks of brachial plexus, the transverse cervical artery, 
and cervical plexus

◦ Let me highlight some of the most important vessels in this region:
▪ Subclavian vein

• Goes anterior to the anterior scalene and phrenic nerve and reaches 
the lateral border of the first rib where it changes its name to the 
axillary vein

• It joins the internal jugular vein to make the brachiocephalic vein
▪ External jugular vein
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• The posterior auricular vein (from your ear) and the posterior division 

of the retromandibular vein (behind your mandiblular angle/corner of 
your chin bone) join to form this. Later, further down the transverse 
cervical and suprascapular veins flow into it.

• It flows into the subclavian vein. (So does its bro, the internal jugular)
• This is what puffs up when some people are angry.
• It pierces the investing fascia and is superficial.

▪ Subclavian Artery
• The part of the subclavian that really matters in the lateral/posterior 

triangle is the third part of the subclavian. This is the most superficial
part of the subclavian artery, which passes between the scalenus 
anterior and scaleus medius (behind the scalenus anterior, in front of 
the medius), and just in front of the first rib. Sometimes the dorsal 
scapular and suprascapular arteries will come off this third part, but 
most roots actually come off the earlier parts of the subclavian. In 
order, those roots are:
◦ Vertebral artery (which goes up to enter your vertebral foramina 

and feed your vertebrae)
◦ Internal thoracic artery (which goes down to feed your thorax, pg. 

FIXAL)
◦ The thyrocervical trunk (which splits into three roots that:

▪ go up and feed your neck—via inferior thyroid, which gives the 
ascending cervical artery—

▪ help upper parts of your thorax—via transverse thoracic
▪ and feed your scapula—via suprascapular artery)

◦ and the Costocervical trunk (roots from here travel more back and
up, making the deep cervical and superior intercostal arteries)

• We'll talk about each of these subclavian branches in more detail 
elsewhere. They aren't all important in this region. The arteries that are
important to associate with this region are...

▪ Transverse cervical artery (cervicodorsal artery)
• Comes from the thyrocervical trunk (2nd branch off subclavian artery)
• This goes anterioposterior and divides into two. One follows the 

accessory (nerve XI) and the other, the deep branch, goes to the back 
just in front of the rhomboid muscle (dorsal scapular)

• Crosses the root of the brachial plexus and crosses in front of the 
scalenus anterior, along with its buddy, the...

▪ Suprascapular artery
• This is the other major branch of the thyrocervical trunk.
• Travels up, laterally, and back over the shoulder, crossing the third part

of the subclavian to reach the posterior scapular muscles.
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• With the transverse cervical, arises below (inferior) and lateral (outer) 
to the anterior scalene muscle, then crosses over it to travel back.

▪ Occipital artery
• Page FIXAL
• Most of the branches of the external carotid artery are in the anterior 

triangle; this one is special because it crosses from the front, with the 
external carotid, to the posterior scalp

▪ Costocervical trunk
• Comes off the subclavian near the neck, but it's not the big, first branch

--that's the carotid artery. The costocervical trunk is a tinier branch that 
splits off by the top of your first rib into the 
◦ highest intercostal artery, which winds along under the top ribs, and
◦ the deep cervical artery, which winds up the side of the neck. Be 

sure not to confuse this with the ascending cervical artery, which 
comes off the inferior thyroid artery from the thyrocervical trunk.

• This trunk is inconsistent (hard to find or not present in a lot of people) 
according to Dr. Ronald A. Bergman, Ph.D, or anatomyatlases.org.)

◦ The nerves in this region are
▪ The spinal accessory nerve (CN 11)

• Feeds SCM and trapezius muscle
• Runs until the anterior border of the trapezius (page FIXAL)

▪ Ventral rami of the brachial plexus (C5-C8)
• Hang out between the anterior and middle scalene
• Basically the roots of the plexus we talked about on page FIXAL
• Any compression of this lateral triangle in your neck could affect your 

arm
▪ Cervical plexus (C1-C4)

• Draw this one out like we did the brachial plexus. It's easier.
• Start with C1, C2, C3, and C4, the roots. Write them in that order, one 

above the other, and connect a line through them all.
• Draw a line coming off of the line between C1 and C2. That's the 

famous vagus nerve.
• Draw a line straight to the left (that's going to be the anterior part of 

your picture). That's the motor C1 nerve that goes to your geniohyoid 
muscle (which is a front-of-your-neck muscle we'll touch on in a 
second.) Off of it, draw a little line going to your thyohyoid muscle. This
neck-front-muscle is the only one that only uses C1 nerves.

• Draw a loop from your geniohyoid line, to your C2. Then add a little line
from C3, connecting to that loop. This is your ansa cervicalis, which 
runs with the hypoglossal nerve and feeds the 3 infrahyoid muscles. 
It's called ansa because it's a loop. It's the motor innervation for a 
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bunch of your neck-front muscles: omohyoid superior, sternothyroid, 
sternohyoid, and omohyoid inferior (OSTSHOI). It doesn't help the 
thyrohyoid muscle.

• You see the connection you made, at the beginning, between C2 and 
C3? Off of that, draw two lines to the right. That's going to be posterior,
towards your imaginary patient's back. Those two lines are your 
greater auricular and lesser occipital nerves.

• See the connection you made between C3 and C4? Draw a line off 
that to the right (posterior), and drag it down a bit, because it's going to
be your supraclavicular nerve.

• Finally, above the line you drew for C1, draw a free-floating line that's 
not connected to anything. Draw it super-close to C1, so they're 
basically, to represent your hypoglossal nerve, cranial nerve XII. That 
nerve runs in the same nerve bundle as C1—they're touching and 
interwoven in real life—but it doesn't innervate the same stuff.

• So out of this cervical plexus, which nerves are most important to remember for 
the lateral triangle?

• Lesser occipital nerve C2
◦ Feeds the cutaneous neck and scalp behind and above the auricle 

(ear)
• Greater auricular nerve C2-C3

◦ Feeds the skin superficial to the parotid gland, posterior auricle, 
and the angle of the mandible to the mastoid

• Transverse cervical nerve C2-C3
◦ Cutaneous (skin-feeder) to the anterior triangle
◦ Crosses the SCM and platysma muscles

• Supraclavicular nerve (C3-C4)
◦ Feeds the skin of the neck and shoulder

▪ Motor nerves
• Ansa cervicalis
• Thyrohyoid innervation comes straight from the C1.
• Rhomboid major nerves (and dorsal scapular) come from C4-C5
• Serratus anterior's innervation, the long thoracic, comes from C5-C7
• Prevertebral muscle nerves are also in this lateral cervical region.
• Have to draw this plexus, too

▪ The phrenic nerve (C3-C5) runs through this area, too. It's part of the deep
layer of the throat, so lacerations to the throat can stop your breathing. It's 
anterior to the anterior scalene and the second part of the subclavian, and 
behind the subclavian vein.

◦ Finally, you have the superficial cervical and deep cervical lymph nodes in this
area.
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And that's everything in your lateral cervical region! You still have two other regions, the 
sternocleidomastoid and the anterior cervical region.

• Sternocleidomastoid region 
◦ You have a sternocleidomastoid muscle. Pg. FIXAL for your doubts.

• Anterior cervical region (anterior triangle)
◦ The boundaries of this triangle are are the median line of the neck, the 

anterior border of the SCM, and the bottom border of the mandible, with the 
apex at the jugular notch, the roof at the platysma muscle, the floor at the 
pharynx, larynx, and thyroid glands. If you're paying attention, you understand
that means you've got two anterior triangles, one on each side, just like 
you've got two lateral or posterior triangles.

◦ The anterior triangle is subdivided into a lot of little triangles. 
▪ Submental triangle

• Right under your chin
• Easiest triangle 
• The only triangle that is single. It spans both anterior triangles and 

doesn't have a matching pair because it's right in the middle.
• Is bounded by the hyoid bone and the two anterior bellies of your 

digastric muscles. The fibrous raphe of mylohyoid muscle makes its 
floor, and the symphysis menti (the point of the chin) its apex.

• It contains the submental lymph nodes and the anterior jugular veins 
which descend and join the rest of the jugular system. This is pretty 
variable—a lot of time they terminate at different parts. If your 
submental lymph node is enlarged it can be a tumor or an ulcer.

▪ two submandibular triangles
• A little posterior to the submental triangle
• Boundaries are the inferior border of the mandible (obviously) the 

anterior and posterior bodies of the digastric muscle, and then their 
roof, in anatomical position, is made of the mylohyoid, hyoglossus, and
middle constrictor of the pharynx muscles (the floor of the tongue). The
floor would be neck fascia (so even though it's more superficial, it's 
inferior, because of the way your chin sticks out over your neck). So 
let's talk about those muscles.
◦ Mylohyoid muscle: Stretches from the mylohyoid line inside your 

mandible, down to your hyoid bone in your neck. Innervated by a 
branch off the inferior alveolar nerve (which comes from cranial 
nerve V3, the third part of your trigeminal nerve). It lifts the hyoid 
bone, your mouth floor, and your tongue if you're talking or 
swallowing food.

◦ Digastric muscle (anterior and posterior bellies): The posterior 
belly stretches from the mastoid notch of your temporal bone—so 
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that notch right behind your ear—to a bit of tendon on your hyoid 
bone. The anterior belly then relays from that same attachment up 
to a fossa in the underside of your chin (mandible), the digastric 
fossa. So you can see how this makes a submandibular triangle. 
Both pieces have different innervation: the posterior gets its tingles 
from facial nerve CN VII, while the anterior hooks up via the nerve 
to the mylohyoid I mentioned up there. When you're trying to open 
your mouth—depress your mandible—this muscle helps fight 
resistance. It also keeps your hyoid bone steady, kind of on a pulley
system, while you're doing neck-things like swallowing or talking.

◦ Stylohyoid muscle: This splits around the digastric muscle's 
intermediate tendon, literally straddling the tendon and dividing the 
anterior and posterior bellies from each other. Its name makes 
origin and insertion easy: from the pokey styloid process, to the 
hyoid bone. Think cervical branch of the facial nerve. This lifts and 
pulls the hyoid bone back so you can have a long mouth-floor and a
shapely chin, instead of having a big thick neck all continuous with 
your mouth. Helps with swallowing and stabilizes pharyngeal walls.

◦ Hyoglossus—This is inside your mouth making up its floor. It goes 
from the hyoid bone—its body and greater horn—to the bottom and
lateral sides of the tongue. The sublingual and submental arteries 
bring it blood, it depresses and retracts the tongue, and the 
hypoglossal nerve innervates it. Note the difference between the 
names: the nerve has a p in it!

• These triangles contain the submandibular glands and duct, which are 
about 5 cm in length. Those are goopy-looking elevations under the 
back of your chin, and you can see their openings as two little papilla 
on each side of the frenulum under your tongue.

• Submandibular triangles also contain the hypoglossal nerve (CN XII) 
which innervates intrinsic and extrinsic tongue muscles. 
◦ It comes into the submandibular triangle deep to the digastric 

muscle's posterior belly and leaves the triangle to the mouth under 
the mylohyoid muscle.

◦ C1 runs right under this nerve. This nerve is super big and thick and
not really part of the cervical plexus, but C1 runs tightly under it. 

◦ When you're doing gland surgery to take out malignant tumors in 
this area you have to be careful not to hurt this nerve, which will 
hurt your patients' ability to control their tongues. Their tongues will 
go towards the not-affected side because the not-affected side is 
still pulling.

• Here you have the nerve to mylohyoid/anterior belly of the digastric 
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nerve, which come from the 5th cranial nerve, the V3 part. (V1 and V2 
are sensory) The posterior part of the digastric belly is innervated by 
the facial nerve.

• The facial artery and vein are in this region 
• The submental artery, which comes from the facial artery, is in this 

area, too.
▪ two carotid triangles, 

• These are along the neck, just under your submandibular triangles, 
and their boundaries are the superior belly of omohyoid, the posterior 
belly of the digastric, and the anterior border of the sternocleomastoid.

• These contain the carotid sheath, which we talked about already. The 
three most important structures in the sheath are the common carotid 
and internal carotid arteries (medially), the internal jugular vein 
(laterally), and the vagus nerve (posterior and kind of between the vein
and artery). So vein, nerve, artery, VNA, from lateral to medial. The 
common carotid starts at the base of the neck and, within the sheath, 
turns into the internal carotid as you go up. Note the external carotid 
does NOT use the sheath! Just behind the carotid sheath the 
sympathetic trunk is hangin' out.

• The common carotid divides into the internal and external carotid 
artery when it reaches the top/superior edge of the thyroid cartilage.
◦ You can find the carotid sinus in here, right at that bifurcation, which

help dilate the proximal internal carotid. Yay baroreceptors hang out
in there! The glossopharyngeal nerve (CN IX) and Vagus nerve (CN
X) join this sinus, so basically you'll see a thickening in the internal 
carotid artery. The actual carotid body, the chemoreceptor here, is a
red-brown lump that you'll find on the medial/deep side of the 
bifurcation outside of it, sensing oxygen decrease and making your 
heart rate and breathing rate go up in response. They also make 
you breathe deeper.

◦ The internal carotid mostly provides intracranial blood (helped by 
the vertebral arteries), while the external carotid feeds all your 
external muscles and organs and stuff there, so the external has 
more branches (internal has NO BRANCHES IN YOUR NECK). 
The external are the most commonly clogged and arthrosclerosed 
in your neck, and that can make you faint all the time. You can do a 
sonogram or paint study of the flow in the carotid arteries to check 
this, and then you can take out the plaque by opening the throat, or 
you can do a bypass surgery. 

◦ That bifurcation is a really good place to get thrombosis, too. And of
course you are really afraid of having an embolism there (where the
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thrombus gets loose), because you could get a CBA—
cerebrovascular accident—and get a blood clot in the head.

◦ The external carotid artery has some branches. They are ASL-
FO-PMST. Just repeat ASL-FO-PMS over and over to yourself.
▪ Ascending pharyngeal artery

• This is the first branch, right above the bifurcation where the 
common carotid splits

• Feeds pharynx, prevertebral muscles, middle ear, and 
cranial meninges 

▪ Superior thyroid artery
•  This is the second branch, near the bifurcation, and comes 

out anteriorly.
• Just under (deep to) the infrahyoid muscles, this artery feeds

the thyroid gland, infrahyoid muscles, and SCM. It gives off a
superior laryngeal artery.

• It feeds the mucosal aspect of the tongue
▪ Lingual artery

• This branch comes off near the hyoid bone.
• It is deep to the CN XII, stylohyoid muscle, and digastric 

muscles, and lies near the middle constrictor to end at the 
hypoglossus, so it can be hard to find

• Divides into the deep lingual and sublingual arteries.
▪ Facial artery 

• Arises with the lingual artery—in 20 percent of cases shares 
a common stem with it, and other times is about a centimeter
above it

• Gives off the tonsillar, pallate and submandibular arteries
• When you take out tonsils you have to be careful with this 

artery, which is easily loosed and can then bleed everywhere
and make your work really tough. And if you don't close it 
well enough it can bleed after the surgery.

• Goes into the face through the submandibular gland.
▪ Occipital artery—pg. FIXAL
▪ Posterior auricular artery

• Goes along behind your ear, tracing the area behind your 
jawbone (behind your mastoid process).

• Feeds muscles, the facial nerve, your temporal bone, scalp, 
ear-flappy-thing (auricle), and parotid gland.

▪ Maxillary
• The maxillary artery might be one you might be able to see 

in lab. It helps feed all the deep cavities of your head, like 
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your nasal cavities and stuff. 
• Middle meningeal arteries feed the meninges and the 

intercranial space, and they come from the maxillary artery; 
otherwise it's all internal carotid up in the brain, and all 
external carotid down in the neck.

▪ Superficial Temporal
• The superficial temporal arteries feed the lateral superficial 

aspect of your scalp, on your temples.
• Transverse facial artery comes from the superficial 

temporal.
▪ and two muscular triangles.

• These are long triangles, in front of the carotid triangles and under the 
submandibular. Their boundaries are the superior bellies of the 
omohyoid muscles, the anterior borders of SCM, and the median plane
the neck.

• They contain the straps of the infrahyoid muscles (sternohyoid, 
omohyoid, sternothyroid, and thyrohyoid). These muscles pull your 
head down. They grab the hyoid bone and pull down from the bottom.
◦ Sternohyoid

▪ Front of your neck: stretches from your sternum, the top of it, to 
your hyoid. It's innervated by your ansa cervicalis, and it pulls 
down on your hyoid and pulls down on your larynx.

◦ Sternothyroid
▪ This is like the lower half of the sternohyoid, basically from your 

sternum to your thyroid, under the sternohyoid. It's got the same
action and innervation, just half the length.

◦ Thyrohyoid
▪ This is like the upper half of the sternohyoid, from your thyroid to

your hyoid, under the sternohyoid and just superior to the 
sternothyroid. So if you think about what happens if it shortens, 
you understand it will pull the hyoid down and the thyroid up. 
Innervated via C1 (which as you know courses in the same 
bundle as the hypoglossal nerve.)

• In addition to infrahyoid muscles, in our neck we also have 
suprahyoid muscles (mylohyoid, geniohyoid, stylohyoid, and digastric)
◦ The digastric (already mentioned)
◦ Mylohyoid (already mentioned)
◦ Geniohyoid

▪ A bit harder to find, this really makes the floor of the mouth, just 
superior to the mylohyoid. It goes from the hyoid muscle to the 
mandible's genial tubercle, which is on the interior side of the 
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mandible, like a little spine inside your chin. The geniohyoid's 
innervated by C1 and it lips the hyoid and your mouth floor.

◦ Stylohyoid (already mentioned)
• Veins contained by these triangles:

◦ Internal jugular vein, with its tributaries (inferior petrosal sinus, 
facial vein, lingual vein, pharyngeal vein, superior and middle 
thyroid vein). There are a lot of variations in these tributaries.
▪ The facial vein gets with the anterior retromandibular vein and 

makes the common facial vein.
• Nerves contained by these triangles:

◦ Transverse cervical nerves
Viscera in this compartment:

• Endocrine layer (thyroid and parathyroid glands)
◦ Thyroid gland--hanging out anteriolateral to the trachea around the 2nd or 3rd 

cartilage. Affects all the tissues except itself, the brain, spleen, testes, and 
uterus. By now we're in the root of the neck, pretty much under the anterior 
triangles.
▪ Nerves are? 
▪ Blood vessels are? The inferior thyroid artery, in the root of the neck.

◦ 50 percent of thyroid glands have a pyramidal lobe, which used to be the 
thyroglossal duct, and is basically like a finger-thing poking up from the 
thyroid gland towards the hyoid bone. In embryo, the thyroid came from the 
base of the tongue, and as it moved down it made a thyroglossal duct which 
eventually atrophies, but doesn't completely atrophy in everyone. Kids who 
have a patent thyroglossal duct can get a cyst right there in that middle duct 
when it infects, and you fix that by just taking the thyroglossal duct out. If the 
duct partially atrophies, but not all the way, it's a pyramidal lobe. You have to 
make sure to take out ALL of the thyroid if it's cancer, so you should always 
check for whether or not your patient has a pyramidal lobe that you might 
accidentally leave behind in surgery. Use nuclear imaging to see.

◦ Lateral recurrent nerves--remember the left one of this wraps around the 
aorta. Up here, the right does its loop near the subclavian. The inferior part of 
the right recurrent laryngeal nerve follows the inferior thyroid artery. These 
are the principal nerves of the larynx. If you lacerate one, you've ruined a 
singer's career, but if you lacerate both, the person is mute. People use an 
electrical instrument to check if stuff is nerves or not, and that's how you can 
trace and make sure you're not cutting these in surgery.

◦ You may have a thyroid ima artery in this area. 10 percent of people have it, 
and there's only one. It comes from the brachiocephalic trunk, but it can 
sometimes come from the aortic arch, right common carotid, subclavian 
artery. Surgeons need to make sure not to clamp this artery when they're 
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doing thyroidectomy so the neck doesn't just fill with blood, so check for this 
variation.

◦ Parathyroid glands are stuck to the thyroid or immersed in the substance of 
the thyroid. You have four, and they are like little grey bumps in your thyroid, 
like little eggs that look like they shouldn't quite be there. They have an 
external capsule and they're brown compared to the red-bean color of the 
thyroid. You need to make sure to leave these in a patient when you take out 
the thyroid. It's okay if you just leave one. They are usually 1 cm superior to 
the inferior thyroid arteries artery points, and the inferior glands are kind of 
wherever they want to be. 1-5 percent of them are superior mediastinum. If 
you have problems with your parathyroid glands you'll have lots of rocks in 
your pee and lots of UTIs because of all the calcium running around your 
blood, and you'll have bone weakness. Benign adenomas are the most 
frequent cause of parathyroidism like this.

• Respiratory layer (larynx and trachea)
◦ Esophagus is posterior to the trachea. There's a thin fibrous capsule here 

around the cricoid cartilage of the larynx and the first tracheal rings.
◦ The vessels in this deep area are the superior thryoid artery, inferior thyroid 

gland artery, and some veins (look up veins?)
◦ Lymphatic drainage (prelaryngeal, pretracheal, and paratracheal)
◦ The nerves are superior, middle, and inferior cervical ganglia

• Alimentary layer (pharynx and esophagus)

Pharynx and Larynx

Special organ-y stuff

Cricothyroid membrane is a good place to do an emergency tracheotomy if someone is 
choking

Trahceal rings are a good place to do a tracheostomy, where you make a permanent 
airway and put a little tube in for patients. This is hard to do and only happens in the 
hospital.

Cricoid cartilage exists. It is the only totally circular cartilage in the rewpiratory trac and it
is single.

Thyrohyoid membrane is above your thyroid between hyoid bone and thyroid. Damage 
here can hurt the superior laryngeal artery and internal laryngeal nerve (they pierce this 
membrane to get into larynx)
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true vocal chords connect to conus elasticus which is a ligament that connects to the 
arytenoid cartilage and on another side connects with the midline or deep thyroid 
cartilage. Moving the arytenoid cartilages and tilting your thyroid cartilage helps move 
your vocal ligaments and help you make sounds.

Corniculate cartilages are little hornes that are on the aryepiglottic folds.

Cuneiform cartilages

Muscles

Innervation

Blood vessels

Lymph nodes of your head

Lateral front scalp, front of ear, eyelids, front of face-->parotid lymph nodes
Deep structures of the neck, larynx, pharynx-->deep cervical lymph nodes (special 
because return lymph to veins where the jugular and subclavian veins meet, so kind of 
like a big reservoir that receives everything from the head)
Back of ear, lateral middle scalp-->retroauricular lymph nodes
Front-most lower face, so like middle lower lip, chin, frenulum, tip of tongue, anterior 
mouth floor-->submental lymph nodes (often impacted by chewing tobacco or cigars 
whenever you hold the tobacco behind your lip and in front of your front teeth—
important because oral cancer=50 percent die in five years, so detect early)
Everything that's not submental in the mouth: lateral lower lip, cheek, nose, lateral front 
two thirds of tongue, upper lips-->submandibular lymph nodes (also mouth cancer 
prone)

http://www.dartmouth.edu/~dons/part_1/chapter_4.html
end anatomy

And that ends anatomy by region!

Dr. Torres, one of the surgeons who taught us, said once that we have to become 
guerrerros de la luz, or warriors of light. A warrior of light always respects life, and fights
against the darkness to protect it no matter what. He gets back up from failures and 
doesn't respond to conflict, in the sense that he recognizes that he needs conflict and 
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trouble to gain the experience he needs to become a better warrior. He focuses on 
gaining training and will, but he knows he needs experience, and there comes a point 
where he realizes he needs more than that still--he needs God. He opens himself to the
help of the Universe, and waits quietly for its lessons as he fights forward.

The genius quote H. Austin
si vas a tirar la toalla, que sea porque ya te secaste la frente para seguir luchando—
from anatomy radiology dude

Imaging Basic Concepts

Honestly, because this is so visual, I can't help you as much as I'd like here. I can give 
you some resources other people won't, though, and some tips I've gotten that might 
help you.
learningradiology.com says the doctor is the best
Use this website: www.learningradiology.org 
And, from the University of Virginia medical school: http://www.med-
ed.virginia.edu/courses/rad/cxr/index.html

A little background: Conventional X-ray uses film (salt or gelatin emulsions), but today 
many X-ray results come up in digital form. (Can you build your own X-ray at home?) 
The tissue densities you'll see range from light to dark, where you'll see air as dark and 
compact bone, the densest thing you'll see, is compact bone (lumbar or lower spine is a 
good example). (Spongy bone like your clavicle or collarbone is second-densest). 
Another word for that densest material is radioopaque; things you can see through are 
radiotranslucent. To image organs you can't use X-ray, you use a contrast imaging or a 
CT Scan. Cool thing about a CT scan is you can tell it the thickness of the cross-
sections you're looking at: it will automatically go all up and down the patient's body, 
when you tell it the patient's length, and take transverse pictures, but you can set for it 
to take a picture every .5 or 1.0 centimeters so you can look at the body at different 
levels. If you're looking at a really tiny mass, you'll set it for like .2, but if you're looking at
a fracture you won't set it that precise. I just think programmability is cool. Remember, 
with CT scans, that you're traditionally looking from below, like the patient's standing on 
your face, and you'll remember left and right are swapped.

Thorax tips:
 AP and PA--PA is from posterior to anterior, so the patient's back is facing the X-

ray machine with his or her chest on the cassette. AP is the opposite. In AP the 
heart is magnified, so PA is better for seeing the heart.

 When you ask your patient to breathe, you want the diaphragm to go all the way 
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up to the 6th rib. 

 When you're looking at a PA X-ray and you asked your patient to breathe in, the 
front part of the ribs is always going down, while the back part is curving up.

 When your patient's got something stuck in his or her lungs, it usually went in to 
the right lower lobe, superior segment. If they lie on their tummy and you take an 
X-ray, you'll see it down in the "front" of his or her chest. 

 The heart is supposed to be 1/3 of the chest space. If it's bigger than that, you 
have cardiomegaly.

 In a baby you'll see a dense lump up in the top of the chest, just above the heart. 
That's the thymus.

 Radiology is always reverse to your view, meaning your left is the patient's right.
 A lot of times you'll look at the place where the ribs unite with the sternum, and it 

will look like there's a space, or a fracture, to someone untrained like me. But 
actually the bulge and the "crack" you see can just be the way those joints came 
together.

 A patient shot by a whole bunch of shotgun pellets will look like this: 
http://www.dailymail.co.uk/news/article-2008078/Peppered-150-shotgun-pellets-
Victim-survives-doctors-warn-die-25-years-earlier-remove-them.html

Abdomen tips:
 If you're looking at a transverse cut, you can kind of see which vertebrae you've 

cut at by looking at the size of the spinous process (bigger is lumbar, cervical is 
funny-shaped).

 1

Before we close, I wanted to share something my radiology teacher, Dr. Miguel 
Echeverria, showed us--a warning.

"First I was dying to finish high school and start college
Then I was dying to finish college and start working
Then I was dying to marry and have children
And then I was dying for my children to grow old enough so I could go back to work
But then I was dying to retire
And now I am dying
And suddenly I realized I forgot to live."

Don't let this happen to us. Let us live right now, not in the future. I know medical school 
is a push towards the future--towards becoming a doctor--but it is also the now, the 
enjoyment of these concepts here and now. Let us be wide-eyed, learning children, 
now, and not adults running forward with the crocodile time chasing behind them.
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Chapter 3: Physiology

Ser medico no es un trabajo; ser medico es una forma de vida.
(To be a doctor isn't a job; to be a doctor is a way of life.) --that dean guy who is all bald and stuff FIXAL

Our physiology dean made a really good point on the first day of class. He said that in 
four or five years, everything his department's taught us about antibiotics will change--
that new antibiotics come out every day. So what use is everything he's teaching us? He
wants us to learn how to think about the antibiotics. How to analyze a new drug, how to 
deepen our understanding of its mechanism of action, and ultimately how to decide if 
this antibiotic will work for my particular patient. The goal isn't regurgitation, it's higher-
level thought. That's the difference between going to the doctor--a good doctor--and 
consulting a search engine: the good doctor can analyze, relate, and abstract not just 
from the database of memory, but from intuition for new ideas to heal.

Action Potential Review

For this class, we will need to review the formulas for action potential and chemical 
balance, so go back over any notes you have from undergrad physiology and borrow 
these. For my review I'm reading Guyton & Hall, Ch. 5 and Costanza's Physiology 
Chapter 1; my teacher also recommends Nolte, Ch. 7, Appendix 7A, B, and Kandel, 
Principles of Neural Sciences, Ch. 7.

Membrane Potentials

The differences in charge between the inside and the outside of our cells generate tiny 
voltages--too small to create a positive or negative charge across body spaces, organs, 
or our bodies as a whole, but big enough to matter a lot. These voltage differences are 
responsible for how our cells communicate and send electrical signals back and forth. 
For the purposes of convention, the "ground" of the voltage difference is the outside. It's
the right side of every diagram my teacher will make, by the way.

Equilibrium Potential is the potential that a particular ion will create across the 
membrane if the ion's free to diffuse. It is not the same as resting potential. It's when net
movement of an ion back and forth to both sides of the membrane is 0. It's the balance 
between how much an ion wants to move down its concentration gradient (it's diffusion 
potential, or potential to diffuse), and how much it's repulsed by the ions of the same 
charge already in the compartment it wants to move into. (I really hate using the word 
diffusion potential for the chemical or concentration gradient, since electrochemically 
"potential" almost always means voltage, which is super-confusing. But just remember 
diffusion potential is potential to diffuse, and has nothing to do with voltage) In other 
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words, equilibrium potential is the balance between the tendency of an ion to move by 
concentration, and its tendency to move by electrical forces. Mathematically, when the 
diffusion gradient and the electric gradient equal each other, you've got equilibrium. This
is also called the Nernst potential, and it's described by the Nernst equation:

V=(RT/zF)*ln(Xout/Xin) or, at 37 degrees Celsius (body temperature), 
V=(61/z)*log(Xout/Xin), 

where R is gas constant, T=temp, z=valence of the ion in question, and F is Faraday's 
constant. If you're dealing with a negative ion, instead of positive, you can either throw a
negative on there in front of z, or you can swap Xout and Xin. I don't like doing the latter,
because the way the equation's set up it's easy for me to see what direction the ion's 
moving: if the Nernst comes out negative, I know it's wanted to move from inside to out 
to set this up. If it's coming positive, I know it's moving out to in, from ground to voltage. 
(We set ground outside the cell, just to be standard)

You can use http://www.physiologyweb.com/calculators/nernst_potential_calculator.html
to calculate Nerst for you. Except when it's an exam, of course.

These are the equilibrium potentials that affect our cell most (the ones we need to 
memorize!), based on the concentrations present:

Sodium: +60 mV (wants to move from outside to in, so it's positive. I remember that 
sodium wants to get in because of saline solution: as long as I remember that the body 
is super salty outside of the cell, and salt is NaCl, it makes sense that there's tons of 
sodium outside trying to get in)
Potassium: -94 mV (wants to move from inside to out, so it's negative)
Ca: +136 mV
Cl: -86 mV

The concentrations inside and outside are about:
               Out       In  (mM)
Sodium:     120       9
Potassium: 2.5     140
Chlorine:    120     3.5

If you've got 100 mM K inside, and 5 outside, and potassium's Nernst is -94mV:
 So what if you increase the concentration of KCl outside the cell? The potential 

will become less negative.
 If you decrease the concentration outside the cell? More negative. 

(Hyperpolarizing)
 If you have equal concentrations inside and outside? That's the same as 
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increasing concentration outside the cell, and it would make potential less 
negative.

 Moving ground inside the cell? The electrical gradient's now moving the opposite 
way (from inside to outside), and it becomes positive--but it will reach equilibrium 
faster since now we have concentration and electricity pushing the same way.

 Making membrane completely impermeable? Potential will become 0. This drove 
me crazy, and my teacher totally didn't understand why. My issue was the 
definition of voltage--"isn't it the difference in charge across a distance?" And 
there's totally still a difference in charge across this membrane, even if nothing's 
moving! But okay, here's why: Voltage=Current times Resistance. There's totally 
a resistance, but if we're impermeable, there's no current. That brings voltage to 
0. Also, voltage isn't charge difference, it's electrical field difference and a whole 
bunch of other stuff, and there are charge differences in several of the voltage 
equations I've learned, but Ohm's law is the basic trump card. So that's why.

 What happens if you make the membrane permeable to Cl- only? The membrane
potential will get closer to -86 mV, where Cl- wants to stabilize. That would be 
less negative than it is now if the cell's closer to potassium's -94 (if it's a real cell, 
at -60, of course -86 would be more negative). Cl wants to get into the cell (it's 
reverse from normal--putting -z into the Nernst reverses the sign), and as it does 
it's making the inside of the cell more negative--which is going to decrease the 
difference in charge between the inside and outside. Remember the outside's 
pretty negative right now, since we have so much Cl- out there. Putting Cl- in the 
cell would make the cell more negative, sure,  but more importantly it makes the 
difference across the membrane--which is what we're interested in--smaller by 
making the inside of the cell more similar to the outside (assuming we started 
with -94, permeable mostly or only to potassium). My point is, let's not confuse 
the concentration of charges inside the cell with the charge difference across the 
membrane. 

 Increasing the permeability of the membrane to potassium? Well that would just 
drive the membrane potential to potassium's potential, which is -94 mV. 

Resting Potential

The resting potential is the cell's normal "voltage" or membrane potential created by 
these ions across the membrane before the cell receives a special signal. To make a 
resting potential you just need a concentration difference and diffusion through a 
semipermeable membrane. The resting potential in your cells is about -65 mV, which 
means the inside is about 65 mV more negative than the outside, says my first 
physiology teacher (Torres), but my second med school physiology teacher (Isidro) says
it's normally -90 mV, which is closer-ish to the Nernst potential of potassium and 
chlorine. I've also heard -70 to -80, and I like -90 mV, but honestly it's going to depend 
on the cell type (muscle? nerve? cardiac muscle?). Either way, that's the important thing



Becoming Healers 190
for you to remember--that resting potential is closer to the eq potential of potassium 
than sodium. Because the cell membrane is quite leaky and permeable to potassium 
and chlorine at resting state, those ions can freely establish the balance between 
chemical gradient (concentration) and electrical pulls on either side, and the cell 
basically equilibrates at their voltage. 

There's an equation called the Goldman equation that takes into account all the 
permeabilities of all the ions available. It's:

Vrest=(RT/F)ln (Kp[Kout]+Nap[Naout]+Clp[Clin]
                         Kp[Kin]+Nap[Nain]+Clp[Clout]

Where Kp means permeability of K, or its conductance, and [Kout] means concentration
of potassium outside. Notice that with a negative ion, it's "in" over "out," instead of "out" 
over "in," because we have to change the valence but we can't just throw a negative 
sign inside the natural log function. I remember it's out over in normally for positive ions 
because Nernst is just top-heavy and happy, a happy fat equation. Now, more 
importantly, this Goldman is kind of like three little Nernst equations, and if we make the 
membrane impermeable to an ion we make that ion disappear from the equation. So we
know permeability to Na is 0--the cell membrane won't let any sodium pass--so we've 
got 0 for that part of the equation. So you can see mathematically how this works: the 
resting voltage ends up related to potassium and chlorine more than anything else.

Why is the resting potential different from the potential of potassium? Because in 
addition to channels leaking back against their concentration gradient, there's a little 
pump pushing ions back and forth to maintain this resting potential. That pump is called 
the:

Sodium Potassium Pump

This pump continuously pushes 3 Na out and 2 K into the cell. My friend remembers this
as "3 Navy seals out in 2 clicks!" which sounds really cool even though I don't know 
quite what it means. The pump requires ATP to work. It starts in E1 phase where it picks
up sodium, and then with an ATP it switches to E2, where it dumps the sodium into the 
cell and lets potassium bind. Then it opens back up to the outside, where it releases the
potassium and lets sodium bind again. Cardiac glycoside drugs like ouabain and 
digitalis work by inhibiting the sodium-potassium ATPase pump. They bind to the 
potassium binding sites when the pump is in the E2 phase and keep it from picking up 
potassium and converting back to E1 to pick up more sodium.

This pump is so important because many other pumps use the Na+ gradient it 
establishes to transport other things back and forth. In your small intestine and your 
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renal tubes there are sodium-glucose and sodium-amino-acid pumps that work via 
cotransport: they have a shape such that every time a sodium leaves the cell (which it 
really wants to, because of that crazy factor-of-10 concentration gradient) it fixes their 
conformation to let a glucose or amino acid inside. That's how you absorb important 
stuff! We believe the shape of the sodium-glucose pump is kind of like this:

And it starts out open to the outside. A sodium comes in and attaches right here and 
wants to get in. That allows a glucose to attach on the other side, like here. Then the 
gate opens towards the inside and closes to the outside. When the sodium detaches, 
the glucose detaches. That's all run by sodium's intense desire to get inside.

Action Potential

This action potential is started when the permeability of the membrane changes to 
sodium. When you let sodium into the cell, you depolarize it--make it less negative 
because of the positive charges entering--and you create a new electrical signal. The 
sodium is just dying to get into the cell since there's so much outside and so little inside.
The channel that lets sodium in is really cool, because at the same time that it opens to 
sodium, its shape makes it start to close. It's got two gates, an activation and 
inactivation gate, and they're actually triggered at the same time--it's just the inactivation
gate is slower. So during the upstroke of the action potential, sodium rushes in to 
depolarize the neuron. You can remember that because Na, the chemical abbreviation 
for sodium, has an N in it, like iN. When the channel finally closes, you're about at the 
peak of the action potential and potassium channels start to open. Potassium is rushing 
out of the cell, and that causes hyperpolarization--the cell's potential becomes very 
negative, again, because you've got all your positive charges outside. Potassium 
channels are kind of slow to close, so you're kinda chilling in that negative period--the 
down-dip of the action potential graph--for a little while, and during that time, which is 
called the refractory period, you can't have another action potential. The refractory 
period's time depends on how long it takes the sodium channels to re-activate--
remember they're inactive now--and the time it takes for the potassium channels to 
close. Sometimes during the end of the refractory period, you can still fire because 
you've got some sodium channels that have reopened--but it's difficult and you'll get 
smaller action potentials since you still have sodium channels shut. That's called a 
relative refractory period.

Interesting thing--there's so much potassium and sodium available compared to the 
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amount you need for an action potential that even if you poisoned the sodium potassium
ATPase pump, for a while you can still have action potentials before the concentrations 
begin to change (about 10,000 APs, according to my college teacher J. Milton Adams, 
physiology lecture Fall 2009).

How does the action potential get triggered? The sodium and potassium channels that 
open are both triggered by a positive voltage. They're called voltage-gated ion 
channels. When the voltage that triggers them gets to the threshold, they open, and 
the action potential starts. Sodium channels open much faster than the potassium 
channels; it's not until later, at the peak of the action potential, when the potassium 
channels finally open all the way. Both channels close with negativity, but not at the 
same time. Remember, not all sodium and potassium channels are the same speed, 
and the action potential happens based on the majority of channels firing, not based on 
them all firing.

It's important to remember, also, amidst all this discussion of electricity and all, that the 
system overall--the large solution in which all the cells are floating, the whole volume of 
your blood or whatever liquid we're talking about--we have electroneutrality. There 
isn't some kind of charge in the fluids of my liver or kidney or anything. Those charges 
and voltages are on the micro level.

Playing with your action potentials

So in questions on tests and the USMLE, people will ask you about affecting these 
sodium channels. So what happens if we start lowering the concentration of sodium 
outside the neuron? Well, that lowers the voltage difference across the membrane, 
right? Because without the high diffusion potential--remember, with a lot of sodium out 
there, sodium really wanted to get in--there isn't a strong driving current to hurl that 
sodium into the cell. And without that high current, V=IR, we get a proportionally lower 
voltage and a lower action potential.

What if we poison these sodium channels with puffer-fish poison? Tetrodotoxin 
abbreviation TTX) is a favorite study chemical, and it basically just stops sodium 
channels so you die. Because of course now they can't open at all, and you have no 
action potential.

You can also block potassium channels with tetraethylammonium (TEA), so that you 
can observe just the sodium current. That's how they isolated currents to find the 
channels in the first place, so they could see if the action potential did indeed come from
unique sodium and potassium currents rushing into and out of the cell. Cool, huh? Now 
you know two deadly poisons you can use on your sister's dog.
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Just kidding, that's horrible.

Talking seriously now, sodium channels that won't inactivate can cause a myoclonic 
epilepsy in infancy--that's a periodic paralysis. If you've always got some channels 
open, you can't reset and stop your action potential with that refractory period: you can't 
have distinct signals if one is going and going and going uncontrollably. There are a 
number of other inherited disorders of sodium channels.

We can detect the current going through the opening of a single ion channel by voltage 
clamping a tiny patch of membrane--that's a popular technique called patch-clamp, and 
people may expect you to know what they're talking about if they mention it. Also, 
associate Hodgkin and Huxley in your head with all these experiments: they're the guys 
who explained the action potential. Their famous experiment was the voltage-clamp on 
the squid ion (NOT the patch clamp) that showed an action potential inside the cell 
compared to the liquid outside.

More channel diseases:

 Myasthenia gravis: In the skeletal muscle, you need Acetylcholine channels, or 
ACh channels, to start the action potential that gets your muscles to move. In this
disease your body makes antibodies against the alpha subunit of the ACh 
channels and kills them. That creates muscle weakness and breathing difficulties.
Inhibiting acetylcholinesterase (the breakdown chemical for acetylcholine) works 
only temporarily (this inhibition keeps ACh in the synapses instead of letting them
get taken up), but thymoidectomy can work sometimes because it takes away 
some of the lymphocytes that make the attacking antibodies. But that leaves 
patients immunosuppressed.

 Eaton-Lambert myasthenic syndrome: This is similar to the above, but the 
body makes antibodies against presynaptic Ca channels--which also control 
muscle movement. (More on them and this disease later) They end up releasing 
less ACh and triggering less action potentials. Immunosuppressive drugs may 
help.

 Hyperkalemia: if you've got too much potassium outside, your resting membrane
potential will be more depolarized, and your action potential will decrease 
because of increased re-polarization. With all that potassium outside, inside 
potassium doesn't want to leave as bad, and that makes it more positive, or 
depolarized inside. (Potassium's Nernst potential becomes more negative, by the
way as its desire to get out of the cell decreases) The patient will feel weak, have
weak musculature, and if this hyperkalemia is extreme enough the sodium 
channels won't open because of the new charge imbalance. You can get renal 
failure, etc etc, and ultimately of course death.

 Hypoxia: The resting membrane potential will gradually start to hyperpolarize 
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because without oxygen you won't have ATP production, you won't have your 
sodium-potassium pump, and you won't be able to maintain that sodium gradient 
outside. Potassium will leak outside because its chemical gradient wants it 
outside anyway, and the pump isn't bringing it back in. Sodium will stay inside, 
and won't want to rush in to depolarize the membrane. The leaking of potassium 
really drives this: it makes the inside more negative and hyper-polarized. 

Synaptic Transmission

How do action potentials travel?

Well, they trigger at the "spike trigger zone" of the cell, a place usually close to the cell 
body where there's a high density of voltage sensitive Na+ channels. From there, we've 
got several important factors. 

Capacitance, the ability to store charge, is very high in the lipid bilayer. The membrane 
acts like a charged capacitor that holds all these charges until an ion channel opens and
lets those charges flow in a current. Charge builds up along different parts of the 
membrane until the ion channels open. That's the beginning way to think of how the 
action potential propagates. 

The membrane also has a time constant, a time it takes for it to reach 63% of its 
maximum charge. The faster you charge a membrane, the faster you can propagate 
your action potential. The time constant equals Rm times Cm, or capacitance times 
resistance of the membrane. For a good, small time constant, you want a low 
capacitance. Why? If you think about it, capacitance is the ability to store charge. Each 
section of the membrane must be charged before the action potential can move to the 
next section, so you want the membrane to charge faster. Well, in order to reach 63% of
a high capacitance, you have to collect a lot of charge, and it will take longer than if you 
are trying to reach 63% of a small capacitance. Rm is also tricky. When you're charging 
the membrane so the AP can start, you want Rm low. You want resistance low so all the
ion channels can open and all the charges can rush in and depolarize your membrane 
and charge your capacitor and get that signal going! So conduction velocity will depend 
on how fast that membrane gets charge. 

The distance that a charge can travel before it's reduced to 37% of its original 
magnitude is the length constant. You want a high length constant, and a low time 
constant, for fast transmission. If you've got a section of membranes with super-leaky 
channels, the length constant will be much lower: much more charge will decay before 
the action potential arrives at the next section. The length constant also depends on the 
radius of the axon: a big, fat cell is gonna let charge pass a lot faster, since ions can 
move faster through it (we see less resistance in the cell) but a thin cell isn't going to 
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have room for all those ions, and all those crowded cell elements and organelles all 
squished together will impede the progression of the charge ions. You want Rm, or 
membrane resistance, to be big in the length constant, because while the AP is traveling
you don't want charge leaking everywhere through all the ion channels. Note that this is 
the opposite in the time constant, where you want Rm low so you can charge your 
membrane faster. You can think about it mathematically by knowing that length constant
is the square root of Rm over Ra, where Rm is the resistance of the membrane and Ra 
is the resistance of the cell itself. A thinner cell has a higher Ra, and that makes length 
constant smaller. You want high Rm so not a lot of stuff leaks. 

That's why you've got myelinated cells. The myelin holds the charge in the cell, raising 
Rm, so you're not leaking charge all over the place. You need enough leakage, 
controlled, where you put your sodium channels--those naked places are the Nodes of 
Ranvier, where sodium is allowed to get into the cell in a controlled way. AP progression
is slow at those places, but it "jumps" through the myelinated places--that's called 
saltatory transduction or progression. When your Schwann cells, which produce that 
myelin, die, you begin to have Multiple Sclerosis: a chronic, long-term disease where 
your immune system attacks myelin-producing cells in the CNS (central nervous 
system), and over a period of time it becomes impossible for nervous charges to travel 
through your whole body like they're supposed to. Those action potentials have to travel
a long distance, with very fast, controlled, and coordinated flow, and without the myelin 
they just can't make the distance. Eventually, important function is lost, and you die. In 
the early stages you'll see changes in CSF and increased WBC up there. When your 
immune system attacks myelin-producing cells in your PNS (periphery nervous system) 
and you get fast demyelination from your feet up, you have Guillain-Barre syndrome. 
That's often associated with bad reactions to vaccinations. There is more hope of 
recovery for this syndrome than there is for MS: you may be able to slowly develop 
some extra Na+ channels in the membrane that would normally be myelinated as the 
body tries to compensate. It usually hits young adults who've had a previous viral 
infection. There's another peripheral myelin disease called Charcot-Marie-Tooth, which
presents with general muscle weakness and decreased conduction, that comes from 
having three copies of the peripheral myelin gene. The body can't figure out which one 
to use, so you get less myelin.

Different fibers are faster or slower.
 Type A fibers are heavily myelinated and thicker, and have higher conduction 

velocities. They include alpha fibers for proprioception and motor, which are the 
fastest, and delta fibers for pain and temperature.

 Type B fibers are less myelinated and thinner, and they've got slower conduction 
velocities. They're for your autonomic system.

 Type C fibers include fibers for pain, generally, and they're the thinnest, non-
myelinated, and slowest.
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 Type IV to I are arranged by speed so I is the fastest and IV is the slowest.

How about when you reach the end of a nerve, when you run out of cell and you need 
to go to another cell? The space between the two cells is a synapse.

Two kinds of synapses

In a neuron, you can have an electrical synapse or a chemical synapse. In electrical 
synapses you've got gap junctions squished against each other, and you've got ions 
that flow directly through ion channels from one cell to another. They're associated with 
connexin, and if you want a muscle to function simultaneously, like in the heart, muscle, 
bladder, uterus, you want the fast transmission associated with these synapses. You do 
lose some charge between the two cells, so your second AP is less.

The chemical synapse has an actual space between two cells (there isn't a space, 
really, with the electrical) and through that space you send synaptic vesicles with 
neurotransmitters and other chemicals that trigger APs in the second cell. There are a 
high density of receptors in the second cell to receive neurotransmitters and ions to 
pass charge. This is a slow process, and it requires 

 neurotransmitter synthesis
 loading the neurotransmitter into synaptic vesicles
 vesicles need to fuse to the presynaptic terminal (the edge of the first cell 

touching the synapse). 
◦ Amphetamines inhibit the transport of these vesicles to the synaptic terminal. 
◦ SNAREs are the three synaptic proteins that help vesicles fuse to the cell 

membrane to dump neurotransmitter. They include synaptobrevin, syntaxin, 
and SNAP-25. Botulism toxins each inhibit one of these SNAREs, making it 
impossible for vesicles to connect and spill out neurotransmitters like ACh, 
and that keeps muscles from contracting. They release tension and become 
weak; if all your muscles relax tension you'll die. Tetanus and latrotoxin FIXAL

 the neurotransmitter needs to spill into the synaptic cleft and bind to the 
receptors on the second cell (postsynaptic receptors)

 you have to have the electrical response of the second cell
 and then the removal of the neurotransmitter from that synaptic cleft so that you 

don't have the next signal blocked by old ions.
Your neurotransmitters could be 

 as small as glutamate, glycine, and GABA (amino acids)--glutamate is the most 
common excitatory amino-acid you have in your body, glycine and GABA both 
inhibit

 amines, also small molecules, like dopamine, Ach, and histamine
 and larger molecules like peptides, short amino acid chains stored and released 
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a little differently from other molecules. These come from special secretory 
granules.

All neurotransmitters have to stick to some kind of receptor, and have to be made in the 
cell and released at the synaptic cleft. 

Small molecules are made in the RER (rough endoplasmic reticulum), sent through the 
Golgi, and sent down to the synaptic terminal where they are edited, packaged and then
spat out. 

Peptide neurotransmitters are made in the RER, passed through the Golgi, and then 
cleaved when they get down to the synaptic terminal. They're in very dense packages, 
and they get cleaved before they get spat out. My neurobio teacher in college 
essentially told us that small neurotransmitters are really fashioned down by the 
synapse, and the peptides are really put together up near the RER.

How do you turn off a neurotransmitter (stop the firing)? You can 
 have glia or postsynaptic cells take them up, 
 enzymes can break them down, 
 they can just passively diffuse away from the synapse (as you imagine this is 

slow), 
 and you can transport them back into the presynaptic terminal. 

Different neurotransmitters are removes/stopped in different ways. These are the 
targets of many drugs: both cocaine and antidepressants block the transporter that 
takes dopamine back up. That means you've got more dopamine floating around, and 
that extra dopamine triggers a more intense feeling of pleasure and happiness.

Let's follow this sequence through one cell once. As the action potential travels from the 
spike trigger zone down the axon, it activates voltage sensitive Ca2+ channels. Calcium
ions flood the presynaptic terminal and bind SNARE proteins on vesicles. The proteins 
fuse the vesicles with the membrane, emptying the transmitter into the synaptic cleft. 
There the transmitter binds with receptors on the post-synaptic terminal, either ligand-
gated ion channels or second messenger G-protein-coupled receptors. The membrane 
gets taken back up by the cell into a new vesicle in the cytoplasm to prepare for the next
cycle: clathrin coats parts of the membrane, pinches a section off into the cytoplasm, 
and the coat comes off. A Na+/Ca2+ exchange kicks these positive molecules out of the
cell and restores the balance. The end. So you can see how Eaton-Lambert 
Syndrome, which kills those Ca2+ channels in the muscles, could cause serious 
damage to your synaptic transmission.

Different kinds of neurotransmitter receptors

You can have ionotropic or metabotropic receptors. Muscles, and Ach receptors, are 
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usually ionotropic. They're ligand-gated ion channels that receive the transmitter, and 
then open the channel to let the neuron fire. G-protein-coupled receptors are 
metabotropic. The transmitter hits a receptor, which makes an alpha-beta-gamma G-
protein complex change shape, which then hits an enzyme, which then splits a 
precursor to make a second messenger, which then hits a protein kinase, which then 
phosphorylates an ion channel, and opens it to let stuff in. These are easier to edit, to 
increase and decrease the height or strength of a signal, and they allow more diverse 
postsynaptic actions and regulation. You have more factors you can play with here--but 
this makes communication slower. Ionotropic are much faster. Some of these G-protein 
processes, called autoreceptors, are in the presynaptic terminal (the first cell, the 
sending cell), and they help regulate the neurotransmitters they send out, like 
glutamate, and in what amounts they send it. The neurotransmitter sent out from the 
first cell disperses throughout the surrounding medium and can land on receptors on the
first cell (as well as the ones on the second cell), so in this way the first cell can kinda 
feel how much neurotransmitter it's sending out and how it needs to regulate that.

Different neurotransmitters

Acetylcholine--the only neurotransmitter used at the neuromuscular junction, also in 
parasympathetic nervous system and adrenal medulla; activates fast nicotinic receptors;
is degraded by acetylcholine esterase into choline and acetate, half of that choline is re-
used by the cell to become new ACh. Curare poison, once used as blow-darts to 
immobilize prey, paralyzes you by competing with and thus blocking ACh on your 
nicotinic receptors, decreasing the size of your EPP (excitatory potentials that trigger 
action potentials).

Norepinephrine, epinephrine, dopamine--These guys start as tyrosine; 
• tyrosine becomes L-dopa because of tyrosine hydroxylase; 
• L-dopa turns into dopamine because of dopa decarboxylase. 
• Dopamine can turn into norepinephrine if dopamine beta-hydroxylase will 

convert it, in the nerve terminal, 
• and then if phenylethanolamine-N-methyl-transferase (PMNT) is around it'll 

turn norepinephrine into epinephrine (to do that you need a methyl group donor, 
usually S-adenosylmethionine.) 

So what tyrosine becomes all depends on where you are in the body and what you 
need--which will determine which enzymes you've got there. Adrenergic neurons make 
norepinephrine because they've got everything except the PNMT; dopaminergic 
neurons make dopamine because they've got dopa decarboxylase. The adrenal 
medulla has the whole pathway. That's T-L-D-N-E, or Tell Lisa Don't kNife Evan. You 
have to tell her this, because he scared her, and her adrenaline system is all triggered, 
so she's fight-or-flighting, and she wants to fight. So you have to tell her he didn't mean 
to—please, Tell Lisa, Don't kNife Evan.
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We'll talk about other neurotransmitters in neurobiology on pg. FIXAL.

Summation at synapses

You can have several neurons junctioning on one--one neuron can receive many kinds 
of messages, and they will add and subtract. If these messages add, and try to trigger 
depolarization of the following nerve, we call them EPSPs, excitatory post-synaptic 
potentials. If they subtract, and try to trigger hyperpolarization, we call them IPSPs. 
Good sodium and calcium conductance helps depolarize the cell as we move along, so 
we associate those concentrations with EPSPs. Lots of potassium and Cl- traveling 
along helps hyperpolarize the cell (make it more negative) and so we associate high 
conductances to those with IPSPs. (That's because sodium rushing into the cell 
depolarizes it and potassium rushing out hyperpolarizes it.) Remember an EPSP isn't 
an action potential, but a transient post-synaptic depolarization that might start an action
potential.

If you've got two signals arriving at the same time at the same place, and they add, they
make the neuron depolarize more. If you've got two signals arriving at the same place 
and one adds, and one subtracts, they cancel each other out (so like an IPSP and an 
EPSP). That's spatial summation. Sometimes one signal will arrive faster--maybe the 
neuron sending the signal is closer--and then you'll get temporal summation. Say 
we've got two excitatory inputs: the first input that arrives first, and the AP starts to 
trigger, but isn't quite at threshold yet. Then, the second one arrives, and you see a 
"step"--the AP increases upwards, and depolarizes for realz, but it's not all in one peak. 
You can have an inhibitory that arrives first, and then an excitatory, too. So space and 
time are playing with how different neurons make a neuron fire.

more and more people are talking also about timing of the spikes--how they synchronize
with other parts of the brain--the part that you're thinking of is the part that isn't certain 
synchrony with the rest of the brain, otherwise there are hundreds of things going on in 
your brain and you aren't thinking of them consciously--this is a theory, we haven't been 
able to get recordings in the human brain to confirm this—fron intro to neurobio 
8/30/2012

Different neurotransmitters have different excitatory or inhibitory effects. ACh, 
norepinephrine, epinephrine, dopamine, glutamate, and serotonin are all excitatory. 
GABA and glycine are your most important inhibitory neurotransmitters. Both of them 
increase chlorine conductance and work fast.

Synapse Classification
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Synapses can be axodendritic or axosomatic, where axosomatic means the axon of 
one cell leads to the body of another, and axodendritic means the axon of one cell leads
to the dendrites of another. Axoaxonic--from axon to axon--synapses regulate 
neurotransmitters released by those terminals. In that case, one axon can inhibit 
another right at the axon, kind of last-minute changing the signal. Say I've got one axon 
sending an EPSP--excitatory spike--to a post-synaptic junction. This axon #1's received 
an action potential signal and it's ready to pass it on. But then, just before it can pass 
the signal, as the action potential is traveling down the axon towards the synapse, the 
other axon next to it fires an inhibitory neurotransmitter (GABA). The axon #1 terminal 
was depolarizing, but now GABA's made it hyperpolarize, reducing the action potential 
that was traveling along there. Now when the AP makes it to the end of the sending 
axon, it's very small, and less Ca comes into the cell to make neurotransmitter--and less
neurotransmitter's released. This means less signal goes to the post-synaptic cell.

Synapses on the soma/body will make a bigger difference in action potential than 
synapses far out on a dendrite: this is because the soma's thicker than the dendrites, 
letting the charge travel faster, there are usually more channels on the soma, and the 
charge on the soma has less length to travel (so less decay) before reaching the axons.

Action Potential and Synapse Transmission Related Syndromes

Lambert-Eaton Myasthenic Syndrome

This is an autoimmune disorder where antibodies attack the presynaptic (sending axon) 
calcium receptors). When the calcium receptors don't work, the receiving axon won't 
know to send out ACh--and it won't know how to make the muscle fire. You get muscle 
weakness, cramps, progressive fatigue that presents in both sides at the same time. 
This is different than myasthenia graves, which affects your eyes first--that's not 
normally seen in this. These patients may have dry mouths with a metallic taste and 
constipation, and there's erectile dysfunction present. The syndrome sometimes results 
from your body's attempt to fight a cancer. 

You can differentiate between myasthenia graves and LEMS via an enzyme test. In 
myasthenia graves, you give the person ACh aceterase inhibitors and they'll respond, 
because in myasthenia graves the problem is ACh channels (receivers) are eaten by 
antibodies, and so you don't get enough ACh signal into the cell. You just keep the body 
from taking up ACh, and you have enough for the muscle to fire. In LEMS, there never 
is any ACh released at all, so it doesn't matter if you keep it from being taken up--the 
cell never knew to release ACh. So the ACh aceterase inhibitor does nothing. LEMs 
starts at extremities and moves up, instead of starting from the eyes and moving down. 
Weakness improves with activity here, whereas in MG it worsens with activity. That's 
because with LEMs, you're basically making the presynaptic axon fire again and again 
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and again as you exercise, forcing it to release more and more calcium, until finally 
even though there are only a few calcium receptors on the post-synaptic neuron, it fires 
some ACh. It finally gets some. With MG, more exercise just means you're blocking 
more receptors with ACh, and over time there just aren't enough ACh receptors to take 
that up. They have to relax and unbind before they can continue.

For treatment, researchers are trying to cause more ACh release with aminopyridines--
it's in experimental stage. Therapy with diaminopyrimidines may relieve symptoms.

Febrile Seizures

There are about 20 mutations that can occur to affect the sodium ion channels and 
cause an "overactive loop" in the brain, leading to uncontrolled firing. This kind of 
epilepsy is divided into Type I, II, and III. Type I involves a mutation on SCN1B that can 
lead to functional or non-functional alpha channels: of the functional you can have hyper
or hypo active. 90% of times the channels are hyper-active and re-open too fast, 
allowing overly rapid-firing. There are other hypoactive channels which need more time 
to recuperate and depolarize than should be necessary. A mutation on Q35IX, GABR2, 
and R43Q is known as Type III. These involve a mutation in the linkages of the alpha 
subunits of sodium channels. 

Treatment will depend on the kind of seizure: general tonic-clonic seizures you'll treat by
blocking GABA receptors, and there's a medication for most kinds of seizures.
Simple febrile convulsions usually stop after age six, but then it usually stops before 
puberty. 

Malignant hyperthermia

This is caused by a mutation in RYR1 gene and CACNA1S gene: the mutations let the 
RYR1 channel open more easily and close more slowly in response to certain drugs. 
This means that certain drugs make calcium fire the muscles much longer than they 
should. Normally the RYR channels let the calcium get out of the sarcoplasmic reticulum
to fire the muscles. 

This is usually discovered after the anesthesia during surgery. Your temperature can go 
up to 108 degrees, which is where you being denaturing your proteins. You've got an 
irregular heart rate, and your creatinine and CO2 levels go really high because your 
muscles are going crazy. You'd also find muscle damage in your urine (myoglobinuria), 
so you'd be bleeding with dark brown urine, muscle ache, and rigidity.

To treat, you've got to stop the anesthesia and stop the surgery. Wrap the patient in a 
cool blanket and put fluids through veins and mouth to keep the kidneys from working 
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so hard. You have to hyperventilate the person (to treat the metabolic acidosis), and 
give a medication to deal with the cardiac arrhythmia. 

Dantrolene is the only drug they know of now to stop this. It stops the calcium release 
from the sarcoplasmic reticulum, probably by getting in the way of the RYR so the 
calcium can't get out. It can still get in through the DHPR, but it can't get out. 

This is fatal if you don't treat it.

Frontal Lobe Epilepsy
You've got big seizures in the part of your brain that you use for reasoning and higher 
thought. 20% of people with this have a positive family history, but 5% have never seen 
this in their families before. This usually involves very brusque movements in the neck, 
hands, and arms. It happens especially when someone is sleeping, and they begin to 
make sounds that they don't vocalize well.  

They've found 58 mutations in your ACh receptor, which include CHRNA2, CRNA459, 
and CHRNB2. There may be some sodium channel involvement as well. You're 
switching a C for a T in your sequence, and you get a change in the shape of the 
protein, and the subunit becomes more sensitive to ACh or less reliant on calcium. It 
begins to change the balance of your excitatory transmitters, and your brain ligand-
gated ion channels end up firing your nerves out of control. 

To treat this, you begin taking carbamazepine and gabapentin and other 
anticonvulsants. Some people get surgery to take out the troublesome part, but of 
course that's got huge other effects. If you're seizure-free for 2-5 years, you may be able
to stop taking your medication.

Hyperkalemic Periodic Paralysis

Your muscle cells can't regulate potassium levels if you have this. That means you have
high levels of potassium outside, which makes everything want to stay depolarized 
(potassium doesn't want to leave the cell). In addition to this, you've got mutations 
affecting your sodium channels, which leaves all this sodium stuck inside and makes 
you even more depolarized. You become weak or paralyzed, since your nerves can 
never actually fire--they're just stuck at the already-fired state--and they can't tell your 
muscles anything. You can double-check your suspicions with EMG and ECG. 

You may take diuretics like hydrochlorothiazide and acetazolamide, which help you pee 
out these crazy ions. You will also eat things that will be lower in potassium and higher 
in sugar, so that the sodium-glucose co-transport channels will open to let the sugar in, 
and end up letting the sodium out. You also give calcium in the blood. 
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This is much more common in horses than it is in humans, and usually you notice it 
early in childhood.

Familial Hyperekplexia

You have pronounced, scared responses to touch or sounds. You've very stiff, and it's 
from birth that you're startling all the time. Some infants can die while they're sleeping if 
this happens--you touch them and they freak out so much they just die. They spasm 
when you touch their noses.

You've normally got a glycine receptor which has 4 alpha subunits and 1 beta. Glycine 
binds to the alpha subunit, and makes the beta subunit change shape to open the ion 
channel. In this disease, you've got mutations in a whole bunch of genes, and they all 
play a role in glycine neurotransmission. GLRA1 normally makes the alpha-1 subunit, 
but the mutation makes it structurally normal but unable to bind glycine. If glycine can't 
bind, it can't inhibit responses, which is its normal job. This is autosomally dominant; the
recessive form makes the subunit crazy malformed so it can't make the receptor protein.
The next gene is GLRB, which codes the beta subunit. Homomeric means it's not made 
of alpha and beta subunits--the receptor's made of just beta subunits. Well, how can it 
bind then? It can't--it needs alpha to bind the glycine. Another gene is SLC6A5, and that
makes the glycine re-uptake-inhibitor, which slows down the destruction of glycine. 
There are some nerves that really need to keep high concentrations of glycine near 
them to have the correct inhibitory effect, and without the re-uptake-inhibitor, 
transporters just take it all away.

The pathophysiology is still quite unclear. In your brain and your spinal chord you've got 
a reflex response programmed where you normally touch something hot or surprising or
whatever, and then startle back, but you've got glycine to inhibit that response after it's 
over. These kids don't have that--they just keep freaking out, looking like they're having 
a seizure. There are only like 70 families with this in your world.

This is most commonly treated with clonazepam and valium. They bind on the GABA 
channels and augment its affinity to GABA, which is another inhibitory neurotransmitter. 
That opens and lets a lot of chlorine into the cell, and that means you don't get an action
potential, because they are counter-acting the effect of the normal depolarization 
(making the cell more negative) and in that way you compensate for the lack of glycine.

This is one of few treatable neurogenetic disorders, and it's easily misdiagnosed as 
epilepsy.
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Muscle Physiology

Neuromuscular Junction

This synapse, between the alpha motor neuron and a muscle fiber, is one of the best 
known junctions. The action potential travels along the motor neuron via opening 
voltage gated calcium channels. When it reaches the end of the neuron, for the neuron 
to make the muscle fire, 

 the neuron's gotta release ACh. 
 2 ACh molecules need to bind to the nicotinic ACh receptor.
 A cation pore opens allowing both Na and K to pass
 You get an End-Plate Potential. (That's the name for the EPSP in muscle fibers--

but your muscles are also always spontaneously generating miniature EPPs to 
maintain your tone. Each little one corresponds to a release of an ACh vesicle, 
and they just kinda keep firing tiny little signals to maintain the tone of the 
muscle. An EPP is the sum of a specific number of mEPPs, which shows that the
little EPPs are one-to-one in discrete packages with ACh vesicles: that each 
one's generated by one vesicle. This is vesicular release's quantal hypothesis.)

 The EPP generates an action potential in the muscle fiber.
 The excitation stimulates contraction.

The nicotinic receptor has 5 subunits and is not equally permeable to K and Na. It's 
reversal potential (Nernst or Equilibrium potential) is about 0 mV, so it heads towards 
depolarizing.

Cool clinical thing: many snake venoms block acetylcholine receptors--and that means 
muscle cells can't fire, since muscle cells fire when acetylcholine triggers them.

After the EPP hits the muscle cell, it travels along at about 5 meters per second (for 
about 2-4 ms) until it hits a T-tubule. The T-tubule brings the electric pulse into the 
deepest part of the muscle, where the pulse hits the sarcoplasmic reticulum. That's 
storing a whole bunch of calcium. There is 40,000 times more calcium in the 
sarcoplasmic reticulum than outside in the muscle, and that's because a huge molecule 
called calsequestrin is in there bonding all that calcium and holding it in.

"Somehow" the T-tubules trigger calsequestrin to let go of the calcium, and the calcium 
gets out of the sarcoplasmic reticulum. They used to think that there were DHPR 
receptors--dihydropyridine receptors--which were sodium or calcium channels in the 
T-tubules that released ions into the sarcoplasmic reticulum and triggered that calcium 
release. But actually, it's that the DHPR receptors under go a conformational change as
a protein that mechanically triggers the release. The DHPR are not channels letting ions
through, they're channel proteins bumping other proteins. DHPR bumps the 
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sarcoplasmic reticulum, calsequestrin releases Ca, and specialized channels called 
ryanodide receptors let calcium out into the sarcoplasm (intracellular goop) of the 
muscle. That calcium concentration change makes the muscle fiber.

That's the video game trailer, says Dr. Isidro. Let's go into detail--after this commercial 
break.

Standing on the shoulders of...

"Wait, why are you stopping? Will this history stuff be on the USMLE?" Yes, actually, 
there may be one or two questions about this stuff. Gimme one page to get us in touch 
with our roots.

The first Latino to win a Nobel prize was Santiago Ramon y Cajal, who discovered what 
tincture would permit us to see nerve fibers. He changed and used Camillo Golgi's basic
tincture and with new colors opened the field of neurobiology to us all.

Mr. Galvani was chillin' in his lab back in the 1700s and saw a dead frog kick. Like a 
good scientist, he figured out why--it'd been touched by one of his electric experiments--
and humankind got the idea that electricity causes muscle contraction.

Otto Leowi and Henry Hallett Dale figured out theoretically in 1936--without being able 
to see through modern experiments--how the neuromuscular junction worked. That little 
paragraph I wrote above was someone's life's work.

Hodgkin and Huxley stuck an electrode into a squid axon and triggered action potentials
from a voltage, measuring and replicating a biological reality that changed neuroscience
forever.

Erwin Neher and Bert Sakmann figured out how to take just a tiny ion channel out of the
membrane and investigate the currents that run through it.

"You've got to be in the right place, in the right time, with the right knowledge," says 
Professor Isidro, and you can leave something for medicine, too--if your eyes are open 
and you're watching. For you and me, it's so easy to just grab this knowledge and go--
it's all in books and notes for us!--but for each page, each paragraph, each conceptual 
sentence, even, someone suffered. Someone racked his or her brain and stayed up late
sweating and spilling and swearing and failing and re-wiring. Someone sacrificed time 
and effort and family. Or someone just kept his or her eyes open and changed the 
world.

There's a difference between looking at and observing a patient, or anything. Doctor 
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Isidro had one of my classmates stand up and look around the room--but when the kid 
sat back down, Doctor Isidro asked him how many green shirts there were in the room. 
The kid didn't know, of course, because he didn't know what to look for beforehand. You
can't observe if you don't know what you're looking for in detail. 

That's what this is about.

Muscle physiology

Gonna talk about three types of fiber: skeletal muscle, cardiac muscle, and smooth 
muscle, and the way they communicate with each other. First we'll go over the basic 
"how the muscle fires" using skeletal muscle, and then we'll compare the differences 
between that and the other two types. This whole process of muscle-firing we're talking 
about is called "excitation-contraction coupling."

When the positively-charged calcium gets out through the ryanodide receptors into the 
muscle, it's an active molecule. It's looking for something with a negative charge. It finds
troponin 6, which has 2 high-affinity and 2 low-affinity negative areas. All four of those 
areas have to bind in order to initiate contraction. You've got to have a TON of calcium 
to make all those troponin fibers go.

The part of the muscle that actually fires is the actin getting attracted to myosin. The 
actin's covered with a troponin-tropomyosin complex. At rest an actin filament without 
troponin-tropomyosin would stick to myosin irreversibly as long as there was ATP and 
magnesium present. But tropomyosin's all hanging out in the F-groove of the actin so 
myosin can't bind and you're not always clenched. Basically calcium comes along to 
inhibit this troponin-tropomyosin inhibition. When calcium binds the troponin, it moves 
and with it the tropomyosin's no longer "in the way": for every troponin that's completely 
bound, seven binding sites get uncovered! When there's enough calcium around to take
up all the troponin spaces and uncover the actin binding sites, then the myosin head 
attaches to actin. It loses some molecules and moves into a "power stroke," where the 
angle between the head and the tail changes from 90 degrees to 45 degrees. That 
moves the actin filament. It's a tiny distance, but if thousands of little filaments do this all
at the same time, that's contraction for the muscle.

How does myosin "move?" In the resting state, myosin has already cleaved ATP into 
ADP and Pi, which puts it into a "cocked" state, at 90 degrees. It's already used the 
energy, and it's just stiff and waiting to fire! Once Ca2++ is high enough to get troponin 
to move it's butt outta the way, myosin sticks to actin and the ADP and Pi fall off. As they
fall off, the myosin changes shape and its angle pulls to 45 degrees. That moves the 
actin string it's attached to. When calcium levels go back down a new ATP attaches and 
you cock the myosin head again. The troponin falls back into the f-actin groove to block 
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the binding site, and you're done. Calcium gets pumped back into the SR by active 
transport, and calsequestrin locks the door to keep it in there (that's actually not what it
does, actually calsequestrin is bonded to all the calcium and holding on to it until the 
conformational change triggered by DHPR makes it let go. Without calsequestrin you'd 
only be able to hold about 4,000 time more Ca inside the sarcoplasmic reticulum as 
outside). This whole process takes about 2/10 of a second.

That myosin head stuck cocked to the actin, by the way, is what causes the rigor in rigor
mortis. You've used your last ATP, so the myosin's just hangin' out taut at 45 degrees 
with ADP and P stuck on it, and those muscles aren't moving anywhere. The myosin's 
stuck to the actin fiber, uncocked and unable to re-cock. The softness that comes after 
rigor mortis is the dissolution of the sarcomeres: they're just falling apart after the 
tension.

Where's this happening? Anatomy of the molecules here/Basic terms

 In skeletal muscle, several thousand myofibrils make up a muscle fiber which 
make up muscle fascicles which make up the muscle

 Each level of muscle organization has a lining: epimysium for muscle, 
perimysium for the fascicles, and endomysium for the fibers.

 A sarcolemma is the membrane of the muscle fiber: it's a cell membrane with a 
sugary, collagen-y coat (includes the lipid bilayer, a the reticular lamina (collagen 
3) and external lamina)

 Sarcoplasm is the goo that the myofibrils hang around in. It's fulla mitochondria 
floating in potassium, magnesium, lotsa enzymes, and phosphate. The 
sarcoplasmic reticulum is floating in this.

 Each myofibril's made of myofilaments, in arrangements of about 1500 myosin 
and 3000 actin filaments per myofibril. Actin filaments are the light bands (or I 
bands cuz they're isotropic to polarized light, which means they behave the same
way no matter what direction the light comes at, while something that's 
anisotropic has different properties relating to polarization of light, depending on 
which angle you shine the light from). Myosin and a tiny overlapping part of the 
actin filament make up the dark bands. (the A-bands, for anisotropic) Actin 
filaments attach to Z-discs, which are different filamentous proteins.

 Sarcomeres make up myofilaments. They're the part of it that lies between two 
Z-discs. About 2 micrometers long at rest--remember they have an ideal length 
for contraction! If the sarcomere is really stretched, it's weak. If it's really tightly 
pushed together, it's weak. It needs to be at appropriate tension so the cross 
bridges can make contact between the actin and myosin. If you don't have the 
maximum cross-bridging between myosin and actin, you're in trouble, but if 
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you're too close the filaments will interfere with one another and overlap. If you 
were on the rack in medieval era, it's sarcomere stretching that would leave you 
feeling all weak afterwards: your myosin and actin wouldn't be linked and your 
cross bridges would be ineffective. THEN after stretching enough, you get tendon
and ligament tear.

 Titin filaments keep actin and myosin lying side-by-side. It's a giant, springy 
protein, one of the biggest in your body. It's like a spring attached to the end of 
the myosin bundles, holding them to the Z-disc so they can "bounce" back and 
forth next to the actin. 

 Dystrophin is an actin-binding protein that grabs actin and anchors the entire 
thin/thick filament array--all the myosin and actin and everything--to the cell 
membrane. (Without this you can have muscular dystrophy)

 Nebulin is a long molecule that stretches besides the thin filaments (the actin 
filaments; myosin are thick filaments) and acts like a "ruler" or measure so the 
cell knows where to lay actin and how long they should be.

 a-Actinin keeps the actin filaments tied to the Z disk.
 Myosin molecules are made of 6 poplypeptide chains, two heavy and four light, 

with the two heavy ones in a double-helix. One end of the chains globs into a 
"head," which is an ATPase enzyme.

 Actin filaments are made of three proteins
◦ an F-actin helix filaments made of globular G-actin molecules
◦ Tropomyosin, which at rest sits on the active sites of actin strands so nothing

sticks to them
Troponin, at the end of tropomyosin, comes in three flavors: I, with strong affinity for 
actin, T, which loves tropomyosin, and C, which loves calcium. 

Differences between skeletal, cardiac, and smooth muscle 

The excitation-contraction sequence we just talked about was skeletal muscle. In 
skeletal muscle, the T-tubules don't enter the liquid of the muscle fiber, which means the
charge traveling is separated from the whole calcium-actin-firing-shebang. The traveling
AP is driven by sodium channels opening all over the place. Cardiac muscle, on the 
other hand, has T-tubules all connected with the cardiac fiber liquid. 

In skeletal muscle, the AP comes from sodium channels opening and letting the charge 
travel along the t-tubules. In cardiac, the AP also isn't driven by sodium, but rather by 
calcium--when we count the canals in the surface of the heart, we see many more 
calcium channels. In Skeleton Sodium is king, in Cardiac Calcium reigns. Because there
are so many calcium channels in the cardiac muscle, there are less sarcoplasmic 
reticulum. (you don't need as many when you've got calcium flying into your sarcoplasm
with the voltage change anyway!) So that means calcium-blocking drugs influence the 
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heart more (if there's hypertension, and you don't want the heart beating all so much, 
you might give someone one of those) because there are so many more calcium 
channels than sodium channels. The heart needs those Ca-channels to work!

In cardiac muscle, there's just 1 low affinity and 2 high-affinity binding sites on the 
troponin-6, instead of the 2/2 we find in skeletal. Also, in cardiac you've got your t-
tubules arranged in a longitudinal line, instead of in a radial circle-ish thing, like in 
skeletal, and the cardiac t-tubules are 5 times bigger with 25 times the volume. 

The different kinds look different physically, too. If you look at cardiac muscle under the 
microscope you see a nucleus in the middle of the stripes. Skeletal you see the nucleus 
on the end. Both cardiac and skeletal are striated. 

Smooth muscle is a totally other bird. 
 In smooth muscle, it doesn't have to be an electrical impulse that triggers 

contraction: it can be a chemical, a hormone, etc etc. 
 You've got "caveoli" instead of T-tubules, and you bind 4 calcium ions to 

calmodulin instead of to troponin. Calmodulin's got the special ability to keep the
muscle contracted so it doesn't have to relax. When Ca binds calmodulin, it 
activates a myosin light chain kinase enzyme that phosphorylates (adds a 
phosphate group to) the myosin head, switching it into contraction. When calcium
levels drop another enzyme, myosin phosphatase, takes that phosphate group 
back off and the myosin head relaxes. 

 The caveoli aren't as intensely indented as the T-tubules are, and the structure of
the sarcomeres is different, too. 

 Instead of the T-tubule/sarcoplasmic reticulum activation system you have in 
skeletal muscle to release calcium, calcium is released by a modification of the 
tyrosine kinase/IP3 signaling system described in the biochemistry section, page 
FIXAL

 Smooth muscle has its little sarcomere fibers arranged in Xs instead of in lines 
lying side by side; when it contracts the myosin in the fiber pulls towards the 
middle of the X. 

 The myosin phosphatase mechanism leads to another neat thing about smooth 
muscle: its ability to use so little energy over a long period of time--about 1/300th 
the energy for a sustained skeletal muscle contraction of the same time. Once 
smooth muscle's contracted, it can maintain that tension without being 
continuously activated (so without the AP and all the complicated calcium 
channel management and so on). That's called the Latch mechanism. 

 The axons that hit smooth muscle don't have the "end feet" you see on skeletal 
muscle, but instead they've got little "variscosities" lying directly on the fiber (or 
about 20 to 30 nm away). These synapses are different from the "diffuse 
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junctions", also found in smooth muscle cell, where the axons are comparably far
from the fiber, don't touch it, and focus on sending transmitters some distance. 
These have a longer period of contraction compared to the junctions with 
variscosities.

 Smooth muscle is excited by ACh and inhibited by norepinephrine. I remember 
this because when your German grandmother is excited she'll clap her hands 
and yell "Ach! Wie gut!" Or something like that. So ACh is excited.

 Resting membrane potential for smooth muscle is -50 to -60 mV, compared to 
-60 for skeletal and -85 to -95 for cardiac. They've got two kinds of APs--spike 
ones, which last about 10-50 ms, and plateau potentials which are contracted for 
like ever. These are caused largely by calcium channels (not a lot of sodium 
channels here). The threshold is usually about -35 mV.

 Smooth muscles sometimes have these "slow wave potentials" where they excite
themselves by sending a slow wave rhythm--kind of like how the heart is self-
excitatory. The slow wave isn't an action potential, and we don't know what 
causes it, but we do know it can cause action potentials and muscle contraction, 
especially in the intestinal wall.

Muscle contractions look like this, below.

The sharp, fast peaks are due to sodium, the long slow one is because of calcium, and 
that first picture is a picture of the heart contraction, which has both a fast sodium bump 
at first and a long slow calcium curve after. You don't want your heart pumping super-
fast all at once or you'll have these big spurts of high blood pressure instead of these 
strong, solid, slow pushes that you get circulating your blood. So if you didn't have this 
calcium-channel abundance in the heart you will die! To that end, after cardiac muscle 
begins to contract, it immediately seals the membrane to potassium--permeability 
decreases five times--so that potassium doesn't cut that nice long plateau short by 
hyperpolarizing the membrane. Also, since the ventricle needs to shoot blood farther, 
the muscles in the ventricle have longer plateaus than the ones in the atrium. 

The second curve is because of sodium, and that's skeletal. Smooth muscle can vary so
much that we don't really memorize the graph as much; it's similar to cardiac, but it can 
stay contracted for a long time, so long it'll just run off the page. If they give you a really 
thin peak, thinner than the skeletal muscle, you know it's a nerve action potential (where
sodium is even faster!).
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Where they get their different triggers depends also on their function. Cardiac muscle 
gets the trigger for its action potentials from the SA-node of the heart--from muscle. 
Skeletal muscle gets triggered by nerves. Smooth muscle can be triggered by nerves, 
chemicals, hormones, or from within the muscle.

Muscle response

Summation

There are two ways you can add force and make a muscle contraction strong. If you 
sum muscle responses--you increase stimulation so the action potentials come really 
close in time and they add--you can get more firing and a stronger muscle reaction. 
There is a point, though, at which you can't sum any more action potentials. Adding 
more signals won't help. The muscle fibers have to recharge; you have a refractory 
period. You can also recruit more muscle fibers with more stimulation, but there's a limit 
to how that muscle will respond, when everything is recruited. 

When you're adding and adding and adding your action potentials, and then they're so 
close that you're pretty much just staying contracted, that's tetanus: when the nerve or 
muscle is staying depolarized. This happens if you just keep sending an action potential
at the muscle, and then the DHPR is continually telling the sarcoplasmic reticulum to 
release Ca, and so Ca never re-accumulates in the SR, and it never comes down off the
troponin, and you just stay in tetanus. That's different than a twitch contraction, where 
you just have one threshold stimulus.

The Trepp effect is when a muscle contracts after resting for a long time--and how 
weak it'll be. The strength of contraction, at first, will be as little as half the muscle's 
previous strength. Of course, that's going to depend on how long that rest period was. 
This is why an astronaut is all weak after coming down from zero gravity.

Your quadriceps muscle can contract as much as 800 lbs/square inch of muscle. That's 
intense.

Stretch

There are several kinds of tension in a muscle. There's passive tension, which is a 
function just of the mechanical properties of the muscle--that's like if you just stretch the 
muscle and it's not responding but you can feel there's tension (it's passive, and you're 
stretching it like a gummy bear or something). You can also have active tension, which 
is tension in the muscle from the muscle actually firing and working. Those two added 
together make total tension, which you find by zapping a muscle and making it contract 
at different stretched loads so you can record how much it's resisting stress--how tense 
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it is. When we plot muscle length with regards tension, we find the relationship I alluded 
to earlier--there isn't a lot of tension at really really long lengths or at really short lengths,
because the sarcomeres aren't the right length to allow the maximum number of myosin
cross bridges to touch actin. So total tension goes up with length until a certain point, 
and then after that it just drops. Passive tension can keep going up of course, because 
that's just the "string"-ness of muscle holding it together, but the actual active myosin-
actin interaction can't contribute after a certain point. I need to draw a few curves to 
illustrate this:

The blue line represents total muscle tension, the black bump represents active, and the
line up represents passive. It's important to note that while passive can keep going 
forever, it really doesn't matter much at the point of maximum total muscle tension. 
That's because the force produced by the activation of your muscles is so much more 
intense than just the tissue pull alone.

One more "factor" of muscle stretch: force and velocity. This is kind of duh, but if you 
stretch a muscle and then let it go, it will "shrink back" faster if you don't have a weight 
attached to it. That's because those cross-bridges cycle and contract slower against 
higher resistance, the greater weight pulling the muscle to a stretched position. 

When the load--or weight, or pull--on a muscle becomes the maximum force the muscle
can exert, the velocity of contraction becomes zero and you don't contract anymore no 
matter how many calcium channels you open or APs you fire. There is a point, the 
maximum force the muscle can give, at which you just let go.

With regards to cardiac muscle, if your ventricle is too distended, you have cardiac 
failure because your tissues are stretching and making your myosin and actin cannot 
cross bridge effectively.

Finally, when you stretch a muscle and it contracts but can't shorten during contraction, 
that's called isometric (same length) contraction, while isotonic lets it shorten (same 
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tone) like normal.

Muscles and Energy Consumption

Fenn Effect: The more work a muscle has to do, the more ATP it uses. That's kinda 
duh. Less duh: 

 ATP can give enough energy to contract a muscle fiber for 1 to 2 seconds
 Phosphocreatinine can give enough energy for 4 to 6 seconds
 Glycogen can give enough energy for a minute

You burn glycogen before you burn fats. For periods of activity 2-4 hours long, half the 
energy you use comes from stored glycogen. Your muscle fatigue actually increases 
with this loss of glycogen--in direct proportion. After that, energy comes from fats. 
Glycogen and fat processing is all oxidative metabolism.

Half of your food energy goes into making ATP, and only 40 to 45% of the energy in ATP
becomes work. Out of the energy that goes into the work of muscle, 25% accomplishes 
anything--the other 75% of the energy put into the muscle disappears as heat. You can 
maximize efficiency by contracting your muscles at moderate velocity (30% of your 
maximum): going too slow gives your body plenty of time to lose heat, while going too 
fast makes you use too much energy to overcome the shape of the muscle as you're 
contracting it--to overcome its viscosity, the push-back of the fluids inside it.

Types of Muscle Fibers: Speed

Imagine three olympic athletes, says Dr. Isidro: a weight-lifter, a sprinter, a gymnast. If 
you tried to put them in each other's events, they couldn't win, and not just because of 
skill. They've actually built up different kinds of muscle type. The spinter's using fast-
twitch, the weight-lifter slow-twitch, and there are different combinations for each event. 
Swimmers and gymnasts actually have the most complete combinations of both 
because of the variety in the events they run, but again they've got different 
combinations. Muscle combinations can be partly genetic, too, which accounts for some
of the race/geographic stereotypes in sports (fast Kenyans, etc).

Fast-twitch fibers look white, they're larger, and they've got tons of sarcoplasmic 
reticulum to allow for swift release of calcium. They've got lots of glycolytic enzymes, but
not so much blood supply, since the longer-term oxidative mechanism isn't as 
necessary for these muscle fibers. They've got less mitochondria for the same reason.

Slow-twitch fibers look red because of the myoglobin storing iron and their extensive 
blood supply. They need myoglobin's oxygen because they need oxidative energy to 
sustain them for a long time, and for the same reason they've got many more 
mitochondria. They're innervated by smaller nerves, too.
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Types of Muscle Fibers: Specificity and Control

You can have one wire connected to one muscle fiber, and that allows extremely fine 
control. That's called single-unit connection. You can then have one wire connected to 
many, where they communicate to each other via gap junctions, and that is for more 
gross control. That's called multi-unit connection.

Cardiac Electrical Contractions In Detail: The S/A Node and rhythm

Look at this graph with me.

+52 mV

-96 mV

This is what happens in cardiac fiber. The X axis is time, the y axis is voltage. This will 
have to do with several questions we'll need to be able to answer in the Shelf and 
USMLE. The parts are:

 The stiff upstroke which comes from the sodium channels opening to let sodium 
in. (This is often called phase 0)

 The tiny downstroke coming down to the plateau is potassium and chlorine going
out. (This is often called phase 1)

 The plateau which is when the slower but more voluminous calcium channels 
opening to let calcium in (depolarizing the membrane). (This is often called phase
2)

 The downhill part is the potassium going out (hyperpolarizing the membrane). 
(This is often called phase 3)

 The flat part at the end is your refractory period. (Often called phase 4)

Notice that the resting potential is about -96 mV, while the resting potential of skeletal 
muscle is closer to -60 ish. Notice also that while in the nerve there's an overshoot of 
the hyperpolarization, there isn't one here. The resting potential is also much closer to 
the resting potential of potassium (-94 mV) than either skeletal or nerve, so we suppose 
that the membrane is more permeable to potassium. That means potassium doesn't 
hyperpolarize the cell beyond its starting point, since its starting point is close to the 
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membrane potential potassium wants. Also, while in the nerve cell the first spike is 
super-fast, and then the potassium has to rush back in, the whole calcium spike here is 
really long, so the potassium has plenty of time to run back in and you don't see the 
overshoot.

So if anyone asks you, in the USMLE, for example, what event happens first--or what 
channels open first--in cardiac muscle, don't answer calcium. Answer sodium.

The cardiac signal originates in the S/A Node (sinoatrial node). That thing starts our 
rhythm from the moment we're born until the moment our hearts stop beating. It's made 
up of modified muscle cells.

Most of the heart is at -90 ish mV, and its voltage-gated ion channels don't open unless 
you leave that resting potential far enough to get to the threshold channel. The channels
in the S/A node--some calcium and some sodium--don't close all the way at -60 ish mV. 
They're called funny channels and they act like an hourglass, allowing just a few ions 
to pass through. They keep doing this, slowly depolarizing the cell, until it gets to -40 
mV, where the cell fires and opens everything up. This pulse looks like below.

                                             Sodium and Calcium funny channels are the slow, long rise.
Calcium is the upway curve. Potassium is the downhill (from 

a little above 0 down to almost -80mV). Again, voltage is Y, time is X.

This is the graph of the potential in the node that's passed on, not the contraction of the 
muscle. This is the precursor to the contractions we get in the cardiac muscle. Basically 
our heartbeat is able to start because there are channels leaking that build a potential 
that allows depolarization. It's a self-triggering system, which is awesome.

We want the ventricles to fire in an organized way, not all at once, so we can direct 
where we fire the blood. It's the same as shooting a water gun in the summertime--you 
have to know how to fire it right.

Conduction System

Modified muscle fibers in the right atrium are the fibers of the S/A node. They are for 
generating the potential. There's a system of fibers flowing out from these that looks like
nerves, but it's modified muscle fibers. The impulse travels from the right atrium all the 
way around back to the right ventricle along these modified muscle fibers. The traveling 
heart-beat potential has a different graph for each part of the heart, from the S/A node to
the AV node to the Purkinje fibers and so on.

From the S/A node the conduction splits on one side to go to the left atrium (through the
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Backmann fibers), and at the same time it travels through posterior, anterior, and 
medial fibers to reach the AV node. The AV node fires to make both lower ventricles fire,
all the way down to the Purkinje fibers at the bottom of the heart. 

So first you depolarize the atria, then the septum (the wall between right and left 
ventricles) from left to right (using the AV node), then the anteroseptal region of 
myocardium toward the apex (that's the front walls and septum), then it goes towards 
the back and bottom of the left ventricle, and then everything's depolarized. This is so 
you're sending blood from the atria (which have already contracted) to the ventricles, 
which give the 'umph' out of the heart.

It's important that the valves are unable to transmit electrical signal. If they did, the 
signal would travel through them right away to the bottom of the heart before the 
ventricles had a chance to fill with blood. Instead, the signal passes through the AV 
node, which directs the signal along the septum before touching the walls of the 
ventricles.

So what if the septum's not fully dividing the ventricles? Well in the normal heart, low 
pressure's in the right side, high pressure is left side. The right side only has to send 
blood to the lungs, which isn't a big distance, while the left has to send blood to the 
whole body. When there's a problem with the septum (un-dividing, un-complete 
septum), you'll see that one side will be abnormally big because it's working over time to
deal with mixed blood (with a lower-pressure left ventricle than you should have). In 
addition to this, the electrical impulse can't travel fully down the septum--my teacher 
explained it like a rock in the middle of a stream, where the stream will still try to travel 
around the rock. The stream is the electrical impulse, the gap in the septum is the rock 
in the middle of the stream: the impulse will still get there along the anterior front part of 
the heart, of the septum, but it's not going to be super-awesome. 

Remember also that electrical synapses are faster than chemical synapses. Here in the 
heart, you have electrical gap junctions between all the modified muscle cells so this 
potential can travel. It's important to understand also that because of this conduction 
from the S/A node to other fibers, the actual action potential--that funny S/A node 
sequence wave--isn't the same as the actual cardiac muscle contraction, and AP 
happens a few milliseconds before contraction (about 0.2 seconds for atrial and 0.3 
seconds for ventricular).

Velocities of conduction for the signal through the heart:
 Atria: 1 m/sec
 AV node: 0.01-0.05 m/sec (this is slow so the ventricles have time to fill with 

blood before they contract--otherwise you'd be spurting half-filled ventricles)
 His-Purkinje: 2-4 m/sec (Purkinje are the ones on the right; as the charge travels 
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back up you've got the contraction going from the bottom up so that you get all 
the blood out, none of it stays and pools in the bottom)

 So the time for the signal to travel from SA to AV node is about 0.02 seconds
 The signal gets stuck in the AV bundle for about 0.09 seconds--everything 

through the AV node is really slow, so the signal spends about 0.13 seconds from
the time it reaches the AV node to the time it moves on to the interventricular 
septum.

 From the SA node to the interventricular septum is about 0.16 seconds total.
 From the SA node to the very end-points of the ventricle is about 0.22 seconds.
 The period of contraction is about 4/10 of the whole heart-beat.

What if the SA node isn't working to set this conduction pace? Then the AV node takes 
over, setting an intrinsic firing rate of about 40-60 impulses per minute. When this fails, 
your bundle of His tries, at 40 bpm. Then the Purkinje fibers, as you're dying, fire away 
at 15 to 20 bpm, straining far short of the SA node's ideal 70-80 bpm in a last desperate 
effort to keep you alive. It takes the Purkinje fibers about 5 to 20 seconds to start up, but
once they do the ventricles can often get the atria to beat again. That's called 
ventricular escape beat. You can reduce ventricular escape time with Ouabain. The 
problem could have started in the first place because the parasympathetic system's 
vagus nerve over-stimulated the SA node and stopped it. Basically ventricular escape is
the body's mechanism to make sure that the parasympathetic system can't kill it.

A good example of this: the vasovagal reaction when some people see blood. When 
someone faints because he sees blood, it's a massive parasympathetic reaction (vagus)
due to viewing an outside stimulus (like blood). The person's face and lips turn white as 
a paper beforehand. He'll pass out, but as soon as the person's color returns they're 
better. He lost blood to his head, so he lost consciousness. Why? Because his 
parasympathetic system went into overdrive, and lowered the blood pressure such that 
blood could't reach his head. Why? Because what he saw was a hyper-stimulus for him.
His system is overwhelmed by it. We don't know why that's a hyperstimulus, but this 
happens to about 12-15% of the population. They can be slowly acclimated to the 
stimulus, though, to avoid the reaction from happening again. The important thing is that
ventricular escape keeps him alive.

What if the Purkinje System's blocked suddenly? It actually doesn't start to signal again 
until between 5 and 30 seconds later--and during that time your ventricles aren't 
pumping blood. After 4 or 5 seconds without oxygen in your brain, you faint, and if it 
takes your Purkinje too long, you'll die. That's Stokes-Adam syndrome. 

As charge is conducted, the heart puts out different voltages relative to other spots in 
our bodies, and we measure those with the EKG. Dissecting the EKG, you have the P, 
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Q, R, S, and T waves.

 P wave is depolarization of atria
 QRS is depolarization of the ventricles (0.16 seconds after P wave)
 T is repolarization of the ventricles
 The little space between P and Q is AV node, then His, then bundle branches, 

then Purkinje network, in that order
 The space between P-waves needs to be uniform
 If you have hypertrophy of the ventricle QRS would be bigger
 If you have a smaller heart it would be smaller

How to read an EKG

Each little square on the paper means 1/25 of a second--time's on the x axis, and y is 
voltage. Standard reading speed is 25 mm per second. If the potential goes towards the
positive lead (upward on the paper), we say it's in positive deflection; if it goes towards
the negative of the lead (down on the paper), we say it's negative deflection. If the 
potential is going straight up (not towards the positive or negative lead, but up or down) 
you'll see on your paper a spike up and down, both positive and negative.

We're looking at the heart using leads from all kinds of angles--diagonally above it, 
below it, so on and so forth covering every 30 degrees more or less. It's kind of like 
pointing cameras at a model--just as a good photographer gets a lot of angles, we get a 
lot of voltages to see how the heart's doing from different sides. We use at least 6 
hexaxial leads and six precordial leads. Hexaxial are in a vertical, frontal circle, 
precordial are in a transverse, horizontal circle around the heart.

Where are the hexaxial leads?
Lead 1--positive node is left wrist, negative is right wrist.
Lead 2--positive is left ankle, negative is right wrist.
Lead 3--positive is the left foot, negative is left wrist.
Lead aVR--positive is right wrist, negative is on left arm and left leg
aVL--positive is left wrist, negative is on right arm and left leg
aVF--positive left foot, negative is on right arm and left arm

Basically you don't use your right leg. 

To remember these, I have devised a dance. Here's the link to the youtube video! FIXAL
If you're a kinesthetic learner like me, actually making movements might help you. 

Cool tip, btw: Einthoven's Law says voltage in lead 1 plus lead III equals voltage in lead 
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II. That can help you check that everything's connected right.

In routine EKG exam, we check 5 mechanical things:
 Rate--how many beats per minute
1. You can count the little squares and then count the spikes, and then divide 

the frequency of spikes by time, but that takes a while and while you're 
measuring and counting your patient could die.

2. So just remember instead: 300, 150, 100, 75, 60, 50--that's taking one QRS 
on one solid line. Then assign each solid line after that QRS to the next QRS 
with a value: 300, 150, 100, 75, 60, 50. The line on which the next QRS falls 
will have the heart rate. For example, if the distance from your first QRS to 
the second is 4 big solid boxes, you count--300, 150, 100, 75--and you know 
that the heart rate is 75 beats per minute. Look, this patient has 75 bpm.

                                       300  150 100 75

 This doesn't work if the spikes aren't equidistant. If they aren't, you have to
count the spikes that pass in a minute.

 Rhythm--if the beats are at an equal distance
1. Count the squares between each spike. Are they the same distance?

 Axis--whether or not the heart is pointing the right way, and whether or not 
the charge is flowing the right way. All the ventricular vectors--all the vectors of all
the electrical fields pointing all kinds of different directions--sum to some kind of 
general picture, and that's the heart's electrical axis.
1. Normal is between -27 ish to positive 100 something degrees. A lot of people 

simplify this between 0 degrees and 90 degrees. 
2. Look at the first three spikes vertically (so you have three lines of EKG, and 

you look at the first spike for each of them). 
3. If they're all pointed positively, that's normal.
4. If the top spike (first spike) is pointed down (negatively), or the bottom part of 

the top spike is bigger than the part pointing up (so you have a net negative 
pointing), you have right deviation (the heart is pointing more right than it 
should). That's Lead I being negative. You can check your work by looking for 
the first spike on the aVR line, and if that's positive you have right axis 
deviation. (aVR is backwards)

5. If lead III (the first spike of the third line) is negative, you have left axis 
deviation. You can double-check your work by looking for the aVF line, which 
may also be negative.

6. The Vectorial Method of axis determination can give us a more specific 
number/diagnosis. Do this for both Lead I and Lead F. Find the baseline of the
QRS signal, and count little squares to the top of the spike (the R). Then 
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count little squares to the negative side (the S). Then add them together, 
positive to negative (so R minus S). Take that sum, and you look at the vector 
graph and plot that number on the line corresponding to Lead I. Do the same 
for Lead F. Then where the vectors add--so the vector that comes right 
between their right angles--is where you'll find your heart axis measurement. 

 Hypertrophy--the heart is too big (and often points the axis weirdly)
 Infarction--cells are dying

Hypertrophy and Infarction are a bit more complicated than figuring out 1 through 3--
we'll worry about them in a while.

Basic Introductory Principles of Circulation

William Harvey (1578-1657) was the guy who thought of blood circulating through the 
body between the veins and arteries--people before him thought of different "humors" of
liquid floating around the body from different places. His book is hanging out now in the 
Fordham library in New York, where all medical students can go look. My teacher says 
knowing those kinds of history-tidbits will impress our residency directors, so they want 
to choose us instead of other people, because while everyone learns the sequence of 
facts, not everyone knows where they come from.

These are the kinds of principles Mr. Harvey set us up to learn: 
 In one minute, the heart beats between 60 and 70 times, moving 5 liters (all the 

blood in your body) several times. This is called cardiac output. 
 The system of high pressure is your arterial system; the system of low pressure 

or your minor system is the venous. The high pressure is always pushing the 
blood out really fast, so most of the blood isn't hanging out in the arteries. You'll 
see it slowing down for exchange at the organs, and then it takes a while to get 
back to the heart (it's slower and less resistance and lower pressure in the 
venous system) so you've got time to get oxygen to these tissues.

 At any time, there is much more resistance in your arteries and arterioles (47% of
the resistance in your body) and more blood hanging out in your veins (64% of 
your blood) because of this. This makes it a lot easier for blood to get into the 
lungs than to leave, for example, so you spend more time in oxygen exchange.
◦ Pulmonary circulation: 9 percent
◦ Heart: 7 percent
◦ Arteries: 13 percent
◦ Arterioles & Capillaries: 7 percent
◦ Veinous system: 64 percent. This number is the most important--low pressure

in your veins means most of the blood wants to hang out there. That's 
because all the blood in your veins is unstressed volume, and no one wants 
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to be stressed.  
▪ By the way, just because veins aren't as thick and strong as arteries 

doesn't mean their muscles don't do work. The autonomic system 
contracts them to change blood pressure, and that's a huge control over 
the system.

 The blood goes in certain proportions to each part of the body, but those 
proportions aren't rigid. Your blood rushes to your brain when you're studying; it 
mostly hangs out towards your legs if you're running; and when you're eating it's 
in GI. When you sleep, your liver does most of its work, and then the blood's 
down there. So we shouldn't blindly assume rigid proportions for blood flow. But 
on average, volume is divided:
◦ At rest, about 15% goes to your brain
◦ 25% to your kidney
◦ 25% to your GI tract
◦ 25% to your skeletal muscle 
◦ and 5% to your skin.

 Capillaries and capillary beds connect arterioles and venules.

We have to know the direction of the flow in the heart--into the right atrium, through the 
tricuspid valve, out into the lungs through the pulmonary arteries, back into the left 
atrium (which is in the back) through the pulmonary veins, and down into the left 
ventricle. From the left ventricle, we shoot out into the aorta and into the body. Your 
atrial contraction puts about 25% more blood into the ventricles than you'd get if your 
atria just kinda hung there.

We are not just a collection of chemicals--we are also a collection of pressures (among 
other things) that dictate where the liquids in us live. Most of the water in your body--
about 2/3--hangs out in intracellular fluid, while 1/3 is extracellular. Out of that 
extracellular portion, about 1/4 is blood plasma. (Your body's on average 36 L, so that's 
3 L of blood)

Your body controls your blood based on this basic principle: blood can flow at different 
rates in different directions, and it will hang out in whichever direction you have the least
pressure. The flow generally goes from arterioles to venules because that's where 
the pressure pushes. Another reason you usually have less pressure in the venules is 
that through the capillaries, you lost a lot of salt and nutrients into the tissues (so there 
are less total "things" in the veins). You do tend to have higher viscosity in the capillaries
since all the liquids and oxygen and small molecules leave the capillaries, so you've got 
heavy salts and proteins stuck and hanging out in there since the flow isn't big enough 
to force them all along. That means the osmotic pressure will be high for liquid to flow 
into the capillaries--liquid automatically wants to come dilute all those heavy things. At 
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the beginning of the capillary beds you're dumping food, and on the way out near the 
veins you're collecting toxins and waste. All of these factors will influence blood flow 
strength and direction. 

Frank-Starling Law of the Heart 

So what's Starling's law? It's actually not just Starling's, since Otto Frank did a lot of the 
work beforehand, but Frank didn't have all the information he needed. Starling filled in 
the picture, and he usually gets the credit, but politically-correct textbooks will often 
credit both of them like I've done here. Look how correct I am. 

The law itself says that when your heart fills with blood--more than usual--your muscles 
will contract with more force. This happens 'cuz each muscle fiber gets gets more load--
gets stretched--by the extra blood. When the muscle fibers stretch, their Troponin C has
more calcium affinity. You can think about it as when you stretch the fibers, you're 
making troponin C kinda move out of the way a little bit, pulling it out from between 
myosin and actin while maximizing cross-bridge alignment. Less troponin in the way, 
more cross bridges, and more contractile force in the heart muscle fibers. The force 
any muscle fiber can produce depends on--and is proportional to--the initial 
sarcomere length (how loaded it was beforehand, or preload). Of course, if you 
stretch too far, this law doesn't work anymore. You've over-stretched the sarcomeres 
and cross-bridges can't touch and you have cardiac failure.

Remember those curves for passive and active muscle tension in skeletal muscle, on 
page FIXAL? This is basically just applying those to some really unique muscles. In 
systole, stretching more and more and more increases tension--the active curve looks 
like this:
Y is ventricular
pressure 
(tension!)                                            X is end-diastolic volume (ventricle filling; stretch!)

So the maximum force is after a lot and a lot of stretching, at about 2.2 micrometers of 
stretch--and it's only after that point that stretching too much lowers the force. Neat! 

What about passive tension? That's what's going down in diastole. The ventricle is filling
and filling, but not contracted, and all that stretch is working on just the mechanical 
strength of the heart. After the ventricle fills, the pressure of the blood in there is the 
preload that the heart has to contract against; we call the blood pressure in the aorta 
the afterload. A larger afterload makes the contractions less effective--the speed of 
fiber shortening is less--because the heart has to push against that pressure, but a large
preload stretches the muscle fibers just right and improve the speed of fiber shortening, 
as shown in the graph above.
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Starling's Law: "Decreasing initial fiber length decreases stroke volume"

So the volume of each stroke--how much blood you're actually getting out there--will 
depend on your end diastolic volume (the low pressure volume that's based on how 
much the sarcomeres are already stretched, or their preload) minus end systolic volume
(which is the high pressure volume with the full load of blood stretching your 
sarcomeres). This makes sense: the volume of the stroke is end diastolic volume minus
end systolic volume. You're just accounting for the volume you already had putting 
pressure on your sarcomeres. The amount of blood you put out each minute is your 
cardiac output. That's stroke volume times heart rate, or each stroke multiplied by 
the number of strokes per minute.

We can apply all this really practically to think about how efficiently the heart sends 
blood to the body in response to different triggers. That graph of active tension above? 
Take that same graph, but instead of putting tension (ventricular pressure) on the Y axis,
let's put stroke volume or cardiac output (which is in some ways, the same thing--a 
measure of the cardiac muscle's push-back).

Y axis--cardiac positive inotropic
output, or stroke
volume "normal"

negative inotropic

x axis--ventricular end diastolic volume (or right atrial pressure, since return to 
the heart is passive (veins don't pump the blood back) and right atrial 

pressure is the same as in superior and inferior vena cava; in other words that's the 
pressure that's gonna stretch the ventricles, or the preload)

This is your classic Starling graph from USMLE, where the middle graph is the normal, 
at rest heart volume and the higher line is what happens when your body asks your 
heart to put out more volume, and the lower line is what happens when your body asks 
your heart to put out less volume. That's gonna mean less ejection fraction. They will 
ask you what will make the graph move up or down: positive inotropic agents like insulin
will make your heart pump harder, and move the graph up (increasing output), while 
negative inotropic agents will make your heart decrease output.

But this is too easy! They're more likely to give you what's below.

This is the basic cardiac function curve.
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y-axis: cardiac output (or venous, for the blue line)

        x-axis: right atrial pressure
The smooth line pointing up and right is cardiac output over right atrial pressure (X) 
while the straighter blue line coming from the left and going down is the vascular 
function curve.

Just as in the first load graph of the heart I showed, as preload (right atrial pressure) 
goes up the heart works better and better until finally there's just too much stretch, at 
the corner of the black graph. That corner usually happens around 4 mmHg of pressure 
in the right atrium, at a max cardiac output of 9 L/min. 

So why is the vein graph backwards? Well when right atrial pressure is really high, that 
means its really stressful for the blood to go that way--so the blood from the veins, like 
all of us, wants to avoid stress and doesn't return to the heart as fast. So as atrial 
pressure goes up, vein return decreases. But when the atrial pressure is too low, there's
no air or blood or anything to hold the veins open, and they just collapse. Then venous 
return will be bad and can't go up anymore. That's where the flat part of the graph is. 
Where the vascular function curve intersects with the x axis is the mean systemic 
pressure--the place where venous return would be zero, or what your blood pressure 
would be on average if your heart were stopped. You'd have no blood returning to your 
heart if you had no atrial pressure, so that's why you find MSP there on the graph.

What kind of things will change the vein graph? 
 Decreasing blood volume. Less blood means less stressed blood crowding 

through the arteries, which lowers the whole pressure of the system (mean 
systemic pressure, too). Lowering right arterial pressure shifts the whole graph to
the left.

 Increasing blood volume. This would increase the pressure in the whole system--
especially in the arteries, since that's where stressed blood goes--and make the 
MSP go up. (More blood=more pressure even if the heart's not pumping) That 
would shift the whole vascular graph to the right.

 Vasodilation. Opening the veins makes vein compliance go up: veins can hold 
more blood. That would lower systemic pressure, shifting the graph to the left.

 Vasoconstriction. Closing the veins means less blood fits in the veins, pushing it 
out into the stressed system of the arterioles. The whole pressure of the system 
goes up, and that shifts the graph right. This means that constricting the veins is 
basically like your body's way of increasing blood volume.
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 Increasing total peripheral resistance. The veins don't offer a lot of resistance, but
the muscles in your arteries can. If you make them more resistant, you make it 
harder for blood leaving the heart to pass the arterial system and get into the 
venous. That means it's harder for the heart to make a good cardiac output, and 
consequently, harder for veins to return blood. The whole graph decreases in 
slope, but MSP doesn't change.

 Decreasing total peripheral resistance. It's easier for blood to get into your veins, 
and easier for blood to get back to the heart. Venous return goes up, slope 
increases.

The black and blue curves intersect at your equilibrium point, your steady state. That 
means your cardiac output equals your venous return: everything your heart pumps out 
comes back. That's how it's supposed to be, so every time you do something that 
changes cardiac output or venous return, the curves will intersect at a new steady state 
and that's where the body will operate. In general, inotropic things will change cardiac 
muscle function and affect the black curve (cardiac output), while changes in volume will
alter the blue curve (venous return), and changes in resistance will affect both. You can 
think of changes of resistance with regards to cardiac output using the Ohm's Law 
equation. What happens to V=IR, or P=QR, if you change R?

Know the difference between inotropic and chronotropic effects. A positive inotropic 
effect increases cardiac output by increasing contractility; a positive chronotropic agent 
increases heart rate itself. Digitalis, for example, slows your heart, making it pump 
harder--decreasing heartrate, so negative chronotropic--but it's a positive inotropic 
agent because it increases your contractility. Unfortunately, it's very toxic to the A/V 
node--it's a glycoside, so it inhibits your Na/ATPase pump. Inhibiting your Na/ATPase 
pump builds a gradient of positive charges outside the cell that make your calcium stay 
inside the cell--and increased calcium in the myocardial cells means increased and 
continued contraction. The sympathetic nervous system is a positive inotropic force that
increases your contractility using catecholamines, which activate beta 1 receptors to 
increase contractility; the parasympathetic nervous system uses ACh to bind to 
muscarinic receptors and have a negative inotropic effect on your atria, lowering 
contractility.

Look at this graph and make up questions for yourself. Like, what would happen to a 
hypervolumic patient? What happens if you added 3 L of fluid? What happens in heart 
failure? What happens if you add noradrenaline to stimulate? What happens if you have
hypovolemia (or a bad hemorrhage)? What happens to patients on beta-blockers?

Pressure-Volume Diagram: Ventricular Filling

Getting to the all-important pressure-volume diagram:
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                      3.

           4.
Y axis is left-ventricular pressure,      
                                       2.

                     1.

X is ventricular volume. 

The corners are the valves. The top corners are the aortic valve, closing in the left 
corner and opening in the right corner. Lower corners are the mitral valve, opening in 
the left corner and closing in the right. 

This shape is always the same-ish, and it represents this sequence of events:

1. Filling period
 Here the pressure is low, and the mitral valve has opened in the lower left corner,

and the volume of the left ventricle is increasing to about 115 mL. The pressure is
increasing just a little bit, and that's diastolic pressure.

2. Isovolumetric contraction period
 Here the pressure is increasing as the ventricle contracts. All the valves are still 

closed. The volume stays the same for a split instant during this period while the 
pressure builds.

3. Ejection Period
 Now the pressure is high, and the volume is decreasing as you eject fluid out of 

the aorta, which opened in the right corner. (Mitral is still closed) Systolic 
pressure keeps rising now, and the volume decreases.

4. Isovolumetric Relaxation Period
 This is another period where the volume stays the same for a bit. Here pressure 

is going down with the liquid gone, and when pressure in the ventricle is lower 
than that in the atriums, the aortic valve sucks "back" and closes in the upper-left 
corner while pressure drops. The mitral valve opens at the bottom to start filling 
the ventricle again.

The difference between the left and right vertical lines is the stroke volume. If the stroke 
volume grows, and the heart's pumping tons of blood, the graph becomes fatter. If the 
stroke volume shrinks, the graph becomes skinnier. The stroke volume is different from 
stroke to stroke and person to person. You also make the graph higher if you make the 
heart work harder, since you're making ventricles contract with more pressure.
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You don't eject all the blood in your heart with each stroke, by the way. You always have
some in there. Your ejection fraction is the amount you kick out divided by the entire 
volume at the end of diastole, when the ventricle's full. That's the length between the 
two "Legs" of the pressure volume curve divided by the full length up to the right leg.

With every stroke of the heart, the arteries and heart lumens expand and the elastic 
walls of the arteries stretch with the increase in pressure. That's systole. Diastole is 
when they relax. When you put too much blood into your vessels and the pressure's too 
high, the vessels can stretch to lower the pressure and handle the blood flow. That's the
principle of delayed compliance--there will be just a small delay after you put too much
pressure into a vessel, and then it will comply and lower that pressure by stretching. 
Veins are more compliant and so they can hold larger volumes of blood without stress; 
arteries are less compliant, and their lack of compliance really stresses and pressures 
the blood in them. Compliance is volume over pressure (C=V/P).

Unified Cardiac Function Graph

So, somewhere you should get a good picture of the unified cardiac function graph. 
What's below is super-approximate, and only so I can explain each step. 

(X axis is time, Y is what I have each labeled below the graph):

  x--aortic valve closes
                   x--aortic valve

opens

    x--mitral valve opens, blood gets out of atria
                x--mitral valve closes

Ventricular pressure: pressure increases, contraction happens, blood leaves, aorta shut

       x--aortic valve closes

          x--aortic valve opens

Aortic pressure: goes up after valve opens, still remains pretty high as the valve closes
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Ventricular volume: high after flat part of the curve (atrial systole), then low (contraction)

       4 1    2       3

Heart sounds (1 is tricuspid/mitral valves, 2 is aortic/pulmonary valves, 3 is rapid flow 
from atria to ventricles--normal in kids only, 4 is atrial contraction--abnormal in adults, 
caused by atrium trying to push against a stiff ventricle)

a           c v

Venous pulse (just a second after the heart-beat; the wave of blood following the work in
the arteries and heart. a is atrial pressure pushed back on veins)

P         Q R S         T                                                 P

EKG (P is the movement of the action potential, then you've got the muscle contraction. 
Q is depolarization of the ventricle, just a little before the contraction. T is the 
repolarization of the ventricle and atria.) The part between the P bump and the Q wave 
is where the bundle of His, the bundle branches, and the Purkinje network are firing.

Pressure and Large-Scale Circulation

At some point you'll see the velocity is flow over area equation (v=Q/A). What's the 
difference between velocity and flow? Flow is the volume of blood moving past a certain
point--for example in mL/sec--while velocity is the distance blood would go over time, 
measure in cm/second. This means that the same amount of blood will go slower if it's 
flowing through an area of larger cross-section. I found this a bit counter-intuitive--blood 
goes faster in the aorta than in the capillaries, and isn't the aorta much bigger cross-
sectionally? But the flow in the aorta isn't the same as the flow in one capillary. The 
volume that goes into the aorta--that entire volume goes through all the capillaries, 
which added together have a much higher cross-sectional area than the aorta does. So 
across that entire cross-sectional area, they divide the flow, and that makes them go a 
whole lot slower. So the equation holds.
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Another factor affecting circulation: resistance created by the walls and things. Flow is 
the change in pressure over resistance (Q=deltaP/R), which means the bigger the 
pressure change, the more flow, and the more resistance, the less flow. This is a 
variation of Ohm's Law (V=IR), where pressure's analogous to voltage and current to 
flow.

We talk more about resistance using Poiseuille's Law. Blood flows from areas of high 
pressure to areas of low pressure. Pressure will be higher coming into a vessel than 
coming out because of the resistance dragging along the blood on the sides. There's 
more resistance at the edges of the vessel than in the middle and flow will be the 
change in pressure over this resistance. That means the more radius you have, the less
resistance, since less of the blood going through actually has to touch the edges. More 
length also means more wall-contact, so more length means more resistance. The 
equation looks like this:

R=8*(viscosity)*L
      pi*r^4

where r is radius, L is length.

The artery is affected more dramatically by Poiseuille's Law than the vein, because the 
artery is so muscular and fibrous that there's more resistance along the arterial walls.

Veins hooked together in a series--right after each other--have a higher resistance, 
since they basically add length (So rtotal=r1+r2+r3...). This big resistance will mean that
pressure in the first vessels will be much higher than pressure in the other vessels, but 
the flow (volume/time) will be the same through each segment. Vessels hooked in 
parallel--so the source vessel hooks into two or three different ones (like branches) at 
the same time--actually have less resistance together than any one of them by 
themselves. (1/rtotal=1/r1+1/r2...)That's because they've increased the total radius 
available to them. The flow is decreased now through each one of these, since flow is 
now divided over a greater area (remember v=Q/A) and velocity will drop. Pressure will 
stay the same across each individual vessel since the change in flow is equaled by a 
proportional change in resistance in each little part of the circuit.

The optimal flow would be laminar flow, where you have slower flow on the walls, and 
faster flow towards the center, but the flow is straight and has least resistance and fight 
along those walls and you have straight layers of speed. Another way to think about this
is using the energy relationship described in Bernoulli's principle--since energy is 
conserved, each laminar segment of the flow must use the same energy it got when it 
started, and different lamina compensate for different energy demands (caused by the 
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walls) by changing their speed. This "layers of speed" is the flow in an ideal liquid.

Turbulent flow causes endothelial damage and isn't in straight layers. When pressure 
goes up too much, flow becomes turbulent. It looks like this:

Where the first chunk before the bend is laminar flow, and the second chunk is 
turbulent. X axis is pressure change and Y axis is speed. This means that after some 
point of high pressure the change in speed--the ability to increase velocity--will 
decrease. Pushing harder won't make you go faster, after a certain point, because of the
turbulent messy flow you're getting. You're getting that turbulent flow because the 
pressure is so high compared to the ability of the walls to handle the resistance created 
that you're just kinda "spurting" through there, if that makes sense--at some point the 
pressure is too high for the vessel to accommodate. Patients with high pressure often 
have a lot of turbulent flow.

Reynold's number: Nr=(blood density)*blood vessel diameter*velocity
                                              viscosity of blood

If this number is less than 2000, the blood flow will be laminar; if it's higher than 3000, it 
will definitely be turbulent; and if it's between 2000 and 3000 there's a better and better 
chance of turbulent blood flow til you reach 3000.

Mean arterial pressure is another way we check the circulatory system. It's just the 
average pressure in your arteries, but we can't take the average of systole and diastole. 
Why not? Well, you actually spend more time in diastole than in systole, so it wouldn't 
be accurate over time. Instead, MAP is diastolic pressure minus 1/3 of the pulse 
pressure. What's pulse pressure? It's the difference between diastolic and systolic, so 
on a graph charting arterial pressure, it would be the height of the peak from systole to 
diastole. 

So MAP is: 1/3 (diastole-systole) + diastole.

Taking Blood Pressure

We use the Korotkoff method to determine systolic and diastolic blood pressure. You 
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don't have to pinch the patient or anything--it used to be that you would measure with a 
thing stuck into the artery! This is much better. 

You're listening for the two Korotkoff sounds. (Don't confuse these with the 4 cardiac 
sounds. Those are the two valves and the two turbulences as the heart fills.) These 
sounds are what you hear through the stethoscope when you use a 
sphygmomanometer and take pressure. 

 You put the sphygmomanometer on and hold the stethoscope in the elbow. 
 Then you block blood flow into the arm using the cuff. You tighten this until you 

can't hear any more sounds in the stethoscope. 
 Then you slowly release and allow blood to flow back into the artery. The first 

sound you hear is the wave sounds of blood passing by the stethoscope in the 
elbow, the blood spurt. The pressure at which you hear that is systolic pressure. 
Systolic is NOT when the little needle starts to move or the mercury starts to 
drop! It's when you hear the first sound!

 You loosen the cuff until you don't hear sounds anymore--now there's no more 
blood spurt, no more turbulent flow, and that silence is the second Korotkoff 
sound. That's diastolic pressure. 

Korotkoff sounds may be tapping, swishing, knocking, or muffling. Some people care 
about that, but most of the time you really only care when sounds begin, and when they 
end.

Normal blood pressure is 120 systolic and 80 diastolic. If the second Korotkoff sound 
never comes--the blood never goes silent--you call that palp. It means really low 
diastolic pressure, and it's bad.

Taking blood pressure correctly can save a life. Dr. Isidro says someone almost gave 
his wife blood pressure medications that would have killed her because of a bad reading
from a machine. So even though we may "think" it's someone else's job (or it's beneath 
us) to take blood pressure, we should know how to take it in case the patient's clinical 
symptoms don't correlate with what a measurement is telling us. Do no harm--the 
patient's clinical symptoms always matter, says Dr. Isidro, and we can hurt a perfectly 
healthy person if we're all wrapped up in the numbers rather than looking at clinical 
obviousness.

Control of Blood Flow

Control from the heart

Arterial blood pressure comes from cardiac output (heart rate times stroke volume), 
peripheral resistance, arterial blood volume, and arterial compliance. When this system 
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works, it works well, but 9/10 of hypertensive patients we don't know why and we can't 
"cure" (wow). You can usually change cardiac output to change arterial blood pressure, 
or you can change total peripheral resistance. (arterial pressure is cardiac output times 
TPR) But of course, doubling total peripheral resistance makes return to the heart and 
cardiac output go down by half, so the equation isn't that simple. 

Hormonal and Local controls for arteries and capillaries

The local tissue control of constriction--so non-autonomic control--includes: 
 Vasodilators that work by making nitric oxide and ANP which dilates stuff:ANP, 

◦ Shear stress, (makes prostacyclin)
◦ Histamine, 
◦ Acetylcholine, 
◦ Bradykinin, 
◦ Purinergics like ATP

 Vasoconstrictors that work by producing endothelin
◦ Thrombin
◦ Cytokins
◦ High shear stress

  Vasopressin makes things constrict.

Why does shear stress do two different things? At first, when shear stress goes up, you 
open up a little bit so the blood has more room and isn't brushing against the walls so 
much. That makes sense, but why do you want really high shear stress to make 
constriction? Well, when you constrict, you create a whole ton of resistance all of a 
sudden so blood will go in other directions, not to this area. You make pressure so high 
here that the blood will go everywhere else except here, protecting this area from the 
really bad shears that are going on and restoring equilibrium.

Controlling veins

Veins have valves (and arteries don't) because they're the low pressure part of 
circulation. Valves help blood move along. They let one section fill, and then close it off 
and open the next section so blood will go there--basically they build up pressure bit by 
bit to keep blood moving along. 

Veins are also pushed by muscles. Your arteries are deeper, between or under your 
veins, but your veins are between muscles so when you run and stuff you improve your 
circulation. 

Also, the arteries between the veins can help, because the high pressure between the 
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muscles of the arteries will push against the walls of the veins and help them pump, too.

If you spread the veins too far, and the veins stay open too far, your valves can't reach 
either side and they don't work. That's how you get varicose veins: the blood will pool in 
the varicose veins because they're too spread and the valves aren't working. To cure 
this, cardiovascular surgeons will cut the broken/over-stretched vein and re-divert the 
blood. Dr. Isidro teaches us he doesn't like it when people just use an injection. With the
injection, you just kill and arthrosclerose the vein so the blood will divert to other blood 
vessels. Dermatologists do this sometimes. The problem with this is the arthrosclerosing
chemical goes through your whole circulation, even though most of it stays in that vein, 
and your kidneys are super-sensitive to that. So you're killing your kidneys with that 
chemical. Much better just do it right, take out the broken vein, and sew everything back
together without hurting your kidney. Our first job, he says, is do no harm, so what kind 
of doctor are we if the secondary effects of our "cures" hurt the patient more than the 
varicose veins do? Kidney failure is much worse than the appearance of varicose veins!
If the secondary effects are less than what will happen to the patient if we don't act, than
it doesn't matter what the secondary effects are, we have to act. But there you have it.

Baroreceptor control/Autonomic nervous system control 

You've got mechanoreceptors called baroreceptors in the walls of your carotid sinus and
aortic arch that sense stretch (and stretch, of course, means high blood pressure). The 
ones in the carotid sinus tell you about increases or decreases arterial pressure, while 
the ones in the aortic arch tell you about increases only. Costanzo says, "the strongest 
stimulus for the baroreceptors is a rapid change in arterial pressure!" So they're 
sensitive to change in the rate of stretch, not just stretch. The carotid sinus guys send 
info to your carotid sinus nerve, which sends it to the glossopharyngeal nerve (cranial 
nerve IX); the aortic arch guys send stuff straight through the vagus. You receive that 
info in the reticular formation of the pons and in your medulla. Then you pass it to the 
nucleus tractus solitarius, which acts like a "safe gate" to manage the response. It 
can either stimulate your cardiac decelerator or inhibit your cardiac accelerators and 
vasoconstrictors--both actions that would lower blood pressure. The cardiac 
decelerator center is part of the parasympathetic nervous system, and its fibers go to 
the vagus nerve and hit the SA node to lower heart rate. When the nucleus tractus 
solitarius gets info about high blood pressure from the baroreceptors, it will amp up the 
cardiac decelerator center.

The cardiac accelerator center is sympathetic, and it normally stimulates the SA node 
and increases contractility elsewhere (the sympathetic goes to the whole heart, while 
parasympathetic is only the SA and AV node). But when your nucleus tractus solitarius 
gets high blood pressure readings from the baroreceptors, it inhibits the cardiac 
accelerator center. The sympathetic system also vasoconstricts your arterioles and 
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veins, and that's managed from the vasoconstrictor center in C1, in the upper medulla
and lower pons. The neurons from that center synapse in the spinal cord, the 
sympathetic ganglia, and on certain organs. They control your capillaries by either 
dilating/constricting the arterioles, or constricting smooth muscle bands called pre-
capillary sphincters that lie at capillary "openings." Of course, when the nucleus tractus 
solitarius thinks you have high blood pressure, it will inhibit that C1 center. Decreasing 
vasoconstriction will permit vasodilation, and of course drop blood pressure.

It's stimulating these receptors that's the goal of the Carotid Body Massage. A patient 
with paroxysmal supraventricular tachycardia (PSVT) has an electric impulse going 
back through the fast and slow parts of the AV node when it shouldn't. This patient will 
have sudden heart palpitations, even though he's never had cardiac problems before. 
His AV node is just misfiring, and so his heart-rate is up too high, and you need to slow 
his heart rate by making the AV node refractory period longer. You do that by triggering 
the parasympathetic system to slow AV node conduction, and that ends the erratic re-
firing, re-entrant impulse. How do you trigger the parasympathetic system? If you 
increase BP at the carotid sinuses, the baroreceptors will increase their firing, saying 
“hey, BP is up, BP is up” and that will tell the parasympathetic system to get to work and
slow down that AV node. So to increase BP at the carotid sinuses and make this 
happen, you massage the patient just below the corner/angle of his right mandible. In a 
hospital, you might treat the patient's PSVT with adenosine.

We test baroreceptor function with the Valsalva Maneuver. You trigger the 
baroreceptors to increase heart rate by raising the pressure in the patient's chest. How 
do you do that? Have them cough so they exhale really really hard against a closed 
glottis (you'd get the same effect with pooping or heavy lifting). The increase in thoracic 
pressure decreases the venous return to the heart, which then makes you want to 
increase cardiac output to compensate. You should see your patient's heart rate go up, 
and that heart rate should go back down after you stop the maneuver.

Those are your high-pressure receptors. You've also got some low-pressure 
baroreceptors responsible for something called the Bainbridge reflex. These are in the 
wall of the atrium, and they're mostly responsible for managing blood volume. These 
sensors are always sending messages to the brain, beep, beep, beep, just without 
stopping. When there's distension or something, they send signals faster, and then the 
autonomic system notices. 

 When the wall of the atrium distends the sensor secretes atrial natriuretic peptide
(ANP), which relaxes the vascular smooth muscle. 

 ANP also goes to the kidneys and tells them excrete water and sodium, 
decreasing blood volume. 

 They also vasodilate towards the kidneys (so the kidneys can do more excretion)
and lower ADH secretion so you don't reabsorb so much water in your collecting 
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ducts. 
 Finally, these low-pressure receptors also send info through the vagus nerve to 

tell the nucleus tractus solitarius to increase the heartrate. 
This is opposite of what the high-pressure baroreceptors do, remember. These little 
guys want to increase your heart rate so you can send more blood to the kidneys to get 
thinned out and de-liquidized. You can really consider them indicators of venous 
pressure, since they're in your atria, and you have some in your pulmonary vessels, too.
You've got two types--A and B. A fibers fire during atrial systole, B fire during ventricular 
systole.

 So we can think about these two sensor systems working together in intravenous 
infusion--put in 500 mL into a patient that increases right atrial pressure, stimulates atrial
receptors, produces the Bainbridge reflex, and that puts up the heart rate. But when 
right atrial pressure increases, cardiac output increases, and with delayed compliance 
the arterial pressure goes up, and the baroreceptors in the arteries complain and that 
makes the heart rate go down. That's why when you put blood in the body through 
intravenous infusion you still have a balance. 

Renin-angiotensin system 

When pressure goes down, mechanoreceptors in your kidney start getting prorenin 
turned into renin in your juxtaglomerular cells. (You can trigger this renin production 
with sympathetic nerves and beta 1 agonists like isoproterenol, and you can turn it off 
with stuff like propranolol.)

Renin enzymatically turns angiotensin into angiotensin I (a decapeptide! Wee I love 
that word).

In the lungs and kidneys, ACE turns angiotensin I into angiotensin II.

Angiotensin II (an octapeptide!) does stuff that ultimately raises arterial pressure:
 increases aldosterone spat out by your adrenal cortex, so you increase sodium 

reabsorption into the blood, which via osmosis makes water want to go into the 
blood and ECF (increasing blood volume)

 vasoconstricts your arterioles (increasing total peripheral resistance!)
 directly goes into the kidney to make the kidneys exchange sodium for acid ions, 

pulling more sodium and biocarbonate into the blood 
 making your hypothalamus thirsty so you drink more water
 making you have antidiuretic hormone so you don't pee

Hypertension
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Hypertension is sustained higher-than-normal pressure. We don't always know the 
cause--in fact 90% of the time we don't know what's going on. For example it could be a
little tumor in the kidney producing cortisols, and we take out that little adenoma, and 
then that's it gone and fine. If we have too much cardiac output, and it's high volume 
causing the hypertension, we may have:

 renal artery stenosis, 
 renal disease, 
 hyperaldosteronism (too much ADH), 
 coarctation of the aorta, or
  pregnancy (preclampsia). (Hypertension as a result of pregnancy could last if 

there's something injured, but normally it disappears.)
They may have pheochromocytoma--a crazy increase in catecholamines like 
epinephrine or norepinephrine because of a tumor in your adrenal gland. They may 
have stress. It's annoying that if hypertension's stress-related we have trouble making 
drugs for it, because suddenly the patient gets less stressed out and then with the drugs
they're on we've got hypotension. = ( So respect stress. 

Increase in systemic vascular resistance also causes increase in hypertension. This can
be idiopathic (which means we don't know what's up), atheroschlerosis, renal artery 
disease (too much angiotensin II), thyroid dysfunction, diabetes, or cerebral ischemia 
(you could have important hypertension control centers of your brain being dead). If you
have Cushing's syndrome, you'd have a tumor in the pituitary, and that could cause an
increase in hypertension. It could even be iatrogenic (the doctor caused the problem).

Any stenosis in the vessels going to the kidney will produce hypertension for the 
patient's whole life. That will make decreased flow to the kidney, and even though 
there's more renin and higher pressure to make that flow increase, the vessel won't 
correct itself. That means it's always crying for more blood and the body's always at 
high pressure. You've got to take out this kidney or do something so the other kidney 
can return to normal. If you have two Goldblatt kidneys (two stenoses like this) taking 
one kidney out won't help you and you'll be hypertense for ever. If you can fix the 
stenosis physically or get a kidney swap that will be good. You could try to fix the kidney
with a vessel graft, but grafts are tough because you can't guarantee the right size of 
the new vessel, and the wrong size will make the kidneys keep making noise. You can 
also have high blood pressure because there's fibrosis in the kidneys, cysts growing in 
there.

A lot of times hypertension symptoms don't manifest until later. Maybe it's a little 
headache or whatever...but later, it causes a lot of pain in your extremities and other 
parts of your body. It will hurt your heart, too. First place of injury in hypertension is the 
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back of the eye. If you look back in there you can see changes that help us understand 
if the patient is hypertense with injury. If this happens we know hidden things are being 
hurt, too. You can also get symmetric concentric hypertrophy in the ventricle. More walls
from all that working out means less blood per beat. That's not cool. The heart keeps 
trying and trying, getting bigger and bigger but not being able to fill, and it starts to 
stretch, too. 

On a radiography you can see if the heart is too big. The length/width of the heart 
horizontally should be a third of the length from rib to rib. Hypertensive patients will have
concentric--equal all around--hypertrophy, because there's equally too much pressure 
everywhere. That's different than if you see a localized hypertrophy.

You can have hypotension, too, of course. Supine hypotension syndrome happens 
when a pregnant woman lies down, the baby in her uterus compresses her inferior vena
cava, and then she gets really really low blood pressure. Her BP goes down because 
the squished vena cava means there isn't a lot of venous return to the heart, which 
means less preload, which means less cardiac output, and then hypotension.

Coronary Circulation

The heart is the least perfused organ in the body--the one that uses least blood 
compared to other organs. It gets most of its blood during diastole because the muscle's
working during systole, squishing the vessels, and making it hard for blood to flow. Also,
in many hearts during systole the flaps of the aortic valve (opening to let blood out of the
heart) pop up to close over the openings to the coronaries--this also means blood has to
wait until the valves close in diastole to allow blood to flow into the coronaries. Systole 
in the coronary vessels has two parts: the first is this squishing, in which the heart 
muscle cells are working but can't get much oxygen, and the second is a reaction to 
that. The heart meets its demand for oxygen by vasodilating the coronary vessels and 
increasing--flooding--blood flow as soon as those muscles relax. This is reactive 
hyperemia, or a wildly dramatic increase in blood perfusion as a reaction to something 
else. 

While we're resting the heart uses as much oxygen as an equal mass of skeletal does 
during lots of exercise. In exercise, the heart undergoes active hyperemia, where 
because it has to work harder it will actively vasodilate the coronaries to increase blood 
flow. This regulation of circulation is controlled by hypoxia (low oxygen) and the local 
signaling molecule adenosine, with only a very tiny bit of input coming from the 
sympathetic nervous system. A patient in heart failure can't regulate like this--he has no 
reserve (reserve is the amount we can increase--4-5 times--during heavy exercise). 

The heart uses more of its oxygen trying to maintain the pressure in the aorta than 
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maintaining stroke volume. I remember that the left ventricle is bigger than the right 
primarily because the left has to pump blood all through the body, but the more specific, 
true reason the left is bigger is this: the pressure in the aorta is much higher than the 
pressure going towards the lungs. So stroke volume and cardiac output aren't always 
equally correlated to the amount of oxygen that's used, because a partially clogged 
aorta, for example, will make the heart use lots and lots of oxygen, but it won't have a 
high stroke volume. We can actually measure the pressure generated by either ventricle
by pretending it's a sphere and using Laplace's law of spheres:

P= 2HT/r or tension and thickness (height) times 2 divided by radius. You can use this 
formula to find the thickness you need to generate a certain pressure.

75% of the venous return of the heart runs into the coronary sinus (which mostly dumps 
into the right atrium), while 25% runs through the anterior cardiac veins. You've also got 
some Thabessian veins which put a very, very tiny amount of blood into all chambers of 
the heart.

Coronary Artery Disease and Myocardial Infarction

Now, your heart can handle quite a bit of blockage because the muscle cells can 
tolerate receiving less blood at rest; to give you an idea of efficiency here, nerves live 
for 8-10 minutes without oxygen (longer if you're in really low, frozen temperature and 
the cells don't have time to degrade after oxygen blockage), but the heart can live for 30
(maybe even an hour). But when you need more action from them all of a sudden? You 
don't have the ability to maintain at blocked levels. Usually, blockages that are less than 
90 percent occluded don't present with symptoms because you have so many 
capillaries and back-up flow options. But if you block blood to places like the AV node or
S/A node, your heart can't conduct signal, and you will suffer. At that point coronary 
artery disease doesn't have to affect the whole wall of the artery--just a little millimeter 
section in the wrong place can kill. Apparently they call the LAD (anterior interventricular
artery) a widow-maker because of the frequency of deadly heart disease here. 

You are most likely to have a blockage at places of origin or bifurcation where pressure 
and flow has to change. This includes the first few centimeters of the major coronary 
arteries.

A healthy inner artery should be simple squamous epithelium, glistening and smooth, 
without streaks or bumps of yellow. The specialized epithelium here sends autonomic 
signals and even maintains local regulation using hormones (remember hypoxia and 
adenosine and all that signaling from just a bit ago). Normally the endothelium protects 
you from forming blockages, cleaning up the wall and so on and so forth. It's when this 
epithelium fails that we get coronary artery disease. Hypertension, age, so on and so 
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forth give you the endothelial damage you need to make that happen. Build-up is 
different in every person--some people die because of build-up in the aorta and other 
great vessels, while their coronaries are so-so, and others have the opposite. In the 
aorta atherosclerosis is normally in the bottom, in the thoracic aorta--as opposed to 
syphilis, which happens in the arch of the aorta where it sclerosis it and makes it ugly 
and bad.

To build coronary artery disease, first you have a little bit of endothelial damage. Then in
the place where there's endothelial damage a little bit of fat sits and gets stuck. The wall
freaks out--"what the heck is that, that's not endothelium!"--and starts attacking the fat, 
building over it with inflammatory macrophages that promote smooth muscle 
proliferation, collagen and extra cellular matrix deposition, and extracellular lipid growth.
Basically you're trying to build a body, complete with collagen and ECM and everything, 
between you and the fat, and as you do that you're clogging your artery. Now wherever 
you have irregular surface, you create turbulence, and more turbulence means more 
blood cells crushing against each other instead of flowing nicely--which means more 
endothelial cell damage and more blood coagulation. You can have platelets from the 
blood running through and getting stuck to this blob, and then you can have fibrins and 
red blood cells deposited here, and it just gets worse and worse. That blood-cell-
blockage is called a thrombus. When it finally clogs the spot, it's called thrombosis. 
This is different from thromboembolus, which is caused by a migrating 
thromboembolism, which is a thrombus (blood clot) that breaks free and then clogs a 
smaller vessel somewhere else. 

Statin medications work by getting the fat to dislodge and dissolve rather than just 
building up like that.

 A dissecting aneurism occurs if your blood flow gets under the epithelial tissue of your
vessel--worst of all your aorta--and begins to put a lot of pressure on it, ripping it off and 
making your vessel walls weak. A clot can get in here and put pressure, or fat build-up 
can grow in that ripped-off-area and make inflammation, but the sum point is the blood 
flow makes the wall weaker until perhaps it bursts. Then you die within minutes.

When you have a heart attack or angina pectoris--because a blockage is keeping 
oxygen from getting to your heart--the work the heart has to do is too much compared to
what it's getting. Angina is the heart screaming that it needs oxygen.You feel hot, 
constricting pain in the left arm, shoulder, and sometimes neck because as an embryo 
all those body parts came from the same tissue, which means all the pain fibers came 
from the same spine segments. 90% or more obstruction is unstable angina, which 
indicates possibility of heart attack; around 75% obstruction is stable angina and pain 
goes away with rest. Unstable angina still doesn't mean you have a heart attack, 
because it doesn't necessarily mean your cells have died. You check with an EKG, and 
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you check with troponin--troponin in your circulation lets you know that fibers from the 
heart muscle have died and are floating around now. (Troponin is more accurate than 
the creatine/enzyme tests they did in the 80s, because troponin E and C are only in 
muscle, while creatinine could mean you have bad liver function or even broken red 
blood cells can release creatinine) If just 15-30% of your coronary flow to the area stays
intact, your fibers won't die; if your fibers have died, that's a heart attack. We call it 
ischemia when there isn't enough blood in the tissue, and it equals pain! The cells are 
literally dying of starvation and suffocation. 

A subendocardial infarction is death along the endocardium, or inner-most layer of 
the heart, along the surface. A transmural infarction is when all the cells in a segment 
of wall have died--through all the layers--which can lead to your heart just rupturing. We 
put patients with transmural infarctions on assisted pumping and try to minimize blood 
pressures in the ICU to make sure that the wall doesn't rupture, in the thin hope that 
some of the cells will heal or grow back. Every infarction has a circle of dead cells, a 
circle of hypoxic cells around it which aren't working but can recover function if help 
arrives fast enough, and an outer band of hypoxic cells which are working but painfully.

Re-perfusion injury happens when your mitochondria, in desperation, are sending you 
a whole bunch of oxygen radicals while you're trying to save yourself from this 
suffocation. As soon as oxygen is available again, you just gulp up all that oxygen 
without any discrimination, and the free radicals can kill the dying cells. It may also have
to do with neutrophil recruitment to the dying cells, and a change in the way they use 
calcium. You may be able to fight this using inotropic stimulation (forcing an increase in 
cardiac output can alter up the way you're using oxygen and "use up" the free radicals) 
and antioxidants, as well as inhibiting sodium-hydrogen exchange (the gradient created 
by the sodium-hydrogen channels activate the sodium-calcium channels and too much 
calcium badly used is related to re-perfusion injury). You can also stimulate ATP and 
other natural protection agents, or even try to move the myocardium away from 
anaerobic respiration or crazy oxygen consumption by using insulin, so the heart will 
take in glucose from the blood and stop freaking out.12

What happens if you have cell death in the papillary muscles and they break? Now the 
valve doesn't work. 

Arrhythmia normally comes from coronary disease, where there isn't enough oxygen 
going to the muscle cells, so some parts of the heart get signal at the wrong time. The 
cells don't respond fast enough to pass on charge through their gap junctions. You may 
have a second potential arriving at a place that's already contracted, or you may have a 
short-circuit of charge or a number of other things. We'll talk about kinds of arrythmias 

12 2002 article for cardiologists posted by the American Heart Association 
http://m.circ.ahajournals.org/content/105/20/2332.full
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on page FIXAL.

In areas of the inferior wall of the heart it is hard for the EKG to detect the infarction, and
that makes the EKG not 100% able to detect the heart attack. That's why we still need 
to use the Troponin test. Is the Troponin test perfect? No. If there's an infection, a 
myocarditis, you'll get a positive, too. But it will have a small positive, while a heart 
attack generates a huge positive. Huge trauma--blunt trauma, like running chest-first 
into a wall at high speeds or getting into a huge car accident--can also cause high 
troponin. Troponin levels start going up after about 1/2 an hour after the attack begins, 
and they'll stay high for hours to days.

You may be saved by the back-up circulation I talked about earlier. Collateral 
circulation is when the body has formed or forms shortly after the blockage a whole 
bunch of new blood vessels that connect to each other and can shunt around the 
occlusion. Actually when you get an occlusion within one of your larger coronary 
arteries, there's an anastomosis (connection to another vessel) that immediately starts 
taking blood. If this happens too suddenly, it's not going to matter--the little anastomosis 
won't be able to take the blood you need to the tissues. But if this happens over a period
of years, the anastomosis will grow and become more and more accustomed to taking 
blood, and when the original vessel completely occludes, you have a better chance. 
This is why a younger patient who suddenly develops a complete blockage is worse off 
than an older patient who suddenly develops the same blockage--the older patient, after
more years of life, has likely formed more collateral circulation just by being alive and 
suffering wear and tear over time. So even though the collateral circulation is smaller, 
and you only have 35% of the flow, you at least don't lose those heart cells. (You have 
to have less than 30% flow to suffer an infarction) It would be awesome if we could 
make this happen more often. 

You can encourage the body to form collateral circulation, in extremities, for example, by
exercising gradually. A vascular doctor might ask a patient with an occlusion in his leg to
do gradual exercise, and that "scares" the autonomic system into realizing tissues just 
aren't getting enough blood--"so let's build more vessels!" If we could control this 
production in the heart, and increase the collateral circulation much more, we could 
almost cure coronary artery disease.

Coronary Steal Syndrome occurs when the heart is doing too much--excessively 
active--and its coronary vessels dilate a whole bunch. Most of the blood will go to the 
normal myocardium, and there won't be enough to flow into the small anastomotic 
channels (the collaterals) to help the dying areas. So while you're treating a myocardial 
infarction, if the patient is super-active, the heart dilates blood vessel, which lets all the 
blood get used up before it get can to the sick areas! Because a dilated blood vessel 
means lower pressure and more time for the myocardial cells to suck up nutrients. So 
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put the patient at rest so you don't have dilated vessels--keep them constricted so most 
of the oxygen gets sent to repair the hurt, not to work and make the heart beat. 

Cardiac arrest is when the heart stops. This is most likely to happen in the first 20 
minutes or the first 2 hours. Once it happens, you have 6 to 7 minutes before the brain 
starts to die. When the heart stops, blood isn't going into the arteries. It stays in the 
veins and doesn't need to move because the heart's not forcing it to--it accumulates. 
The kidneys detect there's no pressure, and they throw renin to the clouds. That renin 
tells the heart begins to hold onto sodium and water to raise pressure, but since the 
heart isn't working the sodium and water don't help. They just increase osmosis to make
a whole bunch of liquid get into the heart, and it will dilate and dilate since it's not 
beating and getting that liquid out. The valves stretch beyond their capacity as the heart 
stretches, and they break. You bulge the veins, more and more pressure builds up 
there. You have to fix the heart in order to save the patient--it doesn't matter if you give 
them diuretics or do everything you can to fix the water imbalance. Liquid starts to build 
up in your lungs. That's the worst part. The liquid accumulating in the lungs' vessels 
begins to leave the vessels because of osmotic pressure, and the liquid gets all in the 
alveoli, and the patient is drowning in his or her own fluids. Shit.

Cardiogenic Shock has a survival rate lower than 15 percent. People will try to do 
cardiopulmonary resuscitation (CPR). There's also internal cardiac massage. It's a 
technique that happens in extreme situations. Dr. Isidro told us a story about a patient 
who was operated on for a hernia. After the surgery, even though it went well, one of the
nurses noticed that he wasn't breathing well. She called the team and told them they 
had a problem. The chief resident said it was a pulmonary thromboembolism, and they 
cut the patient open and started the massage and he survived. That guy was super-
lucky that the nurse noticed he had something funny with his breathing, cuz no one else
did. Moral of the story: listen to your experienced nurses! You may also try to use 
defibrillation to get the heart going again. Really every time you give the AED shock 
you're hurting the myocardial muscle cells, and after three shocks the patient is really 
done. With a young person, people will usually give them another shock and try again--
cuz they're dead either way and maybe the fourth shock will work--because their heart 
muscles are stronger.

You'll give various substances for myocardial infarction and unstable angina. Beta 
blockers will stop sympathetic stimulation, limiting myocardial workload, making it need
oxygen less, and making the oxygen go to repair instead of work. Tridil or 
nitroglycerin will dilate the vessels, lowering afterload and preload, again making the 
heart work less. This also vasodilates the coronary vessels so there's more blood going 
to the heart. But wait, what about cardiac stealing? That happened when the hard-
working muscle cells were taking all the oxygen. In this case, you've slowed/almost 
stopped the muscle cells, so they chill and don't take all the oxygen and that vasodilated
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abundance can go to heal the dying and injured cells. Aspirin keeps thrombi from 
forming. Heparin also combats thrombus development. 

PTCA or percutaneous transluminal coronary angioplasty is when you put the catheter 
in the coronary arteries and inflate the balloon to widen the blocked coronary arteries. 
You may just leave a stent in there--push in, open the balloon, and then leave a woven 
mesh there that is stiff and holds the coronary open. This was invented by a german 
cardiologist named Andreas Roland Gruntzig. Some patients after this happens don't 
have build-up problems for years after, while others will have problems within days or 
weeks, so this isn't 100 percent guaranteed but it's a way to keep the coronaries from 
blocking in the present. These sound easy, but really take a lot of skill. If you have to 
refer a patient, you need to know who to send them to, so Dr. Isidro recommends you 
start networking as early as you can--not for job opportunities, but so you know who can
do what for your patients if you have complications. That's a new way to think about 
networking!

You may also do a coronary artery bypass graft, where you'll re-direct the blood flow 
past the occlusion to an okay artery with a hardcore surgery. That's what happens if the 
PTCA doesn't work. It tends to last longer than the PTCA. We think this may become a 
thing of the past--they're already working with PSOCT, polarization sensitive optical 
coherence tomography. That's where they use infrared light in a way similar to radar, 
sonar, and ultrasound imaging that came from submarine technology. We can see the 
plaques and artheromas and we can localize exactly where the plaques are. That 
means we don't have to open to guess--it's so specific that we can see one monocyte in
the plaque. And then we can try to get that particular area to reabsorb the plaque. We 
target it chemically so the body will fix its own problem before we have to do bypass 
surgery or other stuff like that. It's a big deal how much medical technology we get from 
once-classified military research--keep your eyes and ears open! 

Cardiac Failure

Cardiac Failure isn't the same as cardiac arrest, it means that the heart is failing to give
the body all the blood it needs. The left-sided heart failure means the chambers don't 
empty all the way, and you get pressure rising and rising over time as un-emptied blood 
fills up. Right-sided heart failure is often caused by thromboembolism or saddle 
embolisms (which is gonna hurt both sides at the same time, its' when it gets stuck in 
the division between a corner) emphysema, chronic bronchitis The key of cardiac failure
is that you have some kind of trigger that makes inefficient pumping, blood accumulates
in the left ventricle because you're not kicking everything out, pressure goes up, and 
you get blood spurts with that high pressure. Those spurts hurt the valves. From there 
the pressure keeps building backwards--atrial pressure goes up, and the vena cava, 
and back into the veins you get a growing backlog. You're lowering ejection fraction.
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Chronic vs. Acute

The worse the dilation, the more hormones released
Vicious cycle
Normally those hormones are supposed to fix absorption and change pressures in the 
vessels and stuff but here it's like you have a stop-up at the heart

Atriosomething something peptide

Systolic heart failure: if you can dilate arteries and veins you can distribute volume out 
of the heart and lungs, stopping that build-up and making cardiac output better. Left 
ventricle problems. But if diastolic heart failure there's nothing you can do. Right 
ventricle problems. 

What about remodeling the ventricles? Block angiotensin II or beta-adrenergic receptors
(negative inotropes and chronotropes in normal hearts) by reversing b-adrenergic 
receptor down regulation (so make MORE beta adrenergic receptors) you prevent 
dilation myopathy (weakness due to the build-up and dilation of the liquid in the heart) 
by making ejection fraction better.

Pitting edema hurts.

Swan Ganz Catheter isn't used so mujch now unless absolutely necessary

When 40 percent of the ventricle is dead cardiac output goes below the prssure you 
need to get nutrients to your tissues. That's circulatory shock!

Why did bloodletting work sometimes? In a patient with cardiac failure, if you did blood-
letting it was basically like giving a diuretic--you were taking out that extra volume that 
you were having problem with and making the body stop over-reacting. You could also 
use a tourniquette the same way--closing blood off from the heart by trapping it in an 
extremity and letting the heart relax and calm down and handle the volume again.

Other diseases of the heart

 Melanoma is the most frequent kind of tumor that metastasizes in the heart.
 Four-chamber hypertrophy is a genetic problem. You can get a dilated heart 

genetically if there are problems in sarcoglycan, dystrophin, desmin, titin, and 
lamin A/C, and mitochondrial proteins. Hypertrophy can come from genetic 
problems with myosin binding protein C and myosin light chains. 

 Endocarditis--inflammation of endocardium--bacteria like Strep A grow near 



Becoming Healers 245

your valves and inflame there. You'll get splinter hemmorhages, where there are 
little microembolisms in the nail bed. They look like little brown stripes in the nail 
bed, and that indicates you've got bacteria in your blood. You treat this with 
antibiotics. If this goes untreated, the body "fixes"itself by fibrosis--the 
pericardium starts gluing to the visceral sac around the heart so there's no 
pericardial cavity. This is worse than tamponade because you can just take liquid 
out to fix tamponade, but with this fibrosis you have to somehow open and 
separate the layers.

 Printzmetal's Angina--There's a strange angina unrelated to "normal" coronary 
artery disease (since angina pectoris just literally means chest pain) called 
Prinzmetal's Angina, which happens at rest in cycles because of the heart 
spasming. People think the heart spasm because dysfunctional epithelium 
doesn't produce nitric oxide like it's supposed to when ACh activates it--and 
instead the ACh makes the smooth muscle in coronary walls contract. A lot of 
times this has to do with cocaine consumption, and like other angina, it can kill 
you because your artery is spasming and changing the blood flow to your heart 
cells!

Integrating cardiac function: practice cardiovascular application with exercise, 
dehydration, standing up, and hemorrhage

Orthostatic change when people are dehydrated and they have less volume and they 
stand up and the world goes white and then they faint. The volume wasn't enough to get
oxygen to the brain, and you stand up and the blood pools down in the veins and then 
there's not enough for the brain. The low pressure in the baroreceptors makes 
sympathetic outflow go up to increase heart rate, contractility, cardiac output, 
constriction of arterioles, TPR, vein constriction, and lower unstressed volume. That 
returns the pressure towards normal. But if the dehydration is too bad, this won't help.

Common arrhythmias

Respiratory System

We owe a few folks for this chapter. Did you know we didn't now about oxygen until like,
really late in our history? Carl Scheele discovered it in 1775 (but Joseph Priestly also 
discovered it, and he published first and got the credit). No one named it til Lavoisier 
came along.

Aiight, so getting that oxygen into your body. 

The machinery of breathing
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Check out the histology section, page FIXAL for the juicy details, as well as the anatomy
section, page FIXAL. Here we've listed the physiological implications of a few 
structures. 

Cilia--The pseudostratified ciliated columnar cells in the trachea are the first thing you 
lose when you've got metaplasia and disease are their cilia. We won't talk about them 
as much again, but remember that once they're gone, it's easier for bacteria to get in 
and harder for mucous to get out, so keep them in the back of your head. You have cilia 
all the way down to your respiratory bronchioles (not many in there) and none in your 
alveoli, of course.

Smooth muscle--You have smooth muscle for local breathing control all the way down 
to the bits spotting the alveolar ducts just beyond the respiratory bronchioles. You don't 
have any smooth muscle in your alveolar sacs, but you do have little sphincters of 
smooth muscle in the ducts leading to them--those are what constrict in asthma. You've 
got some beta2 adrenergic (meaning powered by epinephrine and norepinephrine) 
receptors in bronchial smooth muscle. That's activated by sympathetic neurons, 
epinephrine from the adrenal medulla, and the drug isoproterenol, which is used to stop 
bronchospasms during anesthesia.13  Albuterol, which helps with asthma, also triggers 
these. When beta2 receptors activate, they dilate and relax your airways. You've also 
got some cholinergic muscarinic receptors (those are the G-protein-linked receptors) 
that constric the airways. Those are parasympathetically-triggered. 

Changing the airway diameter controls your oxygen exchange because of the 
same laws that controlled bloodflow: Q=change in pressure/R and Poiseuille's Law 
(R=viscosity and length of airway over radius and stuff bla bla bla). You're changing 
airflow by increasing resistance; you're increasing resistance by decreasing the radius 
of the airway. Changing the viscosity of the air you breathe in--by breathing out of a tank
at really high pressures under the water, for example--or changing your lung volume. If 
you've got a big lung volume, from a really big breath, you've decreased resistance, 
which is what people with asthma do with big breaths to offset the airway constriction.

Muscles: When the diaphragm contracts it becomes flat and helps open the thoracic 
cavity so you can inspire (but even when it's not contracted it maintains muscle tone). 
When you're just chilling and breathing quietly, it's your diaphragm that's working. When
you're actually trying, the external intercostals, parasternal inter-cartilaginous muscles, 
and the diaphragm all help you inspire by opening the thoracic space. When you're 
breathing quietly, the expiration comes from passive recoil; when you're breathing hard 
and actively your intercostals (except the parasternal intercartilaginous muscles) and 
your abdominal muscles help you expire more strongly (your abs push your abdomen 
stuff in, pushing your diaphragm up). The fact that expiration is normally passive is why 
13 http://www.rxlist.com/isuprel-drug/indications-dosage.htm
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corsets make it harder to breathe in than out, by the way. Breathing in with your 
muscles these way is basically Boyle's Law--P1V1=P2V2--so when the thoracic cavity 
expands, volume goes up, and pressure goes down. This lets high-pressure air from the
outside flow inside.

Lymphatic ducts: In the pleural space (between visceral and parietal pleura), the 
lymphatic ducts actually help maintain the slightly negative pressure. That slight space 
helps make it easier for the lungs to expand into the "space" there when the external 
intercostals elevate the ribs. If the pressure in here was positive, the lungs wouldn't 
expand. They would be pushing out against something already. 

Bones: The structure of the ribs also helps maintain negative pressure. They're 
constantly reforming and making blood and adapting, too, so don't think of bones as the 
only "static" part of the respiratory system.

Surfactant: Surfactant lowers surface tension. Detergents lower surface tension in 
fluids and break up grease clots. The surfactant acts kind of like that, keeping your 
alveoli from pulling in on themselves with wet tension. Surfactant also increases 
compliance--like when you're trying to blow up a balloon, and you can't 'cuz it's too stiff, 
and so you stretch it and stretch it and then you try again--surfactant is kind of like that. 
It makes the lungs easier to expand (more compliant). Laplace says P=2T/R: pressure 
you need to keep the alveoli open is equal to twice the surface tension over the radius 
of the alveoli. So a small alveolus, with lower r, needs more surfactant to lower its 
surface tension so you can keep it open with the pressures you have in the lung. 

Alveoli: Each alveolus have little holes that open into other alveoli, Kohm pores. The 
good thing about those pores is that when you have occlusion or a problem with one, 
you can share air between the alveoli. The bad thing about them is that it's easy for 
bacteria to travel from one alveolus to the other when there's an infection. When we 
have distended alveoli, you are crushing the little capillaries all around them and 
increasing resistance there. You can also think the other way, that someone with cardiac
failure has bulging veins with stagnant blood, and that will crush the alveoli a bit. So 
doctors have to think about not just cardiovascular system when there's heart failure, 
but also the respiratory problems that could arise over time. Aerosols have to be smaller
and smaller before getting into the alveoli--they get stuck in the walls and stuff. 2 
millimeters or less is small enough to surf its way into the alveoli on the turbulent flow, 
but too big to take out. The only thing that can get that dust out is the macrophage, or 
Dust cell, crawling all around in here. One acinus is one berry-like clump of alveoli, 
which is a little smaller than a lobule. A lobule includes the terminal bronchioles; acinus 
is only respiratory and alveoli. The very last division in your lungs, the opening into the 
alveoli, is the Canal of Lambert. When you're at rest, some of your alveoli are not 
expanded, kind of collapsed, since you don't need all of them. They are resting, too.
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Lung Volumes

When we talk about the lung we talk about several kinds of volume. First we've got 
volumes, then we've got capacities, which are two or more lung volumes. We can 
measure lung volumes with 

 spirometry--which is basically you breathe into a floating tube that pushes up a 
pen and makes it draw a rising graph

 or helium dilution--in which you get a known amount of helium and make the 
patient breathe it out of the spirometer. Helium doesn't dissolve in the blood, so 
the amount still in the spirometer and the amount in the lungs will add up to the 
original amount you had. You can use that to measure volumes normally 
spirometry can't, just by back-calculating

 or body plethysmograph--you put the patient in a box with a known air volume 
and have them breathe out of a tube (so they're not breathing in the air from the 
box, which you're using to measure). When they breathe in and out, the box 
measures how much air they're displacing via pressure and volume, and that 
helps you calculate your lung volumes and capacities using Boyle's Law.

Tidal volume: How much the patient's breathing in or out in a normal breath. 500 mL. 
Measured with spirometry. The little bumps on the spirometry graph.

Inspiratory reserve volume: How much the patient can breathe in, over and above the
tidal volume, if he really tries a maximum breath--eg., what you'd use in exercise. 3000 
mL normally. It's the big up-hump on the spirometry graph above the little bumps.

Expiratory reserve volume: How much the pt can breathe out over and above tidal 
volume, if she tries as hard as she can. That's 1200 mL normally (wow, you breathe in a
lot more than you breathe out). This is the big down-hump on the spirometry graph.

Residual volume: The air that stays in the lungs even when you breathe out everything
you can. Normally about 1200 mL according to Costanzo, or 1.5-1.9 L according to 
Isidro. Only measurable with helium dilution or body plethysmograph method.

Know the difference between expiratory reserve volume and residual volume. ERV is 
the volume of your biggest breath over and above the normal tidal volume. RV is the 
volume you can't breathe out, no matter how hard you try. If you add the residual 
volume and ERV you've got your functional residual capacity: the amount of air you 
can hold that you don't usually breathe out. FRC's an important checkpoint in lung 
compliance and the direction of the recoil of the lung and chest:

 At functional residual capacity (when you've got the normal amount of air left in 
your lungs) elastic recoil of the lung and chest wall are equal but opposite, where
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the chest wall recoils outward while your lungs recoil in. 
◦ Lungs always want to recoil in when there's air in them (you're stretching 

them like a rubber band, and they want to push back).
◦ Your chest muscles and the bone structure make your chest wall almost 

always want to recoil back out. Only the negative pressure in the space 
between the lungs and the body wall pulls them in.

◦ At FRC, there isn't so much air in your lungs or so much muscle tension on 
your chest wall that they want to recoil SO much, so they equalize

◦ This is when the airway pressure equals atmospheric pressure. 
◦ At this point, on a pressure-volume graph of the lung and chest wall 

combined, you reach the X axis at 0 (we call atmospheric pressure 0).
Green: chest wall; Blue: lung and chest wall; black: lung
X=pressure, Y=volume, Blue x intercept is FRC

 When you've got more air than FRC in your lungs, lung recoil increases (your 
lungs are being stretched more, and like a rubber band want to bounce in faster) 
but the chest wall recoils out less. Because the lung wants to bounce in more 
than the chest wants to bounce out, the whole system wants to collapse (this is 
as you're breathing in, making more air than FRC, increasing pressure in your 
lungs, and increasing the elastic force in those stretchy walls)

 As you increase lung volume, when you reach 75% of total lung capacity, the 
chest wall stops wanting to recoil out

 At total lung capacity elastic recoil of both lung and chest are inward. Total lung 
capacity is all the air that you can hold in your lungs, about 4.9-6.4 liters. That's 
expiratory reserve volume plus inspiratory reserve volume plus residual volume--
everything.

 When you've got less air in your lungs than FRC (so you're breathing out super-
hard, trying to get to your residual volume), you've got less air and less pressure 
on the lung wall, so the lung doesn't want to snap back as bad. But your muscles 
are pushing super-hard on your chest wall to make you breathe out that hard, 
which makes your chest walls REALLY want to snap back out. Since the chest 
wall has more "wanting" than the lung wall, the total system wants to push out.

 There's a point at which lungs can't inflate any more, and they don't have 
compliance anymore, a functional limit. At that point their elastance is maximum.
Huh? Yeah, in the material science I was taught, elasticity is how much you can 
pull on something, so a more elastic material was more compliant (that's how I 
use the word normally) and less stiff. It's the opposite here. Here elastance is 
how much the rubber band wants to snap back, while compliance is how easy it 
was to pull out.

 Your lung compliance is the slope of these graphs:
◦ X is negative pressure outside the lung
◦ Y is volume
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◦ Red line is expiration
◦ Black line is inspiration
◦ Your lung is more compliant when you're breathing out, since there's not so 

much pressure on it and its elastance isn't super-high. When you breathe in, 
you're stretching the lungs a lot, and the more you stretch them the less 
compliant they are.

◦ The space between the inspiration and expiration lines are called hysteresis.
That's just a way to say compliance is different when you breathe in or out.
▪ If you fill your lungs with saline, compliance will be super-high for both 

curves, and hysteresis will be super-tiny. That's because you took away 
the surface tension between the air in the lungs and the liquid in the 
lungs--now it's all just liquid.

▪ Compliance is different because of surfactant. At first, when you're 
breathing in, liquid molecules on the surface of the lung are really close 
together, with really strong bonding forces between them, so compliance 
is low. As you keep breathing in, your pneumocytes II spit surfactant onto 
those liquid molecules to break up the surface tension, increasing 
compliance. Your pneumocytes II were spitting surfactant on there all the 
time, but you were breathing in much faster than they could spit, at first.

▪ When you're breathing out, the intermolecular forces between liquid 
molecules are already really low because of the surfactant, so compliance 
is higher. As you breathe out surfactant's taken off little by little, decreasing
compliance.

So FRC is important. Okay, on to other lung volumes!

Vital capacity--Total lung capacity minus your functional residual capacity, or inspiratory
reserve volume plus expiratory reserve volume. It's what you can breathe out after you 
breathe in all the way, the maximum volume of air that you have control of, and hangs 
around 4700 mL.

Minute ventilation--The total air volume that you move in or out in one minute. It's tidal 
volume times number of breaths--about 7,500 mL/minute, usually. (Makes sense--take 
0.4 L tidal volume times the normal breathing rate of 18 breaths per minute and you 
get about 7.2 L) Out of this, you have alveolar ventilation, or the volume in a minute 
moved in or out of the alveoli. We can calculate alveolar ventilation using the rate of 
CO2 produced and a constant, K, which is 863 mmHG at normal body temperature and 
ambient pressure. This equation tells us that if we make CO2 constantly, the partial 
pressure of CO2 depends on alveolar ventilation.

Partial pressure of CO2 in the alveoli= Rate of CO2 production * K
            Alveolar ventilation
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Alveolar ventilation's usually 5,250 mL/min. While most of the air volume that you move 
in and out does move in and out of your alveoli, about 2.25 liters just moves through 
your conducting airways.  

That brings us to dead space. Some of the tidal volume doesn't make it to the alveoli for
gas exchange. Dead space volume is the volume of air that doesn't help in gas 
exchange, while alveolar volume is the amount that reaches the alveoli. The total tidal 
volume of a breath is equal to these two volumes added together. 

We divide dead space volume into several parts. First, if you breathe in 500 mL of air, 
only about 350 gets to the alveoli. The other 150 stays in the conducting airways. That's
anatomic dead space. When you breathe out, that 150 mL of unused air is the first to 
get out. So alveolar air is the air at the end of a breath. As you finish your breath, some 
of the used alveolar air stays in the airways. When you breathe in, you suck in 500 new 
ml of air, but the used alveolar air hangin' in the airways is the first to go down into the 
alveoli! That already-used alveolar air that doesn't participate in gas exchange anymore 
is called alveolar dead space. It's air that's not going to diffuse (or perfuse into your 
blood stream) but is ventilating your alveoli.

Physiological dead space--the total wasted air in the lungs--is anatomic and alveolar 
dead space added together. It's all the air in the lungs that's not helping with gas 
exchange. Usually the alveolar dead space (or functional dead space) is so small that 
physiological dead space is just equal to anatomic dead space: we really only worry 
about alveolar dead space when there are ventilation/perfusion defects. If we have 
ventilation/perfusion defects, the alveolar dead space will mainly come from the fact that
we have alveoli un-perfused by capillaries that are still getting ventilation--so wasted 
ventilation. Physiological dead space also equals 

TV * (partial pressure alveolar CO2 - partial pressure expired CO2)
                  (alveolar CO2 partial pressure)

where TV is tidal volume.

This basically means physiological dead space is a fraction of tidal volume, where that 
fraction is the used and working air (expired CO2) compared to the total CO2 the alveoli
got from the capillaries.

You can use physiological dead space to calculate alveolar ventilation, since we can't 
really measure alveolar ventilation directly. Tidal volume minus physiological deadspace
is useful, non-deadspace alveolar volume, right? Multiply that times breathing rate for 
alveolar ventilation. (TV-DV) x breaths/minute = alveolar ventilation.
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It's important that dead space helps slow down and buffer our oxygen exchange. If you 
mark air molecules so you can see and detect them, and put them in a lung, you'll see 
that even after breathing out there's a whole ton of this colored air in there. It doesn't 
really totally get replaced by what the patient breaths in and out until the 16th breath or 
later. So that gives your body time to use the air in the alveoli without getting over-
inundated with oxygen.  

Obstruction vs. Restriction

Obstructive means something has gotten into the lung and is blocking air exchange, or 
in other words airways are constricted and are blocking ventilation; restrictive means 
somehow the movement of the lung is restricted, and we've lost elasticity and become 
fibrous instead. In obstructive diseases, you may have really large total lung capacity 
(CO2 is stuck in your airways, or you've got a lot of air stuck in there for other reasons 
like destruction of alveoli), but you don't expire it well. Asthma and emphysema are 
obstructive. Fibrosis is restrictive. 

Remember the inspiration/expiration compliance diagram? Obstruction will make the 
compliance diagram get really fat, while restrictive diseases will stretch it out really far 
and skinny so intrapleural pressure goes really really high. Remember the lung versus 
chest wall compliance diagram? Chest wall won't change, but obstruction makes your 
lung compliance higher (increase slope) and restriction makes it lower.

You can check your patient for obstructive or restrictive lung disease with a forced 
volume test. FVC, forced vital capacity, is the amount he can breathe out forcibly after 
he's breathed in all he can. FEV is the FVC in one second, FEV2 is the FVC in two 
seconds, FEV3 is the FVC in 3 seconds, and so on. The normal curve looks like this.

Volume (L)       FEV FVC
of the lung

Obstructive Restrictive

Time 

Obstruction will make that forced expiration curve shrink (become thin), while restriction 
will make the curve's slope stay the same, but it will cut off around FEV1 and become 
super-flat (the volume's not changing much because you're not using up much). We use
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the fraction of FEV1/FVC to diagnose lung disease. It's normally 0.8 (like V/Q is...). In 
obstructive, both go down, but FEV1 goes down more, making the fraction smaller. In 
restrictive, both go down, but FEV1 goes down less, making the fraction bigger.

I've seen curves of FEV where the y axis isn't volume of the lung, but volume expired, 
so the graphs will be upside-down compared to this (they'll look more like this: 
In those graphs, obstruction will shift the graph left and shrink it (lung volume leaving is 
less), while restrictive will make the breathing shift right (lung volume leaving is greater 
than normal, since you didn't absorb a lot of O2). That's because obstructive lets air get 
in, but the obstruction acts like a valve and won't let air get out, while restrictive doesn't 
let you expand to let air in, so you can get all kinds of air out but not maintain the 
negative pressure you need to let it in.

We can also think about lung diseases using Fick's Law. Fick's Law of Diffusion is the 
J=D * d[C]/dx equation, where J is flux (or how much stuff is diffusing per minute or 
second or whatever), D is the diffusivity constant (how "diffusion-friendly" your molecule 
is through that wall) and the second term is change in concentration over distance. For 
the lung, we modify this into 

J=(gas's diffusion coefficient)*(Surface Area)*(difference in partial pressures of the 
gas)  14

      membrane or wall thickness

So if you have a sheet you're passing gas through, and you make your surface area 
bigger (make your sheet longer and wider), you'll get more gas passing through your 
sheet. If you make the sheet thicker, on the other hand, you'll have less gas passing. If 
there's a big difference between the pressures of the gas on either side of the wall, you'll
have more diffusion (more gas passing through per minute). The layers in our "sheet" 
are surfactant first, type 1 pneumocytes under that, then the basement membrane, then 
the capillary endothelial cells. So according to Fick's Law too much surfactant or too 
many layers of cells between the capillaries and the alveoli would decrease gas 
exchange. If you have fibrosis or liquid in your lungs, Fick's Law means it won't matter 
how much oxygen you give the patient--the "sheet" is too thick for gas to pass, and J 
goes down. Restrictive lung diseases often affect membrane or wall thickness, or 
sometimes the gas's diffusion coefficient across that particular membrane. Obstructive 
diseases may reduce surface area available for exchange. If you have emphysema, the 
destroyed alveoli means you have less surface area for air exchange, so J goes down. 

14 Sometimes we put the first two terms and the membrane thickness together in one term, DL, or lung 
diffusing capacity. DL goes up and down with J, and you can measure it by measuring how much carbon 
monoxide a patient breathes in out of a known carbon monoxide quantity (you only give a little--you don't 
want to kill her!). Since CO is diffusion-limited (more on that later--has to do with how it's transported) its J
will depend only on difference in partial pressures of the gas, allowing you to measure the lung's DL.
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If you have asthma, the autoimmune constriction of your airways means almost the 
whole surface area of your lung isn't available to outside air, and J goes down.

Fick's helps us talk about non-restrictive issues, too. If you're anemic, your hemoglobin's
down so oxygen's diffusion coefficent is going to go down (less oxygen can get onto the 
hemoglobin, so more has to dissolve in the blood, making you more dependent on 
difference in partial pressures of the gas and making it harder for oxygen to cross the 
membrane), and J goes down. If you're exercising, you get more capillaries activated 
(increased cardiac output=more blood flow spread along more distended capillaries), so
more surface area for exchange (more capillaries contacting more alveoli) and J goes 
up. 

Sometimes patients with obstructive problems can help themselves by altering their 
breathing. We already mentioned patients with asthma taking in larger air volumes to 
counteract resistance. Patients with COPD (chronic obstructive pulmonary disease) will 
breathe out super-slowly, with their lips pursed. Why? Their compliance is super-high. If 
they breathe out really hard, the pressure in their pleural cavity goes up a lot, just like 
with normal people, because the muscles are pushing really hard on the pleural cavity 
(remember your muscles never directly impact your lungs, they're touching your pleural 
cavity). Well normally you've got some pretty great lungs pushing back against that, so 
all that happens is you squish them a little and air is forced out. But if your lung tissue is 
all broken, and you're pushing really hard against it, it just collapses. So they breathe 
slow to deal with their decreased compliance.

Ventilation and perfusion

Ventilation and perfusion are two different things. V is ventilation, and Q is perfusion, or 
blood flow. A normal V/Q is 0.8, so you have a little more perfusion than ventilation. You 
can have low V/Q (ventilation over perfusion, or flow) where the alveoli are perfused, 
but not ventilated (ET tube in mainstream bronchus, or you have collapsed airways, for 
example). High V/Q is the deadspace ventilation, when alveoli are ventilated but blood 
isn't carrying away or perfusing oxygen around. You have a very high V/Q in cardiac 
arrest--ventilation is fine, but the blood isn't arriving efficiently through the lungs.

The ratio of V/Q changes the PCO2 and PO2 in the capillaries, also. Here's an alveolar 
gas graph:

PCO2
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PO2

As you go down the curve, to the X-intercept, you're increasing V/Q. If you 
remember that, you can use this graph to answer a lot of basic questions. This graph 
comes from the equation 

                                  Alveolar PCO2                            
Alveolar PO2= PO2 you breathe in -- CO2 production/O2 consumption     +     correction

(We usually ignore the correction factor since it's tiny) CO2 production/O2 consumption 
is the respiratory exchange ratio or quotient. It equals V/Q and is normally about 0.8. So
as V/Q goes up, PO2 goes up (since you make the second term in this equation 
smaller) and that's why V/Q increases as you go along the X axis.

At the x-intercept, there's no PCO2--no CO2 in the lungs--but lots of PO2, and that's a 
complete obstruction in the arteries, like a thrombosis or something, where you're not 
getting any perfusion, and so no CO2 from your tissues. If you're up near the beginning 
of the graph, the part that doesn't touch the y-axis but wants to, you've got obstruction in
the bronchioles or something, where your CO2 is high--you can get it from the blood 
and fill the lungs with it--but you can't get any O2 inside. 

So to summarize, low ventilation perfusion ratio means you'll need hypoventilation for 
normal perfusion, but you'll have some kind of collapse. A high ventilation perfusion ratio
means the alveoli doesn't have as much capillary blood flow and that could be because 
of a complete or partial vascular obstruction. 

So where will you fall on this graph with different conditions?

What if you add CO? You can remember how carbon monoxide works by remembering 
little children getting dropped off for kindergarten. The child that screams and won't let 
go of her dad? That's carbon monoxide. Hemoglobin is taking it from the tissues and 
dropping it off at the lungs so it can go to school and do its thing and grow up and fly 
away and be free, but it's all clinging to hemoglobin and won't let go. With all that CO 
stuck on the hemoglobin, now hemoglobin can't bind oxygen. The dying tissue gets 
cherry-red. What's happening to the graph? Well, you're blocking perfusion of oxygen. 
Ventilation's still fine--you're getting oxygen and CO both into your lungs--but you're not 
letting oxygen get onto the hemoglobin and it's not getting perfused through the lungs to
the tissues. You put P really low, until it gets to 0, and you get to the x axis of the graph 
up, where your V/Q ratio is basically infinite, since you're dividing by 0 and the patient is 
dead.

What if you exercise? Well, your V/Q goes to 1. That's because your ventilation 
improves as you're breathing hard, and even though your Q goes up too--increased 
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heart-rate--V compensates so you balance out at 1. That's pushing you from the plateau
more towards the curve of the graph. With more cardiac output, red blood cells move 
faster--their transit time decreases (perfusion improves!)--and carbon dioxide is faster to
get off and oxygen is faster to get on. That's why exercise improves your oxygen 
exchange. 

Some definitions to use when you're thinking about V/Q responses:

 Hypoxemia--too little oxygen in your arteries
 Hypoxia--too little oxygen delivery to tissues (sometimes caused by hypoxemia)
 Too much CO2 in your blood is hypercapnia

Some problems will have nothing to do with V and Q. Cyanide poisoning, for example,
will screw up how your tissues use O2 even if you're fully ventilated and perfused.

You may want to look up some pictures of V and Q studies, since we can actually see 
how much a lung is perfused or ventilated, and it looks kinda cool.

V/Q zones

Ventilation is different in different parts of the lungs. From the top to the bottom, you 
have the same arterial pressure and the same deoxygenated blood volume coming in, 
but your capillaries coming out into the veins are different. At the apex, or top, there's a 
lot of weight pulling down on the alveoli, pulling open the alveoli and making them 
squish the capillaries, so you get less blood flow from the top. Also, gravity matters. 
Towards the bottom of the lung you've got gravity pooling a lot more blood into the 
capillaries. There's a lot more blood pressure down there because of all the gravity 
pushing down all the blood from the top, and that increases blood flow. Perfusion, or Q, 
is higher. That means the V/Q ratio is smaller in the base of the lung, putting us in the 
plateau of the alveolar gas graph above. Also, when we talk about "physiological shunt,"
we're really talking about what happens at the base of the lung--sometimes we have 
blood flow that simply doesn't receive any ventilation. It's a super-small amount.

What does this mean for the partial pressures of oxygen and CO2? Remember I said 
the weight is stretching the alveoli of the apex on the top? That weight is squishing the 
alveoli at the bottom (so the bottom's more dense). The best alveoli stretch for oxygen 
exchange is somewhere in the middle. In the apex you have less flow, but more time for
ventilation (the V/Q ratio is very high), because of these stretched alveoli. So you'll have
more O2 hanging out in your alveoli, and less CO2 since ventilation's good and you can 
get CO2 in and out easily. (That puts us, again, at the hump of the curve) At the base of 
the lung, you're gonna have less O2 because your perfusion's better, and you can 
snatch all that O2 right out of the alveoli, but you'll have more CO2 since your 
ventilation's not great and CO2's kinda stuck there waiting its turn to leave after all the 
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other zones exhale their CO2. (That puts us at the plateau)

Surgeons have to know all the zones of the lung so they can know what is resectable in
cancer and what isn't. Since all these zones have different ventilation and perfusion, 
there are some you can take out with surgery, and some you can't.

Diffusion vs. Perfusion Limited

Remember this equation? Fick's equation is J=A*D(P1-P2)/x, where A's surface area, 
D's diffusivity, P1-P2 is change in pressure. We'll be using it.

Different gases are limited, or will have their exchange depend on, different things. 
Perfusion-limited means the gas passing has to depend on blood moving, while 
diffusion-limited means the gas just has to depend on how fast it can get across the 
membrane, and how permeable and so on the membrane is. A gas that is perfusion-
limited will be depending on or limited by how fast the new blood gets into the alveoli, 
while a gas that is diffusion-limited will depend on the thickness and permeability of 
the membrane to that gas. You increase your perfusion-limit--or make the gas get into 
the blood faster--only by increasing blood flow. In the Fick's Law equation, this kind of 
gas is depending on the P1 minus P2--it's limited, and not going to move anymore, 
when P1-P2 is 0 and there isn't a concentration gradient anymore. In order to keep that 
concentration gradient going, you'll need new blood to arrive at the alveoli that doesn't 
have the equilibrated concentration gradient. This is tough to understand, but an 
example will help. N2O is like this. Hemoglobin can't bind N2O, so N2O works just 
based on how much N2O there is on either side of the membrane--based on the 
concentration gradient. At some point, there will be the same amount of N2O dissolved 
in the blood as floating in the alveoli, and no more N2O will want to get into the blood. If 
the blood is going super, super slow, P1-P2 will equal 0--there will be no difference in 
N2O pressure on either side of the membrane. The only way to let more N2O diffuse 
into the blood is to move that saturated blood along and get new blood into the area.

Something like CO that is diffusion-limited depends on D, which is the willingness of the 
membrane to let CO across. You don't reach equilibrium: P1-P2 never equals 0, and 
blood flow doesn't have anything to do with this. CO doesn't dissolve in the blood--it 
only binds to hemoglobin--so P1 is always much greater than P2: there is always way 
more CO in the alveoli than in the liquid of the blood. So there will always be a gradient; 
CO will always want to get across the barrier. So you are limited only by the barrier 
itself, by D. CO has a really great D by the way: CO diffuses 200 times more easily than 
O2. 

We can think about perfusion-limited and diffusion-limited like a Jackie Chan movie 
where Jackie Chan is trying to jump onto a moving train, says Dr. Isidro. At some point, 
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the number of people jumping on the train will depend on the ability of those people to 
span the gap and get on. That's diffusion-limited--how good are you at jumping onto the 
train? (CO2, by the way, is super-good at jumping on the train, way better than O2) On 
the other hand, if everyone was infinitely good at jumping on the train, you'll have a 
different problem. The train car will get full! No one else will be able to jump on! That's 
perfusion-limited. The only way more people can get on the train is if you move on to 
the next car. The train has to go faster than people can fill it, or it will get too full and 
people won't be able to get on. CO, then, is limited only by its ability to jump on the train 
because the train never fills up with it--there are always "special seats" (hemoglobin!) 
for it, but N2O is limited by the space on the car. It doesn't matter how good N2O is at 
jumping on the train if the train fills up--which it does--so the train has to move very fast 
to accommodate all the N2O.

Oxygen is dependent both on P1-P2 and on D, both perfusion and diffusion limited. It 
binds Hb, and it's soluble in the blood. At low cardiac output (when the blood is moving 
slowly), there's more time for O2 to diffuse into the blood, and it's gonna depend on P1-
P2 (perfusion-limited: the train is getting full 'cuz it's moving so slow all the O2 can get 
on it). When there's high cardiac output and the blood is moving fast, O2 will depend on 
D and be totally dependent on Hb, and P1-P2 will never equal 0 as the O2 is being 
dragged along super-fast (diffusion limited: the train can't possibly get full 'cuz it's 
moving so fast, so O2 is only limited by its ability to jump!). In diseased lungs (like lungs 
with emphysema) O2 is always diffusion-limited. O2 can't get across very well and is 
slow to get across and takes time, so P1-P2 never equals 0, and you will always 
depend on D. 

If your cardiac output is too increased (the time is too short, even Jackie Chan can't 
jump onto the train) or you have anemia (the train is a weird shape), you'll have a 
ventilation/perfusion mismatch, and that will make oxygen exchange difficult. Similarly 
parasites, edema, fibrosis, pneumonia, anything that changes the diffusion-limited 
transfer can cause lung problems. It's a good exercise to think about the gradient of 
oxygen in the tissues relative to the alveoli--diffusion defects and V/Q mismatch will 
make that gradient bigger (you'll have lots of oxygen in your alveoli but not in your 
tissues) while hypoventilation and high altitude won't (the levels of oxygen will change, 
but the difference between them will stay the same).

Pulmonary response to the heart doing stuff

Pulmonary resistance is super-low, much lower than peripheral resistance. Basically 
whatever the heart says, it will do: if cardiac output goes up, pulmonary circulation 
obeys, and the pressure will go up while vascular resistance decreases. This is opposite
what happens in the periphery when cardiac output goes up.
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When hypoxia happens, arterioles will vasoconstrict. This is the opposite of all other 
vascular beds in the body. In them, when the oxygen goes down, they dilate to let more 
blood get in and more oxygen spreading. Here, you cut off blood flow so you don't 
waste blood by sending it to the non-used and low-pO2 alveoli, which can't help it at this
point. Vasoconstrictors include epinephrine, norepinephrine, angiotensin, and histamine.
When pO2 goes back up, you can vasodilate using bradykinin, acetylcholine, 
aminophylline, and isoproterene. The vasoconstriction also happens via the Euler-
Liljestrand Mechanism, which means you have oxygen-sensitive potassium channels 
in the smooth muscle walls. When oxygen goes down, they get blocked. That 
depolarizes the cell membranes (potassium no longer getting in and hyperpolarizing it). 
Now calcium channels get in. Calcium makes the smooth muscles vasoconstrict, cutting
off blood flow. 

Local control of ventilation and perfusion

You control perfusion using the oxygen mentioned above. You can also change 
ventilation using CO2. Carbon dioxide, when it meets bronchioles with a high pCO2, 
makes bronchodilation. Basically the broncioles say, "hey, I've got too much CO2, let's 
increase ventilation and get more air in here so I can get other stuff in here." Low pCO2 
makes the bronchioles constrict, decreasing your ventilation.

So you use this to correct problems. Hypoventilation--you're not breathing enough--
you've got lots of CO2, lots of acid, little O2. Chemoreceptors detect this and get you to 
increase ventilation to correct the problem--dilate bronchioles so you can get that CO2 
out and more O2 in. With hyperventilation you've got low CO2, alkalosis, and lots of O2,
and your chemoreceptors get you to lower your ventilation so more CO2 can stick 
around and reverse that alkalosis. Your bronchioles constrict so you stop spitting out all 
your CO2, and your pulmonary blood vessels will open up so you can get more CO2 
back and forth into your alveoli.

Medications can affect this stuff. Beta agonists make sympathetics dilate your 
bronchioles, while anticholinergics make your parasympathetics constrict your 
bronchioles.

We also need to know the oxygen-hemoglobin dissociation curve, which you'll find in the
biochem section on page FIXAL.

Metabolic Functions of the Lungs

1. Converting Antiotensin I to Antiotensin II (a strong vasoconstrictor). The angiotensin 
converting enzyme (ACE) in the surface of pulmonary capillary endothelial cells does 
this. This is the only time something gets activated by going through pulmonary 
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circulation.
2. Inactivating vasoactive stuff like

 Bradykinin (ACE inactivates it)
 Serotonin (It's not an enzyme that inactivates it; just that the lungs uptake and 

store it)
 Prostaglandins E1, E2, and F2a
 Norepinephrine (which gets absorbed by the lungs at a rate of 30%)

3. Some vasoactive substances are modified in the lungs
4. Some stuff gets removed from circulation and briefly held in the lungs

Right-left Physiological Shunt

Normally 2 percent of the blood coming out of the heart doesn't go through alveolar 
ventilation. Some of your venous blood misses the alveoli and comes off the pulmonary 
artery straight back into the pulmonary vein, and venous blood mixes with fully 
oxygenated blood. This is the right-to-left pulmonary or physiological shunt. This could 
be bad, and in pathologies it is bad, but in normal life, at low values, it can be good to 
keep you from having oversaturation of oxygen. 

Pathological shunts are very scary, because no matter how much oxygen you add to the
patient, they won't get oxygen to their tissues. Ventilation could be awesome, in other 
words, but Q isn't reaching the air. Edema, pneumonia, liver disease, etc will move you 
down the curve from earlier to the X axis. If you have a shunt you shouldn't have, it 
won't matter how much O2 you add. shunts from the bronchial artery to pulmonary vein,
thabesian veins, in septal defects you've got right to left shunts, it happens in pulmonary
edema, pneumonia, liver disease, etc.

Mechanisms of Pleural Effusions

How does water get in your lungs from your body? Well, for example, in cardiac failure 
you've got so much hydrostatic pressure building up in your veins since your heart isn't 
pumping into the arteries fast enough. So the water ends up wanting to leave the blood 
and its easy to get right into the lungs. That's why cardiac failure often comes with 
edema.

pH control

Take the Henderson Hasselbach, or pH= (or is dependent on) 6.1 + [HCO3-]/PCO2. 
(This isn't a mathematically accurate equation, obviously, but it's good for thinking. )The 
bicarbonate in the numerator is controlled by the kidneys, while the pressure of CO2 is 
controlled by the lungs. Go to Biochem page FIXAL to see a more detailed conversation
about bicarbonate, but basically if you breathe out more, you can lower CO2, and that 
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will raise the pH. It's really helpful to look at this based on the equation if you get 
confused, which I do. If you raise bicarbonate, you'll have a higher pH. If you raise CO2,
you'll have a lower pH. So if you breathe out a lot of CO2, you'll have a smaller 
denominator, and a higher pH. So if you've got a pH that's too high, your lungs can 
respond by increasing the denominator, or hypoventilating (hyperventilating sends lots 
of CO2 out; hypoventilating holds it in). You usually try to hold your CO2 pressure 
around 40 mmHg--if it gets higher, you have hypercapnia, and your pH will go down. 
You would hyperventilate to fix that--kick out a lot of CO2. If it drops below 35 mmHg, 
you have hypocapnia, and your denominator is really small, raising your pH too much, 
so you would hypoventilate (breathe less) to avoid losing more CO2. That's all part of 
the acute response to acid/base changes, which comes from the lung, while chronic 
comes from the kidney. All body cells make sulfuric acid, phophoric acid, ketoacids, and 
salycylic acid. You make lots of anions and those you pee out using kidneys. Since you 
consume bicarbonate and shoot it out the lungs when you breathe out, the kidney saves
some bicarbonate for you inside the tubular fluid of the proximal convoluted tubule. 

You may hear about Davenport Diagrams. These are graphs of pH on the x axis, with 
bicarbonate concentration on the y. Metabolic acidosis and respiratory acidosis both 
raise pH, but they come with different bicarbonate concentrations. The spot that's 
metabolic alkalosis will be higher on the y axis than respiratory alkalosis, because 
metabolic alkalosis comes with a high bicarbonate concentration (while respiratory 
alkalosis has to do with low CO2 concentration). Similarly, the spot that's metabolic 
acidosis will be lower on the y axis than the respiratory acidosis, since metabolic 
acidosis comes with low bicarbonate concentration. They'll have the same pH, but 
different causes and different bicarbonate concentration. You could use this to find out if 
your patient has metabolic or respiratory acidosis, because you could measure the 
bicarbonate in their blood and then also measure the pH, and then find out where the 
end up on this graph. 

Breathing control 

You've got some chemoreceptors in your brainstem called central chemoreceptors 
that respond when the concentration of hydrogen ions changes. If you raise H+, they act
to increase your respirations per minute; if you decrease H+, they're inhibited. These 
receptors hang out in the extracellular fluid, not in the blood vessels, of your brain. 
That's really cool, because your tissue that dies fastest without oxygen is neural tissue, 
so your chemoreceptors respond based on what the most sensitive, weakest tissue 
needs. It's also smart that they're not in the blood vessels, since mini-concentrations 
along the walls are changing like crazy in there: instead, they're in the ECF, which will 
only sense pH changes when they've really changed systemically and things have 
started diffusing out of the vessels. One of my classmates had a really smart question 
here: what if you lose or block your cerebrospinal fluid to your chemoreceptors? Well, 



Becoming Healers 262
yeah, that's gonna suck! You'll lose some of your respiration control. Other control 
centers will try to take over.

Peripheral chemoreceptors in your heart, called type 1 glomus cells, also respond 
when your O2 goes down, your pH goes down, or your CO2 goes up. These hang out in
your carotid bodies and look like blobs with a weird foot sticking out of them, right where
your pre-ganglionic parasympathetic efferent axons meet your post-ganglionic 
sympathetic efferent axons. They're in the carotid sinus right where the carotid branches
into the external and internal carotid, and they do some stuff:

 If PO2 goes down under 60 mmHg, they increase breathing rate really steeply 
and linearly, and they increase it so fast that they can change the firing rate of 
sensory neurons within one breath cycle. 

 They can detect increase in arterial PCO2 but they don't do much then. 
 If arterial pH goes down, they'll increase ventilation. Only chemoreceptors in the 

carotid bodies, not in the aortic bodies, do this.

Mechanoreceptors in your lungs sense stretch, and decrease breathing (Hering-
Breuer reflex). 

Mechanoreceptors in your joints and muscles sense limb movement and tell you to 
increase breathing rate (cool!).

Irritant receptors in the epithelial cells lining your airways send info through the vagus 
nerve to constrict bronchial smooth muscle and increase breathing rate.

Juxtacapillary (J) receptors in your alveolar walls near the capillaries feel it when your
capillaries get all fat, and then increase breathing rate to be faster and more shallow.

All these things mediate responses via the...

Dorsal respiratory inspiratory center--This sets your inspiration frequency by creating
long action potentials in your phrenic nerve. It's in the dorsal part of your medulla. Your 
peripheral chemoreceptors, central chemoreceptors, lung stretch receptors, and muscle
and joint receptors all tell it what to do:

 The peripheral chemoreceptors tell it what to do via the glossopharyngeal and 
vagus nerves. 

 The mechanoreceptors in the lungs also talk to it via the vagus. 
 There's an apneustic center that stimulates your inspiratory center. It's in your 

lower pons. It makes your inspiratory center have longer action potentials, 
making the action potentials in your phrenic nerve go longer, making your 
diaphragm contract longer, so you get really long inspiratory gasps called 
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apneusis. 
 The pneumotaxic center in the upper pons does the opposite, shortening your 

breaths by inhibiting the inspiratory center. You normally breathe without that.
There's also an expiratory center in your ventral medulla, but since expiration is 
normally passive they only get activated when you exercise.

We're currently researching some bitter taste receptors in the trachea. We found them 
by accident, but the doctor attending decided "hey, let's check if these work"--fully 
expecting that they were orphan receptors, or receptors that grew where they weren't 
supposed to, but did, and don't work. But those receptors, when triggered, stimulated a 
huge bronchodilation response--the strongest we've ever seen, more than 10-fold!--
which could be super-important for asthma research! What a great possible drug target! 
The doctor who discovered this thinks that maybe we have these because most poisons
in nature are bitter, and so if you eat something poisonous, this huge bronchodilating 
response could help you survive (a lot of poisons make you suffocate) by getting you 
enough air last-minute.

Drugs such as morphine and barbiturates can quiet your central command of respiratory
muscles.

Normal and not-normal breathing patterns

Normal breathing is called eupnea. 

Kussmaul breathing--That's the diabetic breathing, really deep, really fast, comes with 
metabolic acidosis (so like ketoacidosis).
Cheyne-Stokes--This is benign breathing, but it's still weird. You've got gradual 
increase in tidal volume, a gradual decrease, and then some apnea (not breathing). 
This happens in healthy people who are sleeping at high altitude, or in people with 
bilateral cortical disease or congestive heart failure.
Cluster breathing--Groups of breaths that have different height/depth, then long 
periods of apnea. It's something you see with medullary or pontine lesions (so, bad!).
Biot breathing--If you've got meningitis, you get this variant of cluster breathing. Almost
equal volume in each breaths, and then periods of not breathing.

Extreme Breathing

So what happens if you're taken to the extremes?

High altitude: You can get acute mountain sickness or chronic mountain sickness. If 
you're sent to a period of high altitude, it's essential that you check if the people you're 
sending have been checked for sickle cell anemia, or people can and will die.
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 Acute mountain sickness--About a few hours or even up to 2 days after you get

up a mountain, you can have acute cerebral edema and acute pulmonary 
edema. You may be vomiting and bleeding out your nose. And you can die. 
Usually, slow acclimatization and letting the person breathe oxygen (like from a 
tank) can prevent or reverse the process. Why does this happen? Just the less 
oxygen at the high altitude. There's just not enough oxygen for the cells to repair 
their normal wear-and-tear of surviving. They're still running at the same rate, 
using the same amount of oxygen, and running down their cells, but now they 
don't have the fuel they need to repair their daily damage. So they're literally 
falling apart inside. You're better off if you've got smaller extremities, a large 
thorax, small stature (using less oxygen). How much time does an athlete need 
to acclimatize? About three months. Your bone marrow produces erythropoetin 
and you start building more blood cells. You train at an altitude a little higher than 
you sleep, and little by little increase altitude until you don't need medications or 
an oxygen tank or anything.

 Chronic mountain sickness--Weeks, months, or years of living at high altitudes 
your red cell mass and hematocrit can go too high as you compensate for the 
height. Your pulmonary arterial pressure goes up, but there's a point at which 
your pressure is too high and your perfusion is too fast and your little oxygens 
can't jump onto your blood. Do you reach that point? The right side of your heart 
becomes really big as you're forcing all that pressure into the lungs. Well with 
those big heart muscles, now you can't fill your heart with blood as well. There 
just isn't room. So now your peripheral arterial pressure, the pressure coming out
of your heart, will go down because you didn't really fill the heart very much in the
first place! But you'll keep trying harder and harder, getting bigger and bigger 
heart muscles, making the problem worse and worse, until you just can't get that 
blood around your body and it's pooling in your veins and we've got congestive 
heart failure. And then we die. Unless someone moves us to lower altititude.

 At high altitudes, your pH goes up, too, because of all your hyperventilation you 
do to solve your hypoxemia. Your BPG concentration goes up as you're trying to 
get more oxygen released to your tissues, and you'll have higher pulmonary 
resistance because you'll be vasoconstricting, blocking the blood from the alveoli 
that aren't working so it goes only to the best alveoli. Well, that increases 
pulmonary pressure, and that's making your right ventricle work harder. 

G-Forces: 1 G is your current gravity (sitting on earth at sea level). 2 G is twice that 
gravity. Positive G is pressure towards your feet, while negative is pressure towards 
your head. Negative has less dramatic effects right now, as they happen (acutely), but 
over time they're pretty damaging. Ever heard of a Spitfire? Or a Mustang? Me neither. 
But basically they're really really fast WWII planes that helped win WWII, but also killed 
a lot of pilots because of the G-forces produced. Now, with jets that are even faster, 
training has to take physiology into account. So if you take a right turn, for example, 
you'll turn with your head towards the inside of the "circle," so that the force doesn't go 
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to your head and rupture your vessels. You let the force throw it to your feet, instead, 
and then, if you're wearing a flight suit, it will sense the high pressure in your limbs and 
squeeze blood back to your head so you don't pass out. What if you don't have a flight 
suit? Pilots are trained also to clench all their peripheral muscles while making the turn 
so they can force the blood back to their heads. This is uncomfortable, but it is better 
than turning head-out and rupturing brain vessels. Sure, brain vessels don't rupture as 
much as they would without the cushion of the cerebrospinal fluid, but they rupture and 
that sucks. 

Similarly, if you're in a rocket, you need to sit just right. If you lie flat on your back 
(horizontal to the horizon, and perpendicular to the rocket-ship which is pointing at 
space), you will die. Why? Because during the 10 or so minutes that the ship is lifting 
off, the acceleration is such that it's pushing your blood to the back of your body. And 
guess what, that's not reaching your brain. So after ten minutes without blood, your 
brain will die. How to send people into space, then? Have your pilot lie at 45 degrees 
backwards, with his head down, so the blood will get into his brain and he will live.

So cool. 
Deep sea diving: Henry's Law tells us that pressure equals concentration of the gas 
times Henry's Law Constant. This means if you go really deep, the more pressure, the 
more your body will absorb gas--as pressure goes up concentration can go up. So 
nitrogen from the water gets all up into your body, just straight through your tissues, at 
such pressure that it's basically a liquid. Well, all those bubbles in you will want to leave 
when you go back up. The pressure goes down, and so does the concentration in your 
open body. You can imagine bubbles ripping out of your tissues, tearing you up, killing 
your cells--nitrogen is actually narcotic in your body, so there's that, too, where you may 
start acting really crazy--and that will cause intense pain. That's the bends. It's like 
you're bursting from the inside. Your lungs will be exploding, too, and when they explode
you'll get air in your thorax, and then the lung tissue will totally collapse. It will suck a lot.
That's why you have to go up really really slow, so you have time for the nitrogen to get 
out little bit by little bit. That's why, also, it sucks if you lose your mask, because that's 
gonna make you wanna swim up really fast, and that is going to hurt. A lot.

One major source of the nitrogen hurting us is the admixture in the oxygen tanks.
We can't breathe pure oxygen, so we have nitrogen in there. It's really important not to 
have pure oxygen at great depths. Researchers trying to uncover underwater caves of 
Mayan ruins--the ones in the Tomb Raider move, which are real but aren't so deep--
have died because they thought "well, it's not that deep," and they took just oxygen, not 
an oxygen mixture. But helium actually is better than our nitrogen mix, because it has 
1/5 the narcotic effect and 1/7 the density, which means it doesn't make as much airway
resistance and doesn't take as much space and dissolves in and out of the body a lot 
faster. 

So when you're decompressing, you have a 60 minutes schedule from a depth of
190 feet. 10 minutes at 50 feet depth, 17 minutes at 40 feet, 19 at 30, 50 at 20, 84 at 10,
so for a work time of just 1 hour you have to decompress for three! Just hanging out 



Becoming Healers 266
there in the water. 

Hyperbaric chambers: Remember that free radicals damage your tissue, and too 
much oxygen is poisonous, but sometimes hyperbaric therapies help.

Gastrointestinal Physiology

My teacher for this section, Dr. Appleyard, recommends the books Gastrointestinal 
Physiology by L.R. Johnson and another by the same name by K. E. Barrett, as well as 
http://www.gastro.org
http://www.gastrosource.com
http://digestive.niddk.nih.gov

Most of the expressions related to the gastrointestinal system have negative 
connotations, says Dr. Appleyard. "That left a bad taste in my mouth," "you make me 
sick to my stomach..." Or we only think about GI when we want to lose weight. But of 
course, without the any part of our GI, in the expression of my Paraguayan pastor, 
"Estas frito, chevera": you're fried, buddy. This is our entire nutrient intake system, and 
it's just as important when it's working as when it isn't.

Muscle contraction

The GI tract has three muscle layers: longitudinal muscle outside, circular muscle deep 
to that, and deep to the submucosa, some muscularis mucosa just under the 
epithelium lining the inside walls.15 Between each layer we have a plexus, or layer of 
nerve cells.

Although we have mucosa throughout the gastrointestinal tract, depending on the 
region or organ it'll have different types or function. 

We only have skeletal muscle at the very top of the esophagus, and in the anal 
sphincter. Everything else is bundles of 200-500 smooth muscle cells with membranes 
fused to form gap junctions. Those gap junctions allow you to just innervate one, and let
the charge travel a decent distance. That's called acting as a syncytium. 

These smooth muscle cells have different oscillations in their membrane potential, 
creating slow waves, or the basal electrical rhythm or electrical control activity. The 
intensity of this membrane potential varies from 5 to 15 mV, and the frequency varies 
from 3 waves/min, to 12 waves per minute, and the ilium's 8-9/minute. The profile of a 
slow wave depends 100% on calcium, so you'll get a pretty fast up-stroke and then a 

15 Muscularis mucosa also has two muscle layers, one circular and one longitudinal--they're just really tiny, so their
differences in function won't matter much here.



Becoming Healers 267

long plateau, kind of like in cardiac muscle. Usually the stomach will have medium-
thickness graphs, with a lot of distance between the curves, the small intestine will have
thin-thickness graphs really close together (faster) and the colon, which is the most 
variable, will have loooong curves one after the other. 

So when you're resting, you have these slow waves always going through your 
intestine. But stretch, acetylcholine, and parasympathetic nerves will make these slow 
waves become more depolarized, raising the wave's position on the graph, and then 
over time you start to get spikes. Then you get muscle contraction. Norepinephrine and 
sympathetic nerves will inhibit these slow waves and make them go "down" on the 
graph, or hyperpolarize. Remember, waves of electricity don't always correspond with 
contraction. Just because we have these waves of electricity doesn't mean we're going 
to have contraction. We only get contraction when the slow wave goes up to threshold 
and we get spikes and THEN we get contraction. When you're contracting, you'll see 
these spikes going through the graph of the slow wave, like a pin stuck through the 
triangle. You can't have the contractions any faster than the slow waves--if you have 3 
slow waves per minute in the stomach, you won't contract faster than that. So the 
electrical activity determines contraction, but they don't always go together.

Phasic contraction means your muscles contract and then relax again in a few 
seconds, like in your esophagus and small bowel.

Tonic contraction means the muscle contracts and stays contracted. This happens in 
your sphincters. Because the action potential's caused by calcium, these contractions 
can be caused by repeating spikes in your electrical potential, hormones, or just 
continuous calcium concentration.

Innervation of GI tract

Generally speaking throughout the GI tract, parasympathetic causes excitation, 
while sympathetic inhibits. This makes sense, because if you're in a sympathetic fight
or flight situation, you don't really need to be digesting a whole bunch of crap. You need 
to be fighting and flighting. 

You also have intrinsic innervation, which is your enteric nervous system and your 
plexi. That's contractile, secretory, and endocrine--you can take a piece of GI tract out 
and stimulate it and it will move by itself because of intrinsic innervation. Intrinsic 
innervation means your enteric nervous system has all those layers of nerves between 
the muscle layers: your myenteric/Auerbach plexus between longitudinal and circular, 
your submucosal/Meissner's plexus below and within the submucosa...there are 
more neurons in the enteric system than in your whole spinal cord. It's like a little brain! 
You really can think with your gut. Also, almost every neurotransmitter we've discovered
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works in the enteric nervous system. Acetylcholine is the main activating 
neurotransmitter working on your longitudinal muscle here; circular muscle's generally 
less sensitive to acetylcholine, and mostly reacts to inhibitory neurotransmitters like VIP 
and NO. If there's damage to the enteric nervous system, either it didn't develop right, or
your neurotransmitters aren't working right down there. Now, your enteric nervous 
system isn't totally cut off from the CNS--it's got lots of sensory neurons that detect 
what's going on and send information back to brain, and it's got its reflexes where it 
takes care of everything itself, and it's got its motor neurons. The movement of those 
motor neurons can sometimes trigger the other nervous systems to trigger.

Within the enteric nervous system, the myenteric plexus has both excitatory and 
inhibitory neurons. It can be inhibited by the sympathetic system, and it's mostly worried
about muscle movement. Near or in the outer circular muscle layer, near the myenteric 
plexus, you have several pacemaker cells that control rate at each point of the GI tract, 
called interstitial cells of Cajal. We're not sure how they set the rate, but they do: 3 
waves/minute in the stomach, 12 in the upper part of the small intestine, and slower as 
we go down through 8-9 waves/min in the ileum.

The submucosal plexus controls absorption of water and secretion and things like 
that. The epithelium above it is very influenced by serotonin from enterochromaffin-like 
stretch-sensing cells and histamine from mast cells; that epithelium also gets turned on 
and off by interneurons in response to pH, osmolality, viscosity, and chyme volume in 
the small intestine. About 20 percent of that epithelium in the colon secretes stuff in 
response to cholinergic (ACh) neurotransmitter signals from the submucosal plexus, 
while the other 80 percent obeys other kinds of neurotransmitter signals from the 
plexus, like Vasoactive Intestinal Polypeptide (VIP). This plexus manages signals both 
from the CNS, and from local tissue, and also contracts the mucosa muscle layer. Most 
of the outside parasympathetic fibers don't reach this layer, so we think the submucosal 
plexus may get those kinds of signals directly from the myenteric plexus. Sympathetic 
nerve endings in the villi of the small intestine inhibit secretomotor neurons in the 
submucosal plexus, and also encourage Na and Cl absorption.

Your extrinsic innervation is your sympathetic and parasympathetic nervous system. 
Your sympathetic system will have pre-ganglionic fibers that synapse in the ganglia 
outside GI tract (in the celiac, superior, inferior mesenteric plexuses) and then post-
ganglionic fibers will synapse on ganglia in plexuses actually on the organ. Sympathetic 
fibers release norepinephrine to alpha or beta adrenergic receptors to inhibit your GI. In 
sympathetic, pre-ganglionics are shorter, while post-ganglionics are longer. 

The parasympathetic, on the other hand, comes down out of the vagus nerve from the 
upper part, or the pelvic nerve for the lower stuff. The post-ganglionic fibers will be short
in parasympathetic; you've got loong loong nerves like the vagus nerve which are pre-
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ganglionic instead. Those long preganglionic nerves synapse with the myenteric plexus 
for the GI tract, and with glands like spit glands and the gall bladder. In the distal colon, 
the pelvic nerve runs along the colonic serosal (mucous) surface for a long time as 
shunt fascicles before giving off branches that meet the myenteric plexus. 
Parasympathetic nerves give off cholinergic and peptidergic neurotransmitters. 

Remember, both efferent (exciting stuff, like motion, is efferent, exiting the central 
nervous system) and afferent (sensory, to the CNS stuff) fibers work through the 
extrinsic nervous system. The parasympathetic and sympathetic systems don't have 
any afferent fibers in them, per se--parasympathetic and sympathetic are ways to 
classify autonomic efferent fibers--because they're a cold heartless autonomic machine,
but the autonomic system as a whole does contain afferent fibers called General 
Visceral Afferents that bring it info, and those fibers will run alongside/share nerves with 
parasympathetic and sympathetic autonomic efferents.16 Since so many of these 
afferent fibers run along the parasympathetic vagus and pelvic nerves and basically 
determine what those efferents will do next, the moment-to-moment reflexes of the gut 
are called the vago-vagal reflex system.

Gastrointestinal Blood Flow

The specialized circulation in the GI tract is called splanchnic circulation. It's different 
than in the rest of the body. The amount of blood you need here is more, in terms of 
volume, so you've got a large reservoir function in this circulation, so you can divert 
blood from the GI tract to other organs if you need it. All the blood flowing around your 
gastrointestinal tract passes through the liver before it goes back to general circulation. 
That's the first-pass mechanism for metabolizing drugs, the way you clean the blood. 

Down in the small intestine you want a lot of absorption to take place. The intestine has 
a very large surface area because of the villi, and within the villi you have blood flow 
coming in and blood flow coming out in very close proximity. Your little arteries and 
little less-oxygenated arteries are super-close together, and this is important. 
Because you have high levels of oxygen in your little arteries, but they're so close 
together, oxygen will diffuse directly from the entering little artery to less oxygenated 
little artery without ever going to the tip of the villi. Sometimes this is a problem, like if 
you have low oxygenation--then the oxygen diffusing from one side to another means 
none of the good stuff's reaching the tip of the villi, and the enterocytes up there will die 
(necrosis). If you have high oxygenation, it's okay that all the oxygen short-circuits 
without reaching the tip--there's enough O2 in there that at least some will make it. 

You control blood flow here with cardiovascular system, autonomic nervous system, 

16 Moore, Keith; Anne Agur (2007). Essential Clinical Anatomy, Third Edition. Lippincott Williams & Wilkins. 
pp. 34–35. ISBN 0-7817-6274-X.
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endocrine system, paracrine system, and digestive system. Basically blood flow goes to
the body part that's working, so right after a meal you get increased blood flow to the 
splanchnic system for 3-6 hours afterwards. That's called postprandial hyperemia, and
basically it's 2-3 times the "normal" bloodflow in your GI. This postprandial hyperemia is 
caused by vasodilator hormones like gastrin, secretin, and CCK, and vasodilator kinins, 
and low oxygen (which leads to release of high levels of adenosine, which is also a 
vasodilator). All these things together increase blood flow to that area of the digestive 
tract. You can also have parasympathetic nerves increasing gut activity, and thus 
increasing blood flow, or sympathetic nerves decreasing blood flow directly due to 
vasoconstriction. That decrease can get as low as 25 percent of resting blood volume 
when you're exercising or bleeding a lot, btw. 

Swallowing

How do we coordinate swallowing so we don't get food in our lungs or spit food out our 
noses all the time while we're talking or doing other stuff? Swallowing, or deglutition, 
starts voluntary, but later it's coordinated as involuntary. Three phases:
Oral
Pharyngeal
Esophageal

The oral/buccal phase is voluntary. As you're chewing and breaking food down, 
salivary glands secrete lingual lipase and salivary amylase. Amylase breaks down 
starch in the mouth. Chewing is both involuntary and voluntary, so if you want you can 
just chew without paying attention. In the oral phase, the tongue pushes the bolus (ball 
of food) towards the pharynx and you activate somatosensory receptors which start the 
involuntary reflex. There's a swallowing center in the medulla that controls that 
involuntary reflex.

In the pharyngeal phase you go through the pharynx to the esophagus, close off your 
nasal passages by moving up your soft palate and uvula, and close off your airways 
with your epiglottis (closing the larynx by pulling the larynx up and forward with your 
neck muscles makes your epiglottis close). The palatopharyngeal folds on each side of 
your pharynx help you sense if the food's too big and needs to go back into your mouth 
for more chewing. The upper esophageal sphincter (UES, skeletal muscle controlled by 
medulla) relaxes to let the food pass, and then contracts to stop back-flow. Peristalsis 
begins.

Esophageal phase propels food via peristalsis all the way down to your tummy. The top
of your esophagus--the upper 1/3 plus the UES--is skeletal muscle, the middle 1/3 is 
mixed striated and smooth, and the lower 1/3 just smooth.17 Peristalsis is the 
17 Mittal RK. Motor Function of the Pharynx, Esophagus, and its Sphincters. From Integrated Systems Physiology:
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contractions of both your circular and longitudinal smooth muscles, and at the end, your 
gastroesophageal sphincter opens to let the food into your tummy. The enteric nervous 
system, separate from your CNS, will control all the smooth muscle peristalsis, while all 
the skeletal stuff from the upper 2/3 needs your input from your swallowing center in the
medulla.

The whole process takes just one second, but you have to coordinate it very tightly. This
whole process is gravity-independent, as long as you're eating solid food--that's why it's 
just as easy to eat upside down as right-side up. But liquids you can drink faster than 
peristalsis, so liquids will act based on gravity.

More about the swallowing center:
It influences the lower esophageal sphincter through the vagus nerve. It controls:

• the pharynx via the extravagal nuclei, 
• and with the nucleus ambiguus controls the upper skeletal muscle (relaxing the 

cricopharyngeal muscle so food can pass, contracting the upper esophageal 
constrictors to push food along), 

• while the dorsal motor nucleus stimulates the lower and middle part. 
The vagus nerve carries the parasympathetic commands from the nucleus ambiguus 
and the DMN, while the sympathetic command-carriers come from T5-T6 for the 
esophageal body and T6-T10 for the LES. Cranial nerves five, seven, nine, ten, and 
twelve carry info to the skeletal muscle of the upper 1/3 from the nucleus ambiguus. The
swallowing center also controls your speech and respiratory centers, just for a second, 
to make them stop while you're swallowing. It gets feedback from afferent nerve fibers 
along the sympathetic and vagus nerves.

The primary peristaltic wave gets triggered by the swallowing center. If there isn't a 
successful swallow, you start a secondary peristaltic wave that is just intrinsic and 
doesn't involve CNS. You need the vagus nervous system to stimulate the upper 
esophagus, but in the lower part you can have contraction without it, and that's where 
your unconscious secondary wave tries to dislodge food, from your lower esophagus.

Although you have both longitudinal and circular muscle, the muscles that really push 
the food are the circular. They're closing around the food and pushing it down, while the 
longitudinal just keep tone and maintain rigidity and openness so stuff can pass.

If you innervate the longitudinal muscle, you get a cholinergic duration contraction. As 
long as that piece of muscle is activated you get contraction occurring, with spikes of 

from Molecule to Function to Disease. San Rafael (CA): Morgan & Claypool Life Sciences; 2011. 
http://www.ncbi.nlm.nih.gov/pubmed/21634068
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action that look like skeletal muscle contraction. Remember we get the contraction after 
electrical stimulation. You need latency to control the pattern of firing--this means you 
don't want all your esophageal muscles to remain contracted while you're swallowing, 
since you don't want food to stick in your throat. Up top in the skeletal you control the 
order of contraction via the innervation from CNS medulla (nucleus ambiguus), but at 
the bottom in the smooth muscle you control the order via nitric oxide. The extrinsic 
nervous system's releasing ACh, and telling your muscles to contract, but you want to 
delay the contraction in the lower parts of the esophagus until food passes below them. 
So neurotransmitter nitric oxide (NO) inhibits contraction. So for each muscle segment 
you have these plateaus of charge BEFORE you have the big excitatory spike. NO is 
released with ACH, and there's more NO released further down you are. As long as the 
NO is there it will inhibit the contraction. Then, after it's used up, you get that 
contraction. So the upper smooth muscle will use up NO faster, since there's more NO 
released at the bottom, and they'll contract sooner. So you don't need your CNS for the 
bottom part of swallowing.

At the same time as you're telling your circular and longitudinal to contract, you're telling
your lower esophageal sphincter to relax. Intrinsic muscle activity holds the LES shut, 
which means they're not blocked by tetrodotoxin or cutting the vagal nerve--you can 
only block LES closure with calcium channel blockers (verapamil) and cyanide (a 
metabolic poisoner). So in the natural body, relaxation probably happens because of 
nitric oxide, and maybe VIP (vasoactive intestinal polypeptide), although the evidence 
leans towards NO. We're not entirely sure how it relaxes, though, since we can block 
relaxation with tetrodotoxin (indicating we need neural input), and it's not affected by 
anything cholinergic or adrenergic. Your LES relaxes right before peristalsis and stays 
open that whole time.

When you swallow, your resting pressure in your LES is about 30 mmHG, but then the 
pressure goes down when you swallow towards like 0, and then it overcompensates up 
to a pressure of about 60 mmHg to keep the food from coming back from the stomach 
up to the esophagus, and then you go back to resting pressure. These things increase 
your LES pressure: 

 neurotransmitters (alpha adrenergic agonists like norepinephrine, cholinergic 
agents, anti-cholinesterases), 

 hormones (gastrin, motilin, substance P, bombesin) 
 and other stuff (protein, antacids, prostaglandin F2). 

Some of these just make sense because you know anything that will keep acetyl choline
around will increase pressure (basically parasympathetic-type stuffs). 

Other stuff will decrease LES pressure: 
 Neurotransmitters: beta adrenergic agonists, alpha adrenergic agonists like 

phentolamine, anticholinergic agents, dopamine. 



Becoming Healers 273

 Hormone: progesterone, estrogen, secretin, CCK, glucagon, VIP, CGRP, 
somatostatin. 

 Other stuff: fat, chocolate, ethanol, peppermint, smoking, nitrates, theophylline, 
CA channel blockers, and prostaglandin E2. 

Women who are pregnant often have reflux problems because of hormone changes. 

Summary of pressure changes in esophagus, in mmHg:
 In your UES, you rest at 80, go to 0, overcompensate to 150
 In the body, you rest at -5 and then go up to 80 then down to -5.
 Lower esophagus is 5 at rest to 50 during swallowing, without overcompensation
 LES is 30, 0, overcompensate to 60.

If you're drinking really really fast sometimes you can have deglutitive inhibition, 
where instead of one swallow and peristaltic wave and then starting over in the correct 
progression, you keep your LES open the whole time instead of closing and starting 
everything over again. Peristalsis is inhibited until the last swallow.

Some clinical stuffs:
Diffuse esophageal spasm--Is so painful it can be confused with cardiac problems. 
Severe chest pain comes from weird, really strong esophagus contractions. The 
esophagus responds weirdly to distension, and instead of a nice pressure wave, you get
weird pressure spikes all at the same time.
Nutcracker esophagus--really high amplitude peristaltic waves, don't know what 
causes it, everything's all crushed shut in your esophagus. This hurts, too!
Achalasia--Lower ES does not relax like it should. LES is abnormally tight, so food 
accumulates above it, and you get distension, a bird-beak appearance at your 
esophagogastric junction. The distension's a big deal, and that's how you distinguish it 
from other problems with your LES. You can get as much as 1 liter of decomposing food
stuck in your esophagus. This can mean you're missing part of your myenteric plexus in 
your lower esophageal sphincter, and maybe you don't have NO down there to inhibit 
contraction and make the sphincter open. These patients will regurgitate undigested 
food, have halitosis, belch excessively (stuff is decomposing in their throats!) and they 
will have heartburn. Treatment is antispasmotic drugs, and sometimes you do surgery to
cut LES open--but then of course you could have the opposite problem...
Gastroesophageal Reflux Disease (Gerd)--LES tone isn't tight enough, causing reflux 
all the time. It's normal to get some kind of reflux, but when you keep having other 
problems because you always always always have reflux, that's GERD. We normally 
protect ourselves with mucous and saliva in the esophagus to neutralize acid and 
prevent damage, and with that second peristaltic wave. It may be your LES is relaxing 
when it shouldn't be, like when you lie down. Or it may be that you're not cleaning out 
the acid, or food's building up in the stomach, and that's backing stuff up through the 
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LES. Patients who have GERD will have dysphasia (speech problems), water brash 
(weird solution in mouth), belching, chest pain, odynophagia (swallowing pain), and 
respiratory complaints, but not esophageal distension. The secondary effects of GERD 
can cause ENT problems, and if it stays too long, acid and pepsin will erode, digest, and
ulcer your mucosal surface, calling neutrophils, eosinophils, and other inflammatory 
agents to the area. You can diagnose GERD with barium studies to watch the food go 
down, or you could use endoscopy to actually look at the esophagus. You can test the 
pressure with esophageal manometry, or you can monitor pH. You do that by putting a 
pH monitoring catheter in through their nose to their stomach. You treat GERD by 
elevating head of the bed, avoiding food or liquids 2-3 hours before bedtime, avoiding 
fatty or spicy foods, avoid cigarettes and alcohol, and losing weight. You can give liquid 
antacid (aluminum hydroxide-magnesium hydroxide) 30 mL 30 min after meals and at 
bedtime. To deal with symptoms, you can try to work with some medicines that promote 
peristalsis. You could try surgery where you try to wrap LES shut to tighten it, but that 
can backfire because of course you can make it too tight.
Barrett's Epithelium--Normally you have epithelium in your lower esophagus protected
from acid by the sphincter and a mucous layer. When you have metaplasia (see Histo 
section pg. FIXAL), your squamous epithelium becomes glandular columnar epithelium. 
That Barrett's epithelium protects you from the acid that's gotten from your stomach into
your esophagus. That's great, but if you keep having metaplasia, eventually you may 
get squamous cell or some other out-of-control cancer. This is often a complication of 
GERD. 

Gastrointestinal hormones

These are paracrines and neurocrines. Paracrines are peptides (like somastatin) and 
not peptides (like histamine). If they're released from endocrine cells and their target is 
somewhere else they're paracrines. Neurocrines are neurotransmitters, released by 
nerves, which diffuse to target cells across synaptic junctions. Endocrines are all 
peptides released from a cell into the blood which act on a very distant cell. To be a 
hormone, you have to secrete in response to stimulus, act at a distant site, work 
independently of neural activity, and be able to isolated, purified, identified, and 
synthesized.

Your stomach releases:
Ghrelin--for hunger. Spat out by oxyntic cells. Regulates energy balance, helps 
stimulate growth hormone secretion. Recently discovered, might be something we could
target for appetite suppression.
Gastrin--for acid secretion. It comes from G cells in your antrum, duodenum, and 
jejunum in response to eating a meal. Products of protein digestion, stomach distention,
and vagal stimulation make this get released. It's inhibited by low pH. When it acts, it 
stimulates H plus secretion by gastric parietal cells--it tells the parietal cells to make H+.
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It also makes gastric mucosa start growing for protection from all that acid. Because 
gastrin also causes growth of the cells that make it, a tumor that releases gastrin will 
make itself grow. = /

Small intestine releases:
Cholecystokinin (CCK)--it's the main hormone in your intestinal tract. It's spat out by I 
cells. Monoglycerides and fatty acids or small peptides and amino acids--breakdown 
products of your meal--stimulate this. It's got a lot of jobs: 

 contracting gallbladder, 
 relaxing gallbladder's sphincter of Odi (bile release) 
 secreting pancreatic enzymes (lipases, amylase, proteases)
 also gets bicarbonate to get secreted by the pancreas
 growth effects on the pancreas and gallbladder, 
 and slows gastric emptying so you have more time for food absorption. This is 

the only GI hormone that inhibits gastric emptying at normal physiological levels 
(although gastrin, secretin, and GLIP can do that at pharmacological levels).

Secretin--spat out by S cells. Acid stimulates this, fatty acids also. Makes pepsin get 
secreted, makes bicarbonate get secreted from pancreas and gallbladder, basically 
counteracting gastrin. It inhibits gastric H+ secretion and helps the exocrine parts of the 
pancreas grow.
Gastric Inhibitory Peptide (incretin)--spat out by K cells. Glucose in your mouth, 
amino acids, and fatty acids get it secreted. People used to think that it counteracted 
gastrin, like secretin does, and inhibited GI motility and gastric emptying, but actually it 
really only does that in SUPER-HIGH levels, and in normal levels its job is insulin-
secretion. It does inhibit gastric acid secretion at physiological levels, but that's not its 
main job. This is why when you take oral glucose, you'll have way more insulin secretion
than if you just inject glucose into you: GIP is only secreted in response to glucose, 
amino acids, and fatty acids in the GI tract. Because we now understand its job better, 
many people call it GLIP, or glucose-dependent insulin-secreting peptide, but you can 
also just keep calling it GIP if you like.
Motilin--spat out by M cells when you're fasting. Makes you have more contraction.
GLP-1 (incretin)--made by cleaning glucagon in your small intestine. It's 
antihyperglycemic, so it inhibits glucagon secretion and drives up insulin secretion. It 
keeps your pancreatic B cells from apoptosing, and it makes the insulin-secreting B 
cells proliferate and differentiate. Helps with blood sugar levels, helps decrease 
absorption of nutrients by decreasing gastric emptying.

Your pancreas releases:
Insulin and Glucagon--for glucose homeostasis
A whole plane-load of pancreatic polypeptides like trypsin for digestion
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Your white fat cells release:
Leptin--Helps regulate body weight. As fat stores go up, leptin goes up. As fat goes 
down, leptin goes down. It stops neuropeptide Y (which tell you to store fat) and makes 
POMC (proopiomelanocortin) cells signal an increase melanocyte-stimulating-hormone 
in the arcuate nucleas of your hypothalamus, which ultimately limits fat storage. Studies 
in mice may suggest that high-fat diet during youth can hurt this pathway, 
hypermethylating the POMC gene so its transcription factors can't bind, you can't make 
POMC well, and because of that you store more fat than usual all throughout your life, 
regardless of diet.18

Moving stuff in your stomach

The stomach has four muscle layers: three outside in the big muscularis section and 
that “one” in the muscularis mucosa that's really two tiny layers (longitudinal and 
circular). The big layers are the outermost longitudinal muscle layer, a circular layer like 
everywhere else, and an inner oblique layer that's essentially two bands of muscle lying 
on the stomach's anterior and posterior surfaces.

The stomach's mostly a reservoir, a mixing bowl, and a delivery man to send nutrients to
the small intestine. It doesn't really absorb stuff except for aspirin and alcohol. The most
important function physiologically is really emptying, because that controls how much 
time the enzymes in the small intestine have to do what they need to do.

The fundus acts as a gas trap, the corpus acts for acid secreting, and the antrum acts 
for large contractions. You can also divide your tummy into the Orad region (which is the
fundus and half the corpus) and the cuadad region, which is more distal, and is your 
antrum and your lower half of corpus. The proximal stomach is really your reservoir, 
while the lower part is for mixing. 

The upper 1/3 has no basal electrical rhythm, but it does have an active tone. The 
resting membrane potential of smooth muscle cells is less negative in the upper portion.
So contractions can happen very quickly, right away. You don't need cycles or a BER. 
But in the lower 2/3, we have a BER, with interstitial cells of Cajal in the mid-stomach. 
The upper part will have a -48 mV potential that's kinda flat-lining right next to threshold.
Towards the bottom you'll have -71 mV with upward, less negative waves (the BER) if 
you graph their potential. The actual cycling of the slow waves starts about at a dot on 
the greater curvature between the orad and caudal stomach, about right between the 
upper 1/3 and bottom 2/3 of the stomach. The waves conduct faster outward from this 

18 Asaf Marco, Tatiana Kisliouk, Aron Weller, Noam Meiri. “High fat diet induces hypermethylation of the 
hypothalamic Pomc promoter and obesity in post-weaning rats.”

Psychoneuroendocrinology, Available online 16 August 2013
     http://dx.doi.org/10.1016/j.psyneuen.2013.07.011
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point, so near it, in the body of the stomach, waves go at about 0.5 cm/sec, while away 
at the antrum waves go 4 cm/sec. Unlike the small intestine, whose slow waves won't 
trigger contraction unless the autonomic nervous system gives them spike potentials, 
the stomach can contract just based on its slow waves alone.

The stomach's innervated by the autonomic nervous system: parasympathetic from 
vagus stimulates motility and secretion, while sympathetic from celiac, stellate, and 
superior mesenteric ganglia will inhibit that. Lots of afferent stuff travels through here—
in fact you have more afferent fibers in your stomach-bound vagus and splanchnic 
nerves than you do parasympathetic and sympathetic fibers. In the brain, the 
parasympathetic fibers to the stomach come from the dorsal vagal motor nucleus, 
and they pretty much hold the stomach active (tonic, not phasic contractions) all the 
time if they can. We also have the enteric nervous system (myenteric and submucosal 
plexa), which is triggered by stretch receptors and food coming in.

Your stomach's up to about 1.5 or 1.6 L if you eat a lot, and when it's empty it's as little 
as 50 cc. Really small to pretty big! How does it change size? It's a vago-vagal reflex, 
with both afferent and efferent fibers of the process running through the vagal nerve: 

• mechanoreceptors sense stretch, 
• tell vagal afferents which carry signal to CNS, 
• CNS tells vagal efferents to tell enteric nervous system of smooth muscle wall of 

the orad, 
• enteric nervous system inhibits motor neurons and relaxes the smooth muscle 

(NO and VIP release). 
So what happens if you cut the vagal nerve? (Vagotomy) It would make your re-
set/relaxation not work. There won't be tummy-expansion, and so you'll just kind of 
dump food out really fast instead of stretching to hold it in there.

Food's not just sitting there as the stomach stretches, though: when the food gets into 
the stomach you start contractions right away. You get long duration contractions which 
will move the food from the upper part to the lower part, and then you get rings of 
contractions (remember gap junctions, syncitium effect)--getting stronger into the 
antrum--that will push food down the stomach towards the pyloric sphincter. The pyloric 
sphincter wants to slow down the emptying of the stomach so the small intestine has 
time to deal with that. That's why it's so small and tight, letting only a few milliliters of 
food pass with each peristaltic wave. That regulates emptying so that you make sure 
you don't have a lot of acid going into the small intestine, which could inactivate your 
enzymes, and you need time for nutrient absorption. A number of different mechanisms 
will try to feed back and slow everything down to give you that time. This barrier also 
stops regurgitation from duodenum back into stomach.

As those rings of contraction come down, if anything's not small enough to go through 
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the hole, it will be "retropulsed" backwards, driving it back until it gets small enough. 

We want to control how fast everything moves. Stomach motility isn't affected just by re-
set through relaxation, but also by feedback from hormones etc. So let's list some key 
factors that regulate gastric emptying.

Particle size: if the stuff is too big, it's not going to pass through. So liquid stuff empties 
faster than solids, which pass faster than indigestible stuff. This is because of 
retropulsion. If you graph this, liquid empties exponentially, while solids don't start 
emptying until after a flat-line grinding lag phase. Afterwards, solids go out in a linear 
way.

Volume: If everything else is the same, like caloric content, osmolarity, pH, etc, the 
stomach will empty in proportion to volume. A larger meal will empty faster. But that's 
assuming everything else is the same. 

Acid: As pH drops, we release hormone secretin, and that feed backs to decrease 
gastric emptying. Think low pH==>slower gastric emptying to protect small intestine.

Osmolality: If stuff is hypertonic, with lots of sugars and stuff, like more concentrated 
than your body fluids, it will empty more slowly as your body prepares to bring it closer 
to our normal tonicity. If it's super dilute and hypotonic, it will also empty slowly, since 
you want to get things to be isotonic/same as your body. So a saline meal will empty 
really fast, since it's the same as you. This is partly why acidic meals empty slower than 
saline meals, but part of it is also because of...

Hormones and Meal Composition: Lipids will empty more slowly from the stomach, 
primarily because of hormone release. The hormones will slow down gastric emptying 
depending on what we're eating. Glucose and carbohydrates empty faster than proteins 
which empty faster than fat, because of CCK, GLIP, and Gastrin. In a way, the 
hormones are kind of “intelligent,” making sure that a more complex, less easily-
metabolized molecule has more time to be modified, while stuff that's pretty much 
already in fuel form (glucose) passes right through for your use.

Neural mechanisms: Chemical or mechanical stimulation will tell the nerves to slow 
down or speed up our tummy reflexes.

Gender: Women empty solid food out slower than men.

Feedback from the small intestine: In the presence of acid, hypertonic chyme (not 
quite digested all the way), lipids, or distension in the duodenum, enterogastrones and 
intrinsic and extrinsic nerve pathways will inhibit gastric emptying. Upper part of small 
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intestine's duodenal mucosa receptors will sense osmolarity, acid, fat, and protein, and 
those receptors will trigger various different reflexes. Fat/proteins make them release 
CCK and stretch the stomach, which slows the stomach's motility. Acid makes the 
receptors decrease gastric emptying in 20-40 s via intrinsic neural reflexes. 

Emotion can sometimes increase or decrease stomach motility, depending on the 
person. That's why sometimes a nervous person will go to the bathroom constantly, and
on the other hand another nervous person might just get constipated. 

Pain usually inhibits gastric motility. 

So, clinical stuff. Let's talk vomiting! Vomiting is forced expulsion that's very 
programmed. It's not reverse peristalsis. You close your glottis to protect your airways, 
your diaphragm presses down and your stomach muscles contract, you increase intra-
abdominal pressure, and you force stuff from the duodenum and the stomach through 
LES and out of the mouth. This is yellow because of bile. Dry-heaving happens when 
your gastric stuff enters the esophagus, but then gets pushed back down by secondary 
peristalsis. Vomiting can make you dehydrated, hypokalemic, or even hypochloremic 
with metabolic alkalosis (loss of hydrogen ions and chloride). Vomiting is stimulated by 
many neural mechanisms and other things.

Gastroparesis means your stomach doesn't empty as fast as it should. Surgical 
complications from cutting away a part of your stomach, diabetes, and, for obvious 
reasons, obstruction can cause this. Your patient will belch and vomit because of food 
back-up. He will also share symptoms with someone who empties too fast—symptoms 
such as:

feeling full, being satisfied or un-hungry too early (early satiety), tummy pain, 
“heartburn,” and weight loss (from not eating and getting nutrients) which will lead to 
anorexia (as in, getting really thin from not eating enough, not as in anorexia nervosa, 
the mental disease).

As I mentioned, that last paragraph of symptoms overlaps with what happens when a 
patient empties too fast (dumping syndrome). That's because the patient will start to 
get liquid build up in the duodenum, so they'll not want to eat and they'll feel full. The 
unfinished chyme that the stomach dumps into the duodenum will be hypertonic—more 
concentrated than body solution—so a lot of water will leave the rest of the body and go
into the small intestine by osmosis to balance that hypertonic chyme. All that water 
leaving the rest of the body can lead to nausea and dizziness, since the brain's not 
going to be getting enough blood pressure, and the heart rate will go up to compensate.
The heart's all “wait, where'd all the blood go? Am I not pushing hard enough? 
Everyone's telling me they're not getting enough blood!” The skin's not getting the 
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normal amount of blood, so the patient will get pale (pallor) and the patient may sweat 
because of how hard her body's working. Yet at the same time, the intestines are trying 
to get rid of this huge volume of water, so you're going to have tons of diarrhea, along 
with abdominal cramping. Her intestines will also be absorbing glucose really really fast,
especially if she's eaten a large meal, and she'll have a huge spike in insulin secretion. 
Overall, the fall in blood pressure can make the patient faint (syncope). That sounds like
it really sucks. It's apparently a possible side effect of gastric bypass surgery.

Motility of the Small Intestine

You need lots and lots of surface area because ABSORPTION!!! There's a 600-fold 
increase in absorptive surface area with villi, folds, and microvilli in the mucosa—3-fold 
because of the folds, ten-fold because of the villi and crypts, and twenty-fold because of
the microvilli. To add to this, your small intestine's 21 feet long to give you lots of time to 
soak up food.

Absorption's key to SI's motility, and the SI's always ready to act, lying in wait with its 
slow waves coursing through it. Slow waves don't produce contractions until something 
like a parasympathetic signal knocks them up to threshold, but you've got slow waves 
going all through here all the time, just waiting to make your four muscle layers (or 
three, if you count both muscularis mucosa as one) contract. In the proximal part of the 
small intestine your BER's about 12 cycles of slow waves per minute, and in the lower 
part we're at about 8 cycles per minute. The pacemakers called interstitital cells of Cajal
control this slow wave activity, and you've got many, getting progressively slower/lower 
frequency as you move down the small intestine. Each depolarization's about 5-15 MV 
in amplitude and lasts about 1-5 seconds.

When you're not eating, you have a migrating myoelectric complex, MMC, which will 
sweep down through the GI tract from the stomach down through the small intestine. It's
actually 3 or 4 different phases where you get little bursts of contracting activity and 
then you get strong bursts all the way down into the small intestine. Phase I is relative 
quiescence, II is some intermittent motor activity (about 1-5 contractions per slow wave, 
with periods of nothing), and III is the housekeeper, cleaning the lumen of debris with 
regular, strong contractions. When you're not eating the three phases just repeat over 
and over again. Each segment goes through different phases, so you can have a part at
the top in phase III while the part below it is in phase I. Phase 1 takes about 70 minutes 
(40-60 percent of the whole cycle), Phase II takes about 10-20 minutes (20-30 percent 
of the cycle), and Phase III lasts about 5 minutes. This is what makes the noises when 
your tummy's rumbling, since you're moving air all around. Each phase III is 
accompanied by an increase in motilin, which increases movement. (So you grumble 
more as you get more hungry) Most textbooks only have III phases, but some have a 
4th phase which is kind of a dying-off of the contractions. Dr. Appleyard says when you 
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look at real contractions you really can't see any difference between III and IV. 

MMC prevents bacterial overgrowth by clearing things out like that. You can experiment 
with this, and inhibit it, and you'll see bacteria poppin' up all in your gut everywhere.

When you're fed you will go to something else, a fed pattern. The fed motor pattern is 
different. The most frequent patterns are peristaltic waves (a whole bunch of 
medusa/heart-attack/fast spikes things), stationary contractions, and clusters of 
contractions. The whole point of the fed pattern is exposing as much food to the walls 
as possible, in each segment. So you'll do something called segmental contraction, 
where you close off segments to squish the food to the walls. That's done by your 
circular muscles all squeezing down at the same times. This mixes food back and forth 
throughout your intestinal juices. 

You also have propagated contraction which pushes everything forward. That 
happens because there is more segmental contraction in the proximal small intestine, 
closer to your stomach, creating a high pressure “gradient” that pushes the food forward
a bit. That gradient of contraction's created by the BER gradient—there are more 
frequent slow waves higher up in the small intestine, leading to more frequent 
contractions up there. Propagation is mostly controlled by peristaltic waves. The 
Bayliss and Starling Law of the Intestine says that when a bolus of food enters a 
segment of small intestine and distends it, that distension triggers receptors that make 
contraction of circular smooth muscle above the bolus of food, and relaxation 
below it, which moves it. Contraction happens because release of ACh, relaxation 
happens because of VIP; the whole step's run by the enteric or intrinsic nervous system 
in what's called the peristaltic reflex. The longitudinal muscle pushes stuff along, while 
the circular muscle helps make those segments. They will take turns, so according to 
this law, above the food the longitudinal muscle will relax, the circular will contract, and 
below the food the longitudinal will contract to open the digestive tract while the circular 
relaxes. The peristaltic waves usually only move about 3-5 cm at a time, but scientists 
have observed rare peristaltic rushes where food gets shot long distances.

After you've swept that food down, it meets the ileocecal junction. The ileocecal 
junction's got a tonically-contracted (always tight) sphincter, and a valve. When the food 
comes from the small intestine you get excitation there that causes relaxation of the 
sphincter and the valve so stuff can move into the cecum. It basically opens in response
to a stretched ileum, and closes in response to a stretched colon. We have super-
different microflora in the large and small intestine, so it's super-important to keep stuff 
separated. 

Other important reflexes for small intestine motility:
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Intestino-intestinal reflexes--if you distend one section of intestine, you're going to get
reflex inhibition in the other segments (the other segments will relax). This keeps your 
intestine from breaking by lowering pressure around the stretched part, which helps 
move food.

Gastroileal reflex says that anything that happens in the stomach—secretion, motor 
activity, aliens invading--increases motility of the small intestine's ilium. The more 
activity in your stomach, the faster food will move through the ileocecal sphincter to get 
ready for what's coming. 

Motility doesn't always go right. Sometimes, after surgery, you get ileus—which means 
no muscle contractility (hence obstruction). Slow waves keep running through there, but
there's no spiking activity. This happens when your intrinsic inhibitory neurons won't 
stop firing. Anytime your peritoneum's really irritated that can happen. On the other 
hand, if you have continual contraction, and your excitatory intrinsic neurons won't stop 
firing, and the inhibitory neurons take the day off, you have a spasm. That will also 
cause blockage. Any nausea, abdominal cramping, diarrhea, or constipation can 
happen with abnormal changes in spike activity MMC or slow wave frequency or 
velocity.

Its always been easy to do endoscopies or colonoscopies, but how do you see the small
intestine? Israeli scientists developed a camera in a capsule so you can get photos all 
the way down. When it was first developed it got stuck sometimes and then the battery 
ran out and then what you gonna do, but now we've given barium ones beforehand so 
you can see where it's gonna go, and that barium pill will just disintegrate so if it goes 
through you know you're okay.

Large intestine motility

Normally the colon does not absorb anything but water. The colon gets about 500-1500 
mL of watery chyme every day from the ileum, but you only have about 50-200 mL of 
water per day excreted, so you absorb a lot—water-extraction's super important. The 
colon also stores poop and indigestible stuff like cellulose. And it moves poop to your 
rectum. So LI motility's a balance between moving poop and giving time to absorb 
water.

LI motility's managed by:

• Splanchnic and lumbar nerves from the sympathetic causing relaxation,
◦ lumbar colonic nerves handle everything, including the distal colon
◦ splanchnic mostly do the proximal colon

• Vagus and pelvic nerves from parasympathetic causing contraction, and
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◦ pelvic mostly makes tonic, propulsion in the distal
◦ vagus makes segmental contractions in the proximal/ascending (right side)

• Intrinsic innervation with a net inhibitory influence 

Most common movement is mixing, which is food moving in both directions between 
the haustras, driven by short spikes on the slow waves. Then there's haustral 
migration, which is the same as mixing except it's bigger and there's a small net aboral
or towards-your-butt movement. Least common type of movement, but often most 
important, is long-distance, big bulging mass movement in one direction. This is the 
only one that actively pushes stuff towards the rectum, and it's made by long bursts of 
spikes on the slow waves. It's in the central and distal colon, triggered by the gastroileal 
reflex. No MMC. BER are super super slow with no proximal to distal gradient (actually 
small reverse gradient, promoting delay).

Other reflexes:

• Gastrocolic reflex—distended stomach increases motility and mass movement 
frequency of the colon and makes you want to poo

• Colonocolonic reflex—stretching one part of the colon makes the rest of it relax.
• Distending the duodenum will also cause colon contractions to increase.19

It helps to remember the large intestine by comparing it to the small. 
• Things hang out in large intestine for days, while in the small hang out for hours. 
• The small is not a storage house, the large is.
• There's a BER gradient in the small, not in large. 
• MMC in small, not in large. 
• Essentially no backwards movement in small, lots of backwards in large. 
• Large mass movements present in colon, not in small intestine. 
• Longitudinal muscle continuous in small, with 3 discrete bands of tennae coli in 

large. Large also has tight bands of circle muscle, plicae circulares.

The rectum normally doesn't have a lot of poop in it. It's got an internal (tonically 
contracted, smooth muscle) sphincter, and an external (controlled non-autonomically, 
cylindrical skeletal muscle) sphincter. Distending the rectum makes you want to 
defecate: the internal sphincter relaxes (rectosphincteric reflex), but the external 
sphincter contracts. You have to voluntarily inhibit the external to relax and make it 
poop. But people with injured lower spinal cords may poop automatically because they 
don't have those spinal nerves giving them control to contract their external sphincter. 
It's important to remember that it's the distension that triggers the relaxation (lowering of

19 X. Lu et al, “Role of distention on duodenal and colonic contracility in mice: a novel myograph for intestines.” 
Published 6 Feb 2012, Journal of Neurogastroenterology and Motility, Volume 24, Issue 5.
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pressure!) in the internal sphincter and the contraction (increased pressure) in the 
external—if you put a balloon in there instead of poop (to measure pressure, for 
example), and blew it up, you'd have the same relaxation response. If someone has 
trouble controlling their poop via the external anal sphincter, they may need pelvic floor 
training, so that when a balloon is in there they contract.

Normally, you will have cycling of internal relaxing and external contracting until you 
want to poop. Some patients only poop every three days, others 3-5 times a day--what's
important is if they change their schedule suddenly from one extreme to the other, since
everyone has their own rhythm. Average time for food from top to bottom in the GI is 1-3
days. To track your time, you can just eat some indigestible popcorn and see when it 
comes out!

Some clinical stuff:

• The Valsalva maneuver—expiring against a closed glottis, so like in hard 
coughing--can help you poop. 

• Constipation could be exacerbated or made worse if all your life you suppress 
the gastrocolic reflex (you don't poop after you've eaten). This makes you have 
excessive water removal (more time, too slow to get stuff out, harder poop).

• In megacolon or Hirschspung's (discusses on page FIXAL of histology and 
FIXAL of physiology), a segment of the distal or sigmoid colon's always 
contracted because of that missing myenteric plexus.

• Diverticulosis is when your circular smooth muscle rings get thicker and thicker 
(hypertrophy) and build up so much pressure they force your mucosa and 
submucosa to herniate through the muscle layer. That herniation is called a 
diverticula. It's more prevalent in diets low in fiber or high in fat (everything hangs
out in the colon longer, so the continuous workout forces muscle overgrowth). It's
more common with increased age, and it's the most common colon problem 
overall. The remedy is to eat beans. If you get complications and your mucosa 
ends up perforating, it can become diverticulitis and it can pop open and bleed.

• Functional GI disorders are one of the main reasons for going to 
gastroenterologist. This is a challenging disease with no biomarkers and not a lot
of useful drugs. It's influenced by socio-economic factors, and usually you 
diagnose it based on excluding everything else. Basically it's, “I don't know what's
wrong with you, but there's something wrong” disease.

• Altered sensation and accommodation can really influence your GI tract—the 
brain and the gut connect intimately—like when you can go for weeks without 
going to the bathroom, or you go all the time but never feel empty. So for a while 
it was thought that it was all in patient's heads—they were just crazy with regards
to their poop—but we know now they have sensory issues down there. We know 
this because if they put a balloon in the patient's rectum, as you increase the 
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pressure and blow it up, control patients report much lower level of sensation and
pain than patients with IBS, which is the name of what we're talking about. There 
are some psychosocial factors, but mostly there's something wrong with the 
communication between brain and gut.

• Irritable Bowel Syndrome (IBS) is more common in women than men (2/1), 
presenting with chronic pain, mucous, bloating, straining, and incomplete 
evacuation. You diagnose based on at least 3 days of recurrent abdominal pain 
or discomfort at least 3 days per month in last 3 months, and some other criteria. 
The corresponding small intestine disorder, with pain, bloating, nausea, and 
vomiting but no visible “reason,” is called non-ulcer dyspepsia.

• IBS and IBD are different. In IBS we can't actually see anything wrong, but 
something's wrong between brain and gut. IBD is inflammatory bowel disease,
and you can go in and look and see ulceration and bad stuff hurting your 
mucosa. IBD will often manifest with abdominal pain and motility changes 
causing diarrhea or constipation. It can either be ulcerative colitis which is more
localized down to the rectum, or Crohn's which is between the mouth and all the 
way down. Crohn's has inflammation that crosses all the way through the colon 
wall, while ulcerative colitis only hangs out in the mucosa, and Crohn's gives your
patient more anal lesions. IBD is more common in Jews and Caucasians, with a 
little environmental, diet, and genetic influence. Patients lose a lot of weight and 
become all ulcery. Increasing in prevalence.

• Over time, IBDs can lead to colitis-associated colorectal cancer, which is one 
of the most frequent cancers in the Puerto Rican population, and the third most 
common in the US overall.

Microorganisms in your colon
Acid protects the stomach from microorganisms, and in your SI you have all that MMC 
movement. But in the colon you don't. All the time you're "infected" with both anaerobic 
and aerobic bacteria, letting things in. You have this normal microflora that's fine—and 
in fact, these bacteria can even digest some residual nutrients for you to absorb—but 
antibiotics can disturb that normal microflora and screw you up. Pseudomembranous 
colitis is yukky pussy bacteria overgrowth which start spitting out toxins and stuff. That 
happens when there's an imbalance between your “good” and “bad” bacteria. That 
imbalance is usually caused by too many antibiotics, which can leave behind hyper-
strong bacteria like Clostridium dificile which now don't have any competition to keep 
them from releasing toxins and hurting you. 

Gas is made down in your colon because bacteria ferment crap in there. You will get 
more gas if you have an imbalance or if there was something you couldn't digest, like if 
you're lactose intolerant. If that's the case, you don't absorb the normal amount of 
lactose, so the bacteria in your gut absorb it instead and start puking out waste products
of lactose digestion—you'd diagnose this by tracking the hydrogen gas coming out of a 
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patient after she has lactose. A patient who's lactose intolerance will have more and 
more hydrogen gas come out of her system as the lactose passes into her colon. 
Abdominal bloating could come from this, or from IBS stuff. Colonic gas can be helped 
with less gum chewing (less swallowed air), less stress, less brussel sprouts, beans, 
cabbage, and carbonated drinks, and less fatty foods, which slow everything down and 
help make more colonic gas.

Secretion: Saliva

These glands make about a liter a day. Wow! And even though we don't need it to live, it
makes hygiene and comfort of the mouth and teeth a lot better. It's very difficult to taste 
without saliva--try tasting with a dry tongue--because you can't dissolve the molecules 
(sapid action) to get into your taste buds. Saliva's also important for oral hygiene by 
washing away food particles. Also, thiocyanate ions in lysozymes like muramidase 
help kill bacteria--that's why you want to lick your injuries instinctively. Helps with normal
speech.

We find water, electrolytes, mucoproteins like mucin glycoproteins, and different 
enzymes in saliva. The enzymes amylase and lipase start digestion of fats and sugar. 
Anything that happens in the mouth, as soon as it gets into the stomach, will get 
inactivated by the stomach's acid, so amylase and lipase don't get a chance to do a 
whole ton, but they start things. Saliva's electrolytes include bicarbonate, sodium, 
potassium, chloride, phosphate, and calcium. Saliva also carries epidermal growth 
factor, R-protein, other mucoproteins like ABO blood group substances, and other 
enzymes like ribonucleases and anti-bacterial agents.

Saliva's secreted by sublingual, submandibular and parotid glands, and also a tiny bit by
buccal glands. Sublingual and submandibular glands mostly secrete mucin spit, while 
parotid glands secrete more watery spit. Submandibular glands make 90% of your 
saliva along with the parotid glands, and parotid is serous while submandibular is 
mucous and serous. The sublingual make 10% and they're both mucous and serous.

Inside these glands saliva's made by salivons. One salivon includes all the 
myoepithelial cells of an acinus gland and its related duct. The duct will move and 
modify the saliva. The duct is divided into intercalated ducts first, and striated ducts 
second. Two types of cells in the acinar gland: serous and mucous. Depending on the 
salivary gland you'll see a different balance between the two types of cells. Serous 
cells make zymogen stuff like amylase (ptyalin) while the mucous cells make 
glycoprotein mucous. The ducts are pretty impermeable to water, so everything 
produced in the acinar cell stays the same volume until its secreted. That's important: 
ions can go through duct walls, but water can't. Sodium and chlorine leave, while 
potassium and bicarbonate enter, but the net flow of ions is out (more leave than enter), 
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which keeps saliva hypotonic and dilute relative to plasma. 

Saliva production is a two-step process. First you make an isotonic plasma-like solution 
in the acinar cells, and second you make it hypotonic in the ducts. To do that you start 
taking sodium and chloride out and adding K and bicarbonate as the saliva moves along
the ducts. This is happening via co-transport. As sodium's getting pumped out of the 
ductal cells into the blood, it makes sodium want to get into the ductal cell from the 
lumen of the duct. There's debate as to whether these are pumps or channels that 
things are going through.

Let's get a little more detailed on this co-transport. 

First, in the acinar cells, sodium and chlorine enter the acinar cells from the blood. 
They're going to use that sodium and chlorine to manage a concentration gradient to 
control the potassium and bicarbonate in the spit. Sodium wants to enter the acinar cells
from the blood because of the sodium-potassium ATPase pump, which is always 
sending sodium OUT into the blood. You want sodium to want to get in because you 
want chlorine to want to get in. Chlorine follows sodium, and you want to use chlorine 
later to control bicarbonate exchange. So now you have sodium wanting in, and chlorine
comes right in with the sodium and then just flows right out of the cell into the spit. 
Sodium doesn't really want to go into the spit from the cells—it doesn't want to go 
anywhere but inside the cell because of that pump always knocking it out of the cell—
but you've got tiny gaps between your acinar cells, and sodium will leave your blood into
your hypotonic spit through those gaps, too.

Next, in the duct cells, you're using all that chlorine you build up in the spit earlier to fuel 
a chlorine-bicarbonate transporter that fills the spit with bicarbonate. Remember, you 
got a bunch of sodium in your spit through those gaps, and that sodium's trying to get 
back into your sodium-hungry cells, and chlorine always wants to follow sodium, so it's 
happy to switch places with a bicarbonate. You're also using the fact that sodium wants 
to get into the cell to fuel a sodium-acid transporter that pumps H+ ions into the spit. But
at the same time, your duct cells are doing the same H+/sodium swap on the side facing
the blood! So your cells are losing a lot of H+ because of the sodium gradient. Your cell 
wants to balance this H+ loss, and it uses the need for H+ balance to secrete lots of 
potassium into the spit. On the side facing the spit, a H+/K+ exchange pulls H+ back 
into the cell in exchange for spitting out K+--and remember, we had a lot of K+ in the 
cell because of the sodium-potassium ATPase. So the acid transporter system basically 
helps you swap your sodium for potassium. This whole time you're still ATPase-ing 
sodium out into the blood, so to keep balance chlorine follows it out into the blood. Also, 
because now you're spitting so much potassium out into your spit, even the sodium-
potassium ATPase pump isn't enough to replace the potassium loss in your cells, and 
lots of potassium from your blood is flowing passively into your duct cells. 
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You can change your spit ion composition by changing how fast spit flows through the 
ducts. Increasing spit flow increases bicarbonate concentration to a maximum, but then 
after about 1 ml/min the spit's flowing too fast to allow the chlorine-bicarbonate 
transporter to work any more efficiently than it already is, so bicarb concentration levels 
off. It even starts to drop a tiny bit, but in general just think flow rate up, bicarb increase, 
and level off around 1. 

Chlorine concentration increases in a straight line as spit flow increases, and that 
makes sense with bicarbonate's max—at some point, there's an ideal flow where you 
have the max amount of chlorine in the spit that you can use as fuel to exchange for 
bicarbonate. After that point, though, the flow rate's just too fast, and chlorine doesn't 
have a chance to get taken up, so even though there's plenty of chlorine for exchange 
it's not getting exchanged. It's just increasing in concentration in the spit. 

Increasing spit flow increases sodium concentration for a bit longer, all the way up to 
about 4 ml/min, but sodium concentration starts to kind of level off, too—but not in a 
straight line like bicarbonate. It's more that its rise slows down dramatically. Sodium 
concentration keeps increasing after bicarbonate because the original spit from the 
acinar cells had plenty of sodium in it, and if you force that spit out really fast the duct 
cells don't get a chance to take it back up, so the faster you make spit the less sodium 
you're taking back up. 

Potassium doesn't care about flow rate. It stays pretty low all the time.

Spit control

In the GI tract, sympathetic stimulation is generally inhibitory--but in this case, both 
parasympathetic and sympathetic make you salivate. The type of secretion and the 
amount changes from parasympathetic to sympathetic. Saliva secretion is totally 
controlled by your autonomic nervous system. 

Parasympathetic control—when it's time to eat, you release Ach, and through the IP3,
DAG, and Ca2+ signal transduction system you get a large increase of watery saliva 
flow. Parasympathetic also releases vasodilator enzymes like Kallikrein, which acts on 
kininogen to make lysylbradykinin vasodilate your capillaries near your salivary 
glands. That will increase secretion. Large increase, sustained over long period of time.

Both substance P and VIP increase flow of saliva, too, by acting on acinar cells like Ach 
does.
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Sympathetic control—Stress via norepinephrine and the cAMP signal transduction 
system will act on acinar cells to make a small increase in a thick type of saliva (feels 
dry). Transient—off and on, short time.

If you cut the sympathetic nerves, then you get decreased secretion—but worse, if you 
cut the parasympathetic nerves, the glands will atrophy! This difference happens 
because both parts of the ANS make duct cells secrete more bicarbonate and 
potassium, but only the parasympathetic feeds those glands with more blood.

Some problems you can have with saliva secretion:
• Mumps--glands get infected in kids--AKA infectious parotitis--inflammation of one

or both parotid glands until the problem resolves.
• Sjogren's syndrome--anywhere you have decreased salivary secretion. This is 

an autoimmune disease with dryness of mucous membranes where lymphocytes
enter the affected tissue, making salivary secretion going down with or without 
parotid gland enlargement. Dental problems and other side effects arise from not 
having saliva. Affects older women usually.

• Some people just have decreased salivary secretion from side effects of different 
drugs (xerostomia)]. Difficulty speaking, chewing, and swallowing arises. 
Without the anti-bacterial effects of spit you're also getting more cavities.

• Drugs that work as muscarinic antagonists like anti-psychotics, anti-
hypertensives, and anti-depressants can decrease your spit secretion. You can 
lose your appetite and things like that. We're not sure if it's old age or disease 
side effects or those drugs that increase xerostomia in elderly folks.

Secretion: Esophagus

Esophagus only releases mucus. Mucous helps in terms of lubricating passage of the 
food down the gastrointestinal system. It's also got adherent qualities (has to be sticky 
enough to stay on the tract) and it protects the wall by resisting digestive enzymes. It'll 
have bicarbonate and stuff like that dissolved in it to allow you to buffer extreme pHs.

Pancreatic secretions

The pancreas has endocrine and exocrine function. Here we talk about exocrine 
function—that's the roughly 1 L per day of digestive juice spat into the duodenum. 
Exocrine pancreatic juice has two jobs: to help digest stuff, and to help balance the pH 
in the stomach. To do that, we secrete pancreatic juice that's got lots of bicarbonate 
(from duct cells) and digestive enzymes (from acinar cells). This is different from saliva 
where everything's made in acinar cells—even though salivary duct cells secrete 
bicarbonate, they don't make it the way pancreatic duct cells do.



Becoming Healers 290
Another difference between pancreatic and salivary secretion: unlike the salivary ducts, 
the pancreatic duct is permeable to water, so in the end you get isotonic fluid produced. 
The pancreatic secretions flow in order through: 

• intercalated ducts, 
• intralobular ducts, 
• extralobular ducts, 
• duct of Wirsung, 
• and the common bile duct. 

To make the bicarbonate part of pancreatic juice (in the duct cells), carbonic anhydrase 
puts water and CO2 from the blood together into carbonic acid, which dissociates into 
bicarbonate and H+. Then bicarbonate gets exchanged for Cl at apical membrane so it 
can get out into the juice (duct cell takes in Cl-). The rate of secretion depends on that 
chloride channel, and that's the channel that's broken in cystic fibrosis. You manage 
acid/base neutrality in the cell by pumping H+ out into the blood in exchange for sodium,
and of course adding lots of positive sodium to your cell makes Cl- want to come in and 
join it, making it easier for bicarbonate to get out through that exchange program facing 
the duct.

Pancreatic flow rate doesn't change sodium or potassium composition at all, but 
increasing flow rate does increase bicarbonate and decrease chlorine. This is totally 
different from flow rates in spit, so erase spit from your mind when you think pancreas. 
This is what happens to bicarb as flow rate increases>>:

That's kind of the same as spit, but now look at chlorine, the second line ^^^. Chlorine 
just kind of drops in correlation with bicarb—the greater the flow rate in the pancreas, 
the greater the efficiency of chlorine-bicarbonate exchange, up until a certain point, 
where the exchange levels off. So bicarb concentrations go up, while chlorine go down. 
There's no “too fast” like there was with spit, there's just efficient, and then max 
efficiency.

The enzymatic component of the juice is made up of amylase, lipases, and proteases in
inactive form. Inactive proteases get activated by enterokinase in the small intestinal 
brush border that converts trypsinogen to trypsin and then so on and so forth like we 
learned in biochem (FIXAL). If you have blockage, and you can't get your trypsin out 
and it gets backed up and activated a little, it could break down pancreas cells. Trypsin 
inhibitor usually protects your pancreas. But of course with blockage bad stuff could still 
happen.

You can tell by the enzyme names that you have have proteolytic, amylytic, nucleolytic, 
and lipolytic stuff in your pancreatic juice. The proteolytic substances have different 
cleavage points, and they're classified by that. For example:

• Endopeptidases like trypsin, elastase, and chymotrypsin cleave in the middle of 
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polypeptide chains 
◦ Trypsin after Arg or Lys unless followed by Pro ('Cuz when you trip you say 

arg and arg and lys both have similar amino groups)
◦ Elastase after tiny things like Ala, Gly, Ser, or Val unless there's a Pro
◦ Chymotrypsin after Phe, Trp, or Tyr unless Pro...

• Exopeptidases are either aminopeptidases, which will cleave off one amino acid 
from the N terminal, or carboxypeptidase A and B, which cleave AAs from C end

So what happens after these guys finish their jobs? How do you keep them from 
hanging around and burning your intestine?

Eh, they just all digest each other and you absorb them as nutrients. That's all.

Regulating Pancreatic Secretion

Hormones help regulate the pancreas. (Remember no hormonal regulation in saliva). 
Here two most important hormones are CCK and secretin. Secretin helps trigger the 
fluid component--bicarbonate and water. Secretin's released by S-cells in response to 
the acid in the duodenum (VIP has a similar but smaller effect); it works by binding to 
duct cell membrane receptors to activate an adenylate cyclase cAMP system. CCK is 
released by I-cells when you detect amino acids and lipids in the duodenum; it 
stimulates enzyme release from acinar cells by triggering a Ca2+ system (gastrin does 
same thing but not as well because it's got similar structural make-up). Both secretin 
and CCK have the slight, weak ability to do each other's jobs, but they're not very good 
at that.

Nerves also control the pancreas. Parasympathetic stimulates this pancreatic secretion,
sympathetic inhibits. Vagal efferent fibers (vago-vagal) release acetylcholine and VIP 
into your blood stream and near your parenchymal cells, and that acetylcholine 
triggers a Ca 2+ system, while VIP increases bicarbonate, so you increase enzyme 
secretion in your acini. Sympathetic inhibition is norepinephrine making vascular smooth
muscle cells decrease blood flow to the pancreas.

All the things acting on acinar cells can work together to drive up secretion even more 
than you'd expect based on their individual abilities—it's kind of like the group is greater 
than the sum of their parts, because they all work on different systems, some on Ca2+ 
and some on cAMP. That's called potentiation. Ordinary folks like me might call it 
team-work.

Phases of pancreatic secretion

Pancreatic secretion happens when you're eating and not eating. Fasting secretion's at 
about 10 percent, probably because of circulating secretin and a little bit of vagal ACh. 
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Little bursts of pancreatic secretion while you're not eating correlate with phases of 
MMC in small intestine. The pancreas helps clean out your small intestine, basically. It's 
kind of like the detergent while the MMC is the muscle mopping the gut floor. 

When you're eating, you have three phases of pancreatic secretion. 

Cephalic--you see/smell it/and then maybe taste food. Same time your mouth starts 
watering, vagus makes your pancreas release enzymes. Feed-forward mechanism.

Gastric phase--once the food is in your stomach. Stimulated by gastrin, mediated by 
the vagus. You secrete a few more enzymes getting ready for the big phase.

Intestinal phase--acid in your duodenum will get you to make large volumes of 
bicarbonate rich juice. This is 70-80 percent of your pancreatic secretion. The pancreas 
releases CCK and secretin: CCK will make your acinar cells make enzymes while 
secretin makes you make bicarbonate. During the whole intestinal phase you're 
stimulating the pancreas with Ach from the vagus in response to the intestine, and that's
called the enteropancreatic reflex. A vagotomy will decrease secretion of pancreatic 
juice a lot, so we know the enteropancreatic reflex is important—it's not just hormones 
modulating this giant phase. 

There may be other things involved. We're still trying to work out peptide YY and things 
like that. We think pancreatone and peptide YY help turn off the pancreas in response to
fats in the lower intestine. We know having too many enzymes like trypsin in the upper 
small intestine makes the enzymes digest each other and basically end the enzyme 
intestinal phase. Lots of glucagon, somatostatin, and pancreatic polypeptide in the 
blood will also turn off pancreatic secretion.

Clinical conditions

Pancreatitis--This could be acute or chronic. Alcohol abuse can inflame your pancreas,
but pancreatitis could also be idiopathic (we don't know why it's caused), or caused by 
gallstones blocking the papilla of Vater. Blockage makes the pancreatic enzymes 
accumulate, overcoming trypsin inhibitor so trypsinogen becomes trypsin and enzymes 
start digesting pancreas. Patient starts to have diarrhea and lose weight because not 
absorbing fats and proteins and things.

Steatorrhea--anything wrong with your pancreatic lipases. You're not absorbing lipids 
and you may poop out up to 70% of your dietary fat. What about the lipases in your 
saliva? Lingual lipase can't break down all the lipid because the contact time's too short;
lingual lipases get inactivated in your stomach, so we need pancreatic lipase, too.



Becoming Healers 293

Cystic fibrosis—this lethal genetic disease involves a problem in the CFTR gene which
makes the ion channel for chloride in your duct cells. You use that same chloride 
channel in your lungs, pancreas, colon, and genitourinary tract. In your pancreas, 
remember, you used it for bicarbonate secretion. Without the watery, electrolyte-y, 
bicarbonate-y part of secretion you have this protein-gunk pancreatic juice that clogs 
your ducts, and you know what clogging ducts does in the pancreas—autodigestion. 
This sucks. (more on CF on page FIXAL)

Secretion in the stomach

Upper part—this cardiac glandular region has mucous secreting cells to protect acid 
from going up into the esophagus.
Oxyntic glandular region—this makes pepsinogen, intrinsic factor, mucous, and acid.
Pyloric region—this secretes gastrin, somatostatin, and mucous.

What do these secretions do?
• Acid converts pepsinogen to pepsin, kills bacteria, denatures proteins, and 

breaks down or helps digest muscle, connective tissue, etc.
• Pepsin helps digest peptides. It also helps turn itself on (active more pepsinogen)

to digest even more peptides, so it's an important activator.
• Mucous lubricates and protects.
• Bicarbonate protects mucous surface.
• Intrinsic factor coats and protects your B12 so it doesn't get broken down before 

you an absorb it in the small intestine.
• Water helps dissolve and dilute your food material so it can flow. 

Two kinds of mucous cells:
Surface mucous cells cover 1/3 of gastric pits. Surface mucous cells make mucosa 
everywhere except the cardia, and they also make bicarbonate.
Neck mucous cells look like intestinal goblet cells. They hang out in the neck of the 
gastric pits and between oxyntic/parietal cells. These neck cells make mucous.

You've got other gastric pit cells, too.
G cells are in the pyloric antrum making gastrin.
Oxyntic cells in the cardia make HCL and intrinsic factor. They're lining the gastric pits 
just above the neck cells and just below the surface cells.
Chief cells in the cardia, fundus, and corpus chill at the bottom of gastric pits making 
pepsinogen
Undifferentiated stem cells wait at the bottom of these pits to turn into these other kinds 
of cells, which happens really fast, all the time.

Acid secretion
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Oxyntic or parietal cells have lots of mitochondria and they are triangular-shaped and 
can open into the stomach—or not, if they choose. They have lots of little microvilli on 
the side that can open into the stomach. To make your HCl, they pump hydrogen ions 
into your tummy against a concentration gradient and Cl- against an electrochemical 
gradient. 

Let's go in detail with that. Carbonic anhydrase makes CO2 and water into bicarbonate 
and hydrogen ions. Those hydrogen ions get actively pumped out into the lumen via 
primary active transport, in exchange for K into the cell. The cell allows bicarbonate out 
through passive transporters in exchange for Cl- at the basolateral membrane, towards 
the blood. The Cl- then gets pumped through the apical membrane into the stomach. So
that's how you make tummy acid, and why after a meal you have lots of bicarbonate 
going into your blood stream. That's important because that will come back into the GI 
system in pancreatic secretions. (alkaline tide) 

Apparently your cell loves potassium, because it's pumping potassium in using Na/K 
ATPase at the basolateral membrane, and pumping it in from the top with the H+/K 
ATPase. There's some potassium flowing out through passive transport into your 
stomach (following the chlorine negative charges at the apical membrane, and trying to 
escape the high concentration of K in the cell), so you have KCl in your tummy juices, 
too. Since you're pumping potassium into the cell in exchange for sodium, at low 
secretion rates you end up sending a little bit of sodium out into the lumen with your Cl, 
instead of hydrogen. As rates of secretion go up, you get increases in H+. Low rates 
you mostly have sodium chloride, which is high. Cl is always high, so the question is if 
you have H or Na with it. 

Protection

So we need the acid to activate pepsinogen—but we need to protect our stomachs, too.
That's why we have the gastric mucosal barrier. You actually have pores in the mucous 
to let acid out, but not to let it back in. H+ has to diffuse one molecule at a time back 
through—and bicarbonate ions in the mucous create a gel neutralization zone to 
convert any H+ trying to get through. There's more bicarbonate closer to the mucous 
cells that release it, so we have a gradient of PH, where the top is most acidic, and the 
bottom near the mucous cells is more neutral or basic.

We've got other mucosal protective mechanisms beyond the mucous layer, too. First, 
we also have very tight junctions between our cells. Second, there's rapid turnover here,
so even if cells get damaged they can get replaced. Third, prostaglandins in this area 
decrease acid secretion, start mucous and bicarbonate secretion, and help maintain 
blood flow to permit that rapid growth. Anti-inflammatory drugs (non-steroidal) can have 
tummy-ache as a side effect because they inhibit those prostaglandins.
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Gastrin secretion...and other hormones that trigger acid

Acetylcholine acts on muscarinic M3 receptors (which you can block with atropine) on 
parietal cells to make gastric acid get secreted. Released in response to eating.

Gastrin comes from G-cells in the antrum and duodenum and acts on CCK-B receptors
(can be blocked by proglumide) to make acid secretion go up. Those CCK-B receptors 
can also accept cholecystokinin (CCK). Gastrin's inhibited by low pH and released in 
response to eating. Inside the cell, the pathway triggered by both Ach and gastrin is the 
same.

Histamine's released by paracrine cells, and works on H2 receptors to trigger the 
second messenger system of cAMP to trigger PK to trigger acid secretion. It can work 
with both acetylcholine and gastrin to make the resulting reactions much bigger. That's 
potentiation again. It happens because histamine's got a different pathway inside the 
cell than gastrin and ACh do. So it doesn't only act directly on the parietal cell, it also 
can act within the cell on the gastrin and ACh pathways. ACh and gastrin also act on 
histamine producing paracrine cells to make more histamine which makes more effect. 
That's why H2 blockers have such a powerful effect. Histamine's not released in 
response to eating.

Peptides/amino acids cause acid and pepsinogen release. 

To inhibit acid secretion by parietal cells we have:
• prostaglandins--arachidonic acid-derived, work locally, fight histamine by 

inhibiting cAMP. That will decrease indirect effects of gastrin and ACh.
• secretin--fights gastrin every way possible. Stimulate pepsinogen release and 

bicarbonate release at the same time, so the HCl can activate pepsinogen and 
use itself up while the bicarbonate counters any excess. Basically secretin 
realizes it's time to digest stuff, and we need to get ready for when the “digesting 
stuff” phase ends. It also blocks the trophic, or growing effects, of gastrin on 
parietal cells.

• somatostatin--inhibits G-cell gastrin release. Released by D-cells to down-
regulate acid production. Paracrine.

• Muscarinic receptor antagonists—block muscarinic receptors. That keeps 
them from receiving ACh and triggering IP3, DAG, and CA2+. These are not so 
good to use for stomach problems because they have so many side effects 
everywhere else in your body.

• H2 receptor antagonists like cimetidine and famotidine will inhibit direct effects 
of histamine (also stopping gastrin and ACh indirect effects).

• Proton pump inhibitors like omeprazole will just keep parietal cells from 



Becoming Healers 296
pumping H+ out! This is the most effective because it's the final end-point. One 
disadvantage to omeprazole is these often bind irreversibly and only work as 
long as the cell's there. You have really fast turnover here in your stomach, so 
you'll need to take them again to bind to new cells.

We have different phases of secretion depending on whether or not we've taken food 
into the body and where it is in the GI tract. Four phases, if you count not eating as a 
phase, are:

• The not-eating, or interdigestive phase, presents with a basal rate of acid 
secretion, which is about 15% of the maximum. This is to protect you from 
bacteria. But you want to keep acid pretty low when you're not eating, so 
somatostatin and gastrin will create a balance favoring less acid. Managed by the
diurnal rhythm (higher acid in evening, lower in morning).

• Cephalic phase--stimulated/mediated by vagus nerve (taste/smell/thought of 
food). The vagus nerve then directly stimulates parietal cells (done by ACh, 
blocked by atropine). There's also indirect vagus input when the vagus releases 
bombesin, which makes your G-cells release gastrin, which can act on parietal 
cells and make them increase H+. You would lose this whole cephalic phase if 
you cut out your vagus nerve. It's important that there's somatostatin released 
during this phase by the D-cells to down-regulate acid secretion, just in case 
you're not actually going to eat.

• Gastric—food distending your stomach triggers the vagal nuclei in your medulla 
to tell your vagus to directly stimulate parietal cells (vago-vagal reflex). Also 
presents with ACh and indirect gastrin release, same way as cephalic. The main 
difference between the gastric and cephalic phase gastrin release: in the gastric 
phase, peptides and amino acids you eat directly signal G-cells to release 
gastrin.

• Intestinal phase--Most of this phase is inhibitory because food should have 
passed into small intestine by now. You release secretin when acids get into 
duodenum, and lipids in duodenum make you secrete enterogastrones. 
Enterogastrones (like neuropeptide y and peptide YY) also stop you from 
secreting acid. There is still some secretion of acid through gastrin and entero-
oxyn, but by this point really we want to down-regulate and start turning stuff off.

Phase summaries:
• Basal phase--acetylcholine, histamine and gastrin mediate
• Cephalic phase--vagally mediated via acetylcholine and gastrin
• Gastric phase is mostly mediated by gastrin
• Intestinal phase--gastrin release via hormonal and other pathways (this phase is 

mostly inhibitory)
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Each phase has this much acid--
• interdigestive has 15% of your total
• cephalic has 30% of total
• gastric has 50% of total
• intestinal has 5% of total

So in response to a meal, you change two things primarily: pH in the stomach, and the 
kind of chyme going into the duodenum. When our stomachs are empty before a meal 
pH is low. Every time pH goes too low you start getting somatostatin to suppress acid 
secretion. Acid also directly suppresses parietal cell secretion—gastrin won't release 
until the pH goes above 3.0. When you eat something the pH starts rising because the 
food dilutes the acid and this triggers your mechanisms to release more acid. As the 
acid is produced and the volume of the stomach starts emptying out then the pH starts 
to drop again. So early in the meal you get the cephalic phase (vagal), gastric pH rises 
(disinhibition of somatostatin effect), and the chemical nature of the food dilutes the 
acid; late in the meal acid secretion decreases because the buffering of the food goes 
down, pH acid inhibits gastrin secretion, and chyme entering the duodenum signals 
different inhibitory secretions. 

Disorders:

Gastric mucosal atrophy--lose parietal cells that make acid and pepsinogen. You have
hypochlorhydria or achlorhydria, which means you're either low on HCl or not making 
any HCl. Actually not too serious nutritionally because digestion can happen in small 
intestine. But if you lose intrinsic factor (IF), you lose the ability to protect vitamin B12 so
it can be absorbed. Normally B12 binds to R protein in your spit, then gets transferred to
IF which transports it safely down the small intestine until the complex dissociates in the
ilium and gets absorbed. If you lose IF, you destroy B12. Parietal cells make IF, so if you
lose too many over more than a year, you can't avoid destroying B12, and you get 
pernicious anemia. Those patients need vitamin B12 injections. Same effect happens if 
you lose the ilium cells that actually absorb B12. 

Ulcers--we need the acid, but we need balance. If we erode the gastric mucosal barrier,
HCl and pepsin get into the cells and kill them. Anti-inflammatory drugs and helicobacter
pylori can make that happen. H pylori lives in the mucous layer and sometimes it can 
make holes in the mucous, where it releases urea that counter-acts your HCl. Your body
says “what the heck is this thing doing down under my mucous,” and starts producing 
more acid and histamines to fight it. Histamine makes you release more HCl, and that of
course burns your already-hole-ridden mucous, and that makes your body go “what the 
heck” again, and it becomes a vicious cycle. 90-95% of people with an ulcer have H 
pylori. Usually, we turn over our injured cells so rapidly it doesn't matter—about half of 
us in this room probably have H. pylori, and we don't all have ulcers. Lower 
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socioeconomic groups tend to have more H. Pylori, says Dr. Appleyard. Dr. Isidro says 
H. pylori's very prevalent in Puerto Rico. Another problem: with repeated ulcers over 
time you tend to get more gastric cancer. So why don't we just antibiotic-ize (new word) 
all that H. pylori away from the general population? Well, there's lots of research still 
being done to work out exactly what that bacteria does. We may receive beneficial 
effects from H. pylori as host organisms, and the bacteria may protect against asthma, 
allergies, and IBD. Of course when someone has ulcers, you give them antibiotics to kill
the H. pylori, but we may not want to just nuke all the H. pylori in the general population 
just yet.

The biggest problem with peptic ulcers is recurrence and complication--bleeding, 
perforation, obstruction, and so on. Diagnosis uses endoscopy and H.pylori kits to 
check for antibodies (not to check if the bacteria's active or not, unfortunately). You treat
with antacids, which neutralize the acid and may have cytoprotective properties via 
aluminum or magnesium. Reduce gastric acid with PPIs and omeprazole, or try killing 
H. Pylori.

You've probably heard that some pain-killers make you prone to stomach ulcers. See, 
NSAIDS block prostaglandins. Bad prostaglandins via Cox-2 make you have fever and 
inflammation and pain. Good prostaglandins via Cox-1 make your stomach lining 
protected. Arachidonic acid makes both cox-1 and cox-2. Most NSAIDS (like naproxen) 
block both pathways by blocking arachidonic acid, causing a side effect of ulceration. 
Newer NSAIDS like Celebrex and Relafen block only Cox-2. This isn't completely 
selective--in a big enough dose they'll still block both pathways--but in theory they help 
spare the good ones a little more. Sometimes it's worse than stomach ulcers: NSAID 
Vioxx had to get recalled because side effects included strokes!

Hypersecretion of gastrin by a tumor (in your pancreas or in your stomach) makes your 
H+ go up, increasing gastric mucosa. That's called Zollinger-Ellison syndrome when 
you end up overwhelming the bicarbonate you needed to protect you, making an ulcer, 
and ultimately decreasing the pH of duodenum so far you inactivate your lipases and 
end up with steatorrhea. The ulcer will either be in the small intestine or up in the top of 
the stomach, where there isn't increased growth of gastric mucosa. 

Biliary system

We need bile for digestion and absorption of lipids and to get waste products out of your
blood. Bile's made by the liver, stored by the gallbladder and concentrated there, then 
ejected into the lumen of the small intestine. Remember the common bile duct meets 
the pancreatic duct before it meets the ampulla and sphincter of Odi to go into the 
duodenum. (See Histology FIXAL and Anatomy FIXAL for more liver parts)
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'Kay, parts of the bile system.

Liver

Functions:
• Metabolic processing of nutrients: maintains sugar levels by breaking down or 

building up glucose. 
• Detoxification/or degradation of bad shit: First pass drug metabolism. Phase 1 

adds an OH- group, Phase II adds glucuronic acid. 
◦ This is because lots of poisons aren't hydrophillic, so the kidney can't excrete 

them. These changes make them hydrophillic. (Ross pg. 630)
• Storage: Iron (ferritin), fats, vitamins A, D, and B12, and glycogen.
• Excretes: cholesterol and bilirubin
• Makes: Bile

Blood flow from the gastrointestinal tract has to pass through the liver before getting into
the systemic circulation again. That's the "first pass" effect, and it means that if you want
drugs to be useful in a patient's body, sometimes you have to give higher doses so 
enough can get past the liver to actually work.

Bile's made all the time by hepatocytes, although epithelial cells in the bile ducts also 
help. Bile's made of lots of ions like sodium, calcium, potassium, bicarbonate, and 
chloride (in concentrations close to what's in blood plasma), and other more organic 
stuff like pigments (bilirubin), cholesterol, phospholipids, bile acids, and proteins. 
Because the pH of bile is above the pKa of most bile acids (they're more acidic and it's 
basic), most bile acids hang out in bile as bile salts, dissociated. 

You've got two main ways the hepatocytes manage bile salts. They can take 
cholesterol and modify it to make primary bile salts. They can also take free-floating bile 
salts from outside and modify them. Those bile salts get into the hepatocytes via the 
sodium potassium pump which sets up the sodium gradient so sodium wants to get into 
the cell. Now sodium comes in through a different channel, and via co-transport brings 
bile salts along. The hepatocyte adds a taurine or glycine and spits the salts into the bile
in the canniculi. Adding the taurine or glycine makes the bile salts into stuff like 
glycocholic or taurocholic acid. Their pKA is below the pH of bile, like other bile acids, 
but we change their pK to make them more amphipathic (so they can be in acid state if 
we want) by adding this glycine and taurine. The whole time the hepatocytes spit bile 
acids into the canniculi between them, they're also spitting bicarbonate in there to 
balance it out.

You've got several types of bile acids. Four main types:
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• cholic acid derivatives (40%) 

◦ (these are the primary bile salts you add taurine and glycine to)
• chenodeoxycholic acid (40%) 

◦ (these are primary bile acids made by the liver)
• deoxycholic acid (20%) 

◦ (secondary bile acid, made from cholic acid by bacterial modification) 
• lithocholic acid (1-3%)

◦ (secondary bile acid, made from chenodeoxycholic acid by bacterial 
modification) 

Top two are primary bile acids, made by my liver cells, while the bottom two are made 
by bacteria in your small intestine and called secondary. Notice that the ones with Cs 
are the most Common.

In your bile, you have two kinds of colors: bilirubin (yellow) and biliverdin (green). 
When biliverdin's changed to bilirubin it turns yellow. When hemoglobin's porphyrin from
our dying red blood cells breaks down you get bilirubin as a byproduct. These colors are
not good for us. We want to get them out. We conjugate bilirubin with glucuronic acid in 
the liver to make water soluble bilirubin glucuronide, which the liver can send to our 
feces through bile. Most of that now leaves our body in our poop. But some of it stays 
around, because in the intestine, bacteria break bilirubin glucuronide back down to 
bilirubin and then urobilinogen. That urobilinogen gets taken back up into the liver from 
the intestine and you can try to poop it out again, or you can let it into the blood and kick
it out through the kidney. The kidney takes urobilinogen, adds O2 to make urobilin, and 
pees that out in the urine. 

Phospholipids are mostly made as cholesterol (which is made soluble by bile salts) 
and lecithin. The bile salts basically act like carrier packages to carry the phospholipids 
through the watery part of your small intestine.

Enterohepatic circulation: how we recycle our bile salts
For a normal meal, your body doesn't produce enough bile salts or bile acids to be able 
to absorb enough fats for that one meal. Even though we're making bile all the time, we 
just can't make it fast enough. So we want to be able to re-circulate our bile. Even with 
the re-circulation, the total pool of bile is about 3.6 g, but we need like 4-8 grams per 
meal. So we'll cycle bile about twice per meal, and between 6 to 8 times per day. 

This important recycling happens as the salts get to the terminal ileum, where we re-
absorb about 95 percent of them so they can go back into the circulating pool. You have
to de-conjugate everything back to primary bile acids before absorbing them, and then 
the reabsorption happens via passive diffusion throughout the ileum wall. That passive 
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stuff's not so important, though—it's in the terminal ileum you really get down to 
business and start carrier-mediated active transport to make sure you collect the 
maximum bile possible. So the bile acids get from the lumen of the ileum into portal 
blood via a sodium/bile acid co-transporter. Then the portal blood brings them back into 
the liver. 

The liver then sends bile back to the gallbladder, which concentrates the bile, taking out 
sodium, chloride, bicarbonate, and water. Then CCK contracts the gall bladder and 
relaxes the sphincter of Odi to push the newly-concentrated bile into the small intestine. 
In there, bile salts form micelles with fats and help transport them to the epithelium to 
get absorbed. The bile salts will release the fats and get reused like that several times 
before they arrive down at the ileum to get reabsorbed. 

So you see how important your ileum is—if you have a terminal ileum resection or 
something like that you'll lose all that reabsorptive process and have problems with fat 
digestion, as well as with vitamin B12 absorption, since that's the only place you absorb 
vitamin B12. 

Remember, about 5 percent of your bile salts get lost in your feces. The liver will try to 
up-regulate the production so it can compensate for that loss—in other words, the rate 
of bile salt synthesis depends on the rate of bile return to the liver. You make about 0.2-
0.4 new grams of bile per day.

Gallbladder motility

So, what does the gallbladder do? Gallbladder spends most of its time concentrating 
bile between meals. So the longer the bile's in there—the longer you go without food—
the more concentrated and hard core it is. Bile's normally about 5-10 times more 
concentrated in the gallbladder than when it leaves the liver, and the gallbladder's got 
about 20 mL of it.

Unlike the liver, the gallbladder's got three muscle layers to push that bile out: oblique, 
transverse, and longitudinal muscle fibers. They're pretty loose layers, with connective 
tissue fibers between them, and they've got intrinsic nerve plexuses between them. In 
addition to these three muscle layers, you've got three non-muscle layers: 
perimuscularis, full of nutritional blood vessels and things for the muscles, serosa, 
connective tissue under the muscles, and mucosa. There's no muscularis mucosa. 

Cholinergic, noradrenergic, and VIP-containing nerves also touch the gall bladder. We 
think the power the hormone CCK has to contract gallbladder muscle probably works at 
least in part through cholinergic intrinsic nerve plexuses. As elsewhere in the GI, 
parasympathetic will stimulate while sympathetic will inhibit.
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So when you're eating, several things start talking to your gall bladder.

First, CCK detects fats, lipids, peptides, and amino acids in the duodenum, and tells the 
gall bladder to contract, and the sphincter of Odi to relax. It also tells the acinar 
pancreas to secrete enzymes. So fat can get broken down! 

At the same time, you get some parasympathetic vagal stimulation causing weak gall 
bladder contraction.

And, at the same time secretin in the blood stream tells the liver ducts to secrete, 
secrete, secrete. It makes lots of bicarbonate, sodium, and water get into your bile, and 
that dilute bile flows into the gallbladder to get concentrated.

Also, bile acids in the blood stimulate parenchymal secretion of the liver. What is 
parenchyma? It just means “the functional tissue of an organ,” as opposed to its 
connective tissue. So bile acids in the blood just make the hepatocytes secrete more 
bile.

And basically we make and produce bile.

Some clinical stuff...

Jaundice will make your skin and eyes yellow. That's cuz yellow bilirubin's not getting 
kicked out. If you have too many red blood cells getting broken down, that's hemolytic 
jaundice. Basically that means you just have too much bilirubin. If you have normal 
breakdown of red blood cells but the liver has something wrong with it and is alcoholic 
and can't deal with the normal amount of bilirubin, you've got hepatic jaundice. If you 
block the bile duct so bilirubin can't get out to the intestine to be excreted, it's 
obstructive jaundice. In newborns their hemoglobin is different from regular 
hemoglobin, and the liver's still new and not always so strong, so not all their bilirubin 
can get conjugated with glucuronic acid. This can make them yellow and it's common 
for them to have physiologic hyperbilirubinemia. You'll put them under flourescent 
light so you can make the bilirubin more soluble and help them with their jaundice. 
Phototherapy converts it to lumirubin which is soluble and can get excreted.

Gallstones suck. Too much cholesterol in your diet can act as a seed for the gallstone, 
or if you have too much calcium as your water's extracted from bile. Your epithelium 
could be inflamed, you could be absorbing too many bile acids or too much water, and 
that can make gallstones get stuck in you somewhere. It's kinda worst to get a blockage
down near the sphincter of Odi because then the pancreas juice can't get out and will 
start dissolving your poor pancreas! Gallstones in the gallbladder can also make the 



Becoming Healers 303

actual motility of the gallbladder messed up. It will only shoot out a dilute continuous 
stream of bile all the time instead of contracting like it's supposed to in response to 
what's in the small intestine. This might make your patients need dietary changes, since
they'll have trouble digesting fats.

Cholestasis is any reduced bile formation or flow and your bile stuff stays in your 
hepatocytes. You can get pruritis (itching), damage to hepatocytes, hyperlipidemia (you 
can't digest lipids) and jaundice from this. This can be estrogen-induced, lithocholic 
acid-induced, or hereditary. The estrogen-induced is affected by oral contraceptives. 

How is each food group digested or absorbed?

Luminal digestion happens in the hollows of the GI tract, and is based on enzymes from
the pancreas, saliva, and tummy.
Membrane or contact digestion works 'cuz enzymes on the brush border of your 
enterocytes break stuff down, too.

The small intestine breaks down carbs, proteins, and lipids. In typical "Western" diets 
carbs are the most common thing. We break carbs like starch, lactose, and sucrose into
glucose, galactose, and fructose. We break proteins into amino acids. We break lipids 
into triglycerides, phospholipids, and cholesterol esters in hopes of later splitting them 
into fatty acids and monoglycerides. 

Carbs are broken down by alpha amylase or ptyalin20 from your spit, amylase from your 
pancreas, and sucrase, maltase, lactase, trehalase, and alpha-limit-dextrinase 
(isomaltase) from the intestinal mucosa. Remember both amylases are secreted in their
active forms; you don't have to activate them. Proteins are digested by pepsin in your 
stomach, trypsin, chymotrypsin, carboxypeptidase, and elastase from your pancreas, 
along with amino-oligopeptidase and dipeptidase from your intestinal mucosa. All those 
had to be activated. Lipid digestion happens via lingual lipase from your spit and gastric 
lipase from your stomach, both released in active form. Your pancreas helps via lipase-
colipase, phospholipase A2, and cholesterol esterase. Nothing from the intestine digests
lipids. Enterokinase is the last enzyme I should point out for digestion. It's from the 
brush border and helps activate everything else by activating trypsin. 

How to break down carbs

We usually eat the carbs sucrose, lactose, and starch, which as a plant storage 
molecule usually enters our bodies in complexes of either amylose or amylopectin. 

20(Ptyalin is another way to say salivary amylase. That's why when you don't make it 
and you're missing spit it's called aptyalin.)
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Amylose is straight chain, while amylopectin is branched. Amylose is 1,4 linked while 
the other is both 1,4 and 1,6 linked. There are no carbohydrases in the gastric juice, and
salivary amylase gets inactivated down in the stomach, so carb digestion doesn't 
REALLY get going until we get into small intestine where pancreatic amylase breaks 
the straight-chain 1,4 linkages. It doesn't break amylopectin's 1,6 bonds—and 
amylopectin is 80 percent of the starch we get. That means that while both amylopectin 
and amylose break into maltotriose and maltose, because of the 1,4 breakage, 
amylopectin also breaks into these unwieldy bent products called alpha-limit-dextrins, 
which have 1,6 linkages in the middle of them. 

Now that we've got disaccharides, brush border enzymes (maltase, sucrase, lactase, 
isomaltase) break them into monosaccharides. Isomaltase will break down those weird 
alpha-limit-dextrins. Remember we ate sucrose and lactose directly: lactase and 
sucrase will break those, while maltase breaks down the maltotriose and maltose that 
came from our starches. This brush-border breakdown leaves us with monosaccharides
galactose, glucose, and fructose. Fructose comes from sucrose, galactose from lactose,
and everything else gets broken into glucose. 

Now we gotta get that glucose, galactose, and fructose into the cells. This is the slowest
step of carb absorption. Glucose and galactose go through sodium co-transport SGLT1 
(against an electrochemical gradient using sodium gradient, secondary transport). 
Fructose gets on the facilitated diffusion GLUT-5 transport. Now glucose, galactose, and
fructose get out of the intestinal cells on the other side into the blood via a GLUT-2 
transporter. Yay sugars in your blood now! As you know, your body cells will take 
glucose in from the blood via a GLUT-1 transporter when triggered by insulin. 
(Biochemistry section pg. FIXAL)

Unabsorbed fiber gets into the colon as fuel for colon bacteria. They metabolize it into 
methane, short-chain fatty acids, and hydrogen. That's where gas comes from. Dietary 
fiber can have a beneficial effect on a lot of disease stuff like colorectal cancer. It helps 
keep moving things along. People living in cultures with higher fiber diets have less gut 
problems. 

How to break down proteins

You eat proteins for two reasons: to get essential amino acids, and to get nitrogen for 
non-essential amino acids and other nitrogen-containing compounds and processes. So
protein usually makes up the second-largest component of our diet. But the amount of 
protein taken in varies a lot between cultures and even within a culture. We digest two 
kinds: exogenous (stuff you eat) and endogenous (stuff that lives in you that you break
down to re-use). You prefer absorbing exogenous instead of re-using and re-making 
endogenous proteins.
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Protein digestion starts with the gastric phase in the stomach with pepsin, then passes 
into small intestinal phase. We divide the small intestinal phase into a luminal part, 
where the pancreatic secretions do stuff, and a brush border part, where the 
enterocytes themselves work.

Let's digest that in detail.

Protein digestion starts with pepsin, which also helps break down collagen. Small 
intestine digestion plays a much bigger role in protein breakdown than pepsin does. 
There in the SI your pancreas releases proteases (stimulated via CCK), both 
endopeptidases and exopeptidases: most importantly trypsin, chymotrypsin, 
carboxypeptidases A and B, and elastase. All of these need activation from the brush 
border enzyme enterokinase (released by bile salts, secretin, and CCK). Once you 
activate trypsin you can activate everything else, so that's the master step.

After that the protein's dipeptides, tripeptides, and oligopeptides. You've got a few free 
AAs, but 70 percent peptides. The brush border breaks the oligopeptides into AAs, 
dipeps, and tripeps.

Amino acids get eaten up by different sodium amino acid co-transporters in apical 
membranes. This is slow, rate-limiting step for protein absorption. Most protein gets into 
intestinal epithelial cells as dipeptides and tripeptides. Co-transporters prefer dis/tris 
with proline and glycine residues, and you've got at least two kinds of co-transporters, 
one dependent on the sodium gradient, and one called PEPT1 that uses acid. Once 
they're in the cell intra-cellular peptidases break those dis and tris into amino acids. 
Those then leave via transporters or facilitated diffusion into the blood. Three different 
sodium independent amino acid transporters move AAs out of the cell. 

Most of the brush border absorption happens in the jejunum, but there's still some going
on in the ileum, too.

Breaking down lipids

These are the slowest to be digested. Fat's about 30-40 percent of the calories in 
western diets. Problem with lipids is they're not very water soluble which makes them 
hard to work with. Triglycerides are more than 90 percent of your fat diet (3 fatty acids 
and a glycerols; compare to acylglycerols, which are 1 fatty acid and a glycerol). You 
also use phospholipids, for your cell membranes, which you actually usually get from 
cells scraped off your intestinal mucosa (you're a phospholipid self-cannibal o_0). Then 
you need cholesterol for your steroids and bile acids, as well as fat-soluble vitamins like 
A, D, E, and K which may come into your diet along with these fats.
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So you wanna digest some fats, huh?

First start breaking down triglycerides in your mouth with lingual lipase, and add some 
gastric lipase in your stomach. This isn't much digestion really, because the acid in the 
stomach prevents emulsions from forming, but it's a start.

In the duodenum we want to emulsify and break our lipid drops into tiny droplets using 
bile salts and lecithin. Those help make everything into micelles so we can increase 
surface area of the lipids so enzymes can digest them. (CCK causes those enzyme 
releases) Lipase from the pancreas is an active enzyme that works right at that 
oil/water interface between the droplet of fat and the watery chyme. It turns triglycerides 
into a monoglyceride and 2 molecules of fatty acid. Unfortunately, pancreatic lipase is 
inhibited by bile salts. So we make another enzyme called pancreatic colipase which 
protects lipase from the bile salts. Colipase starts as inactive enzyme. This is a fast 
step, by the way, this triglyceride stuff.

That's triglycerides—what about phospholipids? We need phosopholipase A2 which 
was inactivated until trypsin came along. It turns phospholipids into lysoclecithin and 
fatty acids. Acts in presents of calcium and bile salts.

Meanwhile, cholesterol's broken down by cholesterol esterase (cholesterol ester 
hydrolase) which is secreted active and makes cholesterol ester into cholesterol and 
fatty acids.

Now we have all these fatty acids everywhere, along with some monoglyceride and 
lysolecithin. These break-down products work with the bile salts to make micelles. You 
need a critical concentration, or enough bile salts, before you can form these 
micelles. Simple micelles only have bile salts, but when lipid digestion products come 
along you have mixed micelles. Mixed micelles are packages in such a way that the 
bile salts are on the outside, with cholesterol and fat-soluble vitamins in the inside, and 
polar molecules monoglycerides and lysolecithins pointing their polar ends out and non-
polar ends in. All the little micelles repel each other because of the negative charges 
and tails on the outside made by the bile salts. That helps them spread out. These 
micelles transfer digestion products from the watery layer to the surface of epithelial 
cells. Remember these digestion products are all water-insoluble. So if you don't have 
these packages they'll float in the surface, and not get down through the watery layer to 
the surface of the epithelial cells. The mixed micelles will carry fat along with any fat-
soluble vitamins down to the surface of the enterocytes. The rate limiting step in lipid 
absorption is this migration of micelles to the microvilli surface. Once they get to the 
surface they get through the cell membrane via passive transport. Once you're done, 
you recycle both your bile salts and the micelles. 
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Inside the cell we re-make everything. We put the triglycerides and cholesterol esters 
and phospholipids back together, and we use CoA ligase to make free fatty acids into 
acyl CoA. After we remake everything we put it into a chylomicron and pass it into the 
lymph while the little tiny bits of not-remade stuff goes into the blood. The chylomicrons 
are 90 percent triglycerides and 2 percent cholesterol at the core, and then a coat of 
phospholipids and apo-lipoproteins (7 and 1 percent, respectively). You repackage them
with that apoprotein. Some fatty acids with 10-12 carbons can get straight into the portal
blood, but most stuff goes into the chylomicrons, which then go through the lamina 
propia into little lymph capillaries called lacteals before going into the lymph vessels. 

Almost all this absorption of lipids happens in the duodenum, although some of it 
happens in the jejunum. The ileum's important in fat digestion mainly because of the 
bile reabsorption, not because of actual lipid digestion directly.

Absorbing minerals

You need calcium, chloride, copper, iron, iodine, magnesium, phosphorus, potassium, 
sodium, and zinc to survive, along with a few other minerals. Here we'll talk about how 
you absorb calcium and iron.

To absorb calcium, first you eat milk, cheese, beans, yogurt, spinach, or broccoli or 
something like that. That calcium will dissolve passively through your enterocyte cell 
membranes along the entire length of your small intestine. Meanwhile, the proximal 
tubules of your kidney will turn vitamin D into 1,25 dihydroxycholecalciferol, which will
go talk to the enterocytes in your duodenum and your jejunum. If your body feels you're 
not absorbing calcium enough, it uses parathyroid hormone to tell your kidney to make 
this 1,25 dihydroxycholecalciferol. This protein tells your enterocytes to make special 
calcium binding proteins. Those proteins, calbindin, store the calcium so you can pack 
more in your cell, and help carry it to the calcium-ATPase pumps on the other side of 
the cell. Those calcium-ATPase pumps use energy to actively push calcium out into 
your blood stream.

You absorb iron by first eating some meat or fish or vegetables that carry it. Then your 
duodenum and jejunum take it up. They will act differently depending on whether you 
found the iron as heme—bound to a bunch of carbons and nitrogens like in porphyrin—
or as free iron. About 30 percent of the iron you eat's heme.

For the free iron, your enterocytes take it in with a DMT1 (divalent metal) transporter 
and then oxidize it from ferrous Fe2+ to ferric Fe3+ if needed. To store it in the cell, you 
add apoferritin protein to the iron. The new complex is called ferritin. When you want 
to get the iron out of the cell you take that apoprotein back off, and connect iron with 
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another protein, transferrin, which will transfer it to the basolateral membrane. At the 
basolateral membrane, a membrane protein called hephaestin helps take the iron off 
the intestinal transferring and push it through the membrane. The channel through 
which iron leaves the enterocyte is called IREG1. We don't know a lot about how 
hephaestin and ireg1 and the iron interact, but we know that here through the 
membrane, at this step, we treat heme iron differently than free iron somehow. Once the
iron's out of the cell in the blood, another transferrin, a plasma transferrin, takes the iron 
and starts carrying it to wherever it needs to go. You could of course completely bypass 
the storage process, and a lot of the iron just goes straight from entering the enterocyte 
to trying to get into the blood—you just gotta make sure you remember any ferrous 
Fe2+ iron you eat will turn to Fe3+ by the time it binds to the plasma transferrin.

Some clinical stufffffssss...

Lactose intolerance. You're missing the enzyme lactase. Un-metabolized lactose 
makes osmotic diarrhea (it hangs out in your colon attracting water so you get watery 
poop). Also lactose gets eaten by bacteria instead of getting broken down like it should, 
and they make lots of gas. Most people aren't lactose intolerant, like really. They're only 
kind of a little bit--they're not missing lactase. To test really lactose intolerance you'll see
plasma levels of glucose normally go up after you eat and then you have low levels of 
hydrogen when you breathe out. If you're missing lactase, when you give them glucose 
they have no problems—but when you give them lactose it doesn't get converted and 
you have less lactose in the blood plasma than you'd expect, and lots of hydrogen 
produced from their breath (by the colon bacteria).

Sprue is immune system response against gluten in the diet. Villi become really really 
small and you get decrease in surface area and absorb less nutrients and less water 
and so more diarrhea. Normal duodenal mucosa has lots of folds—mucosa with celiac 
disease (sprue) has a lot less. If you tell that person just to stop eating gluten they can 
grow folds because you have so much cell turn-over in your digestive tract. There's a 
tropical bacteria that can cause tropical sprue.

Steatorrhea is any time you have fat in your poop, and the poop is bulky or clay-
colored.

Abetaliproteinemia is where you miss apoprotein B. Remember you used apoprotein B
to pack everything from fat into chylomicrons and without that you build up lipids in your 
intestinal cells.

Without vitamin D, or if we can't convert it to the active 1,2 dihydroxycholecalciferol, 
we have problems with calcium absorption and we can get rickets (super-bendy knees 
that bend the wrong way) and osteomalacia (bone softening). That enzyme doesn't just
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increase calcium absorption from the intestine—it also manages calcium REsorption 
from the bone to maintain constant plasma levels. 

Iron deficiency will make your intestinal tract bleed all the time. If you're an adult, it can
make you tired all the time and hurt your immune function, but if you're a kid, you can 
have losses in your brain and motor function! It's also possible to get too much iron. 
That happens if you've got an autosomal dominant genetic disorder called hereditary 
hemochromatosis. Normally, extra iron's stored in your intestinal cells. That's why 
taking supplements, if you already get a good iron-healthy diet, doesn't really make 
much difference—all the extra iron's stored in those cells, and you've got such high 
turnover down there that you'll often just throw away a whole bunch of iron when you're 
cleaning out your old intestinal cells.

I don't know if you noticed, but most of the absorption we've talked about happens in 
your intestine. We saw a tiny bit of absorption in your colon—with some fatty acids via 
bacteria digestion—but not much, and your stomach doesn't absorb nothin' but alcohol 
and aspirin.

One last thing we absorb.

Fluid and electrolyte transport

Each day we take in about 2 L of water and secrete about 7L of water into the GI tract 
from secretions, but only lose about 100 mL—so we basically absorb almost 9 L without
much loss. We're pretty efficient, and it's all thanks to the small intestine and colon and 
all the villi and microvilli. Remember, water transport runs passively, following absorption
of other solutes, and moves in and out of the gut via osmotic pressure in an effort to 
make chyme isosmotic with plasma. The only exception to this isosmolarity is in the 
colon: there stool's hypertonic.

The most water's absorbed in the jejunum—which makes sense, because that's where 
we've got a ton of surface area for microvilli. The duodenum doesn't have much water 
absorption, and is pretty permeable (large spaces between the cells) to allow big water 
fluxes—you actually are often adding water to make the chyme more isotonic. Down in 
the jejunum and ileum you absorb, but the jejunum's got more surface area so obviously
it'll take up more. Down in the colon you've got a more specialized absorption as you 
make the poop hypertonic. You concentrate a whole bunch of salt near your apical ends
of your cells, which draws in solutes from the lumen and raises hydrostatic pressure 
inside the cell, which then pushes water out into the capillaries. 

Water movement depends on:
• osmolality of the chyme
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• rate of solute transport (how fast you're passing sodium and chloride back and 

forth will determine whether or not water wants to follow)
• size of the intercellular spaces (spaces are only 8 microns in the jejunum, but 

even smaller, like 2.3 microns in the colon). 

Those space differences mean that even though you're taking in the most volume of 
water in the jejunum, you're making the most efficient water absorption in the colon. The
colon absorbs sodium chloride and water and secretes potassium and bicarbonate. This
is similar to what happens in the small intestine except that you've got smaller 
intercellular spaces, no nutrient absorption, and you're absorbing sodium against a 
concentration gradient—by now you've already absorbed a lot of sodium, so you're 
going against what diffusion wants. 

In the jejunum, you absorb chloride and bicarbonate. Everywhere else, they're more or 
less exchanged for each other, with chlorine absorbed and bicarbonate secreted. We 
only really absorb bicarbonate if the lumen concentration is too high. You want 
bicarbonate up in the upper part of the small intestine to neutralize stomach acid, and 
then you don't really need it in the jejunum so you absorb it there, and later on you want 
to secrete it again to neutralize any acid products from bacteria. 

Even though you're always absorbing chloride everywhere with your enterocytes, you're
also secreting it using your crypt cells. They suck chloride in from the basolateral 
membrane and then spit it into your lumen. There's a problem, though: chloride doesn't 
want to go into your cell, because the Na/K ATPases have spat out so many cations that
the inside of your cell is kind of negative. So to get chloride in you have to use a triporter
that pulls potassium and two chlorides and one sodium all in at the same time. That 
helps the chloride get attracted enough to come in, but still maintains the negativity in 
the cell. Prostaglandins, VIP, and ACh get your crypt cells to secrete more Cl- (even 
though prostaglandins inhibit HCl secretion, by the way. There's always Cl- secretion, 
question is if there's gonna be Na+ or H+ with it, remember).  Ach does this Cl-
secretion-encouragement by making your Ca2+ concentration go up, which starts a 
signaling cascade, while VIP and prostaglandins work through the cAMP signaling 
cascade. Do you remember what happens when one hormone works by a different 
pathway to do the same thing two other hormones do? 

Potentiation. Good job, you remembered! So that's Cl- secretion.

Potassium’s absorbed as concentration rises, after water absorption, in the jejunum and
ileum while in the colon, after a certain low level (less than 25 mM in the lumen), it gets 
secreted. So you've got a channel down there for secretion and a pump there for 
absorption. 
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Sodium's actively absorbed the whole time. The Na/K ATPase pump on the basolateral 
membrane facing the blood empties the cell of sodium, and then sodium wants to get in 
from the lumen—often through the channels that the hormone aldesterone told you to 
make. If you haven't noticed, sodium absorption is key to absorbing almost everything 
else. Whether sodium entering the cell's 

• electrogenic—going down its concentration gradient but building a net voltage or 
charge movement that makes other stuff want to move—or 

• substrate coupled, where sodium enters the cell and holds the door open for 
another substrate to get in with it, or

• electroneutral, where sodium comes in with a negative ion like chlorine, or
• via the sodium/acid antiporter,

sodium's working its butt off to make you absorb stuff. So even though you gotta like, 
watch your diet for too much sodium, recognize how awesome that little molecule is!

Clinical time!

Diarrhea is the third leading cause of death worldwide. It can be caused by a number of
things, like,

• decreased surface area for absorption (in inflammatory bowel disease)
• non-absorbable solutes (osmotic diarrhea, water's attracted to the lumen by 

osmosis)
• hyper-secretion—too much bacterial overgrowth
• cholera toxin. That makes you you secrete too much water and electrolytes 

from your crypt cell so you lose 10 L or more of water a day. If untreated, 50% of
people will die. If treated, less than 1% will die. You have to give them oral 
rehydration solutions (glucose and electrolytes help you absorb the sodium and 
water). Cholera also makes cAMP levels go up (Biochem pg FIXAL), activating 
Cl- channels, and sodium follows that gradient, and water follows the osmotic 
gradient. You also inhibit absorption of water, which is like a two-time hit on your 
water transport. Cholera's a jerk.

• HIV enteropathy—Broken T-lymphocytes can make cytokines stimulate ion 
transport. Also make 5HT get released from ECL cells. That means you can get 
more diarrhea. Immune system is weakened also can mean a number of 
infections that make diarrhea easier to have.

• Any other time you're putting liquid in your colon faster than it can take it out (4.5
L per day absorbed, y'all)

Loperamide treats diarrhea by stopping neurotransmitters from getting released so you 
slow down motility and decrease secretion. Normally, your body wants to “weep and 
sweep” to protect itself—weep out all the liquid and increase motility so you can get rid 
of the bacteria, so loperamide is a bit counteractive. But sometimes the danger of 
dehydration, and the desire not to have continuous diarrhea, outweighs that 
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consideration, even though sometimes it's better just to have that little bout of diarrhea 
to get the bad stuff out.

Immune function of small intestine

Mucosa-associated lymphoid tissues (MALT) is the system hanging out on all of your 
mucous surfaces all over your body to allow presentation of antigens and pathogens to 
your immune system. That includes lungs, gut, everything that's got mucous on it. Mast 
cells in your mucous are way different than mast cells in your connective tissue 
elsewhere in your body, btw. 

Peyer's patches (Histology pg. FIXAL) and diffuse immune nodules full of lymphocytes 
(Histology pg. FIXAL) can be part of this MALT system, but they're more specifically part
of your GALT, gut-associated lymphoid tissue.The GALT talks to the MALT in your lungs
and urogenital system by sending it B-cells and T-cells that have learned about new 
antigens in your intestinal system. The MALT cells in your GALT—by which I mean, the 
specifically mucous-only lymphocytes—are called intra-epithelial lymphocytes, or IEL. 
So MALT's everything mucousy that fights bad guys, GALT's gut-stuff that fights bad 
guys, and IEL's lymphocytes in your GALT that only hang out between epithelial layers. 
Your GALT also has flattened epithelial cells called M cells that transport bacteria and 
viruses up to your lumen to get—cue cold scary voice—prrrrocessed (mwhahahaha). 

Weirdly enough, there's some kind of interaction between your neurological and 
immune system at the gut level. VIP and somatostatin and substance P can make your 
body release histamine, and actually your enteric nervous system releases VIP and 
other stuff like this. Histamine also has an impact back on the nervous system, and on 
the blood system, and smooth muscle, and so on in your gut. So somehow, although we
don't know a lot about it, there's a connection between your nerves and immune 
reaction.

Regulating food intake

As long as energy consumption matches energy output you've got a steady weight. We 
were designed in the past to be very good at storing excess energy, and now since we 
don't have that issue we tend to take more than we need. 

Hunger is the craving for food, the appetite determines what food you want, and when 
you satisfy your brave quest for food you get satiety. 

The lateral nuclei in your hypothalamus act as your feeding center, while the 
ventromedial nuclei are your fullness center. You can stimulate those to make animals 
either stop eating, or just eat and eat and eat. You've also got short-term feeding 
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regulation via ghrelin, which stimulates eating, and GI stretch, which stimulates vagal 
afferents and inhibits eating. Fats and carbs make CCK and insulin get released, which 
should inhibit eating. Your oral receptors may also help trigger or inhibit eating.

Incretins are a kind of hormone that increase insulin secretion, and insulin seems faster
in response to oral than intravenous glucose. GLP-1 and GIP are both incretins. So in 
theory, if that incretin level comes up and helps stabilize the levels of glucose you could 
inhibit feeding as well. Lots of interest in incretins now because we know DPP-4 should 
be inhibiting these, and you could make inhibitors of this enzyme (gliptins, sitagliptin, 
saxagliptin, vildagliptin) to stop that enzyme from blocking insulin inappropriately. 
Basically you could increase insulin secretion by blocking the blocker of the stimulator, 
and that would stabilize glucose levels and make you stop eating so much.

You've also got longer-term regulation of feeding. Different food groups may change 
feeding behavior—high glucose increases firing rate in satiety center—and being in a 
hot climate makes you eat less.

Genetics matters in obesity, but the current obesity rate's so extreme that there's no way
that the skyrocketing increase in obesity comes from some kind of weird population-
wide mutation. Dr. Appleyard offered us a question about the importance of life-style 
changes: “What fits your busy schedule better, exercising one hour a day or being dead 
24 hours a day?”

Before we go, lemme leave you a helpful and very geeky mnemonic for remembering 
ALL the major gastrointestinal hormones:
Large Super Mario Can Vanquish 4 Gumbas.
Large—Leptin
Super—Secretin
Mario—Motilin
C—Cholecystekinin
V—VIP
And 4 Gumbas, or Gs: Gastrin, Gastrin-inhibiting Peptide, GLP, and Ghrelin.

If you don't know who Super Mario is, look him up! It's when he's large that he's really 
able to beat all the bad guys.

Kidney Physiology

All species of animals deal with environmental problems—like too much osmosis and 
swelling for fish, and dryness and desiccation for other animals. To deal with these, God
gave each of us different kinds of kidneys. Fish have really big glomeruli so they can 
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maximize filtrations, and they have lots of water in their proximal tubules to keep too 
much water from getting reabsorbed, and very little water in their distal tubules. Reptiles
have really small glomeruli so that they don't pass too much water through at a time 
(wanna keep water in your system), and they excrete lots of uric acid and less water—
again, the idea is to conserve water. Birds have a similar system, but they also have 
loops of Henle, which slows down water reabsorption and helps conserve water. We do 
that, too. 

A few measurement things we gotta remember (we should already know):
• Molarity is moles per liter, mass of solute versus volume of solvent
• Osmotic pressure is number of dissociable particles, concentration of solute, and 

the gas constant times temperature in kelvin. 
◦ If we have two solutions, this tells us which is more likely to “push” particles 

out into the other. More pressure=more pushing non-water particles away. 
More importantly, more pressure=more inviting water to come dilute me.
▪ Osmotic pressure is really like peer pressure—like “come water, come 

over here, all the cool kids are doing it...” It's the opposite of diffusion of 
particles, which operates on the principle of being super anti-social. 

◦ To exert pressure, a solute can't pass a membrane—because once it passes 
the membrane, that pressure's relieved. Something that exerts pressure 
because it can't cross a membrane is an “effective osmole.”
▪ The sugar Mannitol is an effective osmole that can help brain injury 

patients. If you've got edema and swelling in your brain, you've got a 
problem because the blood-brain barrier lets water cross, but not the other
things in the brain fluid. Well, those other things are making water want to 
stay and dilute them. Because Mannitol can't cross cell membranes or 
anything, it can hang out in your brain capillaries and just be lots of 
particles in your blood, calling water to come dilute it. Basically, it can't 
solve its overcrowding problem by diffusing, so it resorts to begging water 
to come dilute it. So Mannitol exerts its osmotic peer pressure and makes 
the water want to leave the brain and stop the swelling, and it's all 
because Mannitol is an effective osmole that can't cross membranes. 

◦ To take into account effectiveness, we can put a little baby sigma in front of 
the osmotic pressure equation. That osmotic coefficient will equal something 
between 0 and 1. Something with a sigma of 0 will exert 0 osmotic pressure. 
So you can imagine that means it's crossing the membrane a lot—there 0 
resistance against it, and it relieves pressure really fast. Something with a 
sigma of 1 will exert ALL its possible osmotic pressure, because it can't cross 
the membrane at all.

◦ Really, really big molecules don't obey the van't Hoff law described above.
▪ Big, giant proteins exert oncotic pressure. Our big, non-globular proteins 
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tend to exert 26-28 mmHG of pressure, which is important for getting fluid 
moving across capillaries, even though it's way smaller than most osmotic 
pressure values for other molecules.

▪ As these proteins go up in concentration, they exceed the osmotic 
pressure we'd predict like this: (y is osmotic pressure)

           Where the curved line is real life, the straight one 
                      van't Hoff's prediction.     

• Osmolarity is molarity (moles per liter, concentration) times number of dissociable
particles; number of particles per liter of solvent. This is temperature-dependent
—as temperature goes up, that liter of solvent will increase in volume. It may 
become two liters, for example. That will decrease osmolarity—you'll have less 
particles in each liter of solvent.

• Osmolality is number of particles per kilogram of solvent. This won't change with 
temperature—maybe the volume of that kilogram will change, but it will still have 
the same number of particles in it. That's why we like to use osmolality.
◦ In plasma, our osmolality is usually about:

▪ 2*(plasma sodium concentration) + (glucose concentration/18) + (BUN 
concentration/2.8)

▪ What is BUN? It's the urea in your blood. Stands for blood urea nitrogen.
▪ We usually collect glucose and BUN concentration in mg/dl for units here. 

We divide by 18 for glucose to convert mg/dl to mmole/L. That's also why 
we divide the BUN, so we can get osmolality.

▪ Folks with diabetes will have elevated glucose, while patients with chronic 
renal failure with have elevated urea in this equation.

▪ These are basically osmolalities of different things dissolved in our blood 
added together.

▪ We multiply sodium by 2 so we can account for the two molecules 
dissociating. Normal sodium concentration is about 145 mEq/L.
• A mEq of sodium is a mmol of sodium. A mEq of Ca2+ would be 2 

mmol of Ca2+, since it could react with 2 electrons instead of just one, 
and an mEq is counted based on how many electrons (or hydrogens, 
for negative anions) you could react with. You can wiki that stuff if you 
want but for most of our stuff an mEq is a mmol.

▪ Normally we can ignore sugar and urea, so the plasma sugar and urea is 
sodium times 2. 

▪ Normal plasma osmolality is 285-295 mOsm/kg H20.
• Sometimes we measure concentration in specific gravity. It's just a way we 

compare things to water, which is our standard with a specific gravity of 1. To find
specific gravity, take your volume of solution. Take an equal volume of distilled 
water. Divide the weight of your solution by the weight of distilled water. So, for 
water, the weight of a volume of distilled water over the weight of the same 
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volume of distilled water is 1. Your blood's specific gravity is 1.008 to 1.010 (it's 
heavier than water). 
◦ A lot of times in our urinalysis you'll take a specific gravity of pee. But specific 

gravities change based on what solutes are in the pee—including 
radiocontrast dye for x-ray studies or other stuff like that—so it's not always a 
good way to gauge the osmolality, which is what we really want to know.

Water in your body—what's the kidney dealing with, here?

The water in your body is about 42 Liters. That's about 60 percent of your body 
weight: people with more fat have a lower water percentage, since water content of 
adipose tissue is pretty low comparatively. Newborns are about 75% water. 

14 Liters of that, or 0.2 times body weight, is extracellular fluid (ECF). Intracellular 
fluid is about 40 percent of your body weight, and it's about 28 Liters. So 
intracellular fluid is 2/3 of your water while ECF is about 1/3 of your water. Out of your 
extracellular fluid, ¾ of it or about 10.5 liters is interstitial fluid, while the other ¼ is 
in your blood vessels as plasma. That plasma water is about 3.5 liters. Sometimes ECF
has extra fluid, when you've got disease and water build-up in your peritoneal cavity, 
and that's called a “third compartment.”

How do these water volumes change with water loss due to exercise, surgery, or fever? 
Water moves back and forth into capillaries because of the hydrostatic pressure of the 
heart pumping, and the osmotic pressure of the solutes on either side of the capillary 
wall. We can talk about this with an equation:

Filtration rate= [(Pressure in the capillary - pressure interstitial fluid) - (osmotic 
coefficient*(oncotic pressure of the capillary - oncotic pressure of interstitial fluid)]*Kf

Remember, this equation is talking about the movement of water. Kf is how permeable 
the capillary wall is, its water filtration coefficient. Kf is 100 times bigger in the kidneys 
than in skeletal muscle capillaries. Basically, we're subtracting osmotic/oncotic 
pressures of both compartments from hydrostatic pressures of both compartments to 
see where stuff will go. 

That's two major parts to this equation, then: Pc-Pi, and piC minus piI. In real life, at the 
arteriole parts of the capillary Pc-Pi is really high, while at the venule parts its really low. 
That's because normally you've got higher blood pressure going into Pc at the arteriole 
(Pi is always low 'cuz like, your heart's not pumping outside of your blood stream). The 
piC minus piI stays constant pretty much all the time. So if you thought-plug that into the
equation above, there's more filtration (and more fluid moving from the capillaries into 
the interstitium) at the beginning of the capillaries then at the end. 



Becoming Healers 317

That osmotic coefficient varies a lot based on body tissue: in skeletal muscle and kidney
glomeruli it's really high, almost exactly 1, which makes osmolality super-important in 
those tissue—it matters what molecules you have in your capillaries near your kidneys 
while you're filtering stuff. In the liver, where the coefficient's almost 0, oncotic pressure 
really doesn't matter—stuff can just flow back and forth and detox and it's kind of 
whatever. High piC will oppose filtration/water movement out via osmosis because a 
high piC means, as we said earlier, lots of water wants to come in.

That's filtration between parts of ECF—what about filtration rate between ECF and ICF?
Obviously, there isn't anything pumping fluid outside your circulatory system, so water 
moves from ECF into cells only because of osmotic pressure, not hydrostatic. Because 
your aquaporins hang out open to water all the time, osmotic change in ECF can quickly
translate to a chance in ICF. It's pretty balanced.

You really take advantage of between-compartment osmolarity in the clinic. 
• If your patient's low on liquid in general, and you need to expand his ECF, you'll 

give him isotonic saline at 0.9 percent NaCl, which will just increase volume 
without changing where the liquids are distributed (everything in the 0.9 percent 
NaCl can just dissolve all over the place). 

• If your patient specifically needs more water to move into his blood from his 
interstitial fluid, you give him something with effective osmoles in it (like a 5 
percent albumin solution, to invite water into the capillaries). 

• If your patient's hyperosmotic because of some kidney disease or something, 
and just has too much stuff dissolved in his liquids, you can dilute him with a 
hypotonic solution like 0.45 percent NaCl or D5W (5 percent dextrose in water, 
which is basically just like water since dextrose splits to Co2 and water). 

• Or you can go hypertonic, if your patient's too dilute, and shoot him up with some
3 and 5 percent NaCl.

Your ECF has 
• 145 mEq/L of sodium and 
• 4 mEq/L of potassium and 
• 5 mEq/L of calcium. 

ICF has 
• 12 mEq/L sodium, 
• 150 mEq/L potassium, and 
• 0.001 mEq/L calcium. 

Extracellular fluid is as similar to seawater as you can get, so that's a way to remember 
you have all that sodium out there. But we're not done! You have 

• 105 mEq/L of chlorine out in ECF, 
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• along with 25 mEq/L of bicarbonate, and 
• 2 mEq/L of proteins, 
• with a pH of 7.4. 

In your ICF you've got 
• 5 mEq/L of chlorine, 
• 12 mEq/L of bicarbonate, and 
• 100 mEq/L of proteins, 
• with a pH slightly more acidic of 7.1.

We gain this water by:
• Drinking 1200 mL/day
• Eating 1000 mL/day in our food
• Metabolically producing 350 mL/day

We lose this water by
• Sweating out 50 mL/day
• Dripping 900 mL/day through our skin and lungs (insensible loss)
• Pooping out 100 mL/day
• Peeing out 1500 mL/day (that's about 300 mL per time we go, average)

These losses and gains must balance to 2550 mL/day each way: 2550 mL in, 2550 mL 
out. The composition of our body isn't determined by what we put in our mouths, but by 
what the kidney decides we're allowed to keep.

So who's managing all these concentrations? Who gets the job done?

Meet the kidney, again. We've got about 1.2 million nephrons in each kidney to make 
filtration work—an excess, at first, because we're made ready for the deterioration that 
comes with age and use. When we're 75, without sickness, we only have about 40 
percent of our kidney cells left. The kidney usually measures around 2x6x3 centimeters,
or about three lumbar vertebrae for that patient.

Kidney regulates the quality of the blood—is it more like a soup or a stew?--so it can 
make the best ultra-filtrate, and it does that through filtration, absorption, and secretion. 
It filters 120 ml/minute, and it consumes the most oxygen out of the whole body, per cell
(obviously volume-wise that's not the case, the liver's pretty dang big in comparison). 
The kidneys consume 25% of the volume of your cardiac output per minute, even 
though they're less than 0.5% of the body weight!

The kidney's built really complicated-ly. (To get a big picture structural view of the 
kidney, go to anatomy page FIXAL—I'm assuming here you know all about calyces and 
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medullas and papillae, so we're gonna jump right in to small stuff) Let's start with blood 
flow. Normally we think artery, capillary, and vein, but here in the kidney we've got 
arteriole, capillary, and arteriole. The kidney releases chemicals to ensure, to the utmost
of its ability, that the blood arriving at the glomerulus is as liquid as possible, because as
you take all the plasma out you're leaving really lots of red blood cells and that can 
make it thick. It's easier to filter a soup than a stew, so kidney wants the blood that 
arrives to be a soup. 

That soup arrives first at the glomerulus of the nephron, where two forces filter fluid out 
of the blood: both the oncotic pressure outside in the glomerulus' bowman's space, 
calling water to it, and the glomerular capillary hydrostatic pressure pushing stuff out. 
Two forces oppose ultrafiltration: the oncotic pressure in the glomerular capillary calling 
water to stay in the bloodstream, and the hydrostatic pressure in Bowman's space. 

So what's the limit in size of molecules that can pass this filter? More or less the size of 
albumin. It's the smallest protein our body has in our blood. It can't pass the membrane, 
and nothing bigger than it can pass either. When the kidney gets sick one important 
thing that happens is that the net alters and gets much bigger holes and then bigger 
molecules pass through. Normally, you see bubbles of air happen in your pee, but they 
go away—if they stay foamy for a long time it could be because big proteins have gotten
through that net (proteinuria). More foam=more proteinuria.

The most important barrier in this multilayered net lies between the feet of the 
podocytes (histology, FIXAL for podocytes info). Why? Because the feet of the 
podocytes are full of proteins that stick to the basal membrane. Those proteins have 
electrical charge. So not only is there a space to filtrate big stuff—which Mosby pg. 27 
says is the most important thing about podocyte filtration slits—but there's also an 
electrical charge to control acidity etc. Plasmatic proteins are charged. The negative 
charge of the podocyte feet-protein pushes away the other proteins. Several podocyte-
feet-proteins make a little cap or diaphragm over the slit, closing it so they can do this 
filtration-by-negative-charge thing. If your podocytes get sick and make positive feet-
protein, that's gonna be a problem. Mutations in nephrin, NEPH-1, podocin, CD2-AP, 
and alpha actinin 4—all podocyte foot proteins—will do bad stuff like make those slit 
diaphrams caps/doorways not exist, so the filtration slit's just a hole, for example. The 
first thing your blood will lose will be albumin because it's pretty small, and so you'll 
have albuminuria. 

Under the podocytes, closer to the capillary, you've got the basement membrane, which 
splits into three layers: two outer heparan sulfate layers that filter things by charge, and 
a collagen IV layer that filters by size. Its weird how your basal membrane can get really
abnormally thick and yet still function. Sickness is based on losing electrical charge or 
functional protein groups—the thickness of the basal membrane doesn't matter much. 
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(Make sure to check Alport's syndrome on page FIXAL of Biochemistry.)

Then of course actually touching the blood you've got the capillary endothelium. It's 
fenestrated, and it lets pretty much everything except blood cells through. Some of the 
cells have negative charges so that may keep some really huge proteins out, but more 
importantly they make a whole bunch of vasoactive stuff like NO and endothelin and 
stuff.

So in all, in the glomerulus and Bowman's capsule you've got three layers between the 
blood and the pre-pee. Your podocytes are the last thing before ultrafiltrate leaks into 
Bowman's space (the space between the podocytes and the wall of the capsule) and 
then leaves the glomerulus into the proximal tubule.

So all that stuff lives in the glomerulus, where filtration happens. Next, your kidney's got 
to secrete and absorb things out of the ultrafiltrate the glomerulus made, and that's the 
job of the proximal tubule, the loop of Henle's descending and ascending thin limbs, the 
thick ascending limb, and the distal tubule. Each piece in this highway's different:

• Only the proximal tubule cells have a brush border, which is lots of bristles on the
membrane facing the duct lumen. These are the roughest cells—they got lots of 
invaginations on the basolateral membrane, and basically just lots of membrane 
space for absorption (like your small intestine cells kinda). SO MANY 
MITOCHONDRIA in these invaginations!

• The thin parts of loop of Henle are pretty smooth with less mitochondria.
• The thick ascending limb (TAL) kind of bends back over before turning into the 

distal tubule and goes by the glomerular arteries again. That's area's called the 
macula densa. It's really important as a feedback loop so the TAL can tell the 
capillaries “hey, we need more/less water in here.” The listening afferent arteriole 
has granular cells that make renin and angiotensin II.

• Both the TAL and distal tubule have lots of basolateral invaginations and 
mitochondria (but not a brush border).

From the distal tubule, two or more nephrons drain into the collecting duct, which has 
two cell types: 

• principal cells, which have only a few mitochondria and help reabsorb NaCL and 
secrete K+, and have a slightly invaginated basolateral membrane 

• and intercalated cells, which regulate acid-base balance and have TONS of 
mitochondria. They split the work: one group spews H+, the other bicarb.

The collecting duct's divided into the 
• cortical collecting duct, up in the cortex of the kidney, 
• the outer medullary collecting duct, near the cortex, 
• and the inner medullary collecting duct, now embedded firmly in the medulla and 
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looking to dump some pee in a minor calyx. The inner medullary collecting duct 
starts to lose apices and basolateral membrane modifications—they have fewer 
mitochondria and they look more and more boring.

All nephron cells, except intercalated cells, have one primary cilium on their apex facing 
the lumen of the tubule. These are mechanosensors like the stereocilia in your ear. 
They start calcium-dependent signaling to control kidney cell proliferation, death, 
function, etc based on the flow rate of tubule fluid or chemical composition of the liquid 
in there. These primary cilia have polycystin 1 in them, which is a molecule that lets 
calcium into channels and starts the cascade. One thing the cascade does right away: it
gets some potassium channels to open up and let K+ out. People with polycystic kidney 
disease have mutations in polycystin 1's gene, PKD1 (or PKD2). People don't know why
this is, but maybe the cell can't take in calcium and so it doesn't talk well to other cells 
and that's why they grow in weird cysts that kill people by 50 years old.

In addition to the normal functional tissue, your kidney's also got some repair and 
protective cells. Mesangial cells roam the stroma, the depths of the glomerulus, 
creeping between the capillaries and outside of the filtering area. From an embryonic 
point of view, mesangial's are a mix of two things—muscle and macrophage. They 
constantly reconstruct and eat your basal membrane, over and over, so every 4 weeks 
you've got a whole new glomerular basal membrane. They protect from disease and 
they actually flex your little net, so they may help control filtration rate. They live both 
inside and outside of your glomerulus, mostly facing the glomerular capillaries, and 
since they release cytokines and stuff they can really screw you up in immune complex-
mediated glomerular disease if enough immune complexes accumulate near them and 
make them freak out.

Finally, you've got nerve cells hitting the kidney from the celiac nerve plexus, which is 
sympathetic—ain't got no parasympathetic innervation at your kidney. The adrenergic 
sympathetic fibers connect 

• to renin-making cells in the arterioles, telling them to make renin; 
• to the proximal tubule and loop of Henle and distal tubule and collecting duct, 

telling them to absorb sodium; 
• and to smooth muscle causing vasodilation in the renal artery's branches.21

You got at least two kinds of nephrons: juxtamedullary, and superficial. Superficial don't 
have an ascending thin loop of Henle, and their loop of Henle is just shorter in general 
and never gets into the medulla. Also arterioles going to the superficial don't make vasa 
recta, which are special-looking straight blood vessels that go down into the medulla. 
Normally we use juxtamedullary nephrons to talk about kidney function, since they've 
21 Girbes, AR. “Prevention of acute renal failure: role of vaso-active drugs, mannitol, and diuretics.” The 

International Journal of Artificial Organs, 2004, 27(12) and older experiments about dopamine and vasodilation
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got all the parts, and if you understand juxtamedullary you're good to go on superficial.

So, now that we've got the field and main players, let's talk about the game.

Here's our first round, glomerular filtration.

Glomerulus....

Filtration, filtration, filtration. 70-80 percent of what's produced by the kidneys comes 
from the glomerulus. We talk about how substances move through the glomerulus with 
several equations.

First, we imagine a substance goes into the kidney through the renal artery, and that it's 
neither secreted or metabolized or eaten or altered in any way. That means that same 
amount of substance has to either leave through the veins, or go out in the urine.

So Xartery * renal plasma flow = Xvein * renal plasma flow + Xurine * pee flow rate

But sometimes we only want to talk about how much a substance goes into the pee. 
That's clearance—how much of a substance clears the kidney through the urine 
compared to the original amount of a substance that came in. It basically tells us how 
long it takes us to get all of X out of a volume of plasma in the artery (volume/time). So 
like so:

Xartery * clearance = Xurine * pee flow rate

Clearance is to the artery what pee rate is to the urine, kind of. Not really because 
technically blood flow rate (renal plasma flow) is to the artery what pee rate is to the 
urine, but clearance takes that into account, and is kind of the renal plasma flow just of 
X. The “Xurine * pee flow rate” is your excretion rate, or how much of substance X you 
lose per minute in your pee. So using this, we can calculate clearance as:

Excretion rate divided by Xartery.

So again, it's the amount of X we excrete out of this artery over time.

How do we use clearance? We can calculate X's ideal clearance, imagining that 
everything's sent to the bladder in one sitting, and then we can measure how long it 
really took what volume of X to get into the pee, and that way we know if X is absorbed 
or secreted or just takes a little longer to go through the system, since some of it goes 
through the veins and stuff. But clearance, more importantly, is around to help us find 
the glomerular filtration rate, to see how well our glomerulus is, well, filtering.
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We can figure this out because some substances, like creatinine, pretty much do go 
straight through the kidney without getting absorbed, so the amount of creatinine that's 
filtered over time will be the same as the amount of creatinine that's cleared into the 
urine over time. So

GFR = Excretion rate of creatinine / Creatinine concentration in the artery

or

GFR= (urine creatinine * pee flow rate) / Creatinine concentration in the artery.

So, to make it even simpler, by measuring the creatinine that clears the filter over time, 
compared to the amount in the artery, you get filtration rate. Creatinine's technically not 
perfect, since it does get secreted a little bit, which actually makes your excretion about 
10 percent higher than it really is—but fortunately, our method for measuring creatinine 
in the artery's also about 10 percent higher, so those two errors cancel out when you 
divide. If this GFR goes down, that's the first sign of kidney disease. Sometimes you'll 
just measure plasma creatinine instead of doing the whole calculations for GFR, and 
see if it's high (if it's not clearing) but GFR will fall a long time before creatinine will rise 
in the blood, so that's actually a slow, late method compared to calculating GFR. 
Normal GFR is 90-140 ml/min for men and 80-125 ml/min for women, so we filter 
about 180 L of plasma per day.

You can also measure kidney function with inulin. It's a little more certain than 
creatinine, since creatinine is kind of absorbed a little. Put that inulin in the kidney, let it 
filter, and you know exactly how much, precisely, the kidney filters.

So you know your glomerular filtration rate, and you know your renal plasma flow (RBF),
and you can divide them by each other to see how much plasma's going through your 
kidney compared to how much blood you've got. Basically, what fraction of your 
plasma you're actually filtering. That should normally be like 15 to 20 percent.

So what makes GFR go up and down compared to RPF? Remember that generalized 
filtration equation we looked at earlier, for stuff across a capillary or whatever wall? For 
the kidney,

GFR= Kf [(Hydrostatic pressure in the capillaries – Hydrostatic pressure in the 
bowman's space) – osmosis coefficient(oncotic pressure in the capillary – oncotic 
pressure in the bowman's space)]

Remember Kf was permeability of the capillary times the glomerular surface area that 
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filters.

So the hydrostatic pressure in the capillaries wants stuff to filter, while the hydrostatic 
pressure in the bowman's space wants to push stuff back into the capillaries. The 
osmotic pressure in the capillaries wants to pull water back into the capillaries to dilute 
it, while the osmotic pressure in the bowman's space wants to pull water into the 
bowman's space. Usually, the osmotic pressure in the bowman's space is like 0, since 
there shouldn't be any proteins in there, and the hydrostatic pressure is low (15 mm Hg)
since liquids fall into the proximal tubule right away. Blood pressure's like 60 mmHg 
in the glomerular capillaries, and the oncotic pressure in the capillaries is about 28 
mmHg. So when you solve it out you see there's a slight tendency to filter. The afferent 
arteriole will want to filter more than the efferent, because after all the liquid's gone out 
during the arteriole's journey the blood's a lot more dense, and so the oncotic pressure 
in the capillaries opposing filtration goes up to like 35. Also, hydrostatic pressure goes 
down a tiny bit between afferent and efferent 'cuz you lost liquid.

You can change the hydrostatic pressure in the glomerular capillary by changing the 
afferent or efferent resistance (size), and changing the blood pressure/output to the 
kidney in general. 

• Constricting the afferent will lower the hydrostatic pressure in the glomerular 
capillary and lower GFR and lower RBF.

• Constricting the efferent will raise blood hydrostatic pressure and GFR while 
lowering RBF. 

• Dilating the efferent will lower blood hydrostatic pressure and GFR while raising 
RBF. 

• Dilating the afferent will raise blood hydrostatic pressure up and GFR up and 
RBF up.

It's good to take some time to think about these.

Based on our earlier cardiovascular lessons (page FIXAL), we can figure out that renal 
blood flow is aortic pressure – renal venous pressure all divided by renal vascular 
resistance. As you can imagine, aortic pressure changes sometimes, but the kidney's 
really good at changing the resistance in the afferent and efferent arterioles and the 
interlobar arteries, so even when your blood pressure is changing in the rest of your 
body the blood flow in your kidney stays relatively constant to manage GFR. The kidney
does this two ways:

• Myogenic mechanism: When a blood vessel stretches, it inherently wants to 
snap back to a smaller size (like when you stretch a rubber band kind of). So 
when blood pressure goes up, dilating the vessel and increasing flow, the 
vessel's resistance increases, making flow the same (remember deltaP/R=flow! 
So putting delta P up, and R up the same amount, gives us the same flow).

• Tubuloglomerular feedback: If GFR goes up, sodium concentration in the tubes
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will rise. The increased sodium in macula densa cells—in that juxtaglomerular 
apparatus, the bend where the TAL comes back next to the arterioles—will make 
them release ATP and adenosine. That vasoconstricts the afferent arteriole, so 
you can slow the GFR back down by slowing RBF. On the other hand when 
sodium concentration in the tubes goes down, macula densa cells don't release 
ATP and adenosine, and the afferent arteriole will vasodilate to bring GFR back 
up. The macula densa also makes NO, which decreases tubuloglomerular 
feedback, and angiotensin II, which makes the feedback response stronger (so 
you'll get even more vasoconstriction if sodium goes up). It's funny, 'cuz 
adenosine's a vasodilator almost everywhere else in the body, but here it's a 
constrictor. Also, under some conditions ATP doesn't constrict—sometimes it 
stimulates NO production and increases GFR and RBF.

All this auto-regulation tries to keep GFR and RBF constant, but it's not perfect, and 
they do change a little bit as arterial blood pressure changes. Also, auto-regulation 
doesn't work when that pressure's less than 90 mmHg, and some hormones and 
sympathetic nerve work can change RBF and GFR despite auto-regulation.

You also regulate GFR and RBF with other hormones:
• Angiotensin II makes GFR and RBF go down via vasoconstriction. It's triggered 

by a decrease in extracellular fluid volume.
◦ If you inhibit the AII receptors you can lower blood pressure by letting more 

liquid out (higher GFR) and decreasing resistance (end vasoconstriction).
• Endothelin makes GFR and RBF go down via vasoconstriction. It's triggered by 

upping stretch, bradykinin, angiotensin II, and epinephrine. It's also triggered by a
decrease in extracellular fluid volume.
◦ Renal endothelial cells, mesangial cells, and distal tubule cells all make this.
◦ There's increased endothelin levels in some diabetic kidney disease.

• Bradykinin makes GFR and RBF go up via vasodilation. It's triggered by 
prostaglandins and a decrease in angiotensin converting enzyme (ACE).
◦ Kallikrein makes bradykinin by breaking kininogen.
◦ Bradykinin works by triggering NO and prostaglandins.

• Natriuretic peptides (ANP and BNP) make GFR go up via vasodilation. They're 
triggered by an increase in extracellular fluid volume.
◦ They dilate the afferent while constricting the efferent, so RBF doesn't 

change.
• Nitric Oxide makes GFR and RBF go up via vasodilation. It's triggered by an 

increase in shear stress, ATP, bradykinin, Ach, and histamines.
◦ Basically this is your normal balance hormone against other stuff.
◦ Some folks with diabetes have too much NO floatin' around. That makes 

hyperfiltration—too high GFR—which puts a lot of pressure on the 
glomerulus.
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◦ Folks with hypertension may not release NO when they eat salt like they're 

supposed to. So they eat salt and their blood pressure goes up way more 
than it should, 'cuz NO's not around to keep it low.

• Prostaglandins make RBF go up, and sometimes they make GFR go up (but 
not always). They're triggered by a decrease in extracellular fluid volume, and 
increases in shear stress and angiotensin II. 
◦ These really only come into play if you're bleeding to death or something like 

that. They make RBF go up without making GFR up.
◦ NSAIDs block these. Don't use them on someone who's hemorrhaging. Also 

NSAIDs make GFR and RBF go way down in old folks.
• Dopamine increase RBF and inhibits renin.
• Glucocorticoids increase GFR and RBF.
• Histamine, during inflammation and injury, increases RBF without increasing 

GFR by decreasing resistance in both arterioles.
• ACE degrades bradykinin and activates angiotensin II, so it ends up decreasing 

RBF and GFR. Inhibiting ACE increases RBF and GFR, letting you lose more 
liquid and decreasing resistance, thereby lowering hypertension.

Practice this list with flash cards! 

General rules, or another way to think about these hormones (remember bidirectional 
learning!):

Vasoconstrictors all drive both GFR and RBF down. They include sympathetic 
nerves, stimulated by a drop in extracellular fluid volume and shear stress; angiotensin 
II (which produces vasoconstriction in efferent which lowers renal blood flow but 
increases glomerular filtration rate in response to lowered extracellular fluid volume 
(ecV) and renin); endothelin, in response to shear stress, AII, bradykinin, stretch, a 
decrease in extracellular fluid volume, and epinephrine.

Vasodilators have differing effects.
At one end of the spectrum, postaglandins (PGI2, PGE2,) up renal blood flow, with no 
effect on GFR. Nitric oxide and bradykinins make both go up. Then at the other end of 
the spectrum, natriuretic peptides like ANP (atrial natriuretic peptide) and BNP (brain 
natriuretic peptides) help GFR go up, and RBF doesn't change. 

Sympathetic nerves make GFR and RBF go down, in response to a decrease in 
extracellular fluid volume. That's because the norepinephrine and epinephrine they 
release bind to alpha adrenergic receptors on afferent arterioles and make those 
arterioles vasoconstrict. When you're done with that sympathetic response, kidney 
hormone renalase breaks down the norepinephrine and epinephrine.
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So we can put all those together to think about you bleeding to death. As you're 
bleeding out, your ECFV is going down, so that'll trigger sympathetic nerves, 
angiotensin II, prostaglandins, and endothelin. The sympathetic nerves, endothelin, and 
angiotensin II will vasoconstrict your afferent and effernt arterioles and make GFR and 
RBF go down. Angiotensin II will also trigger more endothelin, again pushing GFR and 
RBF down. This keeps liquid from getting filtered and lost through your kidney. At the 
same time, angiotensin II and the decrease in ECFV trigger prostaglandins, which fight 
the vasoconstriction that's going on, and also make you release bradykinin, which again
vasodilates stuff by releasing NO and more prostaglandins. This keeps renal blood flow 
to the kidney, protecting the kidney from just dying from lack of oxygen, without 
increasing GFR. So on the one hand, you're maintaining blood pressure in the arteries 
with sympathetic and angiotensin II effects, and on the other hand you're trying to keep 
blood going into your kidney with prostaglandins and bradykinin. Most importantly, the 
increase in angiotensin II also means that you're making your tubes reabsorb more 
sodium and water, so you can hold volume in your blood and keep pressure high 
enough that blood can get around and you don't die. Now can you see why you don't 
want to give someone NSAIDs if they're hemorrhaging? If you block those 
prostaglandins, you're preventing the safety effects that keep blood flowing into the 
kidney. Kidney cells will die of lack of O2.

We can also see how both vasoconstrictors and vasodilators can have the same effect 
on the kidney depending on how they act. You would give a patient in shock general 
vasoconstrictors to push more blood to the kidney by raising blood pressure, but you 
might also give them a specific vasodilator that dilates ONLY the kidney to put more 
blood into the kidney.

So anyway, that's how you manage your glomerulus, and it filters stuff. Things that are 
positively charged filter a lot more easily than neutral stuff, and that neutral stuff filters 
much easier than negatively charged stuff. You also gotta take absorption into account. 
Albumin's repulsed by the negative charges on your filter, but even if it's not, the 
proximal tubule absorbs it like crazy.

So let's talk about that proximal tubule.

Once ultrafiltrate leaves the glomerulus...

To understand how the urine formation works, we need to remember the three functions
of the kidney: filtration, re-absorption, and secretion. We've now left filtration to venture 
into secretion and absorption. Absorption is the most work, and takes amounts of 
energy equivalent to our heartbeats! That energy is maintained by the force of flow from
the heart. We won't worry about energy as much as we'll worry about sodium, 
osmolality, and water, though. As long as we know what's going on with those three, we 
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know the ultrafiltrate.

So normally, you—the generic you with 2.8 kids—ultrafilter 120 mL per minute. That 
results in about 115-180 L/day for women, and 130 to 200 L/day for men. Astonishingly, 
you filter out tens of thousands of mOsmoles of sodium and chloride—about 25,200 for 
sodium and 18,000 for chloride—out of your blood into your kidney tubules, but in the 
end you only excrete 1% of that salt with water. How is that?

As the ultrafiltrate leaves your glomerulus, the pipes begin to alter its sodium content. 
• In the proximal tubule about 67 percent of the sodium's reabsorbed.
• In the thick ascending limb, after the loop of Henle (which can't move any sodium

or chlorine, only water), you take out another 25 percent, 
• and the distal tubule will absorb about 4 percent. 
• Finally, in the cortical collecting duct, you take out another 3 percent. 

(Notice I skipped the loop of Henle)
So your urine's actually much, much less salty than the ultrafiltrate, and in the inner 
medullary collecting duct, way at the end, you excrete something that's between 500 
and 800 mOsm/kg H20, with only about 50-130 mOsm of sodium per liter. Remember, 
water will follow sodium like the dog following a bone, as Dr. Federer says, so 67 
percent of your water's also going out in your proximal tubule, and so on and so forth in 
the other segments, too. Chlorine will also follow, just by the rules of charges.

Let's talk a little about the loop of Henle. I mentioned it's impermeable to sodium, so it 
can only absorb water. But in the end it pretty much ends up absorbing like nothing, 
because the sodium can't get out, and when the water leaves osmolarity goes way up in
there, making water want to come back in—all the way up to 1200 mOsmoles of urea 
and sodium! The first part part of the loop is permeable only to water, while the second's
permeable to sodium, chloride, and urea. Urea enters and sodium leaves. The amount 
absorbed here depends on what's going on in the distal tubule afterwards.

After the loop of Henle, the thick ascending limb (TAL) absorbs ONLY sodium, not 
water. After the TAL your water level in the tube is super-super high compared to 
sodium and chlorine, and your osmolarity is low (all the way down under 200 is 
possible).

The distal tubule and collecting duct together can absorb up to eight percent of your 
NaCl. The early distal tubule doesn't absorb water, so it helps dilute your pee. 

You know how I gave percentages up there about how much is absorbed at each 
segment? Well, we've gotten into the variable segments now. Anti-diuretic hormones 
can make your distal tube and collecting duct very permeable to water. So with that low 
osmolarity after your TAL, and normal interstitial osmolarity of about 300 osmoles, water
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leaves the distal tubule into your body and you don't pee it out and your urine 
concentrates, especially if you're dehydrated a bit. Diuretics will do the opposite, acting 
in the same place.

So that's the basic sodium cycle. A sodium concentration test can tell you more 
specifically about both the tubule's osmolarity (and subsequent reabsorption ability) and 
sodium retention itself. The first clinical alarm, or red light, that the kidney's not working 
is it loses the ability to concentrate urine. In order to have concentrated urine, you need 
to have a hyperosmolar interstitial space, and if it's not hyperosmolar (there isn't 
hypertonicity in the medulla) there's no filtration. 

Sodium transport at the cellular level

The transport proteins that control this sodium/water movement take up about 5 to
10 percent of our genes, and tons of diseases from cystinuria to distal renal acidosis 
come from errors in these genes. At the molecular level, you've got tight junctions 
between the duct cells to keep water or sodium from passing uncontrolled. Between 
some cells, you've got paracellular pathways which are a bit open. How can you have 
both tight junctions, and lateral paracellular pathways? Mosby (pg. 50, 4th edition) has a 
really great metaphor to explain it, saying you should think of cells as a soda can six-
pack, and the plastic wrap's the tight junctions—the rest of the space between the soda 
cans are paracellular pathways. Water goes through the paracellular pathways and past
the tight junctions (chasing sodium, which goes through other pathways), while sodium 
goes through the transcellular pathway and dissolves across the cell membrane. In 
some cells, especially in the distal tube, that's the primary way sodium's moving—it just 
goes through the cell passively, and then dissolves out into the blood. In the proximal 
tube, you don't just wait for sodium to get in. You put sodium/potassium ATPases 
everywhere on the basolateral membrane facing the blood—that's why those cells have 
so much mitochondria. Those ATPases are pumping hardcore, shoving all the sodium 
out towards the blood as fast as they can to make a gradient so sodium will want to 
dissolve into the proximal tubule cells. Without these pumps, the sodium would 
eventually equilibrate across the cell membrane and wouldn't be so continuously 
reabsorbed. Also, as sodium gets out of these cells on the other side of the wall, away 
from the lumen and towards the blood, a lot of it gets into the spaces between the cells 
or doesn't go straight into the capillaries. This crowding pushes the tight junctions apart, 
helping water through those tight junctions. When the water opens those tight junctions, 
sometimes other ions, like calcium and potassium, get caught up in its flow, and go with 
it—that's called solvent drag. The normal trans-cellular pathway is about 1/3 of sodium 
transport, and the active is another 1/3. The last 1/3 comes from sodium diffusing 
through those paracellular tight junctions, chasing negatively charged chlorine. See,
as Cl- gets out through those tight junctions, it leaves the lumen so positive compared to
the blood that sodium can't stand it anymore, and sodium darts through the tight 
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junctions after it.

Let's zoom in even further on sodium transport. In the proximal tubule, that gradient that
Na/K ATPase makes lets you transport lots of other stuff. Learn at least four kinds of 
channel-based sodium reabsorption in the proximal tubule: 

• reabsorbed with bicarbonate, in the first half, 
◦ you spit H+ out into the tubule in exchange for sodium at the apical 

membrane
◦ You had CO2 and H2O coming together to make H2CO3- in your cell. Now 

since you're spitting out so much H+, you're left with lots of bicarbonate in 
your cell (HCO3-). It's now very out of balance in there, so the bicarbonate 
leaves down its concentration gradient out towards the blood.

◦ as a net result, you absorb bicarbonate and sodium into the blood
• reabsorbed with glucose, in the first half,

◦ symport co-transporter SGLT-2 takes in both out of the tubule at the apical 
membrane

◦ glucose diffuses out into the blood via GLUT-2, while sodium's pumped via 
ATPase

• reabsorbed with three amino acid transporters in the first half
◦ two use sodium gradient to transport acid/basic amino acids
◦ one transporter doesn't use sodium, just transports basic amino acids

• and reabsorbed with chlorine in the second half.
◦ Since you don't really absorb Cl- in the first half, but you're absorbing all this 

other stuff, you end up concentrating Cl- more and more as you go forward in 
the tube

◦ A sodium/H+ antiporter secretes H+
◦ A Cl-/anion antiporter secretes anions, takes up Cl-
◦ So as a net you're taking in NaCl. 
◦ The H+ and anion combine and get back across the cell membrane to do this 

again.
◦ Cl- dissolves out into blood via a K+ symporter.
◦ Na/K ATPase still pumps sodium out.
◦ You do have a glucose transporter here, like in the first half, but it trades 1 

glucose for 2 Na+ and it's lower capacity.
◦ You also have that paracellular NaCl absorption we mentioned earlier.

Fanconi's Syndrome happens when all those first-half mechanisms don't work, and 
you can't absorb all those things.

So in the proximal tubule, all this solute transport helps create an osmolarity gradient 
that drives water crazy—water likes balance, see—and water follows sodium through 
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the aquaporins all over the tubule cells. Aquaporin channels type 1, 3, and 4 seem to be
the important kidney aquaporins.

At the cellular level in the thin loop of Henle, as you can imagine from what we talked 
about everything's passive—the osmolarity created in the first half of the loop drives 
sodium absorption in the second half. So you'd imagine you'd see less mitochondria 
here, since you don't need to power any sodium/K pumps.

In the thick ascending limb, we start to see active transport again, just like in the 
proximal tubule. You've also got a special three-way symporter (1 Na-1K+-2Cl-) that 
absorbs sodium and Cl- and uses that energy to send K+ into the cell against its 
gradient. There's a potassium channel facing the pee that lets that potassium back out 
so you can do this again and again. About half of the NaCl absorption in the TAL is 
transcellular, and the other half's paracellular. Remember, you don't absorb water here, 
so you can't use solvent drag to absorb those other little ions like you do in the proximal 
tubule. Instead, you use the voltage you build by sucking all the negative charges out of 
the lumen—building a positive charge in the tubule, with all that potassium—to drive 
calcium, magnesium, and so on across the paracellular pathways.

Finally, in the distal tubule and collecting duct, you've got a sodium/Cl- symporter on the
apical membrane and some Na/K ATPase pumps on the basolateral. You've also got 
two kinds of cells here. The principal cells focus on secreting potassium and absorbing
salt and water using your normal sodium/K+ ATPase. The intercalated cells reabsorb 
potassium, and they use an Acid/K+ ATPase in their apical membrane to do that.

Proteins in the proximal tubule

Even though filtration by the glomerulus keeps most proteins from getting into your pee, 
you're filtering SO MUCH liquid all the time that a decent number of proteins manage to 
pass the glomerulus into the proximal tubule. The proximal tubule either endocytoses 
these proteins, or degrades them with cell membrane enzymes and uses the amino acid
transporters mentioned earlier to get them back into the blood. This isn't a very strong 
mechanism—it's just a sidekick to the glomerular filtration, really—so if something goes 
wrong with the glomerulus it won't be able to stop you from losing lots of protein in your 
pee. Now, there's always a tiny, tiny bit of glycoprotein in your pee, just because the 
thick ascending limb (TAL) secretes Tamm-Horsfall protein, but usually protein means 
something's wrong with GFR and/or with the protein absorption here in the proximal 
tubule.

Toxins in the proximal tubule

Also, even though the proximal tubule's main job's absorption, it also spits out organic 
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anions and cations that come from toxins in the blood. That's right, it secretes 
something. This is important for drug interactions. Toxins have to compete to use the 
secretion transporters, so if the patient's taking one drug that's cleaned out through the 
kidneys, and you give another drug that uses the same pathway out, you'll raise blood 
levels of both drugs. Cimetidine (for gastric ulcers) and procainamide (cardiac arrythmia
med) interact this way, and that can poison your patient. Penicillin and hippurates also 
interact this way, so in World War II, when they didn't have enough penicillin, they used 
to give hippurates at the same time to increase that transporter competition so penicillin 
would stay in the blood longer. This drug/toxin transport depends on co and anti-
transport with sodium, alpha-keto-glutorate, and hydrogen ions.

The Urea Cycle

The nitrogen terminals of proteins make the urea--the urea's leftover from protein 
destruction in the liver, basically.

So the kidney helps the liver clean out the blood, and we can check how it's doing by 
asking about BUN, or urea. In the US you measure BUN, and in other countries they 
measure urea directly. It's the same, conceptually. This substance circulates in the blood
and at the renal glomerulus gets ultrafiltered like any other tiny molecule, slipping from 
the capillary to the renal tubule. 

• When the urea gets into the proximal tubule it gets concentrated while you 
absorb sodium. 

• Then we go through the descending loop of Henle where you absorb lots of 
water and keep concentrating urea. 

• When you get to the deepest part of the loop urea's super concentrated. That's 
why when you get to the thin ascending loop of Henle, which is impermeable to 
water and it's permeable to urea, chlorine, and sodium, urea tends to leave into 
the interstitial fluid, out of the lumen of the tubule. 

• When you get into the thick ascending limb (TAL), osmolarity falls because of all 
the sodium leaving. (Remember water can't leave; urea stays in the TAL)

• At the collecting duct there's a lot of urea still concentrated in the tube and so the 
urea leaves through the inner medullary collecting duct into the interstitial space, 
enters the the low osmolarity TAL, follows the loop, leaves again, and that's the 
urea cycle. 

That's very economic and it helps maintain osmolarity so we can keep taking sodium in 
and out. We need that interstitium at high concentrations so we can get water 
reabsorbed! Of course a lot of the urea leaves in the pee in the IMCD—about half of our
usual 56g of urea per day goes out in our pee—so we're constantly getting new urea 
sent over by the liver to keep our interstitium concentrated.

Urea and the loss of the ability to concentrate urine 
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The problem of malnutrition is the most important health problem in the world. Infantile 
malnutrition leads to kidney problems. In general, these societies are very poor and can 
only feed their children water and some kind of cheap carbohydrate. One of the most 
important malnutritions isn't lack of calories, but lack of proteins. If a child is missing 
proteins, he doesn't have enough capacity to form urea in the liver. If he can't form urea 
in the liver, the urea in his blood drops so much and this whole cycle breaks. There's not
enough urea so the tube can reabsorb it, and that's going to take away hyperosmolarity 
from the child's tubules. Then you can't concentrate urine, and clinically you dehydrate 
yourself. Heat won't matter, nothing will matter, you will just have dilute urine and pee all
your water out. This is the #1 cause of infant death in the world—not the lack of calories
from starvation, but the dehydration that results. 

So let's move to another patient. You're in your residency in a wealthier country, and you
have a patient come in who likes his rum, beer, and so on too much. He has cirrhosis of 
the liver, and that will make his liver unable to form urea. That will also ruin his ability to 
concentrate urea, and he will dehydrate no matter how much meat he's got access to. 
Without proteins in your blood (another problem with liver failure) water will want to 
leave it (it will be too concentrated and water will go interstitial) and people will swell up.

Regulating sodium and electrolytes

You know how part of the tube bends back towards the blood vessels of the 
glomerulus? Where the macula densa is? That's where you regulate renin. You've got 
three ways to regulate renin:

• When you have less renal perfusion and the glomerulus notices that, it can 
secrete renin. (Wants to increase the blood pressure via vasoconstriction)

• Neurovegitative regulation—there are things in your MD that can stimulate 
sympathetic catecholamines and that can stimulate renin. 

• The content of sodium in the macula densa also regulates renin.
ACE converts angiotensin 1 to angiotensin II so you can secrete renin. So angiotensin II
levels depend both on how much renin I got secreted and how much ACE there is. 

So, all the places angiotensin II acts:
• In the glomerulus

◦ Angiotensin II lowers GFR in the glomerulus via vasoconstriction of the 
afferent arteriole. 

◦ Dr. Federer says first it vasoconstricts the afferent arteriole, which obviously 
lowers GFR. But the over time most important chronic effect there is efferent 
vasoconstriction. That chronic effect is different than the acute effect, and 
results in an increase in GFR.
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• Proximal tubule

◦ It increases sodium absorption and oxygen consumption in the proximal 
tubule.

◦ More AII==>absorb more sodium and absorb more water
• Loop of Henle

◦ A2 doesn't have much effect on the loop of Henle, 
• Thick ascending loop

◦  In the TAL A2 has an effect on the triple-pump (Na/K/Cl). That helps reabsorb
sodium, but that's not so important. Just a small effect.

• Distal tubule
◦ A2 stimulates sodium absorption in the whole distal tubule. 
◦ At the distal zone the important effect isn't angiotensin II but because 

angiotensin II stimulates aldosterone. You reabsorb sodium and start kicking 
out potassium. 

So in all places A2 makes you reabsorb sodium and water. Angiotensin II also 
decreases the velocity of the blood flow in the vasa recta, the blood vessels that follow 
your collecting ducts and things down into the medulla. So blood enters the medulla 
slower. That means that the exit of urea and sodium is less, and if that's less the 
interstitia starts to hyperpolarize (concentrate more) and then there's more possibility of 
retaining water. And for that reason the pee will be more concentrated. That's another 
indirect way to raise osmolarity of the interstitium (which of course decreases osmolarity
of the tubes and pee). Finally, when we have lots of angiotensin II floating around we 
also have more thirst.

This renin-angiotensin systems' so important that even animals without kidneys have 
these hormones. There's even a renin-angiotensin system in your cells—it's actually a 
cellular defense system of some type, says Dr. Federer. If you block the renin-
angiotensin system in a pregnant woman you are blocking inflammatory response 
developments in the child and you can cause malformations in a child. That has nothing
to do with sodium balance—it's immune and hormone stuff. So Dr. Federer says the 
entire system is really an immune thing. If you apply that to the kidney, and think of the 
whole renin-angiotensin system as an inflammatory response, you can see the basis of 
a lot of cardiovascular disease and hypertension, says Dr. Federer. He considers 
hypertension the most important disease—the biggest killer worldwide, and though he 
didn't give us exact numbers, he pointed out that about 60 percent of the world 
population over 50 years old is hypertense. If you think about the renin-angiotensin 
system, even in the kidney and circulatory system, as an inflammatory response, 
cardiovascular disease is really like an inflammatory response against the kind of 
modern life we're living.

ACE-inhibitors like lisinopril turn off this renin-angiotensin system, so you can imagine 
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what they do: sodium and water reabsorption goes down, aldosterone's not secreted 
like it was (so more reabsorption goes down), and arterioles dilate because they're not 
near the potent vasoconstrictor that was angiotensin. So blood pressure goes down.

All segments of the tubing system respond to angiotensin II, but sometimes they differ in
response to other major hormones.

• The proximal tubule really responds a lot to norepinephrine and epinephrine and 
dopamine—not a big deal for other segments.

• PT doesn't really respond to aldosterone as much. Everyone else is all about 
aldosterone.

• The late distal tubule and collecting duct get regulated hard by ANP, BNP, 
urodilatin, uroguanylin, and guanylin.

So what do each of these hormones do?
• Aldosterone 

◦ increases sodium and water reabsorption in the TAL, DT, and CD. 
◦ It's a mineralocorticoid hormone that regulates sodium and electrolytes. 
◦ It forms in the suprarenal cortex and 
◦ it's regulated by osmoreceptors and volume receptors in the kidney. 
◦ It helps you save water by saving/reabsorbing more sodium and thereby 

concentrating your urine. It's triggered when your blood volume starts to go 
down. 

◦ Most of these hormones get going within minutes, but aldosterone takes a 
whole hour and doesn't reach its max effect for a few days.

◦ Made by the glomerulosa cells in adrenal cortex.
◦ Stimulates potassium secretion in distal tubule and collecting duct.
◦ Works by

▪ increasing the amount of sodium/potassium/ATPase in the basolateral 
membrane (no wonder it's slow)

▪ Raises Sgk (serum glucocorticoid-stimulated kinase) which makes you 
have more ENaC channels in apical cell membrane (so that's slow), and 
also directly makes you make your ENaC channels there.

▪ stimulating CAP1 (channel activating protease or prostatin) to turn on 
ENaC channels so sodium's reabsorbed 

◦ Gets triggered by antiotensin II or an increase in potassium concentration
• ANP, BNP

◦ stimulated by increased extracellular fluid volume
◦ Act in collecting duct
◦ Make water and salt reabsorption go down
◦ Made by the heart: ANP by atria, BNP by ventricles
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◦ Decrease total peripheral resistance, enhance salt-water 

excretion==>decrease blood pressure
◦ Reduce ADH secretion
◦ ANP is stronger

• Urodilatin
◦ Just like ANP and BNP
◦ Encoded by similar genes as ANP
◦ More powerful than ANP because ANP gets degraded in the kidney and 

urodilatin's like “I don't think so!” and doesn't
• Uroguanylin/guanylin

◦ If you eat salt, this is triggered.
◦ Works in the proximal tubule and collecting duct
◦ Decreases water and salt reabsorption by activating guanylyl cyclase 

receptors on membranes so more cGMP gets in cells, which starts 
reabsorption pathways

◦ Made by neuroendocrine cells in intestines
• Dopamine

◦ Triggered when your extracellular fluid volume goes up
◦ Acts in the proximal tubule
◦ Makes sodium and water reabsorption go down
◦ A catecholamine made by the proximal tubule and by dopaminergic 

sympathetic nerves in the kidney
• Adrenomedullin

◦ Makes you pee out sodium and water (decreases reabsorption)
◦ Stimulated by congestive heart failure and hypertension
◦ Increases GFR and RBF

• ADH
◦ Most important water-hormone, says Mosby
◦ also called vasopressin or anti-diuretic hormone
◦ Stimulated when osmotic pressure goes up and/or extracellular fluid volume 

goes down
◦ Acts on the distal tubule and collecting duct by making CD more permeable to

water
◦ Makes water reabsorption go up, doesn't do anything to salt
◦ Made by posterior pituitary gland

Sympathetic nerves work hormone-y here, too, and when extracellular fluid volume 
goes down they act on the proximal tubule, thick ascending limb, distal tubule and 
collecting duct to make sodium and water reabsorption go up. Sympathetic nerves 
make catecholamines and those are the hormone-y hormones here.
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More on ADH and Regulating your Water

I don't know if you've noticed, but water imbalance really bothers your brain cells. When 
blood osmolality is really low (very dilute!) water gets into your brain cells and makes 
them swell, and you get nausea, headache, confusion, and even seizures and a coma. 
When osmolality's really high (very concentrated!) water keeps leaving your brain cells 
and makes them all shriveled, and that's also seizure-coma-death-zone. Usually, you 
can handle slow changes to osmolality better than fast changes, so if you're trying to 
treat a patient with water imbalance you have to be gentle. Fixing a hypo-osmotic 
person all at once will make their myelin die off their pons! That can kill them!

ADH tries to hold your blood osmolality steady. When ADH goes up, your pee osmolality
goes up, and that means blood osmolality's gone down and you're holding in water. 
When ADH goes down, pee osmolality goes down. 

Things that make ADH get secreted:
• Nicotine stimulates secretion
• Nausea stimulates secretion
• Angiotensin II stimulates secretion

Things that make ADH not get secreted:
• ANP inhibits secretion
• Ethanol inhibits secretion

ADH disappears really fast, since things in the blood eat it all up, so once you turn off 
secretion it's pretty much gone. It's a fast-responder!

Parts of the body that control ADH secretion:
• Baroreceptors in your aorta talk to your medulla oblongata--”hey, tell those 

paraventricular neurons and supraoptic neurons that blood pressure's changed 
up in here!”
◦ “Blood pressure's down—gimme some ADH!” or “Blood pressure's up—turn it 

off!”
◦ Low-pressure receptors in your left atrium and pulmonary vessels
◦ High-pressure receptors in your aortic arch and carotid sinus
◦ Less sensitive than osmoreceptors.

• Osmoreceptors in the anterior hypothalamus either shrink or swell when body 
fluid osmolality changes.
◦ Only care about effective osmoles, which can't cross barriers
◦ So don't care about urea, urea doesn't change ADH secretion
◦ They also talk to the paraventricular neurons and supraoptic neurons and say,

“hey, it's really high osmolality here, gimme some ADH!” or “hey, osmolality's 
way low, turn off that ADH!”
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• Neurons in the supraoptic and paraventricular nuclei listen to osmolality changes 

and make the pituitary either secrete more or less ADH
As the pressure changes, your body also adjusts the calibration of its plasma osmolality 
sensors. A major decrease in pressure (like 10 percent) will make your ADH/plasma 
osmolality slope really steep, so ADH goes up really fast with osmolality. A major 
increase in pressure (like ten percent) will make your ADH/plasma osmolality slope 
really shallow, so ADH goes up a lot slower with osmolality. In other words, you're way 
more worried about concentration when your volume's low and it can fluctuate more 
easily.

Central or pituitary diabetes insipidus is where you don't make enough ADH from 
your posterior pituitary, so you pee all the time and drink all the time, and since you 
don't retain water volume, if you don't drink all the time, you become really 
hyperosmotic. You usually get this disease with brain trauma, although it can be 
hereditary.

The opposite disease is SIADH, the syndrome of inappropriate ADH secretion, means 
you make too much ADH. Your collecting duct also makes too many aquaporins, which 
means ADH works better on the kidney than it should. So you get too much water 
retained, you become super hypo-osmotic, and your pee gets even more hyperosmotic. 
This happens because of infections and drugs in your brain, pulmonary diseases and 
lung cancer. 

ADH works by making the collecting duct more permeable to water. It does that by 
binding to a V2 receptor on the basolateral membrane that uses a second messenger 
system through cAMP and PKA to make aquaporin 2 channels get onto the cells apical 
membrane, and the cell also makes more AQ-2. When ADH goes away, the clathrin-
coated pits suck these back into the cell. There's a genetic disease, like SIADH, but 
without the increases in ADH, where the V2 receptor is just always activated, making 
you always put aquaporins out there and always retain water. It's called Nephrogenic 
syndrome of inapporpriate antidiuresis.

ADH also makes your inner medullary collecting duct more permeable to urea so you 
reabsorb more urea, which makes the interstitial fluid more osmolar, and makes more 
water want to go into it. It works because ADH, through that same cascade, gets your 
UT-AI and UT-A3 phosphorylated so they open up to transport urea through the apical 
membrane. 

ADH also makes you take NaCl back up in the TAL, DT, and cortical CD to help make 
the medullary intersitium hyperosmotic.

If your collecting duct doesn't respond right to ADH you can't concentrate your urine, 
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and that's nephrogenic diabetes insipidus instead of the central one, where you don't 
make enough ADH. This is usually systemic, and it's when somehow you stop 
expressing as much AQP-2 in your collecting duct: this happens to 35 percent of people
who take lithium for bipolar disorder! Blocking your ureters, having a low protein diet, 
and having too much calcium can also all trigger this.

Thirst

When osmolality goes up, you get thirsty! Lowered blood volume can also make you 
thirsty, but the osmolality's way more important, like five times more. Your body tries to 
take care of changing osmolalities without bothering you about it, so you've got a much 
lower threshold for ADH secretion than for thirst. That means that by the time you're 
thirsty, your body's already rampaging with ADH trying to retain water. The thirst center 
(subfornical organ) in your hypothalamus hangs out near your ADH-regulators, but we 
don't know if they're related in function or the same thing. Angiotensin II or hypertonicity 
will tell those cells to make you feel thirsty.

You feel un-thirsty before your plasma osmolality's fixed. That's through your 
oropharyngeal and upper GI receptors. 

So I guess it seems moral of the story is drink more water than you feel you need. But 
that's not actually the moral, because if you drink too much over short periods of time 
you push your kidneys harder than they can handle. In one study, thirteen percent of 
Boston Marathon runners had hyponatremia (really low sodium)--some to the point of 
impaired neuro function—because they'd drunk so much water all the salt got washed 
out of their bodies, says Mosby. Mosby says you should get enough water in your food 
and liquids that you eat with your food, and you shouldn't be freaked out about water. It 
says that on page 80.

Trying to get sodium not to follow water

All the stuff we talked about earlier said sodium follows water. And here we are, talking 
about kicking all the water out of our bodies and trying to change our osmolality, but if 
sodium follows water how do we do that? How do we separate solute from liquid? 

Loop of Henle, baby! 'Specially the thick ascending limb. Basically up in here we dilute 
or concentrate pee. Unlike other parts of the nephron, the TAL only reabsorbs NaCl 
when ADH comes along, not water, and that's the difference.

To make dilute pee, the ascending limb, the distal tubule, and collecting duct suck up 
solute without sucking up water.
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To make concentrated pee, you need to find some place to send the water to—some 
hyperosmotic concentration that makes the water want to leave the pee. So you need to
keep the intersititum of the renal medulla super, super salty and full of solutes.

Peeing when ADH is low

Not peeing when ADH is not low

ADH and thirstiness

Vasa Recta

The kidney is the only place in the organism where you want a hyperosmolarity that you
have to maintain. This doesn't happen anywhere else, only in the renal medulla. And if 
you don't maintain a hypertonicity the kidney loses its ability to function, so it's extremely
important to keep your kidney hypertonic.

How do you stick an artery, which has 300 miliosomoles, into an area that's so 
hypertonic? That's incompatible with the function in the area. All the water would be 
leaving the blood all the time and it should shrivel up. But the vasa recta are arteries 
that have special abilities to irrigate the medulla renal. 

The vasa recta come from the arcuate arteries. The efferent arteries from the 
juxtamedullary glomerulus return to the arcuate arteries and then cross it and become 
the vasa recta. These vessels run down parallel to the tubular, filtration body, and then 
return up as veins. It's very important that the veins and arteries run REALLY tight and 
close next to each other.

Why is that important?

Because of the penguins.

How do penguins walk on ice barefoot? I mean, like us they need to be about 37 
centigrade or 98.6 fahrenheit, and we can't just walk around on ice. It's cuz penguins, 
they've got a very specific blood system. They've got an artery that enters the foot, like 
any other artery into any other creature's body part, and then a vein that leaves. The 
artery that goes down is right by the side of the vein that leaves the foot. So the blood 
that goes down is really warm, but the veins that go up are carrying cold blood. But the 
two vessels are SO close that the artery makes a temperature shunt and warms the 
veins. So the blood from the arteries that arrive at the food is already cold, and the foot 
doesn't lose heat to the outside, while the vein is warm and doesn't end up freezing the 
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animal. The penguin maintains heat. 

The same kind of thing happens in the kidney, except that instead of exchanging heat, 
your arteries and renal tubules are exchanging water and salt and osmolarity. As the 
artery goes down it's going from 300 mOsm, into the medulla's 600 mOsm, then 800 
mOsm, then 1200...Solutes will enter and water will leave. The blood is getting more 
and more hypertonic. But as the vein goes up, the blood was now so hypertonic, and 
that hypertonic 1200 mOsm blood is going up through 800, 600—and it starts losing 
hypertonicity to the artery right next to it. So you cycle the solutes and the water in the 
medulla and maintain hyperosmolality.

If you accelerate the velocity of the vasa recta, you'll dilate the afferent artery to make 
that happen, well now the blood is moving fast and you don't have time for the blood to 
concentrate on its way down into the medulla. The vein blood also doesn't have time to 
stabilize, so the blood that leaves the medulla will leave about like 500 mOsm. You'll be 
washing the medulla. That loses the concentration ability down there, taking solutes and
water away. You can regulate the medulla that way.

Regulation of Acid-Base Balance

In general our most specialized systems are acid-elimination system. We're prepared to 
eliminate acids created by our metabolism and eatings and stuff. 

Some people have alkaline pee. That's already a problem, you have to figure out why. 
Diets with very little animal protein may produce alkaline pee, and that may not be a 
problem—they may tolerate it fine—but if it's not diet it may be a kidney function 
problem.

Pee should come out between 5 to 7 pH.

Kidney and the bicarbonate buffer system makes a lovely amortiguador, which is not a 
word you have to know but one I just love saying. The point is, the kidneys keep the 
normal plasma HCO3- between 23 and 25 mEq/L, and so if you multiply that by the 14 L
in your body you see they can buffer up to 350 mEq of hydrogen ions! We usually have 
1 mEq of acid put into our body via metabolism per kilogram of weight, which is about 
70 kg and therefore about 70 mEq of acid. So if you think 350 divided by those 70 mEq 
per day, you'lll see you can last about 5 days buffering acid without replenishing your 
buffer system. 

We replenish our bicarbonate by using carbonic anhydrase to make CO2 and water into
bicarbonate's acid equivalent, H2CO3. That conversion is a bit slow, and it's the rate 
limiting step in this production. The conversion of H2CO3 into HCO3- is pretty much 
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instantaneous.

Volatile acids have the potential to generate H+ after hydration with H20. Acids that 
don't come from hydration of CO2 are nonvolatile acids--lactic acid, sulfuric acid, 
hydochloric acids which don't have anything to do with CO2. Volatile means they have 
something to do with CO2. Those are taken care of by the lungs. 

Two places where you get no-volatile acids: from your cellular mechanisms, and from 
your diet. You need to have enough bicarbonate in your organism to block all that. The 
acid also results in a net loss of bicarbonate. You also lose bicarbonate and a tiny bit of 
acid in your poop. Net endogenous acid production—NEAP--means your overall pH, 
after all your cellular action, should be low and acidic. You kidneys have to secrete 
bicarbonate at the same rate that it's being lost and excrete acid. It makes bicarbonate 
in that process of excreting acid. Kidney buffers include phosphates and creatinine to 
help it deal with acid it can't excrete. 

The kidney makes ammonia to take acid out of the body. (N with 4 Hs!) It also 
eliminates acids using the phosphates and creatinine system, and the titratable acid 
system are phosphate and creatinine. You measure that system by titrating urine 
against an alkaline solution until it becomes neutral.

Renal net acid excretion (RNAE) equals NEAP. That's a healthy acid-base balance.

RNAE=(NH4+ in the urine times velocity) plus (titratable acid times velocity) minus 
(bicarbonate in the urine times velocity)

When you have plenty of oxygen and insulin, your fats and carbs breakinto H20 And 
CO2 and the lungs spit out your CO2. 

When you have too little oxygen or insulin, and you have protein loss and loss of 
bicarbonate in your poop, you'll have things break into nonvolatile acids instead, and 
sodium bicarbonate. The sodium bicarbonate will balance out the nonvolatile acids into 
sodium-Acid and water and CO2, and the lungs will excrete the CO2 while the kidney 
will take care of the sodium-acid complex and make a new sodium bicarbonate, 
excreting the nonvolatile acid part. That new sodium bicarbonate can try again with new
nonvolatile acids. 

180 L/day pass the kidney. Your kidney has to reabsorb the bicarbonate before it gets 
peed out. 80 percent is reabsorbed in the proximal tubule, 10 percent in the TAL, 6 
percent in the distal tubule, and 4 percent in the cortical collecting duct (CCD) so that 
you don't really pee out any at all. About 4320 mEq of bicarbonate per day get to the 
glomerulus and then get reabsorbed! That maximizes RNAE (you noticed it was minus 
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bicarbonate). 

Regulate acid secretion using respiratory mechanisms against the acidosis, hormones 
like endothelin, cortisol, and angiotensin II, and 

When you have alkalosis you will not absorb as much; when you have acidosis you will 
absorb more. You'll have more endothelin which will make the hydrogen transporters act
more so that hydrogen will leave. Cortisol can activate genes that will produce 
transporters of hydrogen and help the hydrogen leave. Angiotensin II will activate all the 
transporters. When you have metabolic acidosis the reabsorption of phosphorus goes 
down so you have more phosphorus inorganic to help pee out? I guess phosphorus 
binds to the acid and brings it out with it in the pee. 

You have to secrete and pee out urea or you can't reabsorb bicarbonate because urea 
will use up the bicarbonate. Glutamine is where you start making urea. Every time I form
an ammonia, I form a bicarbonate molecule as a byproduct. But if I don't pee out urea it 
will work backwards and they will use each other up. That's how your kidney makes 
urea.

Anion gap
This can be measured in the serum, plasma, and the urine, and it's an equation that 
compares organic anions that are in really low concentrations and can't be measured by
ionograms. There's a difference between the concentration of cations and anions in our 
body, especially between our biggest cation, sodium, and our biggest anion, chlorine 
and bicarbonate. Normally we're equal, so the anion gap is sodium minus (chlorine plus 
bicarboante) and that's 0 in our imaginations, but in real life our anion gap is between 8 
and 16 mEq/L—remember, we're a little acidic.

If the anion gap is normal, we can still have problems like gastrointestinal loss like 
diarrhea, renal loss, ingestion of ammonium chloride (hyperalimentation and 
acetazolamide), and Addison's disease. You only ask for an anion gap if you suspect 
metabolic acidosis. It could either be normal, with acidosis, normal and correct, or off 
with acidosis. Low anion gap will have problems, high anion gap will be lactic acidosis, 
ketoacidsoss (diabetes, alcohol), and other stuff. What does a high anion gap and low 
anion gap mean? Different stuff. Values of the anion gap is relative. It doens'th elp 
diagnose metabolic acidosis, but it helps to figure out what's the cuase of your 
metabolic acidosis. Etiological diagnosis. 

Anion gap
Non-volatile fixed acids
name of substances that are part of anion gap—ketoacids, etc
not bicarbonate or chloride, no electrolytes.
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In general look at pH first, then look at change in bicarbonate or change in pCO2

Respiratory safe mechanism against acid-base problems can start in minutes but may 
take hours t ocomplete.

Renal compensation is the third line of defense, do adjustments in excretion of 
bicarbonate and net acid, can take several days to make you balance.

Your proximal tubule if you have lots of hydrogen, or acidosis, it will read cellular 
acidosis, ET-1 will produce, glucocorticoid and angiotensin II will work.

If, on the other hand you have a rise in ammoniagenesis, it will increase glucocorticoid 
and angiotensin II...

We're classifying acid-base disorders. If your plasma pH goes down, and it's because 
bicarbonate when down in your ECF, the ICF and ECF buffers, hyperventilation, and 
increase in RNAE will be your way to defend yourself. That's metabolic acidosis.
If you have metabolic alkalosis, and your plasma pH goes up, the big problem is an 
increase in bicarbonate in your ECF and to fight it you will use ICF and ECF buffers and
hypoventilate and increase pCO2. You will drive RNAE (acid excretion) down.
If you have respiratory acidosis your plasma pH went down because of an increase in 
pCO2, and to fight that you use ICF buffers and increase RNAE. If you have respiratory 
alkalosis your plasma pH goes up because your pCO2 concentration went down and 
then you fight that with ICF buffers and a decrease in RNAE. In the last two cases 
extracellular buffers don't matter anymore. It's all about intracellular buffers.

Look at an arterial blood sample, if pH is below 7.4 you've got acidosis.
If your bicarbonate is less than 24 mEQq/L it's a metabolic acidosis. If pCO2 is less than
40 mmHg, you have respiratory compensation. On the other hand, if you have pCO2 
above 40 mmGh, you have respiratory acidosis. Then if you have bicarbonate greater 
than 24 mEq/L you know the renal compensation is working.
So if you have p H above 7.4 you know you have alkalosis, and if you have bicarbonate 
above 24 mEq/L you havem etabolic allkalosis, and if pCO2 is above 40 mmHg that's 
respiratory compensation.
If Pco2 is below 40 mmHg you've got respiratory alkalosis. Then you should have 
bicarbonate below 24 mEq/L to have renal compensation. 
That's how you analyze what the problem is. 
Respiratory compensation for acidosis should be going down just 1.2 mmHg of CO2 per
1 mEq/L of bicarbonate going down, renal compensation for acidosis should be 3.5 
mEq/L of bicarbonate going up per 10 mmHg of PCO2
Resp. compensation for alk. Metab. Should be 0.7 mmHg of pCO2 going up per every 
raise in bicarbonate of 1 mEq/L. Renal compensation should be 5 mEq/L down of 
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bicarbonae per 10 mmHg going down of pCO2.
If the values are not going down or up like they should according toth at compensation, 
you may have a mixed alkalosis or acidosis. Chronic emphysema is a good example. A 
patient with diarrhea and chronic emphysema will not be able to compensate his 
metabolic imbalance nor his respiratory because both systems are messed up.

Normally when you have acid-base problem of respiration you have to see two layers, a
chronic or acute time period (etapa). 

After you've analyzed the arterial blood sample like this and with patient history and 
clinical you think you've got Addison's disease or something, you check anion gap and 
confirm that diagnosis. 

Relationship between potassium and acid-base balance
Acidosis that's acute will make your potassium secretion and excretion go down.
Chronic acidosis will make your potassium secretion and excretion go up.
That's because metabolic acidosis decreases sodium/K atpase activity, and decreases 
potassium permeability at the apical membrane. 
But if it's chronic, after that potassium excretion goes down, potassium goes up in the 
plasma. Any time you have acidosis, potassium will go up in the blood plasma. If this is 
happening chronically, you will release aldosterone. That will hit your dital tubule and 
collecting duct cells and that will act on your cells to increase potassium secretion and 
excretion. Aldosterone excretion will also go up because of the dehydration and 
lowering in ECV after a long time of acidosis. Aldosterone will raise your potassium 
secretion ABOVE normal, so it will overcompensate.

Potassium Management

You eat about 100 mEq of potassium per day, poop out about 10 mEq, and absorb 
about 90 mEq in your intestines. Your ECF has 65 mEq (about 4 mEq per liter), and 
using insulin, epinephrine, and aldosterone you make your body tissue store 3435 mEq 
of potassium at a time. That's stored in cells—remember too much potassium in your 
ECF can cause arrhythmia and throw off your action potentials. Cement helps you build 
glycogen stores from glucose, so that's why insulin triggers its storage. As you can 
imagine, glucose in the blood can trigger potassium storage by this mechanism.

Normally, you pee out 90-95 mEq of potassium per day. The kidney, triggered by 
plasma potassium levels, ADH, and aldosterone will try to maintain potassium levels 
exact in the body, but the kidney pays more attention to sodium and water and isn't 
exactly a miracle-worker when it comes to potassium. If there's hypokalemia or 
hyperkalemia the kidney's not going to solve the problem on its own. 
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If you're depleted, and you need more potassium, the proximal tubule reabsorbs about 
67 percent of the potassium passing through the kidney. Then in the TAL it reabsorbs 20
percent, and in the distal tubule 3 percent, and 9 percent in the CCD. From the cellular 
point of view in the distal tubule and collecting duct potassium leaves depending on 
whether or not sodium enters. The more sodium that enters from the duct into the blood,
the more potassium will leave, because the potassium gets into the cell from the blood 
using the ATPase pump, and then potassium leaks out in the ductules because of the 
low concentration in there. So the kidney chooses what to do with potassium based on 
sodium in the distal tubule. In the normal situation, you absorb 67 percent in the 
proximal tubule and 20 percent in TAL, but in the distal tubule you may absorb between 
10 and 50 percent of your potassium, and between 5 and 30 percent in the CCD, 
meaning you could excrete between 15 and 80 percent of your potassium in your pee. 
That's under normal and increased potassium intake. Again, the cortical collecting duct 
and the distal convoluted tubule are in charge of secreting the potassium. Otherwise 
everything absorbs potassium, and so if we have hypokalemia only the CCD (and only a
very little bit) will secrete any potassium at all.

In alkalosis the 
In acidosis...

Hypokalemia's a really common problem partly because the kidney will always sacrifice 
potassium in favor of sodium and water.

Epinephrine, insulin, and aldosterone try to keep plasma potassium constant. Insulin 
lowers it by getting it taken up into cells, and aldosterone lowers levels in the blood 
because it gets it eliminated a little bit in the pee.
Acid-base balance, plasma osmolality changes, cell lysis, and exercise change plasma 
potassium from normal. (Any time a cell breaks, it's releasing all its inner contents 
outside.)
Dietary potassium supplements, Ace inhibitors, potassium-sparing diuretics, and 
heparin induce hyperkalemia.
Raising ADH levels will raise distal K secretion. Lowered urinary flow rate will lower 
potassium secretion. Both of those things are triggered by anti-diuresis, so anti-diuresis 
maintins a constant potassium balance.

Viral sickness like mumps (parotiditis) will cause cellular lysis in glands and muscles. A 
very bad fever can cause an extreme increase in potassium circulating. Your patient 
may show up with a strange heartbeat and weakness and the very high potassium in his
blood (like the 8 mEq in the patient Dr. Federer saw). Give him glucose, and his cells 
will take potassium up. But that might not be enough (Dr. Federer's patient maybe went 
down to 7.5, 7...still too high). Put a liquid in his peritoneum that is super-low in 
potassium and will absorb the potassium, and keep taking that liquid out of his 
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peritoneum with all the potassium. It's really easy to take fluid in and out of the 
peritoneum, so that's why you do the dialysis that way. (That brought Dr. Federer's 
patient down to 6. It took about eight days to get the potassium out, and in the end the 
patient was left with destroyed muscles, but in the end he was made better.) 
Hyperkalemia can kill you, and if you can't get the potassium out through simple means,
you have to go straight in to help the kidney.

Potassium balance
In general potassium enters through the diet, absorbed in intestine, goes into 
extracellular fluid, gets into plasma via insulin, epinephrine, aldosterone that helps it get 
into tissue stores. You lose a little bit into your feces.
How does the kidney balance potassium? Proximal tubule it's exchanged for sodium (67
percent secreted in proximal tubule, but it tends to recirculate) It's important because it 
helps balance sodium so you can absorb sodium.
The distal part really decides how much potassium you secrete. What you really change
is how much you reabsorb in the distal tubule (with the intercalated cells). Aldosterone 
tells you to retain potassium.

When you've eaten lots of meat and you've got lots of potassium, you eliminate 
between 10 and 50 percent.

Diuretics

Manitol isn't used a lot now-a-days, but it's an osomotic diuretic and it was helpful for 
figuring out how those work. So how do diuretic osmotics like glucose and urea and 
manitol work?

These are little molecules that all get ultra-filtrated. For that reason, they can have an 
effect in the glomerulus: they vasodilate it. When you raise flow to the kidney, you're 
increasing plasmatic flow and increasing liquid going through the kidney and into your 
pee. That's increasing filtration and GFR rate. Increase in volume in the proximal tube 
will also have to deal with that little molecule in there, the glucose or manitol or 
whatever, and that will make reabsorption less in the proximal tubule to maintain 
osmolality. You can only reabsorb a certain amount of sugar in the proximal, and if you 
reach that limit that's it. A diabetic will pee a lot of sugar because there was so much 
sugar in their plasma that they will exceed this maximum. So you will also end up 
absorbing less water and sodium because you're trying to dilute the water in the pee 
and not have it be so high in osmolality. You have to give more water than solutes if you 
want to rehydrate someone who is diabetic like this.

Renal compensation problem and diabetic problem 
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Natriuretics 

Thiazide diuretics produce liberation of catecholamines in the glomerulus. For that 
reason thiazide diuretics produce vasoconstriction of the something and increase 
urinary volume? What? Lower glomerular filtrate, but they increase sodium output and 
the water follows the sodium and gets peed out. They have an important clinical 
importance. This person doesn't have many nephrons, and the ones that stay need help
so you give them diuretic 
You don't give thiazide diuretics when kidneys are sick because they lower glomerular 
filtrate.
Slow, quiet diuretics
Block sodium/chloride transporter in early part of the distal loop so you can't absorb 
sodium and you pee it out.
Thiazide diuretics are the opposite. They inhibit calcium elimination in the urine. That 
increases calcium in the blood. Never give a thiazide diuretic to someone with 
hypercalcemia.

Loop diuretics
This are different than thiazide ones because they produce vasodilation vascular. 

Federer's doing a dialysis rotation during his fellowship in New York when a 20-year-old 
comes in with no kidneys waiting for a transplant. This guy lives only on dialysis. They 
called Federer to the emergency room saying the kid's over-hydrated with severe 
edema in the lungs. Federer goes running and the doctor at the door stops him and 
says “don't worry, slow down, we gave him a strong loop diuretic, and he'll be fine.” 
Federer wanted to choke the guy. “He doesn't have any kidneys. How's a loop diuretic 
gonna work on someone who doesn't have any kidneys? This kid's going to die!” 
Federer came in and the patient was sitting on the bed and said, “Doctor, it's okay, they 
gave me something and I feel better.” “But wait, did you pee at all? You don't have any 
kidneys!” “No, of course not, but I'm fine.”

So Federer ran to the library to figure out what happened. Well loop diuretics vasodilate 
the veins of the whole system, and that opened the body's capacity to hold liquid, and 
the blood stayed in the veins, and capillary pressure went down, and the edema went 
down. The guard doctor didn't know this at all, but that's why the kid didn't die. These 
are the strongest diuretics, but before acting as diuretics, they act as vasodilators by 
causing prostaglandin release. They also act on TAL to alter reabsorption.

It's not always good to give loop diuretics in tropical or warm climates, because they're 
so strong that it's easy to dehydrate the patient, especially in older patients.

Loop diuretics are high-roof diuretics, which means if you give this kind of diuretic, you 
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can keep raising the roof of action and keep raising the diuretic and there will be more 
diuresis. A low-roof gets to its maximum effect pretty soon and no matter how much you 
increase the dose you won't increase the effect.

Why do diuretics kick out potassium?
If they inhibit sodium reabsorption, they keep potassium around to be kicked out? There
are diuretics that act aldosterone-like and make you hold on to potassium. Usually if you
make more sodium get kicked out, more potassium will get kicked out.
If you increase velocity of flow, you will increase potassium that gets kicked out
High-volume of water getting eliminated will make potassium go out into the water to 
dilute it and it will be kicked out

Potassium-sparing diuretics
These all work on the distal tubule and beginning of the CCD. These mimic aldosterone.
They can act in two ways. First they can inhibit the aldosterone by blocking aldosterone 
receptors, or they can keep aldosterone from being produced to arrive at receptors. 
Spironolactone is like this, an aldosterone-blocker. Other possibility is that they act 
directly on the renal cell, not on the aldosterone receptor, and have the opposite effect 
on the cell as an antagonist physiological and it doesn't matter if there's aldosterone or 
not because they'll fight it directly at the cell. All of these produce so aldosterone doesn't
work and sodium's not reabsorbed which means you end up keeping potassium and 
peeing out a lot of sodium. 
natriuretics, make you pee lots of sodium but not lots of water.

Calcium diuretics 
Raise calcium in the kidney, lower it in the blood. Someone with calcium stones in the 
kidney does not need any kind of diuretic because it will make calcium build up.
People with calcemia can lower calcemia with diuretics.

Renal Insufficiency

Microalbuminuria

When a kidney gets sick, the first thing it can't do is concentrate pee. It loses 
hyperosmolarity. Someone with kidney problems will then pee a lot. Someone who pees
a little probably has really good kidneys. Someone who pees a lot may have sick 
interstitial spaces.

How do you measure kidney sickness?
5 grades of renal insufficiency. Measure for glomerular filtration. 

Nephritic and nephrotic syndrome.
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Nephrotic syndrome when you lose more than 3 grams of albumin in 24 hours. Less 
than 3 g is proteinuria. If it's less than 300 mg in 24 hours we're talking about 
microalbuminuria. From 300 mg to 3g is macroalbuminuria.
If you have less albumin in the blood, you lose oncotic ability in the capillaries. 
According to Starling's law in the capillaries now liquid that leaves the capillaries can't 
get back in and you'll get edema. Nephrotic syndrome patients will have edema. Edema
by definition is always liquid that pathologically is built up in the interstitium. 
Gneerally nephrotic syndrome will have low pressure because the blood leaves the 
vessels into the interstitium.

Nephritis
Nephritic syndrome appears blood in their kidney and blood. You detect this by putting 
little dipsticks into the pee and it will tell you.
Rupture
rupture is generally appearing with sickness of the mesangium, sicne that's supposed to
maintain the line between the basal membrane and the system. That's just generally. 
These things can happen together, but you can see they have very different 
mechanisms.
Because you're losing blood, and having inflammation in the mesangium, it starts to 
reproduce itself, you have inflammation, renin secretion goes up, antiongensin II goes 
up, sodium retention goes up, aldosterone goes up, more vasoconstriction because of 
the angiotensin II, and that's hypertension. Arterial hypertension.

One day Dr. Federer was on call at night at a hospital (on guard, they call it in argentina)
and he'd just become a doctor. He found a guy who arrived with blood in his urine and 
hypertension and renal insufficiency. They put him on dialysis. The next day his boss 
came and when he found that guy he looked at him and said, “oh, he has a hematosa 
this thing” Why do you say that, Dr. Federer asked. “Look at his face. It looks like a little 
lion. That's called fascia leonina and it's typical of lepra leprematosa. So someone like 
that you have to make sure they're not leprous.” That's what it actually turned out to be. 
The problem is what we do with what we don't know. We all don't know. We can go look 
and learn or we can go drink and stay the same.
Leprousy is like tubercolosis—they're similar bacteria. This kind of sickness has 
microbacterium making antibodies. The body responds and makes lots of antibodoeis 
and you get really big complexes of antibody-antigens in the blood. These big 
complexes don't filtrate when they get to the kidney. They start just hitting the basal 
membrane like boulders and hurting it. The basal membrane on that side (capillary side)
starts getting clogged and stuff. You get a defense response from the kidney that tries to
clean the mesangium. It can't. The mesangium starts to grow and inflame. The basal 
membrane breaks and you get blood in the pee. The glomerular starts ischemia and 
pieces of it fall into the pee. Without pee, pee has blood, and syndrome nephritic, and 
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hypertense. They couldn't figure out why, but the doctor knew! This affected Dr. Federer,
and he went on later to publish the first description of how leprousy affects the kidney.

When the kidney becomes insufficient the problem is the exchange of water and 
electrolytes. 

The first thing that gets sick in the kidney is the interstitium. Then you lose the ability to 
concentrate the urine, you lose hyperosmolarity of the renal medulla, and that's the first 
mark that the kidney's sick. The kidney when it gets stick in general the patient begins to
pee more, not less.

Five stages of renal insufficiency
from 120-190
from 190 to something else
If we take the plasmatic hcaracteristics of a patient who's entering renal insufficiency

Hypertension
Malignant hypertension is fatal in 5 years because of heart failure, kidney damage, etc. 
You can have isolated systolic hypertension (only systolic is high) and resistant 
hypertension when the BP won't go below 140/90.

Essential hypertension may have immune basis (HIV good example) and sometimes 
corticosteroids can help
Family history and insulin resistance—also if a family member has 10 mmHg too high, 
the first degree relative will be +2 too high, on average.
Age is other risk factor, hypertension goes up as you get older. Every 10 percent weight 
gain's associated with a 6.5 mmHg increase in systolic blood pressure. RAS increases 
with increased levels of adipocytes (increased angiotensin). This is in addition to the 
pressure weight pushes on the heart to pump harder (also increasing hypertension). 6-8
drink s a day averages 9.1 mmHg higher than standard systolic (5.6 mmHg higher 
diastolic) Tobacco can damage lining of artery walls
Insulin resistance induced by short-term physical inactivity might come from vascular 
dysfunction
Vitamin D can inhibit RAS so it can lower blood pressure. It can excite the NO system, 
reduce inflammation, and reduce advanced glycation end products on endothelium.
You can have tinnitus, chest pain, etc with hypertension
28 percent of end stage renal disease is hypertensive nephrophathy, where 
Hypertension tightens the pre-glomerular artereis, increasing resistance in the afferent 
arteriole, and decreasing GFR and rBF
So the kidney knows it's getting less blood, and so it activates renin-angiotensin, but 
that rising blood pressure, and that tightens the pre-glomerular arteries, nad that makes 
it worse
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So over time endothelial cells get damaged and you get hypertrophy in the arterioles 
and other pre-glomerular vessels. That’s called hyaline arteriolosclerosis. The ischemia 
causes permanent damage to the glomerulus, and reduces blood flow in the efferent 
arteriole
When the lesion's still small you can see problems with the beta-2 microglobulin urine 
test. That says the podocyts are already acting bad, an early test before albumin.

If you're at end stage renal failure, you'll have cidemia, too much plasma (you're not 
filtering it out, it's staying in there), blood pressure's really high, pee acumulates, leading
to uremia and azotemia, and potassium accumulatesi nthe blod, which ou know will hurt
your heart and neurons. Azotemia is the beginning, uremia is the worse. You'll have 
hyper hposhphate, to omuch calcium, metabolic acidosis, too little iron (because of 
decreased erythropoietin synthesis). Loss of pappetite, pain in bones (calcium), 
vomiting, insomnia, itching, cramp, fatigue, pale skin, edema

Why do you have itching with renal failure? Because your body tries to excrete stuff in 
the skin and those metabolites trigger your pain receptors. You try to treat that with anti-
histamines and things that desensitize the skin, it'll go away with kidney switch but not 
with dialysis. It's really one of the hardest things to deal with in a patient with renal 
failure.

Complication of hypertension is
Metabolic syndrome? This is obesity and stuff. In 33 percent of patients with 
hypertension, secretion of stuff by adipocytes, other activity of sympathetic nervous 
system, some drugs used to treat hypertension can actually lead to diabetes.

Ocular complications from hypertension, retinopathy is when blood supply to the eyes 
goes down because you get weakening of the vessels in the ey because of the 
hypertension. You can get a nick or a narrowing in the artery, and you can get 
hemorrhages in the eye, and in accelerated you have the same as before and also big 
spots that are damaged nerves.

Strokes can come from uncontrolled hypertension. Hypertension does this by 
weakening the brain's blood vessels.
FAST—is the pneumonic. Face drooping, arm weakening, speech impaired, time to call 
911.

80 percent of strokes are ischemic (you are clotted in the brain's blood vessel and some
brain cells die) while the others are hemorrhages, which are worse, and you have 
bleeding all up in your brain.

Memory problems can come from decreased blood circulation (so good circulation can 
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help memory) and a stroke can of course hurt brain cells.

Diabetes

Diabetes can lead to alwayss being hungry, blurry vision, frequent urination, sudden 
weight loss, always being thirsty, more vaginal infections and sexual problems, and 
owies that don't heal. 
Brittle diabetics habe both hyper and hypo glycermia and they have to have their insulin 
monitored several times all through the day with more contact with doctors.

Insulin resistance glucose goes up, ketones go up, and pH goes down in the blood. The
liver can't use kreb's cycle cuz it's not taking glucose in because of insulin resistance, 
and it uses ketone bodies instead by doing glycolysis.

If we don't have insulin we get lipolysis, we degrade our fats, they go into ketoacidosis, 
we get into hyperlipedemia (in the blood) and yper glycemia we have which makes 
glycosuria, and we lose water and electrolytes because so much glucose in the pee, 
and we get dehyrdrated and impaired renal function. Diuresis osmotico is what this is 
called

Hyperglycemia, insufficient glucose an insulin doesn't inhibit glucoagon so liver releases
more glucose from the glycogen stored in the liver.
You may go into hyperventilation breathing expelling CO2 to get ketone bodies out of 
your blood and that's Kussmaul respiration. 

You muscles can fatigue and increase acidez in the blood. You start eliminating glucose 
and you start to pee too much. You will have sweet breath also because ketones are 
aromatic. You can't make a diagnosis based on that though because they could have 
alcoholic ketoacidosis giving them fruity breath too. 
The anion gap goes up in this.
In the emergency room while this is happening you will treat dehydration with 0.9 NS for
2 hours, nasal oxygen, electrolyge compensation, correct high blood glucose levels with
an insulin drip, correct acidity with 1.4 percent bicarbonate slow infusion. As you're 
kicking the patient out of the hospital, check blood gas is 7.3 pH, and quit insulin 
infusion 30 min before first insulin injection.

In diabetic nephropathy your kidney nephrons thicken and slowly become scarred over 
time. Mesangial cells are the structural support in your glomerular capillaries, it secretes
extra cellular matrix but more importantly does inflammatory response. When you have 
long term hyperglycermia you increase glucose, stimulate inflammatory response, 
prostaglandins are part of the macula densa's way of tsimulating more arteriole blood 
flow to increase GFR. So when you have those prostaglandins the macula densin 
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normally is stimulated by decrease in tubular sodium and chloride, which releases renin,
triggers the angionesins sytem to lead to vasoconstriction in the afferent arteriole. That 
also makes secretion of aldosterone. In diabetic nephropathy, glucose alone could have
increases angiotensin II, which could constrict , cause increase in GFR.
Stage II is because of mesangial expansion, proteinuria, mesangial cells contract 
making the podocytes open up and open the spaces and lots of protein goes out. Then 
as the injury of the tubules cause ischemia. Collagen and fibrin get dropped into the 
glomeruluus.
So angiotensin II makes decrease in blood supply later on in the nephron because of 
sending all the blood only to early in the neprhon for increase in GFR. So as the 
nephrons start dying, your GFR starts going down. The maount of nephrons you have 
aren't enough to take care of you and you have diabetic nephropathy.
Differente between diabetic and hypertensive nephropathy is diabetic you start with 
increase of GFR and mesangial disease, while hypertensive you don't and maybe don't 
have proteinuria. 
2/3 of diabetics have hypertension but they often don't have symptoms so you have to 
check it.
Some correlation between diabetes and alzheimer's not known but people with type II 
diabetes have higher risk, and maybe the brain isn't responding to insulin and maybe 
isn't able to use sugar. 

Patients with diabetes often don't know they're getting ulcers, and they shouldn't smoke 
because it affets small blood vessels and decreases blood flow to the feet and lows 
wound healing. That can lead to gangrene.

Also diabetics tend towards osteoporosis (with type I diabetes) 
Increasing body weight can reduce osteoporosis risk but sedentary life style isn't good 
for bones
Also have delayed gastric emptying because of damage to the vagus nerve from high 
blood glucose levels

Hearing loss is also more common in diabetes, again because of nerve and peripheral 
blood vessel damage.

Inulin measures extracellular volume
albumin measures plasma volume
60-40-20 
if clearance is less than GFR you have net reabsorption; if it is greater than GFR you 
have net secretion; if it equals GFR no secretion or absorptions, just clearance.

GFR is inulin clearance. Creatinine is kind of secreted so it kind of overestimates it. 
Reduction in GFR is stages of kidney disease. Normal GFR=100 mL/min. GFR is k 
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times hydrostatic pressure difference minus osmotic pressure difference. Osmotic 
pressure n bowman's space is normally zero.
Estimate RPF with PAH clearance (all PAH gets excreted in proximal tubule); 
RBF=RPF(1-Hct)
Using PAH underestimates by 10 percent

“To know the effects of disease is to know very little; to know the cause of the effects is 
the important thing.” John Hunter, M.D. (1728-1793)

Endocrine System

Your body's quite integrated between systems, in many ways because of your nervous 
system—but you've got a lot to unify! A kidney failure can kill you in two to three days; a 
heart attack can kill you in 5-8 minutes; and failure in one system can cause failure in 
another. Your endocrine system's part of the electrical and chemical control that 
maintains that system balance. 

We'll be starting with a general overview of how the system works, a discussion of 
hormones—their creation, rhythms, transport, clearance, etc—then receptors, and then 
specific glands. 

The key to endocrine's receptors, receptors, receptors. Different cells have different 
combinations of thousands of receptors, and the more of one kind of receptor a cell's 
got, the more that kind of hormone will affect it.

Inspiration break!

“The science of life is a superb and dazzlingly lighted hall which may be reached only by
passing through a long and ghastly kitchen.” The father of physiology, Claude Bernard 
(1813-1878) So...the “ghastly kitchen”'s prolly talking about vivisection, actually, and 
other nasty experimental techniques they had to use back then because science hadn't 
advanced to the point where they knew how to use anything else to find out how the 
body worked. But the point remains the same. You've come a long way; by now you've 
probably finished the first semester. So let's get to that lighted hall together.

Basic definitions of the endocrine system

When we think endocrine, we think hormones and glands, but actually, not all the acting
substances we use fit the old definition of hormones according to the research. We said 
earlier that exocrine glands usually have a duct towards their target, while endocrine 
glands do not (histology pg. FIXAL). Here, we'll make a further distinction and say that 
exocrine glands usually spit things to areas facing outside the body (the way sweat 
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glands, pancreatic excretions, etc face) while endocrine glands spit things into the 
blood stream to the most inner areas of the body. That just makes sense from the 
names: crin-ing or secreting inside, endo, and secreting outside, exo. Pheromones are 
good examples of non-hormone substances that play a big part in the endocrine 
system: they're usually secreted by exocrine ducts, but they result in endocrine 
responses. Not all hormones come from glands, either, and it's also not always possible 
to draw the line between endocrine and nerve communication, because as we said 
before receptors drive the specificity of communication between cells. 

Funny story about that, chemicals and nerves. Otto Loewi, the German doctor we often 
call the father of neuroscience, believed that communication between nerves was 
chemical, not electrical. He believed this so much that one Easter Saturday night he 
dreamt an experiment that would prove his point. He woke up, scribbled it on some 
napkin or scrap paper lying by his bed, and then went back to sleep. But the next 
morning he couldn't read his notes! 

Fortunately, Otto had the same dream again the next night, and this time, he went 
straight to the lab and performed it. After electrically stimulating a heart in liquid, he took
that same liquid and bathed a non-active heart with it, and of course the 
neurotransmitters in the liquid triggered the non-active heart to contract. He called the 
stimulating goop vagusstoff—literally vagus-stuff. We know now, of course, that we've 
got both chemical and electrical synapses, but Otto's point remains: chemicals!

The other kinds of chemical cell to cell signaling—autocrine, paracrine, etc—are 
detailed in histology page FIXAL, if you need a quick review. We've also got juxtacrine, 
where a carbohydrate or something sticking out on one cell triggers a receptor on 
another cell without traveling any distance, and intracrine, where something inside the 
cell hits another receptor in another part of the same cell and triggers a response. Don't 
forget immune-system signaling, either.

Kinds of hormones

Remember peptide and steroid hormones from biochemistry pg. FIXAL and histology 
pg. FIXAL. Cells in your pancreas, pituitary, etc make peptide hormones like insulin from
genes through normal protein synthesis, while steroid hormones come from enzymatic 
modifications of cholesterol. Peptide hormones trigger second-messenger systems from
outside the cell, while steroid hormones go into the nucleus to work.

We've also got amine hormones. They're modifications of tyrosine. Like steroid 
hormones, you modify them with enzymes. If you put a hydroxyl group on the benzene 
ring's ortho position, you can make catecholamines, which like peptides are water-
soluble (so must act outside the cell or need help getting in). If you put iodine on the 
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benzene ring you've got thyroid hormones, which like steroid hormones can pass 
through the cell membrane because they're lipid-soluble.

We classify hormones into trophic and non-trophic kinds. Trophic, says Dr. Isidro, 
means that the hormone acts on a gland to make a response, so like the hypothalamic 
hormones that act on the pituitary and thyroid. Non-trophic means the hormone acts 
directly on a set of functional cells, not on a gland, the way insulin acts straight on your 
fat and other cells to get them to absorb glucose.

We also classify hormones by how you secrete them. Do you just spit them out all the 
time, continuously, (that's the secretory pathway) or do you store them in secretory 
vesicles and regulate how often they come out (regulated pathway)? Most hormones 
follow the regulated pathway, but even so storage is minimal in most endocrine cells. 
That's because these are such active chemicals that the cell doesn't want to have them 
around in itself (possibly acting on itself!) for a long time. Steroid hormones are also just
too polar to keep in lipid-bound vacuoles, since they can dissolve through the 
membranes. Thyroid's the exception: it stores all it's hormones in big, fat, colloids for up 
to two weeks. You can also store Vitamin D in hepatic lipids.

Making hormones

You start the process by telling the cell to make hormones. You can tell the cell with 
electrical signals, other hormones, or with humoral signals, which means you trigger 
production with a chemical that's not a hormone—so like glucose triggering insulin 
secretion, for example.

For peptide hormones, once the cell gets the right signal, you pretty much run through 
the same protein synthesis we talked about in Biochemistry pg. FIXAL. Remember 
some proteins will go through more steps, from pre-hormones (or pre-proteins, tagged 
with their signaling sequence), pre-prohormones (signaling sequence and cleavage 
sites), and prohormones (still not totally cleaved, but without signaling sequence), to 
hormones.

For amine hormones, the base tyrosine molecule you need comes 100 percent from the
bloodstream. The synthesis sites don't make tyrosine, in other words: they take it up 
from the blood and modify it. Steroid hormones are kind of the opposite, because 
steroid cells can straight up make the base molecule, cholesterol, from acetate and then
modify it as needed to make the particular hormone.

Your hormones then escape their maker cells through exocytosis (like the pituitary's 
prolactin and growth hormone, or your pancreas's insulin and glucagon) or passive 
diffusion. When you think of exocytosis, don't think of storage as much as you think of 
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firing and fast-reloading a rifle. The cell gets a stimulus that triggers cAMP and raises 
intracellular Ca, and that makes vesicles get to the membrane like the bullet into the 
chamber. The vesicles fuse to the membrane, like the bullet traveling down the rifle's 
barrel, and stuff fires out through small pores or gap junctions as the vesicle insides 
open up to the cell's outside. Then you're reaching for your ammo pack—re-charging 
your storage granules—to do it again. 

You may also change the hormone from insoluble to soluble before you release it so it 
can diffuse (like the thyroid does, cutting thyroglobulin down to thyroid hormones, which 
lets it store them for so long). Then, as they travel to the target organ or cell, steroid and
thyroid hormones need transport proteins to help them, while catecholamines, peptides,
and proteins just circulate by themselves.

Now that you're secreting the hormone, the secretory cell has to pay attention to 
whether you need to keep making it, or stop. You probably already understand 
negative feedback—where once you've reached your chemical goal, a chemical 
product will come back around and turn off the cell. The more hormone you make, the 
more its products or presence make you want to stop. The pituitary hormone, for 
example, responds to high levels of T4 to turn off and stop secreting; similarly, the 
hypothalamus responds to high levels of T4 and stops secreting TSH, which then isn't 
available to stimulate the pituitary anymore. A little weirder is positive feedback, where 
the high levels of hormone will make you want to make even more of that hormone, kind
of like a bandwagon effect. “Hey, everyone else is doing it, so...” Bone formation, 
ovulation, and oxytocin in birth contractions work through positive feedback: as the 
amount of the hormone goes up, you release even more hormone (so more and 
stronger contractions after each contraction) until some very high threshold result (like 
the baby getting out of you) finally turns everything off.

You've also got more complicated regulation models. A feed-forward system has to do 
with your body's speed of response (instead of turning it off and on, like positive or 
negative feedback). The first time you've got to go from A to E, you may do it slowly, by 
going through B, C, and D. Over time, as you get better at it, and you do it over and 
over again, your body can go straight from A to E: it's got faster response. This is kind of
like the neural response you get to video games, where over time you get faster and 
faster because your brain's so used to using the same loops that it skips pieces. 
Hormonally, this may play a role in the worsening of pathologies like depression: as 
your body becomes more and more accustomed to the same bad cycle of hormones, it 
responds and uses them even faster and more effectively. You go from A to E in 
depression faster over time because the body gets used to following the same bad loop.

A Push/Pull system's like what you've got going with calcitonin and PTH, where one 
hormone's action fights the other: calcitonin tries to drive calcium blood levels down, 
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while PTH tries to drive them up.

Finally, of course you can always try to turn off your hormones just by shutting off the 
stimulus that started them. That's like when you're on a bike and you just stop pedaling, 
instead of putting on the breaks; you'll stop slowly, but you'll stop eventually. A lot of 
times, the hormone starts because of action from the pituitary—that's like your King 
gland!--which starts because of action from the hypothalamus, which starts because of 
neural stimulus. When the neural stimulus turns off, you can turn off the whole system.

You release some hormones PRN (“as needed”...), but many hormones come out in 
natural rhythms. 

• Circadian rhythm: Response follows a daily pattern. 
◦ You release the most growth hormone while you're sleeping. 
◦ You've also got more cortisol (stress hormone) circulating right before you 

wake up, and the least around 3 in the afternoon. That's why you get drowsy 
in the afternoon, and if you're getting enough sleep, why you're slightly 
“peppier” just as you get up. Even if you're not actually peppy in the morning, 
at the very least there's the feeling that yesterday's washed away, and that as 
you first open your eyes (before it hits you that it's Monday), you're fresh. That
fresh feeling is partly your little drug shot of cortisol in the morning. Sleep is 
an important drugstore.

• Ultradian secretion: Response is minutes to hours. Like your renal medulla, and 
your adrenaline response.

• Infradian secretion:  Over months to years. As you might know from experience, 
you also have growth hormones and sexual development hormones that trigger 
over certain periods in your life.

Unfortunately, science can't replicate these perfect little rhythmic, pulsatile releases 
right now. Timing is everything. Because we can't replicate timing—and because we 
have to fight the first-pass filtration effect from the liver—we usually end up giving 
pharmacological levels that are way higher than physiological levels. That's why, for 
example, the secondary effects of cortisol (immunosuppression) treatment can produce 
Cushing's-disease-like side effects in your patient, when normally cortisol doesn't do 
that. In other words, it's not always the drug substance itself that's the side-effect-
inducing problem, but the clumsy amounts we have to give to replicate the desired 
effect.

Another great example of the importance of pulsatile release: LHRH and luteinizing 
hormone. In your body, pulsatile release of LHRH from the hypothalamus triggers your 
pituitary gland to make LH. But if you give a constant IV infusion of LHRH, the 
mammalian response is to decrease LH in serum because of an early negative 
feedback!
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We also need very low physiological levels of hormone because of cell amplification: 
as we saw in biochemistry pg. FIXAL, one inducer can cause extremely big effects, 
especially when the cells have lots of receptors for that hormone—and your cells have 
tons of receptors for the hormones you're waiting for. But amplification isn't as important
as pulsatile release.

Finally, when you're done using the hormones, you have to get rid of them. Protein-
bound hormones clear more slowly than free, active hormones. You clear the biggest 
fraction of hormones by cleaving and breaking them down in your kidneys and 
liver, and only excrete a little bit in your urine and bile.

A bit of real life endocrine:
• In Alexander the Great's time, they transported huge military forces of 10,000 

people or more across large desert areas, and to save food and water, the 
soldiers would chew licorice plant. The plant mimicked a hormone that caused 
them to drink nearly half as much water—and imagine what “half as much” 
means for an army of ten thousand! 

• The ancient Chinese studied endocrine for diabetes, noticing that when diabetic 
folks urinated, ants would gather for the sugary urine in much greater numbers 
than they'd come for ordinary people.

Hormone-receptor action

Every cell's got anywhere from 2,000 to 100,000 receptors. An ACh cell, for example, 
won't have only ACh receptors: it'll have a whole other bunch of receptors, too, for its 
own growth, for sensing the cells around it, etc etc. You've got three areas in the cell 
that act as receptors—membrane receptors, receptors in the nucleus, and cytoplasm 
receptors—and you've got two kinds of regulatory action for most receptors. One, you 
can stick a chemical to the receptor that turns on hormone production or whatever that 
cell's function is (up-regulation), or two, you can stick a chemical to the receptor that 
turns off that cell's function (down-regulation). It's not so much an on-off light switch as
it is a dimmer, though; things with shapes more similar to the hormone for which the 
receptor's made will cause a bigger response, while things with shapes less similar will 
cause a weaker, “dimmer” response.

Review Biochem pg. FIXAL for the hormone-receptor actions for hormones that bind to 
receptors in the nucleus or cytoplasm. Some of these hormones have more than one 
receptor, but usually one receptor matches one hormone. Intracellular receptors in the 
nucleus or cytoplasm need a DNA-binding domain, a hormone-binding domain, and an 
T-terminal immuno-domain.
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Membrane-bound receptors are a bit more complicated. These are the signal 
transduction receptors from pg. FIXAL of Biochem. From there, you should remember 
the cAMP-triggering system, with all its phosphorylations. Here's a quick review of that 
system's receptors:

• seven transmembrane domain receptor—
◦ Function: triggers g-coupled protein receptor
◦ Eg: epinephrine receptor on Biochem pg. FIXAL and other adrenergic 

receptors, as well as related receptors like dopamine, serotonin, and 
vasopressin; also, glucagon receptors (note this is different from insulin's 
receptor!), and prostaglandin, parathyroid hormone, LH, FSH, angiotensin II, 
and TSH receptors

• G protein receptor—
◦ Function: gets triggered by transmembrane domain receptor, alpha subunit 

moves to phosphorylate a neighboring molecule to start cAMP or other 
second messenger cascade 

◦ Eg: Gs starts adenyl cyclase going (cAMP cascade), think G-stimulatory; Gi 
prevents adenyl cyclase cascade, think G-inhibitory; Gq activates 
phospholipase C (another second messenger system), think G queer as in 
different, or as in q looks like the p in phospholipase C

◦ Each G-couple protein receptor has one of 15 different alpha subunits to use, 
but most of their beta and gamma pieces are similar

Another popular signal transduction system is the tyrosine kinase cascade. Again, you 
can review Biochem pg. FIXAL for details. Here, I'll review details of the receptor only:

• Function: Binds hormone extracellularly, and then intracellularly starts 
phosphorylation cascade by phosphorylating itself. Like the seven 
transmembrane domain receptor plus the G-coupled protein put together.

• Eg: Insulin receptors, the receptor for insulin-like growth factor 1, and other 
growth factors like epidermal growth factor, fibroblast growth factor, and platelet-
derived growth factors

• Parts: Two long pieces spanning the membrane like poles stuck through it, tied 
together by disulfide bonds. Each pole has an alpha subunit outside to catch the 
hormone, and a beta subunit through the membrane and inside the cell. So each 
receptor has two alpha subunits, and two beta subunits. The beta subunits 
phosphorylate each-other to get the cascade going.

Some cytokine receptors need help starting the phosphorylation cascade, but don't use 
G-coupled receptors. They use the Jak-Stat pathway, which happens like so:

• In the picture, these cytokine receptors look like little two beans in the cell 
membrane that flip towards each other when the ligand binds.

• Inside the cell, Jak can now bind to the newly “flipped and tightened” receptor-
beans. 

• One Jak binds to each bean and basically acts like the beta-subunit of a tyrosine 
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kinase receptor: the two receptor-bound Jaks phosphorylate each other and start
a cascade, activating STATs (signal transducers and activators of transcription)

• The STATs, true to their name, transduce signals and activate transcription. = P
• Eg: Growth hormone and prolactin

Perhaps the most “independent” receptor is the guanylyl cyclase receptor. It skips all 
the middle-men and straight up makes its own second messenger, like so:

• Two long sky-scraper-y poles, like the tyrosine-kinase receptor poles, stick out of 
the membrane waiting for a hormone

• Hormone binds
• The two poles move closer together
• A domain inside the cell, under the membrane, looks like the beta subunit of the 

tyrosine kinase receptor. That means it's kinase homologous. It transmits the 
signal mechanically to the next region.

• There's a hinge region under the kinase homology domain.
• A guanylyl cyclase domain under the hinge region turns GTP into cGMP.
• CGMP acts as a second messenger.
• Eg: Atrial Naturetic Peptide (ANP) uses this receptor

General Endocrine Disease 
You can cause disorders of hormones when malignant tissue (which normally shouldn't 
make that hormone) makes too much of it, when you've got simple genetic or otherwise 
inherent overproduction by a gland, you've got too much precursor to the hormone 
circulating so when your hormones turn on you've got too much response, or, most 
commonly, through iatrogenic causes—when you give a patient greater-than-
physiological levels of a hormone and it solves one problem to cause another. 
Remember, usually you have small amounts—one hormone molecule for every 50 
billion water molecules—so that can cause disastrous symptoms. You can also have 
disorders of hormone deficiency because you just don't produce enough, or your body 
makes weird hormone that doesn't bind or binds something it shouldn't, and of course 
there's hormone resistance, where your receptors just don't respond. Keeping these 
categories in mind should help you organize the diseases we learn.

We identify these diseases with various assays. It's pretty hard to measure hormone 
levels in blood, because they're made in such tiny tiny quantities, so researchers a long 
long time ago in a galaxy not so far away decided to try in vivo bio assays, which 
means they took fluid from the patient and applied it to an animal to see what happens. 
There used to be a rabbit test for pregnancy, according to Dr. Isidro, where you'd take a 
pregnant woman's urine and it would make a rabbit ovulate because of the HCG in it. 
Along the same vein, you can take a patient's fluid and apply it to a cell culture in a petri 
dish (in vitro bio assay). 
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Competitive binding assays are a kind of more modern approach. In a radio-immune-
assay you take a plate of antibodies to the hormone you're measuring, and then you 
pour two mixtures onto it. One mixture is the sample from your patient, and the other is 
the hormone, but radioactively labelled. Then you measure the radiation given off by the
plate. If radiation is high, that means the labelled hormone is binding a lot, competing 
with your patient's hormone, and your patient has lower levels of hormone than the 
radioactive sauce. If radiation is low, that means your patient has HIGH hormone levels,
because your patient's hormone is binding, and your patient's hormone is the unlit 
hormone. Does that make sense? 

An enzyme-linked immuno assay (ELISA) runs on a similar principle, except that you 
put the hormone on the plate, and when the antibody binds to it it'll produce a color 
change because it's got an enzyme linked to it. You can also get enzymes that'll light up 
if the antibody binds the hormone—that's called a flourometric enzyme immuno 
assay. Finally, you can run the same radio assay, but instead of using antibodies for the
hormone to bind to, you use receptors. For androgenic steroids in athletes they use 
HPLC, high performance liquid chromatography, where the substances will separate out
in a certain pattern along a tube, sticking to substrates along the tube so you've kind of 
“sorted” the components of your target chemical so you can easily identify it. Gas 
chromatography runs under a similar principle, only instead of using liquid to push the 
substances along and separate them, you use gas.

Okay! Let's go gland by gland!

Pituitary Gland 

The Master gland—but it's about the size of an M&M candy! It's also called the 
hypophysis. Originally, Galen (200 B.C.) and Vesalius (16th Century) thought its job was 
to get nose mucous out of your brain! But later in the 19th century (which is like 
yesterday in human history lol) Pierre Marie guessed that the pituitary gland had a role 
in acromegaly, and finally in 1912 Cushing found that the pituitary controlled growth.

As you know from histology pg. FIXAL, the pituitary's got two parts, a posterior neural 
lobe and an anterior lobe which developed from Rathke's pouch inside your mouth. I've 
got it listed on histology, pg. FIXAL, which lobe makes which hormones. The posterior 
pituitary doesn't make any—both oxytocin and antidiuretic hormone come from the 
hypothalamus and then get stored and secreted in the posterior pituitary—while the 
anterior makes a whole bunch. The posterior lobe connects directly to the 
hypothalamus via modified, specialized nerves. These magnocellular neurons secrete 
stimulating hormones through their axons that make the pituitary act: they send ADH 
from the supraoptic nucleus, and oxytocin from the paraventricular nucleus. As a 
result of this, if you were to cut out your pituitary (hypophysectomy) you'd still be able to 
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produce ADH and Oxytocin.

Between the two main lobes, there's an intermediate lobe, which is pretty small in 
humans (it can be pretty big in animals) and makes MSH and feral hormones and 
internal opiates. Those internal opiates come out when you're training a lot, and they're 
responsible for things like “runner's high” that makes you an exercise “addict.” All lobes 
use blood from the hypophyseal portal system for more communication between them 
and the hypothalamus. Conveniently, the flow of blood's generally from above to below, 
from arteries up closer to the hypothalamus down, so blood goes first to the 
hypothalamus through the superior hypophyseal artery, and then can carry signals 
down to the anterior pituitary through the portal system. This is also nice because 
hormones coming from your circulation kind of come by the hypothalamus before 
getting a chance to act on your pituitary, so you can modify and control them. The 
inferior hypophyseal artery usually feeds the posterior pituitary. 

So you've figured out by now that the connection between the hypothalamus and 
pituitary makes the pituitary work. If you sever that connection, the anterior pituitary right
away won't work, except for prolactin production, because as a rule the pituitary doesn't 
store the hormones it makes, and it makes them in response to hypothalamic signals. 
The posterior pituitary's function isn't totally lost, because the posterior pituitary doesn't 
actually make its own hormones: they're made up in the neurosecretory cells of the 
hypothalamus, and the pp only secretes them. Function will be impaired, because the 
pituitary won't store the hormones in the right levels, but the hypothalamus can leak 
them still as it makes them, even though the ones stored in the posterior pituitary are 
now stuck sitting there waiting for orders that never come. 

How does the posterior pituitary store hormones? It's got little Herring bodies, storage 
vesicles. Each one only stores one kind of hormone. They can store ATP or 
neurophysin. The actual hormones that the pp liberates come from the supraoptic 
nucleus and the other nucleus which make vasopressin and oxytocin, respectively.

To control your pituitary gland, the hypothalamus has to release a whole bunch of 
hormones, like:

• Corticotropin releasing hormone (CRH): Makes the anterior pituitary make 
and release ACTH (adrenocorticotropic hormone), which makes the adrenal 
glands make cortisol. From the parvocellular neurosecretory neurons.

• Prolactin release inhibitory factor (PIF) aka Dopamine: Stops your anterior 
pituitary from making or releasing prolactin. Comes from the dopamine neurons 
of the arcuate nucleus.

• Growth hormone inhibiting hormone (GHIH, somatostatin): Stops your 
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anterior pituitary from making or releasing growth hormone.22 Also inhibits 
thyroid-stimulating hormone from the anterior pituitary. It's a tetradecapeptide. 
Comes from the periventricular nucleus.

• Growth hormone releasing hormone (GHRH): Tells the anterior pituitary to 
make and secrete growth hormone. Pulsatile release. Active site at N-terminal. 
Made by the neuroendocrine neurons of the arcuate nucleus.

• Gonadotropin releasing hormone (GnRH): Tells the anterior pituitary to make 
and secrete luteinizing hormone (LH) and follicle-stimulating hormone (FSH). 
Released hourly (pulsatile, ultradian rhythm). Decapeptide. Released by the 
neuroendocrine cells of the preoptic area.

• Thyrotropin releasing hormone (TRH): Tells anterior pituitary to synthesize 
and ship TSH. Can also tell anterior pituitary to release prolactin. Possible 
neurotransmitter. Tripeptide (so small!). Made by parvocellular neurosecretory 
neurons.

You may notice you've got two hormones mentioned that control growth hormone from 
the anterior pituitary. Since all cells in your body have growth hormone receptors, that 
one needs particular control. In any cell, growth hormone will:

• Make more proteins by getting more amino acids transported into the cell, getting
more RNA translated, and getting more DNA transcribed

• Prevent the cell from breaking down proteins and amino acids
• Make your body use more fat (breaks fats into ketones! These can have harmful 

tissue effects because they help your body generate lots of free radicals, but 
they're generally your good back-up fuel; but if you've got too much growth 
hormone you'll be ketone-ing all over the place)

• Keep you from using carbs (so you're switching from carbs to fats to grow—less 
short-term energy, more long-term energy)

In specialized parts of your body, growth hormone will:
• Tell your cartilage and bone to grow
• Tell your liver and other tissues to make insulin-like growth factors (little proteins 

we used to call somatomedins)
That last bit's important. GH uses insulin-like growth factors (IGFs) as helpers: we find 
IGF-1 (somatomedin C) in adults, and IGF-II in unborn children. The Pygmy people 
group in Africa actually have high levels of growth hormone, even above “normal,” but 
their IGF-1 levels are extremely low, and that's why they're so much smaller than 
average. Their growth hormone's elevated because the body thinks growth hormone 
isn't doing its job, so it secretes more, when actually the issue isn't growth hormone at 
all. GH needs other helpers in addition to IGFs: you can't make IGF-1 without insulin, 
and you won't secrete IGFs without carbs (in starvation). 

22 Also made in the pancreas: stops glucagon and insulin secretion there.
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Normally your GH is released in pulses, usually during the first two hours of your 
deepest sleep, all throughout your life, in a process stimulated by stress, trauma, low 
blood sugar, exercise, and protein deficiency. These should make sense: when you're in
trouble, you want to be “bigger” to face the problem, when you're lacking proteins, you 
want to make more proteins, and when you're low on carbs you want to tell your greedy 
cells to stop up-taking and using so many. Really, it's kind of like GH is a metabolic 
hormone more than a “growth” hormone per se.

What about abnormally?

A pituitary giant is proportional and, well, giant. There's an adenoma making an excess
growth hormone, and IGF is working. The person's proportional because the growth 
happens before the growth plates of the bones close, so the person can grow in both 
length and width. At around 25 years of age the growth plates close, and you can only 
grow in width. Someone with acromegaly has her pituitary adenoma later, and so her 
bones only thicken, giving her a very characteristic “heavy” face (google acromegaly 
and a bunch of pretty standard pictures come up). This bone growth can crush blood 
vessels and pinch nerves, causing circulatory problems not just in the face but in other 
parts of the body. The high GH levels can also cause hypogonadism because of 
negative feedback from GnSH: with the high GH levels, the hypothalamus starts telling 
the anterior pituitary to cool it please, and then the anterior pituitary will “obey” by not 
making its sex hormones. This same negative feedback can cause diabetes—the body 
stops making insulin, growth hormone's helper, because it's trying everything it can to 
shut off growth hormone. Well, no insulin, means no up-taking glucose, and that's 
diabetes.

So you have to try to take out that adenoma by doing like the Egyptians did on their 
mummies and going through the nose. Harvey Cushing figured this out and was very 
careful not to damage the surrounding tissue.

Levi-Lorrain Dwarves have a deficiency in growth hormone. These are folks like 
General Tom Thumb, who are very, very short but totally proportional. Laron Dwarves 
have normal GH, but a defect in growth hormone receptors and a decrease in all IGF 
levels. There's a group of Ecuadorian Native Americans that all have this condition, 
along with a full immunity to cancer. That's right—no cancer. Oxford and Harvard 
researchers, says Dr. Isidro, found that IGFs are highly mutagenic, even in normal 
quantities. If we didn't have them, we would be very small, but also not have cancer. I 
think I would rather be short and not have cancer, but perhaps if I lived a thousand 
years ago and had to fight wild animals for my food I might feel differently. 

Just to round out this size discussion, the most common dwarfism is achondroplasia, 
which doesn't have anything to do with anything endocrine, and which you can read 
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about on page FIXAL. There are also primordial dwarves, who have mutations in the 
pericentrin gene (PCNT). This causes an error in the process of mitosis, and these 
adults are totally normal mentally—brilliant, you could say—but they look like children 
and have high-pitched voices. Let me just point out that it's important, again, to 
appreciate people as people, not as genetic or endocrine conditions, and that unless 
something interferes directly with a person's standard of living it's a difference, not a 
disease.

Prolactin bla bla bla bla bla

Casein is secreted by mammary glands because of the action of prolactin.
Out of all the pathologies of the pituitary, prolactinomas are the most common, at 20 to 
30 percent. The most frequent lesion in the human being prolactinoma, and in the 
second place the most frequent lesion of hyperfunction is growth hormone. In the 
general population, a large part of the population has high levels of prolactin, without 
adenomas. That can be because stress and hyperstimulation of the breasts. An 
adenoma needs to be taken out. Symptom of high prolactin usually comes with 
headache both in man and woman. If you give dopamine, the headache can leave (?) 
High prolactin levels suppress LH and FSH, and that suppresses the secretion of 
testosterone in gonads and makes irregular menses in women.

So those are all your anterior pituitary hormones.

In the posterior pituitary, we need to talk about ADH. This makes the collecting ducts 
and tubules of your kidney permeable to water so you can reabsorb it and concentrate 
your urine (Physiology pg. FIXAL). When it hits osmoreceptors on cells, it starts a 
cAMP and phosphorylation cascade that gets vesicles to put more aquaporins on the 
cells, so they can take in more water. It takes about five to ten minutes. This is also 
called vasopressin, and it's made by the magnocelular neurosecretory neurons of the 
hypothalamus.

The posterior pituitary also releases oxytocin, which is made in the magnocellular 
neurosecretory cells of the hypothalamus (from the paraventricular nucleus, remember).
It stimulates contractions in the uterus, gives you the “bonding” feeling during lactation 
and right after orgasm, and makes milk move from the alveoli into the ducts of the 
breasts. When the baby sucks, or a woman thinks a lot about feeding her baby, the 
hypothalamus will tell the posterior pituitary to make oxytocin and the myoepithelial cells
will contract to make milk flow less than a minute after the suckling starts.

In the breasts, it's progesterone, estrogen, prolactin, adrenal steroids, and growth 
hormones that makes the lobuloalveolar system develop, prolactin, thyroid hormones, 
glucocorticoids, growth hormones, and insulin that make you start making milk once 
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estrogen and progesterone go away (lactogenesis), and suckling and prolactin that 
keep you lactating (galactopoiesis).

Melanocyte stimulating hormone's made in the intermediate lobe of the pituitary, 
which also secretes endorphins. This hormone's got the same precursor as ACTH: pro-
opiomelanocortin gets cut to make corticotropin, which is ACTH and can be cut to make 
alpha MSH, and beta lipotropin, which cuts into gama lipotropin, beta MSH, and beta 
endorphin. So every time you make melanocyte-stimulating hormone you also have 
other things. You get hyperpigmentation of pregnancy and it has the same precursor as 
ACTH. ()

Adrenal Glands

A ton of stuff about this gland was already addressed in Histology pg. FIXAL, so go 
there and read that first.

Done? Okay. You might also want to check Anatomy pg. FIXAL. It's super-hard to see 
the adrenal glands in real life because they're like all smothered in fat! Dr. Isidro, a 
pathologist, says sometimes people send him a biopsy three times and the first two are 
just fat.

So all the hormones secreted from the adrenal glands come from cholesterol. The 
mineralocorticoids secreted by the zona glomerulosa are cholesterols that have a 
double-bonded oxygen at the 18th carbon. The glucocorticoids secreted by the zona 
fasciculata are cholesterol with a ketone on carbon 3 and hydroxyl groups at carbons 11
and 21. When I think ketones, I think sweet things, and similarly I think of glucose, so 
that helps me remember that glucocorticoids have an extra ketone and multiple hydroxyl
groups, which are just an oxidation reaction away from being ketones. (That may not 
work for you, but it helps me) The androgens made by the zona reticularis are 
cholesterols with a double-bonded oxygen at C-17, and they don't have the side-chain 
up top by C20. This is kind of a crude way to remember that, but I think of how 
androgens determine whether or not you have something sticking out, and similarly 
androgenic hormones don't have something sticking out up there.

Each layer of the cortex makes these different hormones because it's got different 
enzymes sitting in it. Your adrenocorticol cells can make a tiny bit of cholesterol 
themselves, but usually these cortex hormones just edit the cholesterol that comes to 
them from the bloodstream, all bound to low-density lipoproteins. These lipoproteins 
stick to receptors on adrenocorticol cells, which then endocytose the cholesterol into the
cell, esterize it with acetyl CoA in lysosomes, and then store it until they need to make 
steroids with it. ACTH will come along and tell them to make that change. In response 
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to CRH (corticotropin releasing hormone), cortisol concentration changes, stress, and 
your sleep or wake cycle, ACTH comes and triggers a cAMP second-messenger system
and a protein kinase that gets things going.

In the mitochondria, to turn that cholesterol into hormones, first you need cholesterol 
desmolase to turn cholesterol into pregnenolone. After that, the enzymes you have 
present in each type of adrenal cell determine what you make.

• The drug ketoconazole inhibits cholesterol desmolase.
• Cholesterol desmolase works with a heme group (iron!)23

If you want to make glucocorticoids:
• Turn pregnenolone to 17-hydroxypregnenolone using 17alpha-hydroxylase
• Turn that into 17-hydroxyprogesterone using 3beta-hydroxysteroid 

dehydrogenase (Everything from 17-hydroxyprogesterone on happens in ER)
• Turn that into 11-deoxycortisol with 21beta-hydroxylase
• In the mitochondria again, turn that into a final hormone, cortisol, using 11beta-

hydroxylase
• If you block the first step, to make cortisol, you can just make corticosterone 

instead:
◦ Basically skip the first step and just use the 3beta-hydroxysteroid to turn 

pregnenolone into progesterone instead 
◦ Use 21beta-hydroxylase on progesterone instead of on 17-

hydroxyprogesterone, and you get 11-deoxycorticosterone
◦ Use 11beta-hydroxylase on that to make corticosterone

• If you block the second step (3beta-hydroxysteroid dehydrogenase) or the last 
step (21beta-hydroxylase and 11beta-hydroxylase) you can't make corticosterone
or cortisol and you will die

• Metyrapone inhibits 11beta-hydroxylase.

If you want to make mineralocorticoids:
• Think aldosterone
• Make corticosterone
• Add aldosterone synthase 
• Aldosterone synthase is turned on by angiotensin II
• Congratulations, you made aldosterone
• This zone (zona glomerulosa, the outermost zone) can't make cortisol because it 

doesn't have 17alpha-hydroxylase
• 11-deoxycorticosterone and corticosterone can kind of act like aldosterone, so if 

you block this pathway before 11-deoxycorticosterone, you might be okay
• If you block 21beta-hydroxylase you will make no mineralocorticoids because 

23 http://www.uniprot.org/uniprot/P05108 P05108 (CP11A_HUMAN) Reviewed, UniProtKB/Swiss-Prot
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you will not make 11-deoxycorticosterone

If you want to make adrenal androgens:
• When you make 17-hydroxypregnenolone and 17-hydroxyprogesterone, convert 

them to androgens by taking off their side-chains
• If you use 17-hydroxypregnenolone, and apply some 17,20 lyase, you'll make 

DHEA, or dehydroepiandrosterone
• If you use 17-hydroxyprogesterone as your primary compound, and apply 17,20 

lyase as your enzyme, you'll make androstenedione
• You can convert DHEA to androstenedione using 3beta-hydroxysteroid 

dehydrogenase
• Dudes don't need these hormones made by the suprarenal glands so much 

because their testicles make plenty
• Girls need the adrenal cortex to make their androgen hormones though! (Girls 

don't have testicles, you see)
• Your adrenal androgens aren't like testosterone and stuff because your adrenal 

androgens have a ketone group on C17. You can measure them in your pee.

Now that you've made these substances, what will you do with them? 

Well, with glucocorticoids (cortisol, cortisone, prednisone, dexamethasone) you can:
• Tell your body to make glucose and store glycogen
• Tell your muscles to break down protein so the liver can use the amino acids to 

make glucose 
• Break down your fat, which gives your liver more glycerol so it can make glucose

◦ Cortisol is linked to obesity, though, because it also makes you mobilize and 
re-organize your fatty acids—think about it as normally it's your starvation 
hormone to put lots of sugar in your blood, but if you're not starving, you don't 
need so much glucose and so much fatty acids everywhere and you end up 
storing more fat. This is how in wealthier areas stress can directly cause 
obesity. 

• Tell your tissues to stop using so much glucose so you can have more glucose 
• (Are you seeing a pattern yet?)
• Make your fat cells less sensitive to insulin so they will take in less glucose so 

you can have more glucose 
• All this glucose-ing helps you survive while you're fasting! So if you don't have 

enough cortisol you'll have low blood sugar, while if you have too much (like in 
Cushing's disease) you'll have high blood sugar.

• Increase your awake time (think of this as your stress hormone)--so you've got 
the biggest cortisol burst right before you awake naturally around 8 AM, and it's 
supposed to keep you going through the stressful morning, and the lowest 
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between midnight and 8 AM. Some people believe we were meant to sleep just 
four hours, then wake up and do something like have sex or something, and then
sleep another four hours, and it's true that there is a small cortisol spike around 4 
AM that could kind of waken you a little bit. However, it's not nearly as big as the 
spikes in the morning or even as big as the much lower spikes in the afternoon.

• Decrease REM sleep (again, stress hormone) but increase slow-wave sleep
• Increase GFR (vasodilate afferent arterioles and up RBF)--think more stress, I 

need better filtration
• Inhibits ADH (anti-diuretic hormone)--think of stress making you need to get rid of

water by going to the bathroom—and ADH modifies your response to cortisol. 
Under stress, more ADH is secreted along with more cortisol, as a balance.

• Prevent bone formation—think I'm stressed, and don't need to be building bones 
while I'm fasting or whatever. This is important because it means you can build 
more bone while you're sleeping, while cortisol isn't as active.

• Helps your blood vessels respond better to catecholamines, which constrict your 
vessels—so it improves your fight or flight response on the cardiovascular level, 
if your body chooses to send out some crazy alpha-adrenergic action. So with 
low cortisol, you have low blood pressure. Think high blood pressure, high stress,
high cortisol. Remember, this is not cortisol itself action as a vasoconstrictor (it 
vasodilated afferent arterioles in your kidney!) but making you more sensitive to 
vasoconstriction signals.

• Respond to hemorrhage—CRH in the CNS notices stress and tells reticular 
activating system to tell pituitary to make ACTH, ACTH tells you to cortisol it up in
here. So if you're bleeding out, cortisol will make you more sensitive to 
vasoconstriction (as said above) and try to raise your blood pressure back up 
again. Since ADH is secreted at the same time as cortisol, under stress, ADH can
lower your glomerular filtration rate and try to keep you from losing water from 
your kidneys. So under hemorrhage, ADH and cortisol kind of work together, 
because even though cortisol tries to increase your glomerular filtration rate (in 
case the stress is caused by something that needs to be cleaned out), in the 
case of hemorrhage they both try to maintain blood volume. Same goal, they just 
do it really different ways and under normal circumstances that puts them at 
odds. It's like Shawn Spencer and Carlton Lassiter in Psych.

• Anti-inflammatory and suppresses your immune response
◦ Help T-cells lyse (selectively) and blocks several cytokines and macrophage 

factors like IL-1, IL-6, and TNF

Let's talk about that anti-inflammatory purpose for a bit. Cortisol's direct action is anti-
inflammatory, but cortisol also triggers a signaling chemical that makes your medulla 
ossea make more neutrophils and send them to the periphery. 
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Glucocorticoid anti-inflammatory effects: stabilizing lysosomal membranes. That's going 
to prevent degranulation of your neutrophils and eosinophils and stuff! So even though 
you have lots and lots of neutrophils over time, they're not degranulating. 
Glucocorticoids also start lipocortin synthesis. Lipocortins inhibit phospholipase A2, so 
there isn't a lot of arachidonic acid that you can convert to prostaglandins and 
leukotrienes. (So it will also block that COX transformation that causes pain, pg. FIXAL)

Let me say that again. Its anti-inflammatory function is biochemical, but in the medulla 
ossea it raises neutrophils, lowers eosinophils and lowers lymphocytes. This kind of 
makes sense, because you're getting rid of the part of the immune response that deals 
with parasites and creates allergies, and you're increasing neutrophils, which are more 
flexible (both phagocytotic and granulation). It's kind of like an efficiency stream-lining. 
So while the immediate reaction down-regulates the immune system, over time the 
patient's WBC count will increase, says Dr. Isidro. That is just part of cortisol. It is okay. 
Do not freak out when your patient's WBC goes up because you gave them cortisol. 
When you take the cortisol away, it will go back down—just like that little morivivir flower
in Puerto Rico, that when you touch it it curls up like its dead, but if you back off, it will 
come back to life.

Does this sound crazy? But Dr. Isidro told us about a case of an 82-year-old woman he 
worked on after surgery. The surgery went well—they repaired her femur just fine—but 
she caught a small hospital infection or something similar and began to die. They tried 
everything and she only got worse and worse. One day her son, a doctor, who'd visited 
her every day, said, “Let's give her cortisol.” 

“But she's dying—you just poke her over the edge and she'll die!” They thought that 
cortisol would knock down her immune system worse. Because that's part of its job. But 
the son insisted, and the next day she was sitting up, laughing and joking with the 
nurses. How did this happen? It raised her neutrophil count. Cortisol helps you respond 
to stress, and you need at least a little bit to help you survive. Why was her cortisol so 
low? She was an older lady who'd lived in more “third-world” or developing environment,
and she'd been treated twice for TB. Tuberculosis tends to make your adrenals turn 
lazy. This is controversial, says Dr. Isidro, and could also kill the patient if she's not in 
the same situation as that woman was—hormones are tough to mess with. But in this 
case, it worked.

While we're on this, let's talk about cortisol in the clinic.

Adrenal hemorrhage, the patient looked like 30 years and he thought they'd switched 
his 50 year old patient out. When they went to operate he needed more ACTH more 
cortisol to the adrenal hormoens, negative feedback and the patient dies because didn't 
have enough cortisol...but the patient didn't tell anyone he was taking sex hormones to 
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look better and they...the adrenal glands had atrophied because of the feedback from 
the sex hormones, and so when the patient actually needed cortisol from them he 
couldn't get any.

Optimal dose for cortisol is the minimal amount that gives the effect you need. Then 
when you're taking it off, you take it off little by little so you can turn the patient's normal 
adrenal glands back on.

Occlusion therapy—keep the medication from getting out of the body by covering hands
and outside areas with gloves and things.

TB is isolated away and inactive and sleeping and then you give steroids and break the 
barrier that was separating it and it wakes up?

Cushing's Syndrome is the group of sicknesses that includes Cushing's disease. 
Cushing's disease is the adenoma of the anterior pituitary (look for bilateral hyperplastic 
adrenals, females is most common, icnreased cortisol and ACTH levels). Cushing's 
Syndrome is generalized excess of cortisol. The most common cause is exogenous—
you gave them steroids in their mouth—or iatrogenic. How do you find out if it's adrenal 
or what this Cushing's syndrome? Cortisol excess will give you red stripes like tiger 
stripes up around the breasts and stomach. Bad stretch marks, basically, because the 
obesity is coming on really really fast. They'll have thin arms and legs, but the trunk will 
be obese, and they'll have lots of bruising. They'll retain liquid in their faces so they 
might have moon faces or red cheeks—they'll actually feel the liquid sloshing or hanging
around in there. But if you take away the steroids this will go away. 

If there's only one big you can guess there's an adenoma in it.  It could be an adenoma 
or a carcinoma. The carcinoma will look messier and more bloody. Some tumors like 
small cell lung carcinomas, malignant thymomas, pheochromocytomas, gastrinomas, 
and weird thyroid medullary carcinomas can secrete ACTH. Weird! Thsi is also cushing 
syndreom but not cushing's disease

If it's ACTH-independent, and you have high cortisol but low ACTH, it's in the adrenal 
gland and it's not Cushing's disease

Nelson's syndreom is if you have too big pituitary because the adrenal glands are gone 
(feedback) in a patietn with Cushing's disease (lost feedback inhibition so it grows and 
stuff) skin pigmentation will increase

People with Cushing's syndrome will have not diurnal variation—if they do have it it will 
be really small. They will have elevated cortisol in their pee. Endocrinologists will do 
suppression tests to find out where the problem is.
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Aldosterone actions
Blood volume—if it goes down, stimulates aldosterone. 
Aldosterone makes sodium get reabsorbed and water, too, and you kick out potassium 
and hydrogen
Primary hyperaldosteronism—hormone excess—can be from an adenoma, can be 
pituitary malfunction which causes corticol hyperplasia, or it could be glucocorticoid 
suppression via ACTH where hybrid glomerulosa cells respond to ACTH when they 
shouldn't. In all of these situations aldosterone is too high up, and you absorb up too 
much Na and kick out too much K. The most common cause is the adenoma, and that's 
Conn's disease. The most rare is that hybrid cell thing. It's where you're not listening to 
your renin-angiotensin system at all. 

Aldosterone is controlled by renin/angiotensin and potassium levels
Excretion of potassium 
Normally you adjust to the system. If someone gives you excess aldosterone, sure you'll
retain sodium for a bit, but by 3 to 5 days later you'll end up peeing and sodium levels 
will go back to normal.

Conn's sister paid for his medical degree because she was a woman and not allowed, 
under the agreement that then he would pay for her PhD. He did so!

Someone with Conn's disease will have polydipsia—be very very thirsty—but also be 
very very peeing all the time, polyurea, with lots of aldosterone in the pee. (Diabetes 
insipidus is poterior pituitary and you kick out lots of pee all the time remember that) If 
you put the cuff at 50 mg the person will do an involuntary cramping of the hand—
Trousseau's sign.  If you poke the facial nerve, the patient will have a unilateral smile 
sign, and that's Chvoster's sign positive. This is because of low potassium and also low 
related calcium. Atrial natriuretic peptide responds to the high volume and you start to 
pee a lot. These patients won't have edema. Will have high blood pressure. Will have 
alkalosis because they're kicking out all their hydrogen. Will have low potassium. Conn's
Exogenous Syndrome is just like Conn's disease, but it's caused by licorice! Licorice-
induced pseudoaldosteronism 

Anyway check for increased aldosterone and decreased renin.

That's different from secondary.

Secondary hyperaldosteronism is when some problem in the liver or somewhere else is 
making you secrete a whole bunch of aldosterone by upping your renin-angiotensin 
production. If your kidney cells are dying (renal ischemia), you have chronic edema, 
cirrhosis, or heart failure, anything that throws off the renin-angiotensin system, this will 
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happen.

Check for increased aldosterone and increased renin.

Now we're in reticularis.
Adrenogenital syndromes—when you're missing 21 hydroxylase, it's the most frequent 
adrenogenital syndrome. 
Congenital adrenal hyperplasia is the androgenital syndrome where you're lacking 
some kind of enzyme so cortisol synthesis is broken. Hyperplasia means the adrenal 
glands get really big because so much ACTH because body is freaked out by your lack 
of responding. Look for 17-ketosteroids from androgens in urine.

We can also have too much androgens produced and they masculinize but it's not 
noticable in men

Primary acute adrenocortical insufficiency—happens via massive destruction of 
adrenal glands or when you get off steroids too fast. Glands just can't meet the 
demands. One example of Waterhouse-Fredericksen Syndrome. Lots of septicemic 
infection leads to hypotension, adrenocortical insufficiency with adrenal hemorrhages on
both sides. 

Primary chronic adrenocortical insufficiency—Addison's Disease is a good 
example. Caused by autoimmune adrenalitis, and in more rare cases tuberculosis and 
cancer. You odn't see symptoms until after 90 percen of cortical cells are destroyed. 0_0
pg. FIXAL If they have stress or trauma these patients need ten times the usual dose of 
glucocorticoids or they die. The body can't figure out how to respond to stress. They 
have decreased cortisol and incresaed ACTH

Cortex from mesoderm; medulla from neural ectoderm.

Making catecholamines: tyrosine becomes dopa which becomes dopamine which 
becomes noradrenaline and then becomes adrenaline. The enzymes are tyrosine 
hydroxylase helped by O2, then DOPA decarboxylase emitting CO2, then dopamine 
beta hydroxylase using O2, then Phenylthanolamine N-methyl-transferase using a 
methyl group from someone else, and you've got epinephrine. Takamine was the first 
dude to purify epinephrine. Adrenaline hits both alpha and beta receptors, while 
epinephrine usualyy only does one??? Difference is tough...

tyrosine through tyrosine hydroxylase dopa dopa decarboxylase dopamine dopamine 
beta hydroxylase noradrenaline phenylthanolamine n-methyl-transferase epinetphine

norepinephrine has to diffuse out of the granule to get methylated in cytosol
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degrade with monoamine oxidase (MAO) and COMT (catechol-O-methyltransferase)
products of degradation are metanephrine, normetanephrine, vanylil mandelic, and 
homovanilic acid, to track in a patient you want 24 hour urine and you want metabolites 
because actual hormones degrade too fast 

Adrenergic receptors: alpha 1 is excitatory, beta 1 is excitatory, while the alpha and beta
2s are both inhibitory.
Alpha 1—Gq protein (turn over phosphatidylinositols)
alpha 2—Gi (inhibit cAMP)
both betas—Gs (stimulate cAMP)

epinephrine stronger on beta 2, weakest on alpha 1, beta 2 is more metabolic for break 
down of things
norepinephrine stronger on alphas (alpha is for gluconeogenesis)

Alpha 1 receptors make vasoconstriction; beta 1 makes heart-rate go up; beta 2 makes 
vasodilation inhibiting muscle contraction.

Epinephrine and norepinephrine have different strengths for their little abilities. When 
norepinephrine does epinephrine's job on beta receptors it's like substituting a high 
school varsity player for Michael Jordan—he may be good, but he's not that good. Alpha
is epinephrine, norepinephrine is beta.
Alpha 1 couples to Gq and then calcium goes up and then contraction. Alpha two meets
Gi, cAMP goes down, smooth muscle relaxation. Beta receptors meet Gs, cAMP goes 
up, and you get hearth muscle contraciton, smooth relaxation, glycogenolysis.

So both alpha and the beta use cAMP, but alpha 1 uses calcium as second messenger 
instead. 

Norepinephrine acts bets on alpha 1 and alpha 2. Epinephrine acts best on beta 2, with 
weak action on alpha 2 and beta 1, and really weak action on alpha1. So think beta 
more when you think epinephrine. This is how you can get such a varying set of 
responses to your sympathetic system, with receptors everywhere, and your heart can 
do different than GI. This things only live for like ten seconds.

If I ever do anything good—make any discoveries or anything like these folks do—I 
want to leave a note for the world that says, “You can do this, too. Don't choose the 
comfortable, everyday path—choose to pursue the extraordinary no matter how stupid it
makes you. Choose to dream, and then find practical ways to catch that dream.” Of 
course, I want to say it more concisely.
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When you're pregnant you have alpha 1 adrenergic receptors in your utuerus. 
Otherwise we also have them in the urethral sphincter, bronchials, blood vessels of 
ciliary bodies (huh? Mydriasis), blood vessels, ureter, vans deferens, arrector pilli 
muscles of hair...

Alpha 2 receptros in your pancreas for insulin-hinhibition and glucagon release; 
contraction of sphincters; neural feedback; thrombocytes aggregate; negative feedback 
in CNS...

Beta 2 receptors live in your bladder, eye ciliary muscle, GI tract, liver, smooth muscle...

So here I'll give you the receptor name, it's primary function, which chemical acts on it, 
what pathway it starts, and where it's usually located.

Alpha 1
• Primary function: Excites
• Acts strongest for: Norepinephrine (weakest response with epinephrine)
• Starts this pathway: Gq (phosphatidyl inositols), use calcium as second 

messenger
• Is located in: Pregnant uterus, ureter, blood vessels, ciliary bodies (help dilate 

your pupils!), contract muscles, contract the erector pili muscles that lift your hair 
on end, contract vans deferens (remember point and shoot, sympathetic is 
ejaculation), contract urethral sphincter

Alpha 2
• Primary function: Inhibitory
• Acts strongest for: Norepiniephrine, weakest for epinephrine 
• Starts this pathway: Gi, inhibitory cAMP second messenger system
• Is located in: CNS for negative feedback; gluconeogenesis by acting on 

pancreas to inhibit insulin and stimulate glucagon release; aggregates 
thrombocytes

Beta 1
• Primary function: Excites
• Acts strongest for: Epinephrine (moderate for norepinephrine)
• Starts this pathway: Gs (cAMP)
• Is located in: Heart muscle contraction to raise heart-rate

Beta 2
• Primary function: Inhibitory
• Acts strongest for: Epinephrine (!!!)
• Starts this pathway: Gs (cAMP)
• Is located in: Metabolic breakdown; vasodilation; inhibits muscle contraction to 

promote smooth muscle relaxation, so located heavily in GI; glycogenolysis (so 
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heavily located in liver); eye's ciliary muscle promoting accomodation; bladder (to
keep you from peeing your pants)

Where does the sympathetic reaction start?

Locus Ceruleus in your brain goes boop...boop...boop...

“Hold your ground, soldier” and study. Man Dr. Isidro is inspiring today

When something threatening happens your sensory cortex tells your hypothalamus, 
tells your brain stem, and then tells your locus ceruleus to secrete norepinephrine. It's 
no longer boop...boop...boop...it's more like BOOP-BOOP-BOOP much faster and 
more. The greater the threat, the greater the stimulation, and pre-ganglionic nerves 
make acetylcholine which make epinephrine and norepinephrine.

“You never know who's going to be the hero.” Will you trigger flight or will you trigger 
fight?

So what you know about the receptors can help you figure out that nor affects heart rate
and blood pressure and vasoconstriction, and epinephrine makes lipid breakdown go 
up, makes you dilate stuff like coronary dilation and glycogen to glucose all that is beta 
2.

What you want to stimulate for studying isn't fight or flight, because that's for physical—
driving blood to peripherals, poor communication, aggression, high stress, increased 
blood sugar, fast breathing—that's useful for a battlefield, but if you want ultimate 
performance you need relaxation so you can get reduced heart rate, increased brain 
oxygen, more creativity, lower stress, and good learning. So relaxation is biophysically 
incredibly important for your studying. The short-term stress response is this whole 
nerve signals to adrenal medulla to addrenalline and fight or flight; long term anterior 
pituitary sends ACTH to adrenal cortex we get corticosteriods and long-term effects like 
not sleeping and other effects.

Leptin and Ghrelin...

Pheochromocytoma—tumor in the medulla adrenal. Mostly benign. Really hard 
diagnosis. Excess norepinephrine and epinephrine production. Really short half-life 
these guys have. There will be bouts of excess noradrenaline and adrenaline, feels like 
a little tachycardia happens like a tremor of your heart thumping randomly. Measure 
norepinephrine and epinephrine. This is a problem because you'd have to see them at 
the moment when the attack is happening, which isn't realistic. But they do have 
metabolites, and those are more stable. So you can measure those. Lesion in medula 
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ossea. Headaches will be common, maybe a little bit of sweating dizziness nervousness
hypertentions weakness vomiting... Metabolites include MAO and COMT (monoamine 
oxidase and catechol...)

Pineal Gland
People call it the third eye, or think we have dreams and our supernatural abilities there.
It's important in day-night cycles with MSH and circadian rhythm.

Darkness increases secretion; light decreases secretion.

Increased levels in children believed to delay sexual development 0_0 of Melatonin oh 
dear

From midnight to 6 AM we have the highest melatonin levels.

Jet lag is much less if you can simulate the area where you live, the area you're coming 
from. When you got to europe you calculate the hour change, and you start making it 
dark little by little until you change to the cycle where you go. Airplanes should make it 
dark if you're used to it being dark, even if it's light outside, and then over the 12-hour 
flight slowly raise the light...

REM sleep is the most important. Good sleep—rapid eye movement. You have to sleep 
three or four hours to get there. You repair psychological damage during REM sleep, 
and you have mental problems if you don't get there, and that's why you as a medical 
student start to go so fucking crazy. From midnight to three AM you sleep and you enter 
REM around 3, around 4:30, and around 6.

Thyroid Gland 

The bi-lobed, very very vascularized thyroid gland is the only place in your body that 
makes thyroglobulin. So if you've got a tumor that only produces thyroglobulin, you 
pretty much know where it is! Go to biochemistry pg. FIXAL and histology pg. FIXAL for 
relevant info about this gland's parts.

Done? Okay, so you know what follicle cells are. The follicular cells have TSH 
receptors on their basolateral membranes. When TSH from the pituitary binds to these 
receptors, the receptor activates adenyl cyclase and phospholipase C pathways that 
make the thyroid grow and release stuff. TSH receptors are G-protein-coupled receptors
with a very big extracellular domain (398 AA), a slightly smaller transmembrane domain 
(266 AA) and a pretty small carboxyl-terminal domain inside the cell (83 AA). A super-
tiny gene (60 kb!) codes for the TSH receptor.
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When TSH hits the receptor, it activates a phosphorylation cascade that reaches the 
nucleus to make and secrete thyroglobulin. It simultaneously makes you release the T3 
and T4 you already have stored, and makes you make new stuff.

To make thyroid hormones, first you have to take iodide into the thyroid cell using a 
sodium/iodine symporter. You have to have SO MUCH iodide in the thyroid cell, like 
between 25 to 500 times more iodide in the cell than in the blood. So you can see why 
you'd need a pump, instead of passive diffusion.

Next, you've got the glycoprotein thyroglobulin. You make that in your follicular epithelial
cells just like you'd make any other protein, and then you secrete it just outside the cell, 
and it sits right at the apical membrane in the follicular lumen, or the space between 
follicle cells. Your iodide moves through the cell from the basolateral membrane, facing 
the blood, to the apical membrane of the cell that faces the follicular lumen, with the 
thyroglobulin. At this point iodide can just straight up diffuse, because there's a lot less 
iodide outside the apical membrane than there is inside the cell.

Now you need to oxidize iodide so you can put it in tyrosyl residues of thyroglobulin. 
Thyroglobulin has like 100 tyrosil residues per molecule and it only iodizes less than 20. 
A special peroxidase uses hydrogen peroxide (a byproduct of your oxidative 
metabolism) to do that. After this step you've made monoiodotyrosine and di-
iodotyrosine, which just means pieces of thyroglobulin have one or two iodines on their
tyrosines.

Those DIT and MIT precursors are going to stick to each other and couple two 
thyroglobulins together. This is actually what makes T3 and T4, which are just tri-
iodotyrosine and thyroxine (or tetra-iodotyrosine, I guess). T3 is a DIT added to an MIT; 
T4 is two DITs together. They're still part of the bigger thyroglobulin molecule at this 
point. A peroxidase mediates this step.

This final stuff will chill in the colloid between the follicular cells until you're ready to use 
it. When you're ready, the follicular cells will pinocytose the iodized thyroglobulin into 
little colloid droplets, pulling it into the cell, and the droplets will fuse with lysosomes 
which will hydrolyze thyroglobulin, cutting the big ole' molecule into smaller bits. These 
smaller bits are MIT, DIT, and your active thyroid hormones, T3 and T4. T3 and T4 will 
stick to albumin, tyroxine binding globulin (TBG), and TTR (transthyretin, a pre-albumin) 
to hitch a ride to their target tissues.

Meanwhile, you recycle the DIT and MIT and thyroid deiodinase or iodotyrosine 
dehalogenase will take the iodine back off so you can use it again. You use the tyrosine
parts to make new thyroglobulin. Some of the iodide that you're trying to re-use will leak 
into the blood with its concentration gradient (there's tons of iodide in the cell, 
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remember). So you always have to uptake more iodide into your colloid. 

Things that affect or control your thyroid-hormone-making

Remember TSH comes from pituitary gland. It tells your thyroid to grow in number of 
cells, and in size of cells; tells your thyroid to make hormones; and tells your thyroid 
cells in general to up their metabolism and make more nucleic acids and proteins. T4 
acts on the pituitary to inhibit that TSH production, and on the hypothalamus to inhibit 
that, too—that's negative feedback, saying “hey, look, there's already plenty of me 
floating around, so don't tell us to make more, okay?” 

You can also unnaturally inhibit the thyroid-hormone-making process. The poisons that 
do this are called goitrogens because when they inhibit hormone synthesis, the 
pituitary gland thinks “hey, I better wake up that thyroid, it isn't making anything” and 
starts shooting out way more TSH—and more TSH makes the thyroid gland enlarge and
form goiters. Some goitrogens include:

• Perchlorate and thiocyanate, which mess up your sodium/iodide co-transporter 
so you can't get iodide into your cells. Give your patient SO MUCH iodide to 
overcome this.

• Thiourea and mercaptoimidazole, which are called anti-thyroid agents. They 
keep iodide from getting oxidized, so you end up getting more MIT than DIT (it's 
harder to get a second iodine on anything when you're preventing the first one 
from getting on there a lot!). You also end up blocking the coupling reaction (MIT 
coupling to MIT is pretty useless anyway; you need an MIT and DIT, or two DITs, 
to make T3 and T4).

• Sulfonamides are also goitrogens, but they're weird because by themselves 
they're weak, but when you take them with iodide they're quite good at making 
goiters. That's bad.

• You can also block the iodine binding and coupling reactions by giving someone 
waaaay too much iodine. That will cause iodide myxedema, which means the 
patient's skin starts to swell and look waxy; it will also cause chills. That's called 
the Wolf-Chaikoff effect. Pregnant people are supposed to avoid iodide to 
prevent stuff like this.

Lithium will also inhibit thyroid hormone release, and glucocorticoids will prevent TSH
secretion.

Vitamin deficiencies will also affect your thyroid. You need Zinc, B1, B2, B6, vanadium, 
Vitamin C, and of course iodine and tyrosine for your thyroid to work. The stuff that turns
T4 into T3 (deionidase Type II, which we'll talk about in a second) needs selenium and 
progesterone to work.

Different kinds of thyroid hormones
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Between T3 or T4, which is the strongest? T3 is four times more powerful than T4, but 
it's less secreted. It's got a rapid onset (T4 is slow). T3's got a half-life of only 3 days, 
while T4's got one of 7 days. T4's got a higher affinity for proteins, so it's stored more—
think T4 more store, since that all rhymes—and that tight protein grip keeps it from 
diffusing or floating away. It takes a long time—it's slow—to inactivate T4; you inactivate
T3 much faster.

Deionidases can turn T4 into T3 or reverse T3 (which is literally a “backwards” inactive 
isomer of T3). You can also turn reverse T3 into T2 (DIT). 

• Type I and II Deionidases turn T4 into T3—they do this by taking an iodine away 
from a tyrosine's outer ring

• Type I and III turn T4 into reverse T3, 
• Type II turns T3 into reverse—by taking an iodine away from an inner ring
• Type III turns reverse into T2. 

So, to put that another way, Type I works with T4, Type II works to turn stuff into T3 and 
T3 into reverse, and Type III basically takes everyone a step down, from T4 to reverse 
T3, and from reverse to T2. 

• Type 1 is in liver, kidneys, and thyroid, and caloric restriction or severe stress 
inhibits it. So caloric restriction can hurt your immediate, fast and hard-core 
thyroid hormone, in other words.

• Type 2 is in the pituitary, CNS, and placenta and it also supplies T3; its ability to 
turn T3 into reverse T3 is also part of the feedback inhibition chain (so if you've 
got too much T3 floating around it will inactivate it by “reversing” it).

So what do your thyroid hormones do? They:
• Raise your basal metabolic rate
• Increase gluconeogenesis and glycogenolysis (they make you make glucose and

break down glycogen, so just remember they encourage more glucose available 
for tissues; remember, however, that someone with hyperthyroidism will still have
normal blood glucose levels)

• They drive up protein synthesis and proteolysis (so they speed up the protein's 
life cycle, and in hyperthyroidism you'll have your muscles wasting away)

• They drive up lipogenesis and lipolysis, so again, speeding up the life cycle of 
those molecules (in hyperthyroidism you'll have low serum cholesterol because 
you're using it all so fast)

• Increase heat production in your body (because they basically make your motor 
run faster!)

• Increase your sensitivity to catecholamines by encouraging you to express more 
beta adrenoreceptors

• Increase the amount of mitochondria and respiratory enzymes and 
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sodium/potassium ATPase expressed—so generally just up your 
“industrialization” rate in the city that's your cell! This of course ups O2 
consumption and metabolic rate (which, as you know from pg. FIXAL, means 
more oxidative damage and more aging; it's an exchange)

How do your tissues know how to respond to thyroid hormones? They've got two kinds 
of thyroid hormone receptors:

• TR-alpha, from chromosome 17, and 
• TR-beta, from chromosome 3

You can use alternative splicing of those genes (Biochem pg. FIXAL) to make different 
alpha and beta sub-kinds (alpha1, alpha2...).

Thyroid diseases

You can test for thyroid hyperfunction by looking at thyroid radioactive iodine uptake. 
That means you inject your patient with B1 iodine or 123 iodine, and then measure, 24 
hours afterwards, how much iodine's still in their system. Normally you'd find 10 to 30 
percent of the administered dose.

You can test for how much hormone's in the blood with radioimmune assays.

You can test for how well the body's controlling the thyroid by looking at the TSH 
concentrations in the blood using either immuno-radiometric or chemiluminescent 
antibodies. You can try giving the patient an injection of TSH, and seeing how well the 
body responds: normally, TSH will go up, reach a maximum between 20 and 45 
minutes, and then go down.

To look for a certain disease, you may do more specific tests. For example, you may 
want to look for antibodies against T3 and T4. We'll mention more specific tests in a bit.

So, diseases and things.

Thyroglossal duct—Benign lesion. When you've got a little bump in the midline of the 
neck, just in front of the trachea. Embryology pg. FIXAL.

Infectious thyroiditis—An infection like staph, strep, salmonella, or fungi can get your 
thyroid inflamed.

Iodine excess causes the Wolff-Chaikoff effect. When you've got too much iodine, you 
stop making thyroid hormone. Why? Cells stop taking in iodine because they don't need
it—they get saturated—so even though TSH is high, and hypothalamic hormone will be 
high, T3/T4 levels will drop. People have used this in the past to treat Grave's Disease.
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Grave's disease—A kind of hyperthyroidism. In this one, look for a diffusely enlarged, 
hyperfunctioning gland—that means that it's enlarged all over, not with a tumor or 
something in one bit. That's called a goiter. Hits as many as 2 percent of the women in 
the US; 10 times more common in women. 

You can test for Grave's disease by looking for TSI (thyroglobulin-stimulating 
immunoglobulin), which is an immunoglobulin that sticks to the TSH receptor and won't 
let go, constantly stimulating the receptor to make the thyroid release T3 and T4. This is
different than the immunoglobulins that bind and destroy the TSH receptor. 

Inflammation does block the TSH stimulation, so T3 and T4 may go down at first. But 
over time the permanent binding will cause those levels to rise, so you're looking for 
increased T3 and T4, decreased TSH, and increased radioactive iodine uptake because
the thyroid's working overtime. Inflammation can also break the follicle and then 
thyroglobulin spills out everywhere and you'll have more inflammation because of the 
antigen and antibody reactions everywhere.

These patients may also show up with bulging eyes (exophthalmus) and weird waxy 
skin in their feet. The ophthalmopathy is bilateral, on one side—unilateral usually means
a tumor or some kind of connective tissue inflammation behind the bulging eye. Distal 
dermatomes of the feet and feet connective tissue will also have a kind of edema, just 
like that behind the eye, pushing it out, and that makes them look waxy. The patient will 
feel uncomfortable because they'll be hot and swollen. This is because you have some 
TSH receptors behind your eyeballs and in your feet, so the really high levels of TSI 
cause inflammation not just in your thyroid but also in these areas. Over time, if you 
can't close your eye it dries out and you can go blind, so you really want to treat that 
exophthalmus. You also will see sweating, tremors, and muscular weakness—other 
signs of a hyperactive thyroid more directly related to soaring T3 and T4 levels.

Your hyperthyroidist patient will also appear very nervous, and may talk really, really, 
really fast.

Hashimoto's thyroiditis—This is the most common hypothyroidism, especially in kids. 
Your suppressor T-cells don't work very well, and no one stops antithyroid peroxidase 
antibodies from hurting your TSH receptors. They block them. Girls are 5 times more 
likely to get this, and older folks are more likely to have it (so it'll show up in middle age 
a lot of times). Your lab test will be positive for anti-thyroid peroxidase antibodies. You 
can also test for Hashimoto's by looking for TBII (thyrotropin binding inhibiting 
immunoglobulin), which is the immunoglobulin that binds to the receptors and kills them 
instead of triggering them all the time. Because the body's freaking out about the lack of
thyroid hormones made, the pituitary secretes lots of TSH and that ends up making the 
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gland really enlarged at first. So the gland's enlarged in both hyper and hypothyroidism, 
but in hypothyroidism the gland isn't actually making anything. Early in the disease you 
may see antibodies that are antithyroglobulin, and late in the disease antiperoxidase, 
but either way you're not making what you need to make, and TBII is always up.

Severe hypothyroidism will present with a non-pitting edema in the feet and legs. 
There'll be a whole bunch of gel-like fluid build-up in there, and it'll be waxy with 
hyaluronic acid and chondroitin sulfate. Other symptoms include:

• dry and brittle hair,
• lethargy, 
• memory impairment, 
• weight gain or ascites, 
• deep coarse voice, 
• talks really slow and stuff, 
• tongue is really thick and doesn't really stay in the mouth,
• hands will be pudgy,
• elbows will be dry and scaly
• tongue might be so big and thick that you see teeth impressions on it.

Sub-acute granulomatous thyroiditis—Sometimes after measles, mumps, influenza, 
adenovirus coxachie, or echovirus infections patients will develop thyroid swelling, fever,
and pain in the thyroid area. It'll come up really fast, like an earache or sore throat, or it 
may show up just as an enlarged thyroid for no apparent reason. These patients have 
increased T3 and T4 released by follicles damaged during infection, and low radioactive
iodine uptake because the body recognizes that there's a lot of T3 and T4, and through 
negative feedback it's lowering TSH, which lowers iodine uptake. So think low or normal
TSH, low radioactive iodine uptake, high T3 and T4. This usually goes away in about 6 
weeks.

Subacute lymphocytic thyroiditis—Some folks get a chronic, painless inflammation 
that's not related to an infection. It's commonly seen postpartum. 

We've got a lot of other postpartum or pregnancy-related thyroid concerns for women 
and babies. Women in the first trimester often present with a transient 
hyperthyroidism. That's during the time when she's vomiting a lot, feeling dehydrated 
and suffering electrolyte imbalance—it's called hyperemesis gravidarum. That's 
basically a worse form of morning sickness, and the electrolyte imbalance from all the 
vomiting and possible dehydration can really throw off her hormones (or better, the 
hormone imbalance causesthe hyperemesis). Most of the transient hyperthyroidism is 
also just a function of having a new little thyroid developing inside that she has to 
compensate for: her thyroid function is super high while the baby's function is low, and 
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then it goes back down as baby's function goes up. After the hormones stabilize, the 
vomiting goes away. 

Pregnant ladies also have to watch their iodine intake. High iodine intake can cause a  
strong negative feedback response that lowers thyroid function so much it hurts the 
baby. If T3 or T4 levels are off they can cause mental retardation called cretinism.

Post-partum women may also come in with a bad hypothyroidism caused by the 
pituitary. Hypopituitarism means the pituitary doesn't make enough TSH, either because
of a tumor or genetic problems. In the case of pregnancy, it's because of intense blood 
loss during the birth. The hemorrhage leaves the pituitary thinking it's got a much 
smaller job than it really does. That's called Sheehan syndrome.

Diffuse and multinodular goiters—A goiter that's not due to some kind of 
inflammation or attack like the other ones we've talked about is called a simple goiter. 
Like the Grave's disease goiters, this is a uniform or diffuse enlargement instead of a 
bunch of bumpy nodes. Simple goiter is when it's diffusely, symmetrically hyperplastic. 
That's also called a colloid goiter. This is when your thyroid just doesn't respond to TSH 
well, and you've got low T3 and T4 production, but the TSH keeps telling the thyroid to 
hurry up and make T3 and T4 because there's not enough, so the thyroid just grows to 
try to make more follicles to make more T3 and T4 to compensate. In function, T3 and 
T4 levels will be normal (euthyroid) because the areas that aren't affected yet are 
compensating. This can be caused by iodine deficiency. That's what's going on when it's
endemic, which means it's most common in a certain area or people group. In areas far
away from the sea, like the Alps, Andes, and Himalayas, a lot of people don't get 
enough iodine so it doesn't matter how much TSH their pituitary makes, they just can't 
make enough T3 and T4. There are also some foods that tend to impede thyroid work 
and promote goiter formation, like cabbage, cassava, cauliflower, brussel sprouts, and 
turnips. Calcium and flourides are also pro-goiter. 

A simple goiter is non-endemic if it's not associated with a certain group or lifestyle, 
and that usually happens to women (8 times more likely than men) at puberty or early 
adulthood because of some kind of hereditary autosomal recessive defect. 

These simple goiters almost always turn into multinodular goiters over time. We don't 
know why they do that. “Multinodular” is the same condition as simple goiter, but with 
bumpy nodules everywhere that are hyperplastic and hyperfunctioning all of a sudden. 
Not all of them are hyperfunctioning, but if just one nodule hyperfunctions the patient get
Plummer's Syndromes, toxic nodular goiter. This is the same as Grave's disease, but 
without ophthalmopathy or dermatopathy. You can have a multinodular goiter that's not 
toxic: toxic is when you're already hypersecreting. You have to take out the nodule that's
hypersecreting—but if you don't treat the original problem, it can keep progressing and 
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another one can hypersecrete. These glands can also eventually develop into a thyroid 
carcinoma. 

Tumors—About 90 percent of thyroid tumors are benign, says Dr. Isidro. The most 
frequent malignant carcinoma is papillary, and then about ten percent of malignant 
carcinomas are follicular, which are way more aggressive and worse. Finally, about five 
percent of the malignant tumors are medullary thyroid carcinomas, and they're “non-
endocrine” but associated with M.E.N, which is a syndrome where you just keep getting 
tumors in your endocrine glands all over the place.

Thyroid sick storm—So a thyroid storm is very serious. It comes from diabetic 
ketoacidosis that comes from hyperglycemia and insulinopenia. If you have a 
background of thyroid problems, and thyroid hormones are up, that can up your hepatic 
glucose output, down your peripheral glucose use, up your proinsulin output, up your 
insulin clearance from your kidney, and those together make hyperglycemia and 
insulinopenia. Basically your thyroid confuses your metabolic system so bad that you're 
not using your glucose, and that just peeing out all your insulin instead of responding to 
it, and that results in diabetic ketoacidosis which makes your already-confused thyroid 
go insane about the metabolic imbalance and try to kill you.

Euthyroid sick syndrome—This is an interesting one. Say you're in the ER, and a 
patient comes in with a heart attack, and you stabilize the patient but the patient has his 
T3 plummeting all of a sudden. Well, sometimes when really serious crazy stuff like a 
heart attack happens in the body, the hormones go crazy and they stay crazy. Don't give
the patient more hormones—treat the original problem and as it goes back normal the 
hormones will go normal again. In your test, you'll see RT3 up really high and T3 gets 
really low, but it will return to normal range again. You'll see this in emergency a lot. If 
there is a hormonal problem involved underneath—like a respiratory-caused heart 
attack triggered by hormone imbalances—you can make a plan with an endocrinologist,
but if it's just euthyroid sick syndrome don't do anything. You'll just make a mess.

Pancreas

Diabetes

A blue circle is the official day for diabetes awareness. November 14—someone 
working every day, middle class family, working hard, and then someone in the family 
has diabetes and they fall into poverty

Person physician Ali Sina Balkhi found this Avicenna, 980 to 1037. Chinese folks and 
Indian people already saw the sugar in the pee thing long long before that
That meant the patient was going to die 
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The first real documentation in Canon of Medicine (text in medieval universities) was Ali 
Sina Balkhi and they call him Avicenna. Controlled trials, clinicla triagls, quarantein, risk 
factors, dyndromes, psychosomatic medicine...all those things he came up with. 
Systemic experimentation introduced into physiology...described and documented two 
kinds of diabetes.

Alpha cells are on the periphery making glucagon. Beta cells are in the middle making 
insulin and amylin. Between the alpha and beta are the delta cells which make 
somatostatin. 

Ghrelin is hunger
Leptin stops fat storage.

Insulin—Bantin and Best found it in pancreatic extract. In the Nobel Prize sometimes 
you have to know who you're working with, people steal your work. The student, the 
attending, and the director found the same thing, but only the attending and director got 
the prize. In the end they shared the money with him, but he should have been named 
in the prize.

They took pancreas extract from a dog, and in the picture of them the dog looks really 
damn suspicious, lol.

Chai Tea Time

Scary American researcher story from Isidro and how scary it is.

Insulin is short-lived, but the C-peptide is not, so you can use it lcinically to measure 
insulin.

Dorothy Crowfoot—her crystallography helped uncover insulin structure
Rosalind Franklin
Dr. Watson angry at research and research establishment for saying they snubbed 
Franklin, when she had the research data looking at her for so long and they just 
interpreted it

Pre-pro insulin is ribosome, proinsulin is spat into the endoplasmic reticulum, pro-insulin
is in Golgi, it goes into trans golgi and gets packaged into secretory granules with the 
cleavage molecule that takes off the C-peptide. The c-peptide has a halflife of 24 hours, 
the insulin of 5-10 minutes.

C-peptide can also help you figure out which treatment to use. If it's low, they're not 
making insulin anymore, even if they have insulin type II.
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Amylin: suppresses glucagon (after you eat you secrete it, this is suppresses that). 
Slows stomach emptying. So that together means you get less glucose into circulation, 
so insulin has more time to make your glucose clear. 

You control insulin secretion with glucose level, but also with the amino acids arginine 
and lysine. If you put them in the blood alone, there's just a slight increase, but with 
glucose in the blood they double insulin secretion—again, that's potentiation.

Gastrin, CCK, GIP and secretin all encourage insulin secretion, too; on the other hand 
glucagon, growth hormone, cortisol, progesterone, and estrogen decrease insulin 
secretion and if they're up for a long time they'll cause diabetes. Pharmacological 
cortisol is a very good example of this.

Neurons don't need insulin to take up glucose. Look at biochemistry pg. FIXAL. Skeletal
muscle, cardiac, and adipose tissue need insulin to take up glucose.

The membrane part of the receptor communicates the impulse of receiving the insulin 
(with the outer part) to the tyrosine kinase domains inside that phosphorylate each other
and start the chain. So each part has its job.

True 1b is inflammation of islets, but no anti-islet antibodies. That's weird. But in type 1a
you have antibodies. Either way, for both of these, there's autoimmune destruction of 
your B cells.
We're actually not sure why, biochemically, losing weight helps stop diabetes, but it 
does! Even losing 10 percent makes a huge difference.
Major symptoms: 4 ps, polyruia, polydypsia (always drinking water), polyphagia (a lot of 
eating and hunger), and perdida de peso (loss of weight even in the presence of excess
glucose).
Lipolysis actually increases nad you get more free fatty acids and more glucose 
uptake...
Many ways to die from diabetes.

In the intensive care unit when someone's in a diabetic coma you usually give them 
liquid, and insulin.

Diabetic ketoacidosis can hit in like less than 24 hours, straight out knock you our, and 
then you have nausea and vomiting and Kussmaul respiration and finally a coma. Your 
skin will be kinda floppy and you'll have lots of vasodilation and be cold. Rehyrdate, 
insulin, electrolytes.
A normal capillary will not be so closed off, with such thickening of the basement 
membrane as in diabetes. 
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So in the endothelium you use GLUT1, which will make intracellular glucose really high, 
and really high intracellular glucose will make aldose reductase make sorbitol which will 
kill your NA/K ATPases and cause microvascular damage.
In other tissues, tissues that don't take up glucose without insulin (like skeletal, cardiac, 
and adipose), there's no glucose in these areas and you have low intracellular glucose 
and the cells have to try to find other ways of surviving and you die of low glucose there.
Also, treatment is a big deal. It's a complication of over-treatment that you might be 
making there be too much insulin and too much glucose might get into their cells—but 
you may have trouble adjusting the dose, because under-treatment then you're going to 
have the non-insulin-dependent transporters not bringing in enough glucose. So it's like 
really tough.

So you may start getting nerve damage, eye muscle paralysis, ptosis, neuropathic 
painless ulcers, arthropathy, impotence...first you hurt vascularity, then you hurt 
nerves...over time you can get nasty ulcers. Arthrosclerotic gangrenous necrosis—in the
extremities the lack of vascularity and the your cells eating their own proteins is a big 
problem. Also advanced glycosylation end products (AGES from amadory products) can
hurt leukocyte response. They'll lose pulse on their dorsalid pedis first, before the ulcers
happen. Treatment with very specific growth factors from platelets from the patient 
themselves after extensive debridement can reduce the need for amputations by 
making everything re-grow. But medical plans don't cover this. 

Somogyi effect
Dawn phenomenon

Always give sugar first, and if it's hyper, okay, well you'll do insulin, but the 
hypoglycemia can kill you much faste so before th ambulance comes always give sugar.

Give a snack befor bed—Dawn and Somogyi Effect bedtime doses and things
Beolli GB, Gerich Je: The “dawn phenomenon”--a common occurrence in both non-
insulin-dependent and insulin-dependent 
Somogyi study 1938

Insulin first hormone isolated from animals, and to have primary and tertiary structures 
determined...measured by radio-immune-assay

Radioimmunoassay RIA
Salomon Berson and Rosalyn Yalow who fell in love, it was her work but then he fell in 
love with her and started to help her and she become thate second female Nobel 
Laureate in Medicine because he died and he didn't get it

Dorothy Crowfoot took 35 years trying to find the structure of insulin and she finally 



Becoming Healers 391

found it. The structure of B-12 got her a Nobel Prize.

Parathyroid
Dianostic of hyperparathyroidism is resorption of subperiosteral bone. Look in second 
phalanx of second and middle finger. Will have a hyper parathyroidism salt and pepper 
skull. You can have secondary hyperparathyroidism where it's because of renal failure, 
not primary hyperparathyroidism.

Osteoid—type 1 collagen, ground substnce, chondroitin sulfat,e osteocalcin,
[re-bone, unmineralized organic bone matrix, osteroblasts make it turn into bone. 
Osteoblasts secrete it.
Rickets happens when you're only osetoid and it doesn't turn into bone.
Vitamin D
The books say that Vitamin D can't be deficient because the sun gives it to you. But 
places wehre there's a lot of cold they have to eat vitamin D. That's what they used to 
say, but actually they found that more than ¾ of patients in puerto rico had low vitamin 
D! 

“Established osteoporosis”=fragility fracture 
primary type 1 is most common after menopause
primary type 2: senilse osteroporosis: after 75, femalsea nd males
secondary: any age, men, women equally

Multiple endocrine neoplasia:
Men Type 1: Wermer 
MEN Type 2: Includes hirshprung's actually
Gain of function is medullary thyroid carinoma and pheochromocytomas and 
hyperparathyroidism while loss of function is neuralcrest turmors and hirscphrungs

type 2 b of MEN is not usually parathyroid, like 2A but is earlier, always havem ucosal 
neuromas and some stuff like marfan's

Reproductive physiology

Holy crap, difference between testosterone and estrogen is basically just a little OH in 
estrogen where an O= is in testosterone!

Mullerian vs. Wolffian
Mullerian is female, Wolffian is male. 
The Y chromosome will look at the undifferentiated gonades and make testes about 6-8 
weeks in. 
Mullerian inhibitory factor keeps the mullers from forming and they die while 
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testosterone helps wollfian form and then the vas deferens and epiddymis and seminal 
veseels come from that. The testes also make 5 a reductase which makes 
dihydrotestosterone which makes genital tuebercle and genital swelling which will turn 
into a penis!

No y chormosome means that the Mullerian ducts aren't told not to form. There's no 
anti-mullerian. The testes are ovaries instead and the only difference is they don't 
secrete that, and they don't form until 9 to 10 weeks. The Wolffian degenerates.

80 percent of testes in seminiferous tubules, 20 percent in testes is connective tissue

spermatogenesis number 3: spermatids turn into mature sperm, one full cycle requires 
64 days; that's called a spermatogenic wave, and 2 million start eveyr day, so you make
128 million sperm daily.

Ejactulated sperm live in the female reproductive tract for four to six hours before they 
can capacitate and fertilize and ovum. Capacitate means inhibitory stuff gets washed 
off, they lose cholesterol, they change their surface proteins, and suddenly a whole lot 
of calcium rushes into them and they have more mobility.

FSH-->androgen binding protein-->traps testosterone in tubules-->stimulates meiosis

Testosterone makes the epididymis, vans deferens, and seminal vesicles appear, while 
the dihydrotestosterone makes penis, scrotum, prostate, male hair, sebaceous glands, 
and prostate grow.

Primordial cells-->oogonia-->primary oocytes at 8-9 weeks of gestation-->six months 
after birth all oogonia are oocytes.

These oocytes don't change anymore—they're stuck in prophase—until ovulation 
happens. You only have 2 million oocytes for the rest of your life, from birth, and by 
puberty you're at 400,000.

1st meiotic division happens just before making ovum (see histology pg. Fixal)

Then sperm fertilizes and second meiotic division happens. Surge of LH makes that 
start.
A mutation in LH can make hormone receptors activate when they shouldn't: that's 
testitoxicosis which means premature puberty24 helped with ketoconazole

Theca cells in ovarian follicles-->progesterone and testosterone. LH-->theca cells, 
24 http://rarediseases.info.nih.gov/gard/4475/testotoxicosis/case/34092/case-questions#6006
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FSH-->granulosa cells

Menstruation
Uterine cycle
Follicular phase
Proliferative phase
Secretory Phase
Menstruation
Also broken into follicular, ovulatory, and luteal phases

Placenta doesn't have enzymes to make estriol (pregnancy estrogen) and only the 
baby, fetal adrenal cortex, can make estriol.

Parturition is about 40 weeks. Estrogen, prostaglandins, cortisol, oxytocin, 
catecholamines, and relaxin involved (peptide hormone from corpus luteum is relaxin). 
Progesterone inhibitis response to estrogen, oxytocin, prostaglandins so contractions 
can't happen. As progesterone goes down, uterine contractiosn start. Braxton-Hicks are 
the regular contractions.

Suckling reflex-->prolactin and oxytocin make myoepithelial cells contract-->milk 
ejected-->that's called letdown. Prolactin makes you make stuff, oxytocin makes you 
actually shoot it out. The mother's mental response also can produce oxytocin.

Colostrum—transparent liquid that isn't milk but has sugar, nutrients, and antibodies, 
and that's part of the first milk before real milk comes. It's not the length of the milking 
but the time that matters

Allergies and immune systems begin at the first year, if it has allergy symptoms in the 
first year those are allergies from the mother. The benefits of lactation really can cover 
the baby for the first two years.

LH and FSH made by anterior pituitary. LH acts on leydig cells which make testosterone
which acts on Sertolic cells. FSH acts directly on Sertoli cells. Inhibin comes from the 
sertoli cells to inhibit FSH production by the pituitary. Testosterone inhibits LH 
production by the pituitary. 

Progesterone triggers menstruation.

Inhibin is high during the corpus luteus, thick endometrium stage. Estrogen is lower than
at tis peak, during ovulation, and lower that progesterone which is super-high at that 
point.
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Compartum is the superfice, spongiosum is below with lots of vascularity so the tissue 
isn't that hard, 

If implantation happens to fast, or too slow, it's bad. 
Upper posterior uterus is best area for implantation.

Syncitiotrophoblast implants into the wall.

It's unethical says Dr. Isidro to implant an embryo abdominally in a man, but possible.

Blood bank—giving three unidades of foreign blood=death, giving all the unidades of 
foreign blood 

The baby is different from a tumor because of immunological things—the tumor will 
shield itself immunologically, and either separate, or spread, but the baby won't spread, 
it stays in place, without needing foreign control, and yet it's not separated and 
capsulated away like the separated tumor is—it connects and shares antibodies

Vernix caseosa

What passes through 
Oxygen goes to fetus
Co2 comes back from fetus
Water and electrolytes go to fetus
Water and urea come back 
Carbs, lipids, amino acids, and vitamins go to fetus
Waste comes back
Some hormones and antibodies go to the fetus
Hormones come back 
Drugs go to the fetus 
Viruses go to the fetus

It's super-important to notice that antibodies go straight in to the fetus, and the baby just
straight up accepts them. This is so different from a tumor, where the antibodies often 
need to be prevented or separated out via a capsule (hiding from the immune system).

Progesterone and estrogen are not quite so high in the first 30 days; it's after that that 
they get really really high and help promote the fetus (put this pg. FIXAL in the plan b 
discussion)

In the third term the cuerpo luteo isn't important anymore, it's all placenta. In the first 
term, the corpus luteum is important.
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HCG is way up in the first 30 days, then it goes waaaay down during the rest of the 
pregnancy until during full term there's an up-bump.

The moment of birth is highly controlled by the hormones. Progesterone goes way 
down, and everything else goes up, but when you produce a birth artificially to 
“schedule it” this is so complicated it's not innocuous to do that, it can have 
complications because everything is supposed to peak at its own time.

Post-partum depression—Dr. Isidro's message about not joking around, not thinking the 
woman's crazy, or that women are just silly, it's a physiological thing 
“I'm not me”

It takes about an hour per centimeter to dilate, which is why a second or third birth is 
much faster (she's already kind of dilated)

HCG's highly negative charge protects fetus from mother's immune system—neat thing 
is that unlike in a tumor, it's not made by the baby, it's made by the mother!

Human somatomammotropin is also produced, lives halflife of 15 minutes, similar to 
growth hormone but at 1/100 of th strenth, decreases insulin and circulating glucose 
and decreases the glucose utilization of the mom so the baby can have some. If the 
mother doesn't have enough sugar then there's lipolysis so you can get fatty acids and 
ketones, ketones cross the placenta and used by fetus

Corticotropin releasing hormone (like the hypothalamic hormone that secretes ACTH)
made by placenta 
makes more cervical contraction (by making you secrete more DHEA)
makes you secrete prostaglandins 
stops smooth muscle contractility (cAMP) so you don't have any contractions
progesterone inhibits it
So this means that it helps, it can help DHEA cause contractions (that's why it's inhibited
by progesterone)
Glucocorticoids and catecholamines trigger it 
Sometimes it inhibits smooth muscle, which is kind of what progesterone does by 
inhibiting everybody just before birth, but it takes turns with progesterone
So when progesterone goes down all the other stuff starts making birth happen, but 
corticotropin-releasing hormone slows or inhibits smooth muscle contraction basically 
making a control so you don't just contract and clamp down and crush the baby

Sometimes a pregnant woman will get melasmas where she has marks on her face or 
on her tummy—making a lot of ACTH accumulates pigmentation like Addison's disease
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The only plant that has progesterone identical to the human is chestnut tree.

Anabolic steroids—usually people use the precursor because the final is illegal
Officially anabolic androgenic steroids, increase protein synthesis, tissue mass, RBC 
mass because bone marrow...increase protein production in muscles, block cortisol so 
less muscle catabolism, and they help you differentiate fat into muscle, and more 
metabolism.

ADH makes collecting tubules and ducts permeable to water but not sodium
water reabsorption goes up, urin concentration goes up, retained water dilutes plasma
ADH does not do thirst. It is made in both supraoptic and paraventricular nuclei but 
made more in the supraoptic.

Estrogens stimulate osteoblasts.

At birth Loss of placenta vasculature-->systemic arterial resistance up-->arterial 
pressure, left ventricular pressure, left atrial pressure go up; pulmonary vascular 
resistance goes down because lungs expand

end physiology
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Chapter 4: Histology

In medicine 2+2 never =4. Every single person responds differently to things, even 
identical twins. That's why doctors use the word "generally" a lot. 2+2 generally = 4.
--Dr. LaPaix

We already know--people must have told me a hundred times--that the cell's the basic 
building block with cytoplasm and so on and so forth and bla bla bla. Make sure you 
also know we've got four basic tissue types in the body:

1. Epithelial
This is skin and surface tissue covering many glands, ducts, etc. It's always got a free 
surface, and it helps absorb, protect, secrete, and excrete stuff.
2. Muscle
If you don't know what muscle tissue does you probably can't read. (Just kidding--I 
wouldn't make fun of you if you didn't know, but since you do, moving on!)
3. Nervous
Also kinda obvious.
4. Connective
This is cartilage, bone, tendons, ligaments--everything that connects and supports. A lot 
of these tissues also store blood and protect the body.

The diversity here is wonderful to look at. Smooth muscle tissues look like long hotdogs 
squished together. Liver cells look all squished and round and small, and may have 
multiple nuclei. Dorsal root ganglion are big round blobs dotted with many little satellite 
cells along their peripheries. Everything's unique! Histology, the study of these cells, is 
really the precursor to pathology, so even though there isn't a shelf on this, this stuff will 
help form a base for microbiology.

To study this you really have to look at pictures first, wherever you can find them, and 
use the notes I've given you to remind you what those pictures looked like, what they 
did, and what the pathophysiology of disease was for the things in those pictures.

The Cell

General Intro to Staining Practices

We observe cells both with light and electron microscopes (duh) and it's good to know 
the difference between the images generated by both (slightly less duh) since we'll have
to identify structures from them. The tight black and white detail photos tend to be 
scanning microscopes, the X-ray-looking black and whites are electron, and the colorful 
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blob pics are light microscope images. To make the light microscope images we need to
learn how to stain, so we can observe all those great little bits that make up our tissues 
and get awesome grades. Everything that likes acid tincture is called acidophilic, which 
makes sense. Everything we can stain with the basic ink, hematoxilin, is basophilic. The
basophilic organelles will always be darker--like the nucleus, whose acidic DNA and 
RNA nucleic acids attract the basic stain. Everything we can stain with an acidic ink, 
eosin, is acidophilic, and doesn't stain as dark blue/violet. It stains more reddish. Of 
course, different stains have all kinds of different colors--really the only thing for sure is 
basic will be a little darker.

Modified fluid-mosaic model of plasma membrane

The lipid membrane's composed of 
 30% lipids (phospholipids and all-important cholesterol), 
 60% proteins (integral, imbedded in the membrane, or transmembrane, 

spanning the whole membrane--usually made of glycoprotein--and peripheral, 
kind of floating on it or sticking out, attached to other molecules and normally 
acting as receptors), and 

 10% carbohydrates (glycoproteins and glycolipids). 
It's about 7.5 to 10 nm thick. The lipids floating in it might be unevenly distributed 
between layers--it's possible to have more of a certain lipid on the outside layer, for 
example--and they can move relatively quickly within their same layer, but it's really 
energetically unfavorable for them to move from one layer to another. Outside every 
cell's bathed in a lubricating liquid, tissue fluid, which lubricates everything and 
promotes transport. Because the whole thing's pretty much made of fat, the only things 
that dissolve through the membrane and pass that way are fat-soluble. (They do simple
diffusion, along their concentration gradient) Everything else must go through integral 
transport proteins. Some things, like water, pass through consistent pores--aquaporins--
which stay open always (This, along the concentration gradient, is simple facilitated 
diffusion), but most everything else must pass through channels, which can open and 
close. (By the way, it may be possible for water to get in just by the force of the volume 
of water we are, but if you really need cells like renal cells which need water filtering 
back and forth you have to have aquaporins. H2O can't pass easily without aquaporins 
because of the hydrophobic repulsion of the phospholipid heads.) Pumps transport ions 
actively, against their concentration gradient, and require energy. Transducer 
membrane proteins couple those periphery receptor proteins to enzymes that get stuff 
done. Cell Adhesion Molecules--intercellular molecules, proteins and sugars, or CAMs--
help cells to form intercellular unions and stick together. Along the basal plasma 
membranes of some cells--like epithelial cells--you'll see protein plaques called 
hemidesmosomes.

Another important component of the lipid membrane is cholesterol. At normal 



Becoming Healers 399

physiological temperatures, according to Life: The Science of Biology, 8th edition, p. 99,
cholesterol makes the membrane less fluid and helps it to retain its shape--keeps it from
getting all droopy. But at lower temperatures, and high concentrations of phospholipids, 
sometimes the phospholipids want to bunch together real tight and form crystalline 
structures. That's not cool, so then cholesterol's nasty steroid shape acts like a bouncer 
and kinda breaks up the party--keeps everything hanging fluid. So it's important not to 
get too much or too little cholesterol. Lowered temperature always decreases lipid 
bilayer fluidity--as does saturating (adding hydrogens to and removing double-bonds 
from) the fatty acyl tails of the phospholipid molecules.

Did you know the membrane isn't considered bilayer, but trilayer? EM staining and 
sectioning with osmium tetroxide reveals outer and inner electron-dense layers, and a 
third electron lucent layer in the middle--the "empty space" between the lipid arms. If 
you do a freeze-fracture study on EM to split the membrane and kind of look at it from 
the side (instead of from inside or outside) you see the proteins and sugars are so 
dense on either side they almost look like two more layers in addition to the lipid layers. 
The inside layer (protoplasmic, or P-face, verses the external E-face) is usually more 
dense--there are more proteins and sugars sticking out inside than outside the cell. We 
call the outside layer of proteins and sugars the glycocalyx.

Organelles and Normal Cell Life

A few more terms we should know before we really get into it:
 Endocytosis--bulk transport into the cell where the membrane encloses a 

structure and drags it inside. Pinocytosis is the form of this that occurs in all 
cells and involves ingestion of liquid. Non-selective pinocytosis happens when 
an endosome forms and just kinda "invaginates" into a vesicle that engulfs a 
whole bunch of stuff, pinches off, and floats around the cytoplasm. Receptor-
mediated pinocytosis happens when specific ligands form coated vesicles--a 
specific desired liquid brushes against the outside receptors, and those receptors
recruit clathrin molecules (little bristles) on the inner surface that help fold the 
membrane over into a protected endosome. Adaptin connects the clathrin to the 
receptor to help these special endosomes form. Finally, phagocytosis, which 
happens only in cells that move around, involves ingestion of particulate matter 
and solids. This is both receptor-mediated and non, and basically the moving 
cells stick out a goopy appendage (pseudopod, in a macrophage) and wrap the 
desired solid into themselves. Both pinocytosis and phagocytosis require actin 
molecules to achieve the movement of the cell membrane.

 Exocytosis is the reverse, where you spit a secretory vesicle out. This can be 
regulated (something has to be activated to make this occur) or it can just be a 
spontaneous, continuous vomiting of stuff. Merocrine is the secretion from 
excretory glands via exocytosis.
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 Plasmalemma are membrane foldings--more membrane folding means more 

work can be done. Basal infoldings have ion pumps that help increase surface 
area available for transport and absorption, microvilli (especially in the intestine) 
help absorb, stereocilia help absorb...more on those terms later.

 Ribosome--the only organelle without a membrane, created in the nucleus, 
shipped out to the rough endoplasmic reticulum, made of rRNA and used for 
DNA transcription (to copy the instructions of the nucleus into the cell's proteins 
and enzymes!). In the neuron you have Nissl bodies--areas of free ribosomes 
mixed with rough endoplasmic reticulum--in such density, and so basophilic, that 
they're darker than the always-dark nucleus. Each ribosome has two subunits, 
one small one that binds mRNA to ribosomes and makes part of the tRNA 
binding site, and the other that finishes the tRNA binding site and helps bind 
ribosomes to RER. Single ribosomes are not active; they need a polysome, or 
group, to be active. In glandular cells segments of ribosome are called 
ergatoplasm; they're basophilic bodies in other cells. Mitochondrial ribosomes 
are made in the cytoplasm. 

 Rough endoplasmic reticulum transports the proteins made by the ribosome to
Golgi apparatus for secretion and delivery. It's a basic structure (that's why 
ribosomes are attracted to it), but it stains basophilic because of all the acidic 
ribosomes on it. 

 Smooth endoplasmic reticulum. The smooth actually carries different proteins 
and molecules, and it's extremely important. It carries proteins important in 
steroid formation in the brain, phospholipid formation, etc etc, and alcohol 
actually kills it. This is what degrades lipid-soluble drugs and toxins in your liver, 
and runs glycogen metabolism. The smooth ER stains acidophilic. 
Sarcoplasmic reticulum is the version of this in the skeletal muscle cells that 
stores all the Ca2+ necessary for contraction.

 The network of folded channels called the Golgi apparatus has two sides, the 
cis network and the trans network. The convex cis network conjoins with the 
endoplasmic reticulum and receives the proteins etc for transport. It takes and 
modifies these proteins in accordance with the need of the cell and sends them 
out through the concave trans network on the other side for secretion. Some of 
the modifications include glycosylation, sulfation, phosphorylation, proteolysis, 
and addition of a terminal CHO to glycocalyx. (Although glycosylation of 
membrane proteins happens during their synthesis in the hollows of the rough 
endoplasmic reticulum; other stuff happens in the Golgi) Then they secrete and 
package all this modified stuff on the trans side, which kinda faces the nucleus, 
which is close to where they're located. In the pancreas the Golgi apparatus runs 
the insulin secretion. Lysosomes, the digestive, destructive vesicles that break 
stuff down, also form from here. (On slides they look clear.) The folded sacs that 
make up the Golgi are called cisternae. Neither acid or basic tincture works for 
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Golgi apparatus (it's "negative" on a light micrograph). You have to use an 
argentophilic stain, because the Golgi is attracted to silver. 

 Lysosomes come in three functional stages: primary, secondary, and residual 
body. 
◦ Primary has never been used, is homogenous, and contains no digested 

material. It looks clear. 
◦ Secondary has fused with another membranous vesicle and is digesting 

what's inside it; it's being used, and has partially digested material in it. It 
looks a little darker. 

◦ The last is finished, looks heterogenous inside but not all bulbous and fused 
like secondary, and the enzymes are probably inactive but now they're filled 
with indigestible stuff like pigments. 

◦ You see lipofuscin pigment, a yellow-brown, in these residual bodies, and 
you can stain it to kind of measure how old the cell is--or how many 
lysosomes it's used, anyway. 

◦ Breakdown process is usually hydrolytic: you add water to break down 
sugars. You call it heterophagy when they fuse with phagocytosed or 
pinocytosed endosome to break down something that came from outside the 
cell; it's autophagy when they digest something that came from inside the 
cell. You identify them with acid phosphatase in both light microscopy and 
EM. These lysosome-insides hang out at pH of 5, way lower than the rest of 
your cell.

◦ If the proteins in your lysosomes don't fold correctly, or you're missing gene 
expression for certain proteins altogether, you will have one of a number of 
lysosomal storage diseases. These have different clinical symptoms 
depending on which enzymes and proteins you're missing--sphingolipid 
breakdown? Glycoprotein breakdown? Glycosaminoglycan breakdown? Are 
you making lysosomes at all? Problem with the lysosome membrane?--but 
overall you have accumulation of materials in your brain and body that will 
cause eventual mental and physical breakdown. These are horrible, horrible 
diseases that we hope to treat via enzyme replacement and gene therapy. 
You can learn more about a few of them in the Biochemistry section, page 
FIXAL. Ross pg. 43

 Peroxisomes are spherical little membrane balls which have a little nucleoid 
crystal in them sometimes. They have enzymes like oxidases and peroxidase 
that catalyze hydrogen peroxide break down into H2O and O2, and they reduce 
harmful oxidants like O2- and H2O2. There's a special "peroxidase stain" for 
them.

 Mitochondria are acidophilic and basically just conglomerates of protein. They 
have their inner membrane that's all folded into cristae, and their outer 
membrane that's smooth. Some cells have round, not hot-dog-shaped, 
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mitochondria. They're formed by binary fission, and they're for energy production.
Electron transport and oxidative phosphorylation happens across the inner 
membrane. Krebs cycle happens in the matrix. 
◦ If your mitochondria are missing catalase and several other oxidative 

enzymes, you will have breakdown of brain, liver, and renal function, and 
often die in early infancy. This is called Zellweger syndrome.25

 Every cell has one or more nuclei in its life. The nucleus has two parallel 
membranes, just like the outside of the cell, separated from each other by a 
narrow perinuclear space called perinuclear cisternae. This membrane is 
porous, and the more active the cell the more pores inthe nuclear membrane.

 Barr body is the inactivated sex chromatin which lies against the inside of the 
nuclear membrane; it's one of the female sex chromosomes. It's inactivated the 
same way your muscle cells inactivate or repress their "blood cell" genes--by 
methylation. Adding methyl groups prevents DNA transcription enzymes from 
copying and enforcing code our bodies don't want to use. Every cell in your body 
is repressing a part of its inherent nature so you can survive!

 Euchromatin are genes readily available for mRNA transcription. They're light-
colored and floating throughout the nucleus. Heterochromatin are the tightly-
packed, dark-colored chromatin around the edge of the nucleus

 The nucleolus has three distinct regions: the pars granulosa with mature RNA 
and proteins (RNP), the pars fibrosa with the RNA that's the precursor to the 
granular RNP, and the chromosomal portion with filaments of DNA.

 In the cytoplasm you've got all kinds of chemical inclusions like melanin, 
glycogen, food colors (like the orange carotene in a pumpkin that will turn you 
yellow if you eat only pumpkins), and other inclusions floating around. You can 
see glycogen structures like little rosette bars in muscle cells--they look almost 
like ribosomes, but they're not basophilic. Little lipid droplets floating in the cell 
look like clear-ish blobs of fat, which is what they are, so that makes sense. Lipid 
inclusions and other fat stains with osmium tetroxide, but in order to make stains 
you have to freeze them. There's a lot of glycogen stored, which you can't 
normally see in paraffin sections.

 The cytoskeleton is a network of protein filaments that makes up the cytoplasm 
"goo" and maintains the cell's shape and helps it move. Free ribosomes create 
this lattice. The cytoskeleton is made of the following three components:

 1. Microfilaments, which are acidophilic and only visible with EM, are made of 
actin and myosin. Actin's the stable filament in muscle (6 nm in diameter) and 
thinner than the myosin, which articulates with it in muscle contraction. Both actin
and myosin help non-muscle cells walk, and actin by itself provides support. The 
terminal web is made of actin, and it's near the cell membrane to help hold up the
microvilli in absorbing cells. You stain actin filaments with actin-specific 

25 http://www.ncbi.nlm.nih.gov/pubmed/6616347 and notes from La Paix's histo first block exam
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antibodies. In a muscle, the myosin is the long, thick filament stripes and actin 
are the thinner, lighter ones.
◦ You need actin filaments to help leukocytes walk and for lots of cells to do 

phagocytosis. 
◦ Fungi poisons like cytochalasin B and D keep actin from polymerizing (bind 

to actin's plus end) so they can't build the structures they need to. 
◦ Mushroom poisons like phalloidin keep actin from depolymerizing, so you 

can't use them to move or phagocytose. Too many phalloidin-related poison 
doses will break up F and G actin bonds, killing the cell. (Ross pg. 69)

 2. Intermediate filaments are basically for support. There are lots of cell-specific
types. Tonofilaments or cytokeratine are in epithelia and cell junctions (this is 
hard to remember, but I remember cyto is cell and so that makes me think of cell 
junctions); neurofilaments are in neurons; desmin is in muscle cells (remember 
this because Desmond sounds like a big muscle-y guy); glial are in neuroglial 
cells as GFAP (glial-fibrillary-acidic-proteins); and vimentin are in cells of 
mesenchymal origin (connective, fibroblast-like tissue able to produce collagen).
Intermediate filaments also make up the nuclear lamina, a network on the inner 
membrane which helps re-assemble the nuclear envelope when telophase 
happens. These are also clinically-significant because of their role in tumor 
formation.
◦ Alzheimer's disease presents with tanglings in intermediate filaments.
◦ You need a GFAP gene to assemble your intermediate filaments and lots of 

other proteins you need in the astrocytes of your nervous system. Astrocytes 
help feed your central nervous system neurons and give them some charges 
and some neurotransmitter direction help. If there's a mutation of your GFAP 
gene, filaments and crap will build up in the astrocyte cytoplasm without being
assembled right. Your patient will get brain infections, head-swelling, seizures,
and severe retardation and usually die before turning ten. This is Alexander 
Disease. 

◦ When you have cirrhosis of the liver, a bunch of keratin intermediate filaments
build up in your hepatocytes and around your eosinophils. These are called 
Mallory bodies, and they make your macrophages and other immune system
cells go crazy around these cells. (Ross, p. 68)

 3. Microtubules are the biggest of these three, about 24 nm in diameter. They're
made of tubulin subunits and special MAP (microtubule-associated proteins), in 
bundles of 13 protofilament strands. They are what cell materials walk along 
using kinesin for transport through the cytoplasm; they're also involved in 
making cilia and flagella move, using dynein, for cells like sperm cells. 
Microtubules come in bundles to make up these things. In cillia and flagella 
they're in 9 pairs arranged around one central pair of tubules. In the centrioles of 
the centrosome (of the cell, the center pair that drags the cell apart in mitosis) 
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they're 9 arranged in triplets. At the base of each cillium and flagellum they're in 
basal bodies, also 9 arranged in triplets with no central pair, and they're in basal 
bodies at the cell periphery, too. These are also the spindle fibers for mitosis and 
meiosis.
◦ Colchicine is a drug that binds the tubulin molecules to prevent them from 

polymerizing. You can use this to stop microtubules from polymerizing in gout 
and to keep neutrophils from using microtubules to migrate when your 
immune system is out of whack.

◦ The opposite drug to colchicine, paclitaxel (taxol) helps microtubules 
polymerize (keeps them from depolymerization) which keeps microtubules 
occupied so the cell can't use them in division. (Anti-breast cancer)

◦ Vinblastine and vincristine (oncovin) drugs stop microtubules from making 
the mitotic spindle. This can keep cancer cells from dividing. (Ross, p. 68)

◦ When you're dividing your cells, you need your centrioles to have a certain 
shape. It's extra centrioles or weirdly-shaped centrioles that can sometimes 
make you have weird chromosome sorting (so trisomies or other things). In 
cancer, weird centrioles or too many centrioles may increase oncogene 
activity (since you've changed chromosome number, and it was a bad cell to 
begin with, and now you've doubled the oncogenes or pushed around the 
tumor-suppressor genes). (Ross, p. 72)

Preparing Organ or Tissue Structure

When you prepare a tissue from a patient or a cadaver (to determine cause of death or 
whatever), you basically want to put the video of life on pause. You want to preserve the
structure, but keep the cell from autodigesting itself or continuing metabolism. Each cell 
and tissue's got it's own independent, beautiful footprint and shape, so if you can do a 
good job at this, identification should be easier.

To fix a tissue you need some time for the fixative--like maybe formalin--to fully diffuse 
into all the tissues. To do this with a cadaver you're basically dunking it in something like
a pool; for smaller tissues you cut them up and put them in smaller tubs. If you put 
tissues in saline before fixation you allow autolysis to keep going. Alcohol's actually a 
pretty bad fixative, but it is one, and there's acetone, glutaraldehyde, acetic acid, and of 
course formalin. 

Then you've got to embed tissues in a solid medium to allow sectioning. After you do 
that, you slice it into little bits you can put on microscope slides. You can embed it in a 
plastic resin, in which case you need to also dehydrate it with ethanol. Then there's 
some kind of plastic solvent used afterwards, depending on the resin. 

Another way to embed tissues is to freeze them rapidly.
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My teacher divides tissues into two "classes": nerves are high class which require gold 
and silver to see right, "ordinary, mountain tissues" like connective tissue stain with 
cheaper materials. (You can try to stain a neuron with normal acid/base stains, but you 
won't be able to see the pretty axons and dendrites all spread out) Different tissues are 
attracted to different stains, and as we've seen, those stains can be basophilic, 
acidophilic, or argentophilic (attracted to silver). Basic dyes include toluidine blue, 
methylene blue, and hematoxylin.

 Iron hematoxylin stains mitochondria and red blood cells (which shows they're 
basophilic)

 Dopa stains melanin in melanocytes
 Azan stains melanin granules dark brown (you can stain parts of the brain with 

this, too, in the substantia nigra)
 Osmium tetroxide preserves and stains lipids and proteins
 Sudan stains frozen sections of lipids bright orange
 Silver stains reticular fibers (collagen III), nervous fibers, golgi apparatus
 Weigert stains elastic fibers like fibrilin, elastin--you can use it to stain fibers in 

blood
 Elastic fibers also stain with orcein, resorcin, fuschsin
 Mason's trichrome--three colors--you use for muscle
 Usually use wright for blood
 Metachromasia happens when a cell or tissue takes a different color from the 

dye that stained it. (So you use toluidine blue on a tissue, and it turns red 
instead.) 

Here's a stain chart my friend Mariozza Santini-Moensch made. Cover columns to quiz 
yourself?

Stain Used for Nucleus Cyto-
plasm

Red blood 
cell

Colla-
gen 
Fiber

Specifically stains...

Hematoxylin General stains 
with eosin--stains 
basophilic (acidic)
stuff 

Blue Nucleic acids, ribosomes, & 
rough ER (blue)

Eosin General stains 
with hematoxylin--
stains acidophilic 
(basic) stuff

Pink red/orange pink Elastic fibers, reticular fibers 
(collagen III) (pink)

Toluidin Blue General Blue Blue Blue Blue Mast cell granules (purple)

Gomori's CT & muscle gray/blue red red green muscle fibers
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trichrome (red)

Masson's 
trichrome

CT black red/pin
k

red blue/g
reen

cartilage (blue/green) & 
muscle fibers (red)

Mallory's 
trichrome

CT red pale 
red

orange deep 
blue

keratin (orange), cartilage 
(blue), bone matrix, (deep 
blue), muscle fibers (red)

Weigert's 
elastic

Elastic fibers blue/black Elastic fibers (blue/black)

Azan 
trichrome

Distinguish cells 
from extracellular

red/purple pink red blue muscle fibers (red), cartilage 
ECM (deep blue)

Silver reticular fibers 
(collagen III), 
nerve fibers

bluish-
purple

Brown/black for reticular fibers
and nerve fibers

Wright's Blood cells bluish-
purple

bluish-
grey

red/pink pink neutrophils (purple, pink), 
eosinophils (orange), 
basophils (deep purple), 
platelets (red/purple)

Orcein elastic fibers deep blue red pink elastic fibers (dark brown), 
mast cell granules (purple), 
smooth muscle (blue)

PAS localizing carbs blue glycogen and other carbs 
(magenta)

Epithelial Tissue

So, what is epithelial tissue?

 Epithelial tissue covers body surfaces. The endocrine gland cells are epithelial 
cells but they don't cover surfaces. 

 They have polar surfaces to face the body's liquids, and nonpolar surfaces to 
stick to cells. 

 They're avascular, but they feed themselves from the tissues below them. They 
always have a basement membrane underneath them where they get nervous 
terminals and blood. Epithelial itself doesn't have nerves and vessels though it.

 They make up endocrine glands, which have no ducts, are highly vascularized, 
and secrete hormones and stuff straight into the bloodstream.

 On either side they have different "modifications" depending on the cell type. 
What the heck does this mean? 
◦ It means on the apical domain, the "top" or the side facing away from the 
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underlying connective or whatever other tissue, they can have microvilli, 
stereocilia, cilia, and flagella. Those are apical modifications. 
▪ Microvilli are made of fibrin, actin, fascin, and myosin 1.  Microvilli are 

made of 20-30 bundles of actin at the core with villin molecules in their 
tips. The fascin and fimbrin inside cross-link the actin strands to make 
them stronger. Below them, at the base, is spectrin, the terminal web, and 
myosin. The terminal web gives them a certain contraction and support 
while they're absorbing (they really don't move though, not like cilia all 
waving around or anything). Myosin II in the terminal web helps the web 
contract, while myosin 1 hangs out in the core of the microvilli. The 
terminal web anchors into the sticky zonula adherens mentioned below.

▪ Stereocilia can be moved/blown in fluid and they have a terminal web, 
too. You find this only in the male ducts. Stereocilia are longer than cilia 
and they don't actually move on their own. They are also in the ear, but 
there they're not absorptive: there they help mechanosense. They're 
actually not cilia at all, but a kind of microvilli, so many people call them 
stereovilli.

▪ Cilia use ATP to produce motility.
 Dynein is the enzyme protein that makes up the "arms" in the cilia that 

move the cilia by processing ATP. Remember dynein is a kind of 
microtubule. 

 In the cilia the main microtubules are all arranged in 9 triplets at the 
base, and in 9 pairs with 1 central pair in the long part. Dynein arms 
stick out from this arrangement perpendicular to it. 

 Primary ciliary diskinesia (PCD) or immotile cilia syndrome is the 
name we give to a whole bunch of cilia problems. Folks with cilia 
problems--especially men--are usually infertile, although some women 
may still be fertile, depending on the specific syndrome. Women who 
are fertile will have a higher chance of ectopic pregnancies because 
the cilia don't move the egg out of the uterine tube very well. Some 
patients with PCD get fluid build-up in their brains because brain-cilia 
can't move the cerebrospinal fluid like they should.
◦ Kartagener's syndrome is a hereditary problem where the cilia 

can't move--there's a mutation that makes dynein arms missing--
which produces sterility in men (flagella can't get sperm where they 
need to go!) and poor mucous clearance (cilia can't move mucous 
along). 

◦ Young's syndrome is like Kartagener's, but the dynein is 
malformed, not missing. 

◦ Because in embryo, you need a regular ciliary beat at Hensen's 
node to form laterality (to decide which side everything goes on), 
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sometimes folks with really bad PCD will have their left atrium on 
the right, or their lungs switched.

◦ Based on what you know about PCD, you can answer this hilarious 
practice question my friend Reese Cargioli made!

Billy-Joe is a 47-year-old Kentucky coal miner. He goes to his Primary Care Physician 
complaining of labored breathing. Billy-Joe recounts that he starts every day with a 
hardy breakfast consisting of a glass of Orange Juice and a pack of cigarettes. 
Investigation reveals the accumulation of mucous in his trachea. After rigorous testing, 
he is diagnosed with Kartagener Syndrome. Given this diagnosis, which of the following
is most likely to be true:

a) Billy-Joe's last four teeth will fall out.
b) Extra elasticity of the skin will result in easier expansion of his beer belly.
c) He will have to decrease the number of Hot Dogs, Pickles, and Potato Chips he eats 
at Jim-Bob's 4th of July BBQ.
d) The paternity of his three children will be called into question.
e) He will question his sexuality and continue life as a woman.

And the answer is...26

 The only cell that has flagella (a long kind of cilia) is the spermatazoan.
 All cilia disorders are genetic. 
 The bases of the cilia, collectively across the cell layer, stain dark, and 

are known as "basal bodies." The basal bodies create a striped/striated
appearance in some tissue, and there's a lot of mitochondria stacked 
vertically next to them to give them energy.

 Hydrocephalis internus is accumulation of fluid in the brain because 
the cilia there that are supposed to move arachnoid fluid around can't.

◦ The lateral domain will be where the epithelial cells meet other tissues on 
either side. On the lateral domain epithelial cells may have different gaps and 
junctions anchoring them to the cells beneath, like 
▪ zonula occludens (occluding or blocking junctions or tight junctions) This 

is a big deal, and not just to keep fluids from leaking back and forth. 
 It's a mutation in the claudin molecule of this zone that causes 

hereditary deafness: the mutated claudin gives the zonula occludens 
increased permeability in the organ of Corti (your hearing receptor!) 
which damages the generation of action potentials! 

 Pathogens like cytomegalovirus and cholera toxins act on other 
molecules in this zone, like ZO-1 and ZO-2, and make the junction 
permeable so things leak back and forth. 

26 The answer's D. A man with Kartagener's syndrome is infertile.
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 Helicobacter pylori and clostridium perfringens also attack the zonula 
occludens. Then you can die! 

 Food poisoning, gastric ulcers, infant intestinal inflammation (enteritis), 
and even dust mite toxins which cause asthma attacks all come from 
zona occludens breakage.

 These zones are made up of the transmembrane protein occludin.
▪ zonula adherens/macula adherens (anchoring or adhering junctions to 

stick the two cell layers together using cadherins and integrins as cell 
adhesion molecules or CAMs). The zonula uses actin filaments inside the 
cell; it's calcium dependent and made of E-cadherin and catenin.
 The macula adherens uses intermediate filaments, and is often called

desmosomes. You could say the macula adherens is part of the 
zonula adherens, but you'll also see in lateral domains where you 
alternate between just the normal zonula adherens actin-filament 
segments tightly bound together, and the small, disc-shaped spots that
are desmosomes. The disc-shaped desmosome is made up of 
desmoplakins and plakoglobins. 

 Desmosomes are localized spots where the tissues stick together, as 
opposed to fascia adherens, where cells stick together in a sheet. 
Fascia adherens is only present in smooth and cardiac muscle, and 
actually stabilizes nonepithelial cells--it's similar to normal zonula 
adherens. Desmosomes hold cells to each other (on the lateral 
domain) while hemidesmosomes hold cells to the basal membrane.

 Bullous pemphigoid is an autoimmune disorder where your body 
attacks the hemidesmosomes holding together your epidermis and 
dermis, causing large blisters to form under these skin layers. 
Hemidesmosomes are half a desmosome and they hold on to 
intermediate filaments to anchor them. Like desmosomes they have 
desmoplakin, but these are usually integrin class of cell matrix 
receptors, unlike desmosomes which have cadherin 

 Integrins usually help the cytoskeleton communicate with the ECM. 
(Think integrin, integral membrane protein, transmembrane) Cadherins
do the same, linking external stuff with actin inside the cell.

▪ communicating junctions or gap junctions; little proteins are actually 
stuck into both cells that let communicating molecules go back and forth--
these are the only places in the body where signaling molecules travel 
directly from one cell to another.
 The little holes/protein channels between cells in these communicating 

junctions are called nexus.
 Many nexi make up a gap junction
 Two connexons make up a nexus or channel
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 Six connexin proteins make one nexus; three for each connexon.

▪ and long circular-looking folds called plicae.  They have collagen III.
◦ The basal domain, or basement membrane, may have cell-to-extracellular 

matrix junctions and plasma membrane infolding. The basement membrane is
under all epithelium separating it from the tissue. 
▪ Collagen IV is found primarily in the basement membrane between the 

epithelium and tissues below it--there are two other kinds of collagen 
down there, but there's a special support network associated with the 
collagen IV. 

▪ When we look at the prepared cells, the lower cell membrane has three 
layers, the external lamina lucida and internal lamina lucida and the 
lamina densa in the middle. But EM microscopy reveals that the lamina 
densa is the basement membrane--the lamina lucida may actually just be 
a result of chemical fixation. These layers stain with PAS. The lamina 
lucida are mostly full of proteoglycans (also fibroconectin and laminin 
receptors). External lamina lucida is what touches the connective tissue. 

▪ You can also sometimes stain the basement membrane with Azan, and it'll
show up as a prominent blue line. 

▪ This where your hemidesmosomes are.
 Specialized epithelial cells are receptors for hearing, sight, etc
 Epithelial tissue creates a barrier that helps or prevents the passage of certain 

substances between fluid/internal cavities, external environment/internal 
environment, etc and other tissues. So lymphatic tissue, the insides of your 
organs--everything is protected by epithelial cells. This barrier and the connective
tissues beneath are often called serous or mucous membrane (serosa). These 
sheets of epithelium--called mesothelium in the serosa--protect the underlying 
connective tissues from the environment of fluids or the outside. Serosa lines the
peritoneal (inside body cavity), pleural (around the lung), and pericardial (around 
the heart) cavities.

 Epithelial cells always have a free surface facing "the outside," whether that 
outside is in the gut space or the real outside, outside your body. The exception 
to this is the epithelioid tissue in the endocrine glands: the cells of Leydig 
(seminiferous tubules/testicle), Islet of Langerhans (pancreas), parenquima of the
adrenal gland, the anterior pituitary gland, and the epithelioreticular cells of the 
thymus all don't have free surfaces. This kind of tissue actually comes from cells 
located in connective tissue in the embryo, and when they're immature they have
free surfaces, but not when they're mature.

Epithelium reduces friction between visceral organs by making lubricating and transport 
fluid in the peritoneal cavity

◦ In the cardiovascular system this epithelium allows for passive transport or 
fluid across capillary walls
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◦ In the lung this epithelium regulates gas exchange
We call all the "skin" or epithelial tissue on organs that face the outside (like your 
esophagus) an external layer.

Classifying epithelium

We classify by numbers of layers thick. One layer is called simple, and it's called 
mesothelium or endothelium. When it has more layers it's called stratified. 

We can also classify them by shape: cuboid, squamous, or columnar. Squamous is 
when the width is greater than the height, cuboid is when they're about equal, columnar 
is when the height is greater than the width. Some epithelial cells have their apices 
pointing towards a hollow (a lumen) so they look kind of pyramidal. We only use the 
shape of the cells in the first/top layer to classify the epithelium, even though in some 
squamous stratified tissue you've got cubes underneath the top layer.

Simple squamous

These are for filtration exchange (and protection). This kind of epithelium is what allows 
rapid filtration in the sac of the Bowman's capsule covering the glomerulus in the kidney,
and the alveoli in the lung. We like thin cells here because we want quick easy 
exchange, so not too many layers. These guys also reduce friction between visceral 
organs by making lubricating fluids and transporting fluids. In the vascular system these 
guys allow for passive transport of nutrients, fluids, etc, and they form the 
serosa/mucous membranes. The serosa consists of the mesothelium (the lining 
epithelium), the basal membrane, and the connective tissue underneath, and it's in the 
cavities around your lung, heart, and gut. Endothelium lines your blood and lymphatic 
vessels, and endocardium lines the surface of your heart: these are almost always 
simple squamous, too.

Simple cuboidal
These are for absorption and spitting stuff out. They line the small ducts of exocrine 
glands and tubes, as well as the surface of the ovaries and thyroid follicles. In the 
kidney they've got a a brush border/striated border of microvilli for absorption; in 
some other places they just act as a barrier between tissues.

There's one place in the body where the blood vessel lining isn't simple squamous, and 
in that place the lining tissue is simple cuboidal. That happens in the postcapillary 
venules of certain lymphatic tissue called High Endothelial Venules (HEV).

Simple columnar
These are for absorption, secretion, and making mucous, so they're found in your small 
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intestine, colon, stomach, and gallbladder. Function depends on the site, just like with all
epithelium. In the small intestine, they absorb, using microvilli, like the simple cuboidal 
cells. Simple columnar cells that secrete mucous are called goblet cells: the large 
intestine is full of them, all poking up like little white holy grail cups. 

You can tell the difference between the ones in your gallbladder and the ones in your 
kidney because the ones in your gallbladder have microvili.

These also line the inside of the uterine tube, and they have little cillia that help move 
the egg and the embryo out into the uterus. These little cilia also help the sperm travel 
when it's looking for the egg. In stains of tissue like this you can see blue blobs called 
peg-cells which feed the eggs. They're the blue (basophillic) cells scattered through the 
simple columnar.

Pseudostratified
These help line conduits and push things along, and like many other epithelial cells, 
they're good for absorption and secretion. They'll often have both goblet cells and 
ciliated cells, and they're essentially messy-looking simple columnar cells. They line the 
trachea, bronchial tree, and the deferens and efferent ductules of the epididymis in men.
In the man they've got special cilia called estereocilia, which are longer, absorptive, and 
can't move like cilia can. Nevertheless, they help the sperm move out of the testes. 

My Puerto Rican teacher compares this tissue to the long lines made in Puerto Rican 
grocery stores--there isn't a line that's one right behind the other, straight, and people 
don't line up in two files very well--they're kind of disorganized, squishing each other 
with different sizes and shapes, but they're not quite stratified. They're still simple 
columnar. You can remember the simple columnar in women, in the uterus with cilia, is 
different than the pseudostratified simple columnar in men, in the deferens and 
epididymis, by using the simple stereotype that men are messy, and pseudostratified 
tissue looks messy.

Stratified squamous

The most superficial tissues in your body are stratified squamous. That's epidermis 
(skin), oral cavity, esophagus, vagina, etc. These are multi-layered defense. When 
these cells die, they hold on to the living cells underneath them and deposit a protein 
called keratin--that's called keratinization--so there's a level of dead skin on the surface 
of your body for extra protection.

You've got these stratified squamous cells in your cornea and ears, too--but the inside 
of your ears and your cornea don't need as much protection as your hand and knee 
does, so they don't keratinize. You can imagine you don't want your sensory organs 
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hardened. 

When you look at pictures of these, you see that the bottom layers of stratified 
squamous aren't squamous, but rather cuboidal. They'll change to squamous as the top 
layers of the cells die and the bottom ones move up the line.

Stratified cuboidal

This is thin tissue, of maybe only two or three layers, but it's a barrier to protect your 
ducts and help with transport. It covers your sweat glands, the large ducts of your 
exocrine glands, and your salivary glands. Stratified cuboidal isn't so thick, so it covers 
the "lesser" yucky stuff like sweat and spit.

Stratified columnar

This may contain numerous goblet cells, and it works as a barrier and conduit 
(transporting-thing) around the largest ducts of your exocrine glands, your conjunctiva, 
and anal-rectal junction. You can see how important it is to separate the nasty things in 
there from the rest of your body: that's why you have this thick tissue as a barrier. 

Transitional urothelium 

is a special kind of epithelium in your lower urinary tract. It's stratified in such a way that 
it can stretch so you can contract and release your muscles down there. The stretchable
places where you've got thick groups of cells over each other are called plaques--those 
are the places that "disappear" as your bladder fills and stretches.

Epithelial metaplasia

Epithelium can change, reversibly, from one cell type to another, if it becomes apparent 
that one kind would be better for a new environment than another. In the smoker 
pseudostratified columnar tissues become stratified squamous to better handle that 
gunk--but if he stops smoking, the cells can reverse again. Similarly in women with 
repeated history of cervical infections, the simple columnar epithelium of the cervical 
canal gets replaced by stratified squamous. That's squamous metaplasia. It happens 
in the urothelium after chronic parasitic infections, too. It makes sense, if you think 
about it, because stratified squamous is what's on your skin: it's the toughest "outside" 
tissue you've got, so body parts under stress grow it to protect themselves.

Squamous isn't the only kind of metaplasia, of course. Squamous tissue can turn into 
columnar, like when you have gastroesophageal reflux (lots of acid! Barrett's 
esophagus) and the squamous cells of your lower esophagus turn into columnar 
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epithelium with goblet cells. This makes sense, too: all those nasty chemicals usually go
through the columnar epithelium in your hardcore digestive tracts, so your body makes 
that same kind of nasty-chemical-handling epithelium when it needs help in the 
esophagus.

Again, this is usually reversible, but if the bad conditions hang around long enough, the 
body can start growing squamous cells out of control. That's the beginning of cancer in 
the lung, cervix, and bladder. You can get cancer with columnar metaplasia, too, in 
certain glands, so as soon as a patient shows signs of metaplasia every effort's gotta go
towards changing that behavior or body-stressing situation to prevent a cancer from 
developing. (Ross pg. 109)

Glands

To be formal, glands are an invagination in the epithelium into or towards the connective
tissue that secrete things. Basically they're holes that spit things out. Exocrine glands 
usually have a duct towards their target; endocrine glands don't have a duct, so they 
spit stuff into connective tissue from which it travels to the blood stream. Hormones 
come from endocrine glands. There's a third kind of gland called paracrine, which is 
what happens when individual cells don't send their secretions to the blood stream, but 
are just trying to affect other cells in their neighboring epithelium.

Glands are made of parenchyme, which just means the specialized cell or part of cells 
that do the secreting. This parenchyme is covered and protected by stroma.

A merocrine gland maintains the cells intact, and spits stuff out using exocytosis. An 
apocrine gland spits stuff out by pinching off parts of the cells themselves (think they're 
spitting off their "apex"). These are in your mammaries. The holocrine glands just vomit
their entire selves out and disintegrate. Your sebaceous glands (your skin's oil glands) 
work like this (ew). They are pretty w"hol"e about it. 

We also classify glands by their secretions, which can be mucous--slimy and thick--or 
serous--watery. Mucous usually means there's a sugary component, which stain with 
PAS.

Finally, we can organize glands by shape. You've got lots of complex tubular glands 
which are pretty straightforward--less straightforward are the acinar glands, which look 
like bunches of berries. These are found in the penile urethra and stomach, among 
other places.

Connective Tissue
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All connective tissue is made up of extracellular matrix, cells, and fibers, which 
 supports organs and cells, 
 helps nutrient absorption and waste exchange, 
 protects against microorganisms (lots of your immune cells are connective 

tissue),
 repairs damaged tissues, 
 and stores energy in the form of fat.

We classify connective tissue into embryonic tissue, "proper" connective tissue, and 
specialized connective tissue like blood, bones, and cartilage. We can also split it into 
loose and dense connective tissue, where loose hangs out around glands and things to 
cushion them, while dense fills in solid spaces. Furthermore we can have irregular and 
regular (laminar and more nicely packed) connective tissue (you find dense regular in 
tendons, ligaments, while you find dense irregular in testes).

Extracellular Matrix

This is the substance bathing our tissues that's neither fiber nor cells, made up of things
like glycosaminoglycans, proteoglycans, and glycoproteins. You've also got adhesive 
proteins in here. Major glycosaminoglycans here include chondroitin sulfate, heparin 
sulfate, and hyaluronic acid. 

The proteoglycans, multiadhesive glycoproteins, and GAGs make up what's called the 
ground substance (so that's everything except for collagen and elastic fibers). This 
looks viscous and clear, and it's slippery and with a lot of water in it. Unfortunately, we 
lose this ground substance when we stain most slides unless we freeze-dry the sample.
You usually stain this with PAS or basic stains. It comes out metachromatic (it changes 
color from the original color of the stain).

Ground substance components:
 The GAGs are the most common heteropolysaccharides in the ground 

substance. Their high density of negative charges attracts water like a sponge. 
One of the most important, hyaluronic acid, anchors proteoglycans. Hyaluronan
(hyaluronic acid) gets synthesized at the cell surface, and they're super-long 
(thousands of molecules instead of just hundreds like other GAGs). You've got 
this everywhere, but great examples include the synovial fluid, vitreous humor, 
and Wharton's jelly (the goop in the umbilical cord). 
◦ Some really bad bacteria know how to make the enzyme hyalurinodase that 

dissolves hyaluronan and lets the bacteria bypass this thing's protective 
system. Imagine what that must do to your joints! 

Hyaluronan's a big deal in your joints because the proteoglycans anchor to it, 
forming these huge spongy complexes that cushion your bones. These are also 
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important to bind growth factors, which can affect how the proteoglycans bind to 
hyaluronan, which will affect the movement of macromolecules working there.

 Important connective tissue proteoglycans include syndecan and aggregan. 
Syndecan helps cells to link to ECM molecules, and they're on the surface of 
lymphocytes to help lymphocytes attach to the bone marrow so they can work. 
Aggregan binds noncovalently to hyaluronan and helps form an "aggregate" of 
other molecules. Basically it's a proteoglycan with multiple chains of chondroitin 
sulfate and keratan sulfate attached, and it helps to trap water and other 
molecules. I guess kind of like a "normal" proteoglycan.

 Multi-adhesive glycoproteins are most importantly fibroconectin (cell 
attachment), osteopontin (anchors osteoclasts so they can break down bone 
tissue if they need to, also helps catch calcium and calcify the ECM), and other 
things like that. These have lots of binding sites for collagen and other molecules.

Inability to degrade GAGs can cause a lot of problems. (See the deadly Hunter 
syndrome, or MPS II, in the biochem section) Inability to degrade glycosaminoglycans 
can also cause several other diseases, and the severity of each will depend on which 
part of the pathway is affected. Obviously if you can breakdown most of the GAG, you 
have a better chance of avoiding buildup; if you're damaged at an early part of the 
enzyme chain, you're stuck with lots of GAG tangling your system. These diseases are 
all called Lysosome enzyme deficiency diseases and they include:

 Hurler (MPS 1): This is a lack of the alpha-L iduronidase, an early part of the 
degradation pathway, and will kill a person by 10 years of age. Progressive 
deterioration will include mental retardation and dwarfism.

 Sanfilippo (MPS III): Involves several possible problems with heparan sulfate 
breakdown enzymes. Lifespan may last to the early teens or twenties because 
this is farther along the breakdown pathway than MPS 1. Heparan sulfate is 
important in filtering charges in the kidney, so this will affect filtration there.

 Morquio (MPS IV): Life expectancy may reach all the way into adulthood, or 
patients may die in childhood. This involves inability to break down keratan 
sulfate, and the mutation's in an enzyme that's farther down the chain, so 
symptoms vary, but they usually involve spinal deformities and a shortened neck,
along with heart problems and visual problems. 

Connective Tissue Cells

Resident cells: (cells which stay there in the connective tissue)
 Fibroblasts

◦ Fibroblasts make fibers. They come from mesenchymal cells in the baby and 
they make collagen, elastin, and proteoglycans. They're ovoid or spindle-
shaped. They have a whole bunch of rough endoplasmic reticulum because 
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they've got so many ribosomes because they've got to make so many 
proteins! One fibroblast, according to Ross, could produce all of the ECM 
components (dang...).
▪ Myofibroblasts are similar both to fibroblasts and to smooth muscle cells, 

but they don't have a basal lamina. They've got gap junctions with other 
myofibroblasts. They're abundant in areas that need wound healing, and 
they make fibers. They actually do have actin and do undergo 
mechanotransduction (they can contract a little bit). These often hang out 
alone, which is totally weird, so you've got a myofibroblast that just kinda 
twitches by itself. I love this cell.
 When you're injured, TGF-beta 1 gets your fibroblasts to turn into 

myofibroblasts. Those myofibroblasts contract, pulling on connective 
tissue, so they can help close the wound! At the same time they're 
making fibers. When you're done healing, they're supposed to 
apoptose--if they don't, you got too much of a scar, with too much 
connective tissue too bunched together. If that scar grows too much, 
and goes beyond the edges of the wound, we call it a keloid, which is 
more common in African Americans (but not impossible in patients of 
other races). 

 In palmar fibromatosis your palm's aponeuroses (fibrous edges of 
muscles) become thick because of too many myofibroblasts working, 
and that makes your pinky and ring-finger get pulled down into 
permanent flexion.

 Pericytes
◦ Pericytes are also made of embryonic mesenchymal cells, and at first it was 

believed they could only develop into certain kinds of cells (unipotent) but now
we know they may still be pluripotent. Sometimes they can differentiate into 
osteoblasts, adipose tissue, chondrocytes, fibroblasts, etc. They integrate into
sides of capillaries, where they're perivascular, where they hang out around 
the blood cell, all wrapped around it.

 Adipose cells
◦ Your adipose system is the biggest endocrine organ in your body.
◦ These are the cells that store fat globules to give you energy. They also come

from mesenchymal stem cells.
◦ Fat globules turn into HDL and LDL to give you energy.
◦ Adipose tissues in other mammals produce heat (and they can use them for 

hibernation etc)
◦ Also release leptin and insulin
◦ These cells are surrounded by lose collagen III fibers.

 Mast cells
◦ Mast cells come from bone marrow (myeloid) and we used to think that they 
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came from a modification of the esophagus, but they don't. At first they 
circulate in the blood as monocyte-like things. (They're like basophils, but 
basophils stay in the blood)

◦ They're big, ovoid, full of granules. Their granules are metachromatic (toluidin 
blue changes color red in them). 

◦ When a weird protein comes in they immediately react and granulate. They 
carry a lot of Immunoglobulin E, which is the antibody-carrying molecule that 
triggers degranulation and immune-system activation when the right antibody 
binds. They release histamine and heparin (inflammatory and anticoagulant). 
The first time you take something you can't have, okay maybe you'll have a 
reaction--maybe you'll have mild diarrhea, or something, but the second time 
you meet the same allergen, the IgE binds to that allergen and makes the 
reaction way way worse--like anaphylaxis kind of worse. By that time there 
are more mast cells present with that particular IgE, so the reaction is worse 
simply based on numbers. They degranulate and release prostaglandins and 
a whole bunch of other stuff (a lot of secondary mediators) like leukotrienes 
c4,d4,e4, and prostaglandin D--it all depends on the allergen. 

◦ Histamine provokes anaphylactic shock in overly high amounts. That's why 
you take anti-histamines to knock down your allergies.

◦ Heparin is a anticoagulant you use to treat thrombosis (clotting). These mast 
cells also release tumor necrosis factor--that's cool.

◦ Edema comes from you releasing too much histamine and leukotrienes C4 
and D4, which makes your capillaries too permeable and makes all your 
liquids get out. You also end up obstructing your veins and lymph vessels by 
leaving them with less water, and filling your lungs with water making gas 
exchange hard. Because this could be bad if it happened in your brain or 
something, there are no mast cells in your connective tissue around the little 
blood cells feeding your brain and spine.

◦ When you've got anaphylaxis you've got constriction in your airways, which is 
supposed to keep bad things out, and you've got really permeable and dilated
blood vessels, which is supposed to let macrophages and other immune cells 
in and out to get the bad guys. Unfortunately, what's happening is that you're 
killing yourself, and you need to give epinephrine to constrict your blood 
vessels and open your airways.

◦ You can get chronic allergic reactions if you're always exposed to the 
allergen (like, you sleep in beds of sunflowers every day even though you're 
really allergic to them) which makes your mast cells and other immune cells 
accumulate in tissues. That can cause permanent damage.

 Fixed macrophages
◦ Also known as histiocytes
◦ Come from blood cells called monocytes, which migrate from the 
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bloodstream, where they turn into macrophages.
◦ They eat bad stuff, and they've got tons of lysosomes, large Golgi apparatus 

(for making and packaging all those lysosomes), lots of mitochondria (for 
moving all around) and secretory vesicles.

◦ When they eat something, they display parts of it on their surfaces on their 
MHCII (major histocompatibility complex II) molecules so T lymphocytes can 
check out what they've found.

◦ Sometimes they group together to form large "foreign body giant cells," which 
can have as many as 100 nuclei. That's when they've got really big crap 
they've got to eat and you really pissed them off.

◦ You can see lots of philopodia on them and lots of vesicles where they've 
grabbed a particulate. Their nuclei look blobular, like a liver. You can see them
with tripan blue or india ink so you can see them moving around and stuff--
you can also use contrast test. Because they grab everything that's strange, 
they'll grab colors you put in.

◦ Monocytes (as macrophages) have different names in different parts of the 
body.

Then we've got cells that migrate/don't stay in the connective tissue, or transient cells. 
All white cells can migrate.

 Plasma cells
◦ Plasma cells come from B lymphocytes. They make antibodies. They make all

the immunoglobulins. They've got a weird nucleus and they looks like a clock 
face with the way their dark heterochromatin blobs are arranged through the 
cell. They're really basophilic because they're making so much stuff (lots of 
RER and ribosomes). They end up where you've got chronic inflammation. 
They stain with phosphotungstic acid.

 Basophils
◦ These look like mast cells but they don't make prostaglandins or leukotrienes,

and they hang out in the blood. (Leukotrienes get released during 
anaphylactic attacks, when they make your smooth muscle constrict)

 Leukocytes
◦ Leukocytes include neutrophils, eosinophils--eosinophils are what you see in 

the allergic reaction people.
◦ Leukocyte adhesion deficiency happens if the leukocytes can't get out of 

the blood vessels and can't do their job at the inflammation sites (they can't 
adhere to the blood vessel walls to squeeze through and out). People like this
can't fight bacterial infections. Leukocytes do their job in connective tissue, 
not in the blood.

 Lymphocytes
◦ T lymphocytes use CD2,3,5, and 7 marker proteins and T-cell receptors so 
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they can communicate with antigen-presenting cells and "decide" how to 
respond with the body's cells (cell-mediated immunity).

◦ B lymphocytes have CD9, 10, and 20, and immunoglobulins IgM and IgD, 
which they use to read antibodies from antigen-presenting cells so they can 
trigger more antibody production if necessary (antibody-mediated immunity).

All your blood connective tissue cells--RBCs, lymphoid cells, macrophages, etc--come 
from hematopoetic stem cells; all your fibroblasts and endothelial and mesothelial cells--
traditional connective tissue like adipocytes and so on--come from undifferentiated 
mesenchymal cells.

Fibers

These include: 
 Collagen--mostly 1 and III

◦ We also call collagen "white fibers." They stain pink with hematoxylin-eosin, 
blue with aniline blue, red with van Gieson, blue with Mallory's trichrome stain,
and green with Masson's. They're acidophilic in the light microscope. 
▪ Type I is the most abundant, and very strong/resistant to tensile stress, so 

you find it in your bones, tendons, ligaments, so on and so forth. 
▪ Type II resists pressure, and it's only found in your hyaline cartilage matrix,

intervertebral discs, and the vitreous body. 
▪ Type III, also called reticular, is usually with other collagen in organs and 

stuff. It's thin collagen fibers high in carbs, and they stain black with silver 
salts (agyrophilic). You find them in the lymph nodes, your spleen, and 
your uterus. 

▪ Type IV is fond pretty much only in your basal lamina, in the kidney, 
Schwann cells. It's held to laminin by entactin.

▪ Type V is in a lot of fetal tissue. 
◦ A scar or keloid is caused by a whole bunch of collagen piling up. Progressive

Systemic Sclerosis occurs when your body's accumulating too much collagen 
all over over time--also called fibrosis.

◦ We have so many collagen diseases. Check out the biochem section, page 
FIXAL to hear more about them. Here are a few not mentioned there:
▪ Kniest dysplasia: Collagen type II is missing, so you have blindness, joint 

problems, and wider metaphysis (that's the wide part of long bones, the 
growing part). Shorter stature.

▪ Kindler's syndrome: you're missing anchoring fibrils for collagen VII, so 
you have really bad repair, and you get terrible blisters and skin scarring 
after whatever minor trauma.

▪ Multiple ephiphyseal dysplasia: collagen IX doesn't harden your bones 
right, so your bones deform and you get early joint degeneration.
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▪ Schmid metaphysal chondrodysplasia: Collagen X isn't forming your 
vertebral bodies like it's supposed to. It's also not forming the growth 
plates of your bones well, so you get really short long bones (this is 
dwarfism, with normal size head but really short arms and legs).

▪ Stickler's syndrome: Collagen XI and collagen II mutations. Like the Kniest
dysplasia, you have bad eyesight (here really nearsighted) and now 
you've got craniofascial and skeletal deformations and progressive 
hearing loss.

▪ Generalized atrophic benign epidermolysis bullosa (GABEB): Bad 
hemidesmosomes from birth because of mutations in collagen XVII. Your 
skin blisters, dermis and epidermis separate, and your skin and nails 
eventually waste away (atrophy).

 Elastic fibers
◦ You see a lot of elastic fibers in places like lungs, skin, etc etc. It needs 

special stains like orcein, which stains coffee with iron stains...
◦ Elastin, like collagen, is rich in proline and glycine. These are thinner fibers 

than collagen. 
◦ Marfan Syndrome is mutations in your fibrillin gene (a chromosome 15 

mutation), and it makes you more likely to suffer fatal rupture of the aorta 
(because the aorta has the most elastic tissue out of all the arteries). It also 
means you'll have myopia, end up really tall and gangly, super-flexible, with 
scoliosis and overcrowded teeth. All your elastic stuff is just weaker and 
you're thinner and weaker because of it! You may have pneumothorax (you're
leaky!).

The location of the connective tissue will determine what proportions of fibers it needs. 
The skin needs more elastic fibers, the bone needs less, etc and etc.

Embryonic connective tissue
This is the mesoderm, the middle germ layer, which generates almost all the connective
tissue in the body. It's made in two forms, mesenchymal and mucous tissue. 

We find mesenchyme in all embryonic cells--they're "fusiform," with a thick part in the 
middle that trails into thin edges, or spindle-shaped. These cells have a lot of gap 
junctions to talk to each other, and they give rise to the vascular, urogenital, and several
other systems. Their collagen is fine and sparse because of the limited physical stress 
pushing against the growing fetus. Blood, fibroblasts, pericytes, adipocytes all come 
from mesenchymal tissue (this tissue's pluripotent).

Mucous connective tissue comes from the umbilical cord. It's called Wharton's jelly 
there, where it forms this jellylike extracellular matrix, and it's also found in the 
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developing teeth, the nucleus of the disk, and right under the developing baby's skin 
(subdermally).

These little tykes also have brown adipose tissue, instead of yellow/white like we do. 
These expand with norepinephrine and their darkness depends on the amount of 
carotenoid they have. Instead of having one single large fat droplet like older folks have,
fetuses have adipose tissue with a whole number of little fat droplets. Brown fat can 
actually produce its own heat, kind of like animal fat can, unlike white fat which is just an
insulator and a shock absorber. To get energy for heat out of white fat, you have to 
shiver, and mobilize lipids. To get energy out of brown fat, you break down fatty acids 
and instead of transporting their products out of the cell like white cell does, you keep 
them in the cell and turn them into heat by bypassing the electron transport chain which 
would turn them into ATP.

Integumentary System
The biggest and heaviest organ of your body is skin, which makes about 16% of your 
total weight. It's got two main layers: epidermis, which is epithelial tissue, and dermis, 
which is connective. Epidermis comes from ectoderm, dermis comes from mesoderm. 
Connective tissue bathes the basal membrane and from there below you've got dense 
irregular tissue. Papillae are places where connective tissue kind of inserts or fingers in 
waves into the dermis and epidermis. Epithelial tissue like the epidermis don't have 
vascularizations and stuff, so they need the connective tissue dermis to insert up and 
feed them.

Under the skin there's a hypodermis, which is connective tissue and also called the 
subcutaneous fascia (in cadavers). In people who've got lots of nutrition and people 
living in cold areas, this will be pretty thick with adipose. This is not part of the skin.

Skin has several "appendages" or "epidermal derivatives": sweat glands, hair follicles, 
sebaceous glands, nails, and mammary glands. Skin works as a barrier, sensor, repair, 
synthesis machine, and limited absorber (wow, I didn't know that), as well as serving 
immunological function. Skin makes Vitamin D, and can absorb lipid-soluble drugs. Skin
also makes melanin. Nicotine and steroid hormones can be absorbed through skin.

Epidermis has layers (here from bottom to top), and it's all stratified squamous (with 
keratinized epithelium on the top). It's Stratum Basale, Stratum Spinosum, Stratum 
Granulosum, Stratum Lucidum, and Stratum Corneum, BSGLC--Battle Star Galactica 
Loves Cells, because the weird shapes here in your skin make you think of aliens and 
spaceships and things. You can also remember the order by function: 

 Stratum basale (germinativum) 
◦ Stratum basale is also called germinativum because everything is 

generating and mitosis-ing there, re-generating the epidermis. You've got 
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melanocytes down here, and Merkel cells which hang out near hair follicles 
for sensation.

◦ Because of the work of this layer you can remake your epidermis every 15-30
days, depending on your age, body region, so on and so forth.
▪ Too much mitosis here will cause psoriasis

◦ Contains keratinocytes which come from stem cells
▪ Keratinocytes there make keratins, help form the water barrier higher up in

the stratum spinosum, and they've got tonofilaments or neurofilaments 
(bundles of keratin)

▪ Pemphigus vulgaris is when antibodies attack your keratinocytes, which 
destroys your desmosomes  (macula adherens) above the basal 
membrane (remember desmosomes hold cells together). This is different 
from bullous pemphigoid, which is when your hemidesmosomes are 
getting attacked because your body makes antibodies against BP230 
molecules there. That means your hemidesmosomes won't hold your 
epithelium to the basal membrane anymore. In pemphigus vulgaris, if you 
press your finger along the edge of the blister, the blister will grow into the 
neighboring tissue--that's a positive Nikolsky sign. This won't happen in 
bullous pemphigoid. Why? Because in bullous pemphigoid the actual 
lesion is below the epidermis, right, so you're not opening it up more by 
pushing on it unless you can get under there, sideways, and push; in 
pemphigus vulgaris the lesion's between cells via desmosomes, so if you 
push from the top, you can push the cells further apart. Also remember 
desmosomes work with cadherins, so if the bad antibodies have anything 
to do with cadherins, this is pemphigus, while if they were integrins it might
be bullous pemphigoid.

◦ Range in shape from small, cuboidal to low columnar
◦ This is attached to the very bottom using the hemidesmosomes
◦ You have Merkel cells here which are your hair nerve endings

▪ Merkel cells give us senses. (Oh that's awesome!) They aren't so well-
known, but we know they're neuroendocrine. Nerve endings reach them 
and the combination of the nerve ending and the epithelial Merkel's cell 
gives us a Merkel's corpuscle, which is a sensitive mechanoreceptor. 
They're slowly adapting touch sensors, like the deeper-layer Ruffini 
endings (unlike the rapidly-adapting Meissner's and Pacinian cells). 
Merkel cells help you read the texture of a surface.27 They can spit out 
small dense granules kind of like neuroendocrine system cells do. 

▪ Carcinoma in this is really bad but really rare--because these are 
neuroendocrine, cancer will metastasize really fast into lymph nodes.

◦ Also in basal membrane you have holocrine-style sebaceous glands which 

27 According to my University of Virginia Intro to Neurobiology class, 9/27/2012
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erupt themselves to spit out oil and stuff onto your hair (ewwww)
▪ Sebaceous holocrine glands hang out near your hair follicles and coat 

them with oils and stuff called sebum. Sebaceous glands stain very light, 
almost white-looking. We're not exactly sure what sebum does, but we 
know you start producing a whole lot more of it at puberty. Bacteria on 
your skin break down the triglycerides in sebum, and maybe the free fatty 
acids released by that irritate your skin and make you form acne. Acne is 
what happens when you hold a bunch of sebum in your hair follicle and it 
swells up, and sometimes you have lymph fluids in there, too. So washing 
helps by getting rid of bacteria that do this breakdown process.

◦ Melanocytes are derived from the neural crest in the embryo, and they're all 
along the basal cells. Melanocytes are these tentacled things that shoot 
tentacles up into the higher regions. Melanin pigment is protective, so being 
darker is better. Melanin production:
▪ UV rays trigger production (that's how you tan!). 
▪ Melanocytes make melanin first in the pre-melanosomes, little organelles 

with membranes. In there, tyrosinase oxidizes tyrosine into DOPA.
▪ Pre-melanosomes have lots of tyrosinase, which makes them look 

organized and crystalline inside. They come from the Golgi apparatus and 
grow into melanosomes. They hang out near the Golgi apparatus.

▪ Early melanosomes still have lots of tyrosinase, but they have a little 
melanin. They begin to move towards the base of the cell's tentacles.

▪ Melanosomes have lots of melanin darkening them and covering up their 
organization. They're in the tips of the cell's tentacles.

▪ You transfer the melanin to keratinocytes using a type of cytocrine 
secretion. Keratinocytes basically pinocytose the ends of the tentacles 
("processes").

▪ Two melanin flavors: one is eumelanin (brownish black) the other is 
pheomelanin (reddish yellow) 

◦ Melanocyte diseases and variations:
▪ Cancers:

 Basal cell carcinoma(from ultraviolet radiation)--most common, 
usually appears near a hair follicle, remove the tumor with a simple 
surgery

 Squamous cell carcinoma--not related to melanocytes in the basal 
layer, another kind of cancer--second-most common, you get a patch 
of inflammation around a weird, polygonal, painless nodule. It may look
more dead in the middle, and it could be circular or patterned. It goes 
down really deep, and you may use Moh's micrographic surgery to fix 
it, where you go layer by layer and look at each layer in the microscope
until you get to a squamous cell layer without any cancer. This is the 
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one you can sometimes freeze out. 
 Malignant melanoma--this is the most deadly kind.

◦ ABCD rule of melanoma--Asymmetrical shape of skin lesion, 
Border is irregular, Color variations, and Diameter (6 mm is weird 
and bad!). After 3 PM is the safest time to be on the beach. 

◦ Stages: 
▪ radial growth phase, not usually metastasized but growing in all 

directions, usually very colorful
▪ vertical growth phase, grows up and down out of the skin and 

metastasizes into lymph nodes--not colorful anymore
▪ When you don't have tyrosinase, you can't finish melanin production, and 

even though you have premelanosomes and melanocytes you don't have 
melanin. That's Albinism.

▪ In Addison disease your autoimmune system attacks your adrenal 
cortex, limiting your hormones. This has lots of bad effects--those do lots 
of things, like metabolism and sex hormones and epinephrine--but one 
minor effect is wild melanin production. There's no hormones to control it, 
so you just make tons of melanin and get really dark. This disease is life-
threatening, so I guess this is one symptom you can look for.

▪ Vitiligo is when you start losing melanocytes (also have liver problems)
▪ Hyperplasia (more number of cells) of melanocytes is lentigo (your 

keratinocytes will be hyper-pigmented)
▪ Freckles are hyperpigmented areas of melanin-secretion
▪ Melanocytes decrease with age, which is why you gray. The gene Bcl2 

tells your body to make melanocytes near your hair follicles, so folks with 
mutations or defections in this gene will gray prematurely, because they 
won't have as many melanocytes near their hair follicles.

 Stratum spinosum
◦ Stratum spinosum are called that because the keratin filaments make the 

cells here look spiny in the microscope. People call the place where the 
spines meet--the thickening of the desmosome to which the spines cling--
nodules of Bizzozero.

◦ In the spinosum you've got Cells of Langerhans. These are antigen-
presenters, macrophages of the skin. 
▪ Langerhans cells come from bone marrow 
▪ and they've got a very irregular nucleus and granules in the cytoplasm 
▪ that stain with gold. 
▪ They have Birbeck granules in them: antigen-presenting vesicle rods 

shaped like tennis rackets. 
▪ Langerhans cells squirm their way through the stratum spinosum to work, 

creating the allergic reactions on your skin to poison ivy etc. 
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▪ Histiocytosis X is when you've got abnormal increase and spread in 

Langerhans, where they're running all around causing too many reactions 
everywhere.

◦ Stratum Malphighi is stratum spinosum and basale together.
◦ Lots of cysteine that you find between the desmosomes make lots of sulfide 

bonds and impede the penetration of water. Lots of histidines also slow water,
make everything selective. This is the impermeability place.

◦ The stratum spinosum, stratum granulosum, and keratinocyte cells spit 
lamellar granules into the stratum spinosum. These are lipid bilayers with 
proteases and lipid-processing enzymes in them, to add to the impermeability
and selectivity of this layer. You make about 7-10 layers of these. 

◦ Keratinocytes extend into stratum spinosum 
◦ THIS CREATES IMPERMEABILITY
◦ The desmosomes here hold the epidermis cells together (lateral processes). 

They can stretch all the way into the stratum basale, helping to anchor the 
spinosum to the basale. (But the basale is the only one with 
hemidesmosomes)

◦ The prickle cells here are keratinized.
 Stratum granulosum

◦ Stratum granulosum has only about 5-6 layers, about half the thickness of 
spinosum.

◦ Molluscum contagiosum is a viral skin infection that comes with dome-
shaped pearly bumps with a dimpled center. Stratum granulosum and stratum
corneum will present lobules of keratinocytes with big eosinophils in this 
disease.

 Stratum lucidum
◦ eosinophilic because they're full of a protein named eleidin, 
◦ only in rough hand and feet stuff, the rest of the skin (soft/thin skin) doesn't 

have the lucidum layer. 
◦ have no nuclei
◦ Some folks think it's part of the stratum corneum

 and stratum corneum.
◦ This is mostly the dead keratinized layer, all flat and fused.
◦ The cells here lose their nuclei, fill with keratin
◦ A thick lipid layer (extracellular) makes this a good water barrier
◦ In thick skin this is thicker, with less organized compact keratin plates--in thin 

skin this is nicer and flatter and prettier and less rough and hardcore.

Dermis
All the dermis that isn't papillary is reticular (layered). Dermis is type 1 collagen. 
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Papillary layer: This is loose connective tissue reaching up into the epidermal layers, 
feeding them with blood vessels and nerves. The papillary ridges make your fingerprint. 
Remember the Merkel cells in the stratum basale? Their cousins, Meissner 
corpuscles, hang out here in the dermis papillaries, where your hair roots are. Like 
Merkel, they give you very discriminatory sensation, but they're faster-adapting. So 
while Merkel can tell you "this Braille is bumpy," Meissner helps you actually read it as 
you start moving--Merkel can't work on moving objects--and can sense things like 
someone blowing on you. 

Reticular layer: Below the papillary. Dense and more regular. Down in the reticular 
layer you've got elastic fibers. You've got two kinds of sweat glands here, depending on 
what part of the body you're talking about: eccrine, and apocrine. 

 Apocrine sweat glands spit off their apex, secreting sweat plus lipids from the 
top of the cell and smellier things that have to do with pheromones and signaling,
so they're located in your armpits, breasts, genitalia, and anus. These cell clumps
are shaped like bunches of berries (acinar).

 Eccrine sweat glands are a combination of different kinds of merocrine cells 
secreting sweat everywhere else: clear cells make the watery part of sweat, dark 
cells spit out proteins, myoepithelial cells help the duct contract and squirt 
everything out, and the ducts are made of stratified cuboidal epithelium. These 
are shaped like little coils.

 Sweat contains water, salt, ammonia, and urea. 
◦ If your kidney's not doing a good job excreting urea (uremia), you may have 

extra urea in your sweat, and it will crystallize on your skin (especially your 
upper lip) when your sweat evaporates. That's urea frost.

◦ If your body's having trouble with chlorine channels--a major mechanism of 
action in cystic fibrosis--you can have two to five times more sodium 
chloride in your sweat than normal. Your cells are trying to compensate for the
fact that they took ALL this sodium and chloride from the mucous when they 
shouldn't have, and they're spitting it out on your skin (see respiratory section 
of histology, page FIXAL, for more)

Everything else that's not vessels and nerves live down here, including the muscles 
(errector pili) that work on your hairs. The hairs here come in several types:

 vellus hairs--really fine hairs like what you have on your forehead, that you 
almost need a magnifying lens to see

 terminal hairs--long, coarse hairs in beards. Most hairs are somewhere between
vellus and terminal in size; as baldness progresses, what's actually happening is 
your terminal-type hairs are getting replaced by vellus.

 lanugo--that's the baby's first hair
Hairs go through a growth period (anagen), a growth stopping period (catagen), and a 
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rest period (telogen). In telogen your follicle will shrink (atrophy) and the hair will fall out.
Balding usually involves follicles that stay in telogen for a long time.

You've also got your Pacinian and Rufini mechanoreceptors down here in your 
reticular connective layer. Like Meissner and Merkel, which are more superficial (less 
deep), one of these is faster-adapting and one is slow. Both of them sense pressure. 
Rufini is slower to adapt to sensations, so it will detect things like slow stretch--like how 
tight your hold is on a baseball bat. Pacinian (Vater-Pacini) is faster to adapt, so it'll 
detect fast vibrations and other pressures like that. You've also got Krause end-bulbs, 
which are not mechanoreceptors: they give us the feeling of cold. 

Solar elastosis: Too much exposure to the sun makes you lose elastic fibers, 
encourages too much cross-linking collagen fibers, and your skin's getting all saggy and
not stretching anymore. This same "symptom-set" can be genetically inherited when 
your elastic fibers don't form right: that's called cutis laxa.

Photoaging: With lots of sun exposure, you begin to produce less collagen type I and 
III fibers. That happens in normal aging, but with photoaging it's more obvious in sun-
exposed areas (so your skin is different in different areas, instead of uniform). The sun 
actually makes collagen cross-linking stronger, so collagen doesn't degrade well and the
skin doesn't want to stretch, heal, or break nicely. Elastic fibers go down or decrease 
with age, but in photoaging not only do normal elastic fibers go down, but weird, thick, 
not-elastic elastic fibers go up! Instead of forming nice organized fibrillin networks, your 
elastic fiber meshes degrade into sparse ECM tangles and amorphous goops of broken 
elastin. The damage to the skin calls fibroblasts and neutrophils to the site--but 
unfortunately, they start releasing MMPs (matrix metalloproteases), elastases, and other
proteases that degrade extracellular proteins. Normally, you have some TIMP (tissue 
inhibitors of MMP) which stop that from happening. But the sun hurts TIMPs. So you 
don't have a lot of protection, and you're just digesting your skin. That sucks! We try to 
fix skin damage with anti-inflammatory medications and medications that copy TIMPs. 
(Ross 173)

Repair of damaged skin: A nice, clean, sharp cut will heal by primary union, where it 
won't need to form too much new tissue and so it won't form granulation tissue or 
much of a scar. A wide, traumatic, open wound will heal by secondary union, which 
needs more granulation tissue. To repair the dermis you need:

 Blood clots
 Something to digest broken collagen fibers (macrophages)
 Granulation tissue to form 
 New epithelial tissue to cover the exposed surface
 Proliferation and migration of fibroblasts
 Fibroblasts to differentiate into myofibroblasts
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 Fibroblasts and myofibroblasts to spit ECM into the connective tissue
When you make a surgical incision, because you want to minimize scarring, you try to 
cut along collagen fiber lines so the body doesn't have to digest and repair collagen 
fibers. When you're repairing the epidermis, you need:

 Basal keratinocytes to multiply in the undamaged stratum basale around the 
wound

 Keratinocytes to proliferate and differentiate to make the original epidermis 
layers, growing from out to in under the scab

 The top epidermis cells to keratinize
 Those keratinized cells aren't holding onto the scab anymore--they're kind of 

dead-ish--so the scab falls off from out to in as the layers grow from out to in
If you lose your whole epidermis, hair follicles will try to use the little epithelium they 
have to multiply and form a new epidermis. But if you've burned those away, or the 
abrasion is just too huge and there's no epithelium in the area at all, you need a skin 
graft. Technically, the epithelium at the edges of this giant abrasion or deep burn would 
try to move in to re-build, but without hair follicles spotted throughout to make little 
epicenters of epithelial growth, that's all you got--and it would take a very, very long 
time, and by that time you're infected and dead. So, skin grafts.

Muscle Tissue

Much of the information you need from this section can be found in Physiology, page 
FIXAL, so I'm only including here what you don't get over there. Smiles? Okay!

All muscle is similar to nervous tissue (in that it can conduct impulses), similar to 
connective tissue (in that smooth muscles make collagen, elastic fibers, ground 
substance, and thin membranes of tissue covering the muscle), and similar to epithelial 
tissue (cells are polar, or have one side different than the other, they're close together, 
and they've got an external lamina or protective layer of material that supports their 
function). Usually, we call muscle cells fibers (so each fiber is an individual cell? huh).

Skeletal muscle: 
 Actually gets its name because most skeletal muscles have at least one end 

attached to bone
 These are long, up to about 100 micrometers in diameter, shaped like cylinders 

with many nuclei (which hang out at the periphery of the cell) and cross-
striations.

 Around this tissue you've got connective tissue in three kinds: epimysium, which
is continuous with tendons and goes around the whole muscle (something you 
don't see in microscopy but only in badly-cleaned meat), perimysium, which 
contains big blood vessels and nerves and wraps around a muscle cell bundle 
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(fascicle), and endomysium, which wraps around cells and feeds them with a 
few capillaries and nerve endings. (Every muscle fiber has a nerve ending on it 
called the motor end plate; looks like a blotch) Endomysium contains an 
external lamina analogous to basal lamina, with reticular fibers (collagen III) and 
ground substance. Connective tissue holds the muscle cells to bone using 
cellular adhesion molecules (CAMs) binding each sarcolemma to the 
endomysium, perimysium, epimysium, and then the tendon.
◦ By the way, the tendons are regular, dense connective tissue.
◦ When you stain skeletal muscle with Masson's trichrome the muscle turns 

red, the endomysium and other connective tissue colors purple (or stays 
whitish), and the nuclei color really dark.

 The myofibrils are acidophilic and full of beta glycogen.
 The T-tubules form triads with 2 SR cisternae (membrane folds) at the junction of 

the A (myosin, 15ish micros in diameter) and I (actin-only, about 6 micros) bands.
You've got two triads per sarcomere in mammals. Mitochondria hang out next to 
this triad, paired up on either side of the I-band (which I described only briefly in 
the physio-section--here we'll go into detail). The triads look like little butterflies 
hanging out next to the I-band.

 Sometimes when you're looking at muscle pictures you'll see blobs of granular 
stuff. That's glycogen, which provides the muscle with energy.

 The sarcomere is the portion of myofibrils between 2 neighboring Z-lines.
◦ The I-band (which is dark in polarized light, light in light microscopy) is pure 

actin (no cross-bridges) with the Z line in the center. It gets shorter during 
contraction (the myosin pushes into this line, so it's no longer just actin).

◦ The A-band is where myosin and actin overlap, so basically everywhere 
there is myosin (this does not shrink, since the myosin doesn't change its 
length). This is bright in polarized light, dark in light microscopy. This does not
touch the Z-line, but there is titin around to connect it to the Z-line.

◦ The H-band is slightly paler (only in resting fiber) and is in the middle of the A 
band. It's the part that's only myosin (so it shrinks as the cross-bridges 
contract). A lot of times you can't see this. It contains also the C-protein, which
helps the myosins connect to the M-line.

◦ There's also a M-line that connects the myosin filaments to each other (so 
running parallel to Z-line) with other kinds of filaments and proteins. This will 
be the darkest line in the M line, inside the H-band.

◦ Desmin is the intermediate filament that winds like a zig-zag down the I 
bands, making the Z-line. This basically sustains the I bands together.

◦ "Thick" filaments are just a few myosins. This is the middle of the sarcomere. 
It's not attached to the Z-line (only thin filaments are). It's in the A-band.

◦ "Thin" filaments are actin, tropomyosin, and troponin. They've got one end 
attached to the Z line and they're between the thick.
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◦ When the sarcomeres contract, it's actually not just filaments sliding past 
each other. That would mean that when neighboring sarcomeres contract, 
they'd cancel each other out by pulling equally on the Z-line. Actually the 
myosin heads do their thing in little waves, so each one contracts at a slightly,
miniscule-y different time from others. (Ross, 323)

 Intrafusal fibers--This is different from the motor nerves. They stretch with the 
muscle and send the stretch data back to the CNS. They're nervous and muscle, 
and they're made up of little bags and capsules along a chain--you'll see them 
between the extrafusal, or normal muscle fibers.

 Satellite cells hang out between the external lamina and muscle cell. They're 
little muscle-generating cells that, as long as the endomysium is intact, help you 
repair and regenerate.

 There are other proteins in this fiber. Lack of one of them, dystrophin, is 
associated with Duchenne's muscular dystrophy, in which you slowly lose muscle
strength. It's encoded on the X, so only boys get it, and at this time we have no 
cure for DM--patients gradually lose the ability to walk and use their muscles, so 
by age 20 they need respirators to help them breathe, and by 25 to 30 they can't 
walk anymore. Because the dystrophin gene is one of the longest in the body, 
there are several different mutation points on it, so there are other types of this 
same disorder other than Duchenne. Becker's, for example, is a milder form. 
Even if the dystrophin gene itself remains intact, you can have Limb Girdle 
Dystrophy from mutations on other genes coding for sarcoglycans or other 
glycoproteins complexing with dystrophin. Compelte loss of dystrophin usually 
comes from frame shifts.

Cardiac muscle:
 There's actually some of this in the walls of the pulmonary veins and superior 

vena cava (even though those are generally supposed to be smooth)
 Usually only has 1 or 2 nuclei, and they're in the center.
 The striations (stripes) may cross 
 Gap junctions, like in epithelial tissue
 There's a desmosome and something like a zona adherens that makes up 

intercalated discs holding these cells together. These make longitudinal cuts 
look like bamboo--they look like the horizontal line on a bamboo tree. In closer-up
microscopic images the adhesion plates may look really long, like the zonula 
adherens of epithelial cells.

 These have diads of t-tubules, instead of triads, and the diads hang out near the 
Z-zone. Also, their t-tubules are wider (have an extra external lamina) and are 
located near the Z disk, not near the A-I union like in skeletal.

 This looks more branched than skeletal muscle, and they're smaller.
 These are irregular, not cylindrical, fibers, and they bifurcate often.
 When these get damaged by a myocardial infarction, unfortunately a dense 
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connective tissue grows in their place--which means less muscle contraction.

 Purkinje fibers, the specialized muscle cells that transmit charge, are usually 
located right under the endothelium of the heart (sub-endothelium). The other 
myocardial cells are deeper down.

 Cardiac muscle looks spongy because of all its glycogen.
Smooth muscle:

 No stripes, fusiform (which means cells look squished and elongated, like a 
stretched taffy candy)

 Gap junctions, like in epithelial tissue
 These horizontal cuts are hard to identify, but you can see that they're smooth 

muscle because the shape of the cell is round like skeletal (cylindrical), but that 
they've got nuclei in the center like cardiac.

 The myosin here isn't arranged into filaments. They just kinda hang out.
 These have only perimysium and endomysium (no epimysium).
 These are the smallest muscle cells (5 micrometers diameter).
 They may be single cells, sheets, or bundles. 
 Myoepithelial cells are the same as these except they're made from epithelial 

cells and branched. They wrap around ducts of glands, and they've got 
cytokeratin.

 There is some striated muscle in the visceral tissue, even though we usually 
think of visceral muscles as being smooth: parts of the diaphragm and certain 
eye muscles are striated.

 The thin filaments here are attached to dark dense bodies, which are 
conglomerations of alpha actin. (They replace the Z-lines)

 Myosin filaments here are longer--almost twice the actin filaments--and the actin 
filaments are longer than in skeletal, too.

 These can do both hypertrophy and hyperplasia, normally, while skeletal muscle 
only does hypertrophy (when you work out, your muscle cells get bigger--you 
don't get more arm muscle cells; but when you're pregnant, you do have more 
tummy cells growing to accommodate the baby). You can have abnormal smooth
muscle hyperplasia, for example in chronic asthma, where the muscle cells 
multiply out of control.

Blood

Cells in the Blood

This specialized connective tissue makes up about 8 percent of our body weight; it's 
unique because the intercellular ground substance is liquid, which doesn't really 
characterize other connective tissue. Normally we use two different stains for blood: 
Wright, and Geimsa. Wright is more colorful and stains things red; Geimsa makes 
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everything blue-purple, and there isn't a lot of contrast, but you can use it to see certain 
plasma elements. When you use Wright there's always a white space in the center of 
the RBCs--that's not a nucleus, just a thinner blank. Geimsa is better for seeing the 
granules. I've also seen toluidine blue used to stain epithelial tissue of the vessel walls.

Red blood cells: My teacher doesn't like to call RBCs cells, but rather "formed 
elements" of the blood, because they don't have nuclei. These little guys are usually 
about 4 to 5 million in one mm3, but to make sure in a particular patient you can do a 
test called hematocrit which estimates the volume of RBCs for a  blood sample. Normal 
hematocrit is 39 to 50 percent in men and 35 to 45 percent in women (so women have 
less blood cells). That's because testosterone stimulates more RBC production. RBCs 
also don't have mitochondria. The biconcave shape is actually, if you sit down and 
calculate, the most effective surface area for gas exchange. Spectrin helps them 
maintain this shape. 

Sometimes you've got immature RBCs called reticulocytes, which have little dark spots
of organelles inside them that haven't disappeared yet (less than 1% of circulating 
blood). They work as reference cells so you can evaluate normal or abnormal 
production of RBCs--too many reticulocytes means something odd's up with production.
RBCs only live for about 120 days; after that, macrophages eat 90 percent of them, and 
the last 10 percent just decompose. Since they're almost always 7.8 micrometers in 
diameter, histologists use their size to measure other cells. There is some 
anisocytosis--or strange size variation--within the red blood cells: if they're bigger than 
9 micrometers we call them macrocytes, and if they're smaller than 6 micrometers we 
call them microcytes. These weird sizes happen in hypertonic media (when the outside
has more osmotic pressure than the inside, or higher concentrations of solutes); in 
hypotonic media they lyse into ghosts. When the blood stagnates, they stack in towers 
called rouleaux. If you don't have enough vitamin B, you'll have way too many 
macrocytes, and we call that megaloblastic anemia. The lack of vitamin B12 and/or 
folic acid together inhibits DNA synthesis and keeps the cell from finishing its cycle. 
(Vitamin B12 deficiency alone doesn't usually cause this) Iron-deficiency anemia, on 
the other hand, will leave you little tiny less-colored erythrocytes. Strange shape 
changes are called poikilocytosis.

As you know, red blood cells have hemoglobin in them, and healthy adult humans 
usually have hemoglobin type A. But A has several subtypes. You can use one kind, 
A1c, to test for blood sugar levels. You know those little glucose monitors diabetic 
patients use to monitor their glucose after meals and such? That is not what we're 
talking about here. We use A1c to monitor glucose over the past two or three months, 
so we can see if a patient is, over time, managing diabetes efficiently. We can use A1c 
this way because it binds irreversibly to glucose. When there's lots of glucose in the 
blood, we'll see lots of A1c with glucose on it--and it will stay that way for 120 days until 
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the RBC carrying the hemoglobin is destroyed. You shouldn't have more than 7% of 
your hemoglobin be A1c.

If you have too little hemoglobin in your bloodstream, it's called anemia. So sickle-cell 
isn't the only kind--you could just have bled a lot, and that would cause anemia, or just 
you haven't eaten enough B12 or folic acid, and that could also cause anemia. You have
a molecule called intrinsic factor in your gastric system that's supposed to help your 
body absorb B12. If you have gastric atrophy--some other autoimmune stuff attacking 
your gastric system--and you have less intrinsic factor, you'll absorb less B12, and 
produce less RBCs, and then you'll have pernicious anemia. Anemia makes you feel 
weak, headache-y, without sexual drive, cramp-y, dizzy, short of breath, insomniac, and 
pale. People with diabetes, because of damage, will be more prone to anemia--the 
kidneys will produce less erythropoietin, which is the hormone that stimulates red blood 
cell production.28

White blood cells: Only making up one percent of blood volume, WBCs pack to about 
6 to 10 thousand per cubic millimeter of blood normally--that depends on age and time 
of day. When the quantity doesn't arrive at 6 thousand you have leukopenia, and 
leukemia is actually an abnormal increase in WBCs. To count these you do a 
differential, which tells you what kinds of monocytes and lymphocytes and neutrophils 
and basophils you have. When these hang out in connective tissue they're all amoeboid
so they can crawl around and chase bad stuff, and in blood they're all round so they can
slip easily through vessels. The endothelium has little receptors to tell the WBCs where 
to get out into CT to do their job! That leaving is called diapedesis. When they can't get 
through--because they have an integrin deficiency, so their integrin won't let them hold 
on to the cell walls and they just slip off--you have leukocyte adhesion deficiency and 
bad immune system responses. The bone marrow controls WBC production.

WBCs split into two kinds, granulocytes and agranulocytes. Granulocytes release 
specific granules full of cytokines, while agranulocytes don't. Agranulated or 
agranulocytes do have some small azurophillic, non-specific granules (just lysosomes), 
and their nuclei are so prominent and big that you don't have a lot of room for granules 
anyway. Ross page 293 has a lovely picture detailing the differences between your 
major granulocytes, what they look like, and where they come from.

 Neutrophils are granulocytes. They have dark colored nuclei and produce 
cytokines and have multilobular nuclei which join using arms of chromatin. That's 
called having polymorphic nuclei.They've got lots of granulation, and they like to 
eat bacteria and blood wastes. If you look up close you can see azurophilic 
granules, which stain big and dark, and specific granules, which stain lighter. 
Have to see at least three nuclei, maybe 5. In women, their extra X chromosome 

28 diabeteshealth.com/read/2012/02/16/7449/
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(the Barr body) hangs out on the periphery of one of these nuclei looking like a 
drumstick. Metalloproteinases may help these guys migrate! When these guys 
die, they're pus. They only live a few hours in the blood (days in CT) and they're 
stored in the bone marrow. When they want to cross from blood to connective 
tissue they use selectins to hook into the endothelium and then stick a 
pseudopod in between the endothelial cells, and then histamines and heparin on 
the other side produced by other cells help pull them through. Immature 
neutrophils have bands across them instead of the multilobular nuclei. They're 
called neutrophils because they stai n with neutral stains. These are 70-75% of 
the WBCs. You use Romanovsky stains to make their granules light-pink. 
◦ Your neutrophils produce lots of superoxide anions and reactive oxygen 

intermediates (ROIs--the things antioxidants break down) to kill bacteria. 
Sometimes your NADPH oxidase complex (the metabolic system whose 
inefficiencies are responsible for the ROIs neutrophils can produce) will be 
mutated or some pieces will be missing. Then neutrophils can't make ROIs! 
These people will have chronic granulomatous disease, and they'll have 
lots of life-threatening bacterial and fungal infections over and over. Your body
will try to deal with these infections by forming thicker barriers in your lungs, 
skin, etc, which as you can imagine can be bad for normal functioning. This is 
super-interesting to me, because normally I think about oxidants as bad, and 
as causing aging, and I wonder why God made metabolism so weird and 
inefficient as to put oxidants everywhere, but without those oxidants in my 
neutrophils, at least, I get into a heap of biological trouble. The built-up tumors
in this disease are called granulomas, and they can block your eating and 
pee pathways.

 Lymphocytes are agranulocytes. They are more like the size of RBCs. Their 
nuclei are so big (dense and full of chromatin) they basically take up the whole 
cell, and then there's a tiny tiny thin sliver of cytoplasm around them. These can 
leave the blood and go into lymphatic system and hang out in certain organs. 
They've got little out-stickings like pseudopods that help them move through 
connective tissue. The cytoplasm stains light-blue. They're for becoming memory
cells and responding on contact to specific antigens with antibodies. They can 
become T-cells or B-cells.
◦ T-cells: from the Thymus, can be helper cells (which make cytokines and help

other cells figure out how to respond to infection), t-suppressor cells (which 
turn off immune response), t-killer cells (which kill cancer or weirdly altered 
cells) and are the cell-mediated immunity.

◦ B-cells: from the Bone marrow, become plasma cells (which make 
antibodies), present antigens (which help your T-cells decide whether or not 
to encourage you to make more immunoglobins for those antigens), and 
manage the immune response floating in the blood (circulating 
immunoglobulins). If you have too many of these your skin, soft palate, liver, 
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and spleen start bleeding, and it's a cancer called lymphocytic leukemia. 
This is treated with bone marrow transplant.

 Basophils. How do you tell the difference between them and eosinophils, which 
both have two nuclei? The two nuclei of basophils are harder to distinguish, not 
because basophils necessarily have more granulation than eosinophils, but 
rather because the kind of granulation really hides the nuclei. They don't even 
arrive at like 1 percent of WBC. They're histamine (vasoconstriction, smooth 
muscle contraction, blood vessel leakiness) and heparin (prevents blood clotting)
and basic elements in their granules. Mast cells-related. Very dense, opaque 
granulation (not football shaped like eosinophils have). They don't eat stuff 
(eosinophils); they're secretory. You use Romanovsky stains to make them blue-
black. They release histamine when something triggers their IgE 
immunoglobulins. 

 Eosinophils have lots of granulation which are acidophilic and have peroxidases
and things. Major Basic Protein is only found in eosinophils. It's super cytotoxic 
for parasites--and these guys like to eat parasites. Their granulation vacuoles are
smaller and like little surfboards with stripes in the middle--dark edges and light 
stripe in the middle. They make up 2 to 4 percent of WBC count (and for each 1 
in the blood you've got 300 in CT). They've got two lobes on their nuclei. They
eat things and then their granules fuse with that vacuole and digest the things! 
(What an awful way to go) They live up to 12 days. 

 Monocytes have a nucleus that is indented like a kidney or a chicken fetus. 
They're less than 10 percent of WBCs. Don't confuse these with basophils, which
have two separate nuclei. Their membrane surface is really irregular. They 
become macrophages for eating stuff. Macrophages have pseudopods for eating
stuff and antigen-presentation. They live only a few days in blood, and several 
months in CT. Macrophages in bone are osteoclasts which break down bone. In 
the liver they are Kupffer cells for defense. 

Platelets: 200 to 400 thousand per mm3. When they're in bone marrow they're called 
megakaryocytes. These look like little granulated discs, about a third the size of an 
RBC, and they've got a rich glycocalyx that helps them adhere to surfaces with 
receptors. They're not cells, but pieces of cells. They have a dense, granulated center 
called the granulomere, and around that there's a clear cytoplasm, a hyalomere, full of
microtubules, actin, myosin, and other dense tubes. Lots of proteins and enzymes and 
coagulation factors hang out in the granulomere: alpha granules include coagulation 
proteins like fibrinogen, delta granules include serotonin, ADP-ATP, histamine, calcium,
and other signaling proteins, and lamda granules include lysosomes. They live less 
than 14 days. When you have too many platelets you have thrombocytosis or 
thrombocythemia, which means your megakaryocytes made too much and you're now
having headache, bleeding from your gums and nose, having a swollen spleen, and you
need aspirin to thin out your blood again.
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Plasma: The volume of plasma is 55 to 56 percent of our blood. It's a kind of special 
connective tissue, and its principal parts (even though it's 91 percent water) are 
proteins. These proteins give it function: 

 albumin (most abundant at 56% or more) maintains its viscosity and osmotic 
pressure, preventing blood fluids from leaking out into connective tissues;
◦ Starving kids have big tummies because their bodies are digesting their own 

albumin, which helps make your blood full of water (albumin keeps your blood
liquid) and if you lose albumin, the water starts getting into body cavities and 
out of blood.

 globulins
◦ gamma globulins are immunoglobulins and 
◦ alpha/beta globulins, secreted by the liver, act like carrier proteins for 

copper, iron, hormones, and hemoglobin, and 
◦ other non-immune globulins like fibronectin, lipoproteins, coagulation factors 

help in nutrient exchange
 fibrinogen, along with prothrombin and thrombin, helps form fibrin in 

coagulations. 
There are other important parts of plasma, about 1 to 2 percent, including electrolytes, 
nonorganic salts, gases, etc etc...You often do albumin test on women who are pregnant
to make sure that osmotic pressure is at the right levels to promote exchange between 
the mother and baby. 

How does bone marrow make all these cells? We're not sure. The process is called 
hematopoiesis, and there's three theories I learned:

 The monophyletic or unitary theory, in which a pluripotential stem cell or 
hemocytoblast makes all the mature cell types

 The polyphyletic theory, which says that each blood cell type comes from its own 
kind of stem cell 

 The dualist theory, which says that lymphocytes and monocytes come from a 
lymphoid cell--or that they come from the bone marrow and then get sent to the 
lymphatic organs for final maturation.

We measure bone marrow health with something called bone marrow cellularity. 
That's the ratio of hemopoietic cells (cells that will make blood things) to adipocytes. We
take a microscopic chunk of bone marrow biopsy to evaluate this. Normal bone marrow 
cellularity is 100 - the patient's age +/- 10 percent. So me, at 22, should have between 
70.2 and 85.8 percent active blood-making cells (versus adipocytes). To have too little 
happens after chemotherapy, or in certain anemias (aplastic anemia); to have too much 
happens in hemopoietic tumors.

Larger-scale Cardiovascular System
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Blood vessels are made up of three walls.

Tunica intima: These are endothelial cells which are in direct contact with blood (simple
squamous epithelium) and under them (facing the tunica media) they've got a basal 
lamina and subendothelial areolar CT which is lax and irregular. They've got a net of 
elastic fibers (internal elastic membrane). Epithelium

Tunica media: These have smooth muscle that helps regulate their diameters. They've 
got elastic and reticular fibers that help them make up the external elastic membrane 
(internal is in intima, remember). In really big vessels they've got little tiny vasa 
vasorum vessels in the connective tissue that feed the endothelium in blood vessel 
walls. (Huh, that's cool, like the coronary arteries of the heart) Muscle

Tunica adventitia: Deep-most layer (most outside the blood vessel, farthest from the 
blood), fibroelastic connective tissue. This is the thickest layer of most veins.

Capillaries will have no tunica media, just tunica intima and a very thin tunica 
adventitia. Different kinds of capillaries:  

 Continuous capillaries are round and common. 
◦ The cytoplasm of the epithelial cells kind of flow back and forth between each 

other, and you've got little zona occludens segmenting this cytoplasm so only 
tiny molecules can pass between the cells. 

◦ These work well at the blood-brain barrier, where they don't let a lot of stuff 
pass. Everywhere else but at the blood-brain barrier, they've got lots of 
pinocytotic vesicles that help them pass liquid substances back and forth. Not
at the BBB! Only a very few pinocytotic vesicles are allowed there.

◦ Have lots of pinocytotic vesicles!
 Fenestrated: they've got little separations, little pores or canals, which help with 

fast exchange between the capillary and the tissue around it. These are good for 
absorption sites like the intestine.
◦ With diaphragms means they've got little filters over their little pores. These 

diaphragms look like little bumps or hills of grey between the epithelium. You 
can just barely see them, they're so small.

◦ Not with diaphragms: these are unique to the glomerulus of the kidney to 
allow super-fast exchange. They'll look just like the fenestrated without little 
grey closures.

 Sinusoidal capillaries are only in special places, with a wide lumen (hollow) that
changes size irregularly. They're fenestrated without diaphragms with weird large
or irregular pores and either no basal lamina, or a small basal lamina. They're 
located in the kidney, liver, spleen, bone marrow, and lymph nodes, and they've 



Becoming Healers 439

got lots of macrophages in them, and some vitamin A-storing cells called Ito 
cells.

Important blood barriers in the brain, thymus, testes, and eye. Pituitary gland has a net 
of little continuous capillaries. Little pericytes hang out around capillary walls. They also 
help control the size of the capillaries. In EM they look white and long; in normal staining
they're flat and purple. 
There are several ways to send blood between arterioles and venules. 

 They can make big nets of capillaries.
 They can have portal systems where you have one net or bundle of capillaries 

and then another one, like the glomerular capillaries in the kidneys that lead to 
other capillaries. 

 Then you can sometimes have a direct anastomosis from artery to your vein via 
a "meta-artery," like in your nose--that's why nose bleeds are so bad, you're 
dealing with direct vein-artery contact, not with capillaries.

Both arteries and veins have all three layers.

Arteries have thicker walls in comparison with their lumens, which are smaller and more
regular than the hollows of the veins besides them. Their musculature is primarily in the 
tunica media, and that's what makes them thick. They've got thin tunica adventitia. 
Sometimes you'll see two layers of smooth muscle, and the book says there can be up 
to 8 in big arteries. They've usually got an internal elastic membrane and an external, 
too. We call them elastic or conducting arteries, because their tunica media has many 
thick elastic layers, and they've got lots of gap junctions and zonula occludens to allow 
local control. They've got von Willebrand factor and P-selectin that they use for local 
coagulation, and their epithelium has specific organelles called Weibel-Palade bodies. 
The Willebrand factor is super-present in atherosclerosis to promote platelet 
precipitation. 

We can divide arteries into types.
 Arterioles only have 1-2 layers of smooth muscle. If you have more than 2 layers 

of middle muscle, you're not dealing with arterioles, but rather small arteries.
 The biggest arteries, the elastic arteries, can have as many as 70 layers of 

elastic tissue. Muscular arteries or distributing arteries are a bit smaller.

Veins are more variable than arteries. Many of them have valves, which come from the 
tunica intima, especially in the veins near the hearts. They don't all have valves--no 
valves in brain or viscera. Valves prevent back flow to deal with low pressure in the 
veins, and near the brain we're okay with a little back flow, so no valves there. Veins 
don't have elastic lamina, so they don't end up being very circular, but they've got lots of
vasa vasorum, which are tiny vessels that feed their walls (arteries might have these 
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too, but veins have more because of the poorly oxygenated blood in their lumen not 
feeding their walls enough). In cuts you'll often see blood accumulated here because of 
slower blood flow and valves. The tunica adventitia is thicker than the tunica media, so 
you'll look for thick white connective tissue instead of thick pink muscle like in arteries. 
Because they've got so little tunica media, but they still need a bit of smooth muscle, 
they lace smooth muscle strands through the connective tissue in their tunica adventitia.
They usually have an irregular lumen and thinner walls compared to that lumen. Types:

 Venules are the smallest, like capillaries but not fenestrated, and they may have 
smooth muscle, but if they do it'll be in their tunica adventitia and not much. 

 Large veins have no valves, very thin tunica media, thick t. adventitia.
 Small veins will have up to three layers of muscle cells; medium between 3 and 

5.

Lymphatic vessels look just like veins, but they've got something clear and viscous 
inside them; we usually only see small or medium ones in the cuts in my class, so 
anything big and irregular is vein. Lymphatic vessels have valves. Veins will have darker
interiors than lymphatic vessels, because blood is darker than lymph. Lymphatic vessels
have got layered walls like veins, with t. adventitia and all that stuff. They're super-leaky.

In the heart, the endocardium is comparable to t. intima, myocardium to t. media, and 
epicardium to t. adventitia. The heart's got a skeleton called the annuli fibrosi which is 
made of dense collagenous CT and holds up the valves. This is like the origin and 
insertion of cardiac muscle, too. The endocardium, just like tunica intima, has a 
subendothelium, too.

Go over the physio section's atherosclerosis on page FIXAL, just to reinforce how 
important it is that endothelial cells in blood vessel linings don't die. When you have 
endothelial injury or those cells do die, you get a whole bunch of LDL cholesterol built 
up in the hole, and lots of white blood cells there, and as you know you start building a 
blockage.

Respiratory

In addition to breathing, the cells of the respiratory system help excrete water (800 
ml/day), enhance smell and speech, and change certain enzymes, like angiotensin I to 
II. We divide respiratory cells into two categories: the conducting portion, which brings 
air into the lungs, and the respiratory portion, which actually helps you pass oxygen 
from the air into the blood stream.

Respiratory Portion

These are all your interchange membranes and your alveoli. The terminal bronchi are 
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where your conducting portion ends and respiratory begins.

Mucous Membrane--This is part of the respiratory portion. It's made up of a goo-
covered epithelium (and it's lamina basal), its lamina propia of fibers, and some tiny 
smooth muscle. The mucous catches dirt. In the respiratory epithelium of the mucous 
membrane you've got six kinds of cells: 

 Ciliated Columnar Cells--these move mucous
 Goblet Cells--these create and secrete mucous
 Brush Cells or Small Granule Mucous Cells--these are columnar cells with 

sensory receptors on their microvilli
 Basal Cells or Short Cells--these are the "extra cells," on the basal lamina of 

the epithelium, which are mitosis-ing all the time to grow and replace other cells
 Serous Cells--These spit out some kind of really electron-dense unknown 

serous (mucous) fluid out of their apical granules (little vesicles at their apexes). 
They're columnar, and they have microvilli

 Small Granules Cells or DNES cells--these spit neuroendocrine things into the 
tissue. They're paracrine, which means they don't do systemic stuff, or whole-
body stuff--they spit out chemicals that control the local system. (Kulchitsky 
cells)

Also within the mucous membrane, the lamina propia is loose, fibroelastic connective 
tissue with lots of elastic fibers, immune cells (lymph nodes, lymphocytes, neutrophils), 
and mucous glands. The smooth muscle I mentioned is called the muscularis mucosa,
and it can contract and help close the hollow (lumen) in respiratory tracts. 

Submucosa--This is dense, irregular fibroelastic connective tissue under the mucous 
membrane. It's riddled with nerves, blood vessels, lymphatic vessels, and mucous 
glands.

Adventitia--This is even more fibroelastic connective tissue, below the submucosa, 
which often has cartilage to give the airways their structure. The most common or 
prominent kind of cartilage is hyaline. This layer helps anchor structures together, and 
the boundaries between its connective tissue and that of other layers are often fuzzy--
everything is often very merged. 

Conducting Portion

This begins in the nose, goes down through the larynx and trachea, and continues into 
the bronchi. At the bronchi we begin with the respiratory portion.

Here are the portions of the conducting system, from top to bottom.
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Nose--The outer front part of the nose is called the vestibule. By this I mean the 
outermost inside part, or the most anterior epithelium of the nose, is called the vestibule.
This is the part that meets your skin, the wide part of your nose that "contains" the 
nostrils (the simple squamous epithelium, not the cartilage part) or nares.

Under the vestibule surface you've got a lamina propia attached to cartilage and some 
seromucous glands. The vestibule has nose hairs called vibrissae to filter dust and 
stuff. 

The deep part inside the nostrils (nares) is called the right and left fossae, which are 
divided by the septum, which is elastic cartilage and then further back it's bone. The 
epithelium on the cartilage part is called epicartilage, while the part on the bone is 
epichondrial. 

You've got a whole bunch of pseudostratified ciliated cells in the respiratory tissue here. 
We've got goblet cells, too. We give them them the same name as they get in the GI 
system even though they make different mucous. If you look at a picture, you'll see the 
psuedostratified with cilia sticking up, and then the little white cells squished besides 
them are mucous cells or goblet cells. Basal cells/mother cells are under these cells 
on the bottom. They are super-tiny and spherical, under the columnar cells. The basal 
lamina separates the epithelium from other tissue. Under here you've got lots of 
mucous-secreting glands. In the nose, the submucosa is dense connective tissue but 
similar to loose connective tissue. Everywhere else submucosa is dense connective 
tissue. The lamina propia here has lots and lots of veins which warm the air flowing into 
the lungs. 

The lateral walls of the nose and the back have several protuberances into the lamina of
the nose which are called conchae lamina. When the air enters it is made to flow in a 
turbulent way so that the air that enters gets filtered, heated, and slowed down. That's 
what the conchae do. They're basically horizontal folds in the nose. They're different 
than the choanae, which is a more vertical fold in the back of the nose, just before the 
opening to the ear tubes. Those auditory tubes are what collapses and causes you pain 
when you're on an airplane; it really hurts babies when the pressure changes in there, 
and that's why they cry on airplanes, but you can help them by giving them something to
chew on, which will open those cavities.

The nasal cavity connects with the cranial cavity and the orbit. The bones of the face 
have cavities to make the head less heavy. Those holes are sinuses, like the maxillary 
sinuses, frontal, and sphenoid sinuses. These also help your voice to resonate. Nasal 
infections are bad if they pass through here into the cranial cavity and they can give you
meningitis or sinusitis.
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The roof of the nasal cavity has olfactory epithelium. It is different than the rest of the 
nose, not respiratory but olfactory epithelium. These are also pseudostratified and 
columnar layers. They've got five types of different cells. 

 Olfactory cells are bipolar neurons. They are long, stretching vertically through 
the nose layer, and they've got star-shaped long cilia arranged in a star at the 
surface/end. Those cilia don't move; they just let olfactory vesicles secrete 
substances through them. They have granules that grab smell molecules and pull
them down to the main body of the neuron. The nuclei of these cells are low, in 
the middle of the epithelium. Axons go through the bone, dura mater, arachnoid, 
pia mater, all the way to the nerves of the olfactory bulbs in the occipital level. 
These axons are really weak and easy to break. 

 Tall, regular, columnar sustaining cells are next to the olfactory cells and they 
help feed the olfactory cells. They've got very superficial nuclei, and a whole 
bunch of microvilli which help in secretion. They also spit out odor-binding cells. 

 There are stem cells or basal cells at the basal layer at the very bottom which 
grow all the time and push the other cells up, 

 and a few brush cells. 
 They've also got a few Bowman's glands which secrete mucous that traps 

smells, lubricates the area, and dilutes smell molecules. They've got a lipofuscin 
pigment which is why snot is yellow/brown. (Lipofuscin is more dispersed and 
less organized than melanin, so if someone shows you a slide with brown 
secretion, melanin will be really compact and secreted all around and from one 
certain cell, while lipofuscin will be dotting and spread everywhere like gross 
snot)

Any nose infection is called a rhinitis. 
Anosmia is loss of smell.
Hyposmia is a decrease in ability to smell.
 
Pharynx--Nasopharynx is the pharynx behind the nose, oropharynx is the pharynx 
behind the mouth. Under the pharynx you have the larynx which is the door to the 
trachea, and pretty much continuous with the pharynx. Both the food and the air passes 
into the layrngopharyx, but the flap of material at the entrance to the larynx, the 
epiglottis, stretches out and closes the appropriate tube when you're eating.

The pharynx are protected by a ring of lymphatic cells which are on both sides of the 
throat with lymph nodes. In the base of the nose/top of the mouth you have adenoids 
which are also lymph nodes. That's the ring of Waldeyer.

Larynx--The larynx itself is just a cartilage and muscle tube at the top of the trachea, 
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and it's how you protect things from entering your trachea.

Below the epiglottis you have another closing, the glottis, which is the vocal cords 
closing. If you move the epiglottis out of the way and look from the top, it looks like 
you're looking down into one of those evil flowers in Super Mario Brothers that try to eat 
Mario. The "lips" of the flower would be the true vocal cords, while the tissue around 
them would be the false ones. That's one way to look at it, anyway.

Another way to look at it, close up and histologically. If you cut through the larynx 
horizontally at the vocal level, you'd see ventricle folds made of mucous glands and 
connective tissue towards the person's back with some little channels of space between
them. Those bits of space are called the ventricle. In the front of the ventricle folds 
you'd see another space. The mucous glands and connective tissue are in the ventricle 
folds. They're full of pseudostratified, ciliated columnar epithelium. These are your false
respiratory vocal cords, with hard cartilage.

In front of the space, in front of the false vocal cords, you'll find the true vocal cords. 
These are wet squamous epithelium from GI and have cords of muscle that move when 
you are making sounds. 

So to tell the difference between the two, look for tightly-packed columnar for false 
respiratory, and stratified squamous for the true vocal cords. The false cords don't 
move. Only the true cords do. True cords are more flappy-looking, like little tongues or 
something.

The space between two folds is called a vestibule of the larynx. 

Acute laryngitis is the inflammation and swelling of the larynx that happens because of
bacteria and stuff; chronic laryngitis is what you get from smoking. Also, just beneath 
the epithelium of the larynx is a space of connective that doesn't have a lot of lymph 
nodes or blood vessels called Reinke's space. It's important because without those 
lymph nodes and blood vessels you can imagine it's tough to heal.

Trachea--This runs parallel to the esophagus and is separated from the esophagus by 
a fibroelastic membrane. It's got several layers. Epithelium (pseudostratified and 
ciliated, with five types of cells), basal membrane, lamina propia of loose connective 
tissue, some elastic fibers, submucosa (a dense but strong connective tissue), and 
cartilage. 

Okay, so again, layers of the trachea in detail:

Epithelium
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The epithelium here is in five types:
 Simple columnar with cilia
 Goblet cells that make mucous 
 Basal cells that act as stem cells 
 Brush cells 
 Kulchitsky cells, which are hormone releasers. The hormone cells stain with 

silver because of catecholamines they disperse. They're the interior layer of 
epithelium. You use chrome to stain them. These are brown blotches at the base 
of the epithelium, like squished triangles.

This is what you find in all respiratory epithelium. From the nose down to the 
bronchioles you have respiratory epithelium everywhere.

Then it's basal membrane
The term "mucous membrane" always includes the epithelium, the lamina basal, and 
the lamina propia (often includes smooth muscle thin layer). The trachea's basal 
membrane is very rough and bumpy. In smokers the lamina basal becomes rougher and
rougher to protect the body and that makes you loose elasticity and flexibility. Lots of 
collagen in the lamina basal. 

Then lamina propia, elastic fibers, and submucosa

To tell the difference between the submucosa and the loose lamina propia, look for 
numbers of nuclei. Remember the dense connective tissue has lots of fibers, and less 
cells, while loose connective tissue has lots of cells and less fibers--so look for more 
nuclei for submucosa.

Then cartilage

The cartilage is a C around the trachea until the esophagus. At the esophageal/tracheal 
barrier you don't have any cartilage, just a fibroelastic membrane. There's an elastic 
tissue that maintains the cartilage in its place so it won't collapse onto itself. It's the 
musculotrachea, which is smooth muscle, in the middle of this fibroelastic membrane. 
The lowest (most deep) layer of the trachea is the adventitia. That's the layer 
containing the cartilage.

Bronchi--You've got irregular cartilage plates in the primary bronchus. They are the 
same as the trachea and they just have smaller epithelium, with the same cells. 

The secondary are not so different from the primary--it gets more different as you get to 
the third branches. The secondary are called the intrapulmonary bronchi.
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 In the tertiary bronchus you have simple columnar epithelium. There may still be 
some pseudostratified, but it's all turning into simple columnar. Muscle here tends to be 
regular and continuous, not all spotted like in primary. After the primary and the 
secondary you don't have irregular cartilage plates anymore. There are patches of 
cartilage in the connective tissue in tertiary bronchus, but it's not in big irregular plates. 
The tertiary are also called the segmented bronchi. You've got exocrine glands here.

There is one secondary bronchus for each lobe (3 for right, 2 for left lung); they divide 
into 10 tertiary bronchi on the right side and 8 on the left side. 

In the bronchioles you have simple cuboidal instead of pseudostratified you had in 
the trachea, but they still have cilia. Again, tertiary was simple columnar, bronchioles are
simple cuboidal. 

More bronchiole facts:
 No goblet cells in the bronchioles. 
 No glands in the submucosa. 
 Clara cells are in the bronchioles. Clara cells are secretory and make 

glycolipids, which is like the surfactant of pneumocytes 2. Clara cells are kind of 
cuboidal-looking and round at the tip. They look like some kind of glass magic 
ball you'd buy at Spencer's, to me, with lots of secretory vesicles sitting like little 
blotches of light or jewels in their tip, like lights on a disco ball.

Respiratory bronchioles have alveoli, which terminal bronchioles don't have. The 
terminal is just have a wall. You can see that in slides, where there's a little bit of muscle
and basically a solid wall of simple cuboidal until you get to the respiratory bronchioles, 
which have lots of openings and discontinuities because of the alveoli in them. From the
respiratory bronchioles and the alveoli we don't call it conductive tissue with respiratory 
epithelium anymore--it's all respiratory section everything here on out. Air exchange only
happens in the respiratory bronchioles, not in the terminal ones. Terminal bronchioles 
don't have any mucous-secreting cells.

Alveoli don't have conduction (they're only air exchange, not carrying it anyway) so if 
someone asks you a tricky question like what is the smallest conductive and respiratory 
unit of the lung, you should answer respiratory bronchioles.

Alveoli--Here in the alveoli you have a wall of two types of cells. 
 Pneumocytes 1, which make the wall, are simple squamous and form the 

septum. They are 40 percent of the alveolar surface, even though they are more 
numerous than the type 2.
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 The other 60 percent of your surface look like mast cells and they are 
pneumocytes 2 and make surfactant so your alveoli don't collapse. They spit 
surfactant out through lipoprotein vesicles. Pneumocyte 2 is cuboidal. 
Pneumocytes 2 take up more space, even though there are less of them. They 
are 60 percent of the space. Lamellar bodies are here. They are round and 
bulbous and look spikey and dangerous.

More things in the alveoli:
 Pores of Kohm are between the alveoli so you can have air flowing everywhere.

Unfortunately bacteria can use these to get around and infect everything.
 Pulmonary capillaries are between the alveoli. 
 Dust cells are here, they are a kind of macrophage. They are antigen-

presenters.  
 Pulmonary elastic tissue helps the pneumocytes be able to move.
 We don't have mucous, only surfactant, down in the alveoli. That's because 

mucous would only inhibit the exchange of gases. The goblet cells are higher up.
 The barrier between the blood and the air is made of type 1 pneumocytes, their 

basement membrane, and then capillary endothelium on the other side.

Stuff that sucks:
 Hypoxia: when you don't get enough air in your alveoli
 Lobar pneumonia: when you've got strep in your lungs
 When you don't have enough surfactant, and your lungs collapse, so the doctor 

has to give you colicosteroids. This happens because your pneumocyte cells 
don't differentiate enough (not because there aren't enough of them or something
else like that)

 Silicosis: when you inhale silica in your air sacs, and macrophages have to eat 
them or its bad

 Cystic fibrosis:  when your chlorine channel that was supposed to help you 
make mucous is broken (the CFTR gene on chromosome 7 is mutated). 
Normally that Cl- channel pumps chlorine out of cells into the mucous in order to 
create a gradient that makes water want to go into the cell. (You meanwhile have 
an ATPase that pumps sodium into the cell) The broken channel means you don't
spit out enough chlorine, so you have too much chlorine hanging out in the cell 
calling sodium and water to it. That means all the sodium and water goes out of 
the mucous, into the cells, and the mucous becomes less watery and more thick 
and sticky and hard to get rid of. This makes it hard for you to breathe and hard 
for air exchange to work in your lungs! Fluids get stuck on the other side of this 
thick mucous seal, and you get lots of infections. (Ross pg. 685)

 Emphysema--when the air spaces in your lungs grow as tissue dies. All the air 
spaces distal to (after) the terminal bronchi stretch out and destroy the alveolar 
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walls, usually because of foreign particulates like construction dust, coal, and 
smoking ash. Your lungs will be really light (as in not heavy) and enlarged. A 
genetic disease, alpha-antitrypsin deficiency, which you can read more about in 
biochem page FIXAL, can cause emphysema. In that case you don't have 
enough alpha-antitrypsin to break down the elastase in your lungs. Elastase eats 
your elastic fibers. As it breaks them down, your patient will have a lot of 
desmosine and isodesmosin in his pee, because those were the molecules that 
cross-linked tropoelastin to make elastin, and now your elastase has eaten them.
This becomes chronic obstructive pulmonary disease as broken-down tissue 
and liquid and stuff accumulates on your remaining alveoli and blocks them from 
air exchange.

 Pneumonia--when the air spaces in your lungs fill with white blood cells and 
fibrin and red blood cells, all trying to deal with infection and making your lungs 
red, firm, and heavy because you're filling all the air space. This makes your 
lungs look like liver (hepatization).

 When the teacher goes to the next slide too fast and you can't see the other stuff 
she had up there

Pleura--In the visceral pleura, think mesothelium. It's simple squamous. Very mucous-y,
lots of serous cells.

Gastrointestinal

We're divided into the oral cavity, the esophagus, and alimentary canal (stomach, small 
intestine, large intestine, appendix), with four layers: 

 mucosa, 
◦ which is lining epithelium and loose connective tissue (lamina propia) with 

blood and lymph capillaries, venules, and nerves, lots of mucous and 
seromucous glands, and muscular folds. The muscular folds have an inner 
circle and outer layer of smooth muscle.

◦ Often stratified squamous (not keratinized) to protect.
◦ In the stomach, it's secretory, so it's all ridged and irregular (not normal 

stratified squamous) with pits/ducts all through it for cells to spit stuff into.
◦ In the intestines, it's absorptive, so simple columnar with goblet cells.

 submucosa, 
◦ in duodenum and esophagus, dense irregular fibroelastic layer, vessels and 

nerves are larger, and we talk about Meissner's plexus that innervates the 
muscularis mucosa and lamina propia fibers. Meissner is part of the enteric 
nervous system.

 muscularis externa, 
◦ with an inner loose set of circular layers and outer longitudinal layers (except 
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in stomach and esophagus, where you have different numbers of layers). You
get some control valves, sphincters, that control just one direction, like the 
pyloric sphincter for example. This is made by an inner circular layer.

◦ Innervation via Myenteric or Auerbach's plexus, our enteric nervous system
cells (look at physiology page FIXAL) between the circumferential and 
longitudinal muscle, with round-looking nerve endings. This is your peristalsis 
layer.

 and adventitia. 
◦ This is thick connective tissue.

The organ junctions have really abrupt changes in epithelium, and you'll find the 
mucous layers have several special projections, like the villi in the small intestine. The 
stomach's got those rugae, and the small intestine has plicae circularis. All of these offer
expanded surface area for absorption and work.

Oral Cavity

As doctors, we work up to the border of the teeth, while dentists take the teeth. So start 
with the lips. It's keratinized stratified squamous up until the end of vermillion zone on 
the inside—that transitions into a softer, not keratinized region called the internal region.
Internal has a few tiny salivary glands and some sebaceous glands that we don't know 
what do (they don't seem to actually produce sebum oils). External has all the stuff skin 
has (sweat glands, sebaceous glands, hair), and the transitional vermillion zone has 
some of those sebaceous glands that don't seem to work. 

Now the tongue. It's got lateral protuberances called papillae. The tongue is partially 
keratinized on its dorsal surface, but like most of the oral cavity it's just normal 
squamous stratified, just like everything else inside facing the outside. The dorsal part of
the tongue is divided by the little circumvallate papillae in 2/3 anterior, and 1/3 anterior. 
The sulcus terminalis divides the back from the front. The back 1/3 doesn't have 
papillae: it's smooth.

We've got long papillae called foliate papillae around the edges of our tongues, tiny dot 
ones called fungiform arranged in a curve around the middle, and round, bumpy, 
circumvallate papillae in the back forming kind of a horseshoe of bumps in the back of 
our tongue (a horseshoe with the legs pointing out of our mouths). The lamina propia, of
loose connective tissue, will poke up between and under these papillae, raising them 
above the rest of the epithelium.

Filiform papillae--in the median sulcus of the lungs, from the back to the tip. They're 
shaped cones, don't help us taste anything. This makes the rough feeling of a cat's 
tongue when it licks you. They're thin-looking in the slides. They help break apart food.
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Fungiform papillae--Between the filiform papillae, mushroom-shaped bulbs with taste. 
I honestly think they look more like a penis than a mushroom when I look at our 
histology slides. Inside them, they've got some expansions upwards, like little fingers 
inside them up to their tip. Those are taste buds. 

Circumvallate--just anterior to the sulcus terminalis, so in the back of the tongue, about
7-12 of them. They have a furrow between them that helps you find the edge of each 
papilla. Those furrows are glands that clean the papilla, von Ebner's serous glands. 
They're the biggest papillae. In the slides, the circumvallate's look like graduation hats, 
with a smaller base and really wide top. They've got taste buds on their sides. You can 
recognize taste buds because they look like little fingers, bulbs, or buds reaching from 
the inside of the papilla into its surface. They have more taste buds than other papillae 
do.

Folliate papillae--These look columnar, and they hang out in the lateral part of the 
tongue. They also have spaces between them to lubricate and clean them. Their taste 
buds are on the sides. These also have serous ducts around them. These papillae 
appear in older people, but they're the easiest to see in rabbits.

Under your papillae, you've got skeletal muscle, and besides them mucous and serous 
glands. 

Taste buds look like little orbs, striped with sensory and supporting cells, kind of striped
like a basketball. They have little cilia on them, and they have little supporting cells 
around them, like a rim of paint dots around the middle of the basketball. At the tip you 
have a pore that lets the taste molecule in, and at the base you have the wiring. The 
bases of the sensory cells synapse with the glossopharyngeal, facial, and vagus nerves.
The basal cells at the bottom of the taste bud are stem cells. These taste buds can pick 
up five tastes: sweet, sour, bitter, salty, and a newer one classified in Japan, umami, 
which is the taste of sushi, tomato, or proscuitto. It's the MSG taste that makes you want
to eat more and more and more. 

The base of the tongue, the most posterior part, has about four lingual tonsils that make
up part of the ring of Waldeyer. The rest of the ring is made up by the other lymph 
nodes in the area—the normal tonsils on the roof of your mouth, the lymph spaces at 
the opening of your Eustachian tubes from your throat to your nose, and the “adenoids” 
in your pharynx (pharyngeal tonsils) that get swollen when you've got an infection.

Oral submucosa fibrosis--your squamous stratified tissue can have changes in your 
fibroeleastic tissue, where it becomes harder and harder to open your mouth. People 
who eat or chew too much chili or areca nut, or people who have collagen disorders or 
autoimune disorders tend to have atrophy of their epithelium and increased collagen 
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fiber formation (Cui 261) and that causes this disease. It may develop into a cancer, and
patients may need plastic surgery.

Nicotine stomatitis: If you smoke, a bad reaction to the nicotine can make your hard 
palate (the top, hard part of your mouth) upset so it starts to grow too much stratum 
spinosum (acanthosis) and too much keratin (hyperkeratinosis). That makes a bit 
whitish lesion in your mouth that looks like dried mud. It's sometimes surrounded by 
other little dried mud dots that are red in the middle. Good news—if you stop smoking, 
the problem will often clear up in like two weeks! (Cui 262)

Esophagus

You have a sphincter here, between the pharynx and the esophagus.

Mucous: Epithelium, lamina propia, and muscularis mucosa form the mucous 
layer of any organ. The mucous of the esophagus is stratified squamous (not 
keratinized). One thing that sucks is Barrett Esophagus, where your stratified 
squamous epithelium in your esophagus will, after too much exposure to acid, undergo 
metaplasia. It may become columnar, but then after a while it may become cancerous 
just because of the growth pick-up in the area. The muscularis mucosa in the 
esophagus has just one layer of longitudinal muscle.

Submucosa: Submucosa, which is dense irregular connective tissue, separates 
the mucous layer from the muscularis layer. 

Muscularis: Two layers of muscle in the layer muscularis: inner circular, and outer
longitudinal layer. 

Adventitia: Outside you have an adventitia layer. As a general note, Dra. La Paix 
says it's called adventitia when it's above the diaphragm, and it's called serous when it's
below the diaphragm. If the organ lies near the peritoneum, you call this outer layer 
serous, and if it's away from the peritoneum, you call it adventitia. If you're serous, you 
have mesothelium. 

The epithelial in the esophagus will be more regular and with more little round cells (still 
stratified squamous). Below it you'll see the other more connective-tissue-y layers. In 
the submucosa you'll see epithelial cells again, but just around your ducts/glands. 
Those are mucous glands, belonging specially to the esophagus. Only the esophagus 
and the duodenum have mucous glands in the submucosa. Those little glands will look 
like granulated tiny tumors, staining darker than the tissue around them. They're only 
present towards the end of the esophagus--the pharynx does not have glands.

In the middle part of the esophagus you start to see a transition between skeletal and 
smooth muscle. Remember at the top 1/3 you have pure skeletal, bottom 1/3 you have 
pure smooth until you get to the lower esophageal junction, and it's that middle 1/3 
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that's mixed.

At the gastroesophageal junction you'll see a change from big, round-looking 
epithelium, which looks all smooth, with a big muscle layer, into fibrous, filamenty, 
feather-looking epithelium in the stomach. It'll go from thick stratified squamous to 
simple columnar. You have a sphincter here, between the esophagus and the stomach. 
Throughout the lower part of the esophagus leaning into the gastroesophageal junction 
you will see the cardiac glands (that area of the stomach is called the cardium) I 
mentioned earlier and all the little gastric pits pushing into the mucosa. Under there, in 
the lamina propia, you can see lots of little round ducts surrounded by epithelial cells. 
Cardiac glands aren't specific to the esophagus.

Alimentary Canal

 Stomach
Mucosa: the lining of the epithelium is simple columnar mucous. Secreting cells here. 
You need so much mucous because you've got to protect your stomach from its acids. 
You've got two, sometimes three little tiny super-thin muscle fiber layers in the muscular 
part of your mucosa: inner circular, outer longitudinal, and sometimes outer circular. 
Gastric pits here!
Submucosa: Here's where your rugae come from. 
Muscularis: Three levels of muscle. Internal oblique, middle circular, outer longitudinal.

You can stain the gastric body mucosa with PAS and H&E. The mucosa part stains with 
PAS because it's sugary, while the muscly part stains with H&E.

Cell types:

 Parietal cells--HCL-makers, also secrete something to protect B12 from acid, 
are very acidophilic. Stain acidophilic because they have so much mitochondria 
for acid exchange, energy, H+ over membrane management. They've got little 
canaliculi (little channels) all going through their cytoplasm, and they connect 
really easily to other cells--very open to the outside, relatively.
◦ If you make too much of the hormone gastrin you can get a gastrinoma, and 

cancer of these parietal cells. (Gastrin makes parietal cells grow)
◦ If you don't have parietal cells you will not make intrinsic factor, and you will 

have pernicious anemia because you can't take up B12 (you broke it all) and 
so it's bad if your autoimmune system attacks your parietal cells.

 Chief cells--Darker, basophilic cells, make pepsinogens. They stain dark 
because they have so much RER to make proteins. Full of zymogen granules.

 Neuroendocrine cells will look super-clear and tiny, with one dark nucleus right 
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in the middle. They sit closer to the capillaries, right on the basal lamina. They're 
paracrine secretors. They can open and close to the stomach, too, and not just 
secrete into the blood.

How do you differentiate cardius from pylorus from the body of the stomach? The 
stomach is simple columnar epithelium, with no villi, no goblet cells, no thing. This 
epithelium invaginates into the organ to make fundic or gastric glands. In the body and
the fundus of the stomach you'll see more thick layers of parietal cells and chief cells. In 
the pyloric region you'll see much deeper gastric pits instead. (To recognize the cardius, 
you really have to see a little bit of esophagus next to it, since the cardius also has 
pretty deep pits.) The gastric glands of the pyloric region is more mucous-secreting than
the other parts. That's to protect the opening to the duodenum. 

Gastric glands have several parts.
 Isthmus: epithelial cells, parietal cells, stem cells (this isthmus part of the gland is

just under the gastric pit, before it branches off into the gland, with the most 
mitotic growth)

 Neck: neck mucous cells, stem cells, parietal cells, (this is in the neck of the 
gastric gland, just as the gland branches off) 

 Base: peptic cells, parietal cells, neck mucous cells, and neuroendocrine cells 
(this is in the base, in the finger-like projections of the gastric gland, all the way at
the bottom). LOTS of chief cells down here.

The gastric pit is the top part of the hole, up to the point where you start to branch off, 
and the gastric gland is everything under it. 

Gastric ulcers suck. They're chronic mucosal lesions, and most common in stomach 
and duodenum. They are caused by long term cigarette use and helicobacter pylori. The
bacteria survives and replicates in the stomach. They make a lot of urease, and that 
hydrolyzes urea. That makes a protective ammonia cloud around the bacteria, and 
that's sometimes helped cause acid peptic ulcers and adenocarcinoma. You get these 
bacteria from unwashed lettuce and dirty water--about 20% of the population get them 
by 20 years old.

You have a sphincter here, the pyloric sphincter, before you get into the small intestine.

 Small intestine

Once you get to the gastroduodenal junction, you'll see plicae circularis, which are 
really pretty-looking cells that look like medusas or sea-anemones. At this junction you 
can see the pyloric sphincter, where you have projections of circular muscle lumping up 
out of the the muscle layer and lifting the epithelium up.  If you look on the gross level, 
not on the cell level, the plicae circularis are the folds into the lumen of the small 
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intestine, the little ridges around it inside. 

Small intestine is mostly simple columnar epithelium with microvilli. These simple 
columnar epithelium make up villi. Villi are really the identifying feature here. They're the
finger-looking things that poke up out of the small intestine. But it creeps my friend out 
when you call them finger-looking, so we're going to call them anemone-arm-looking 
instead, since they do look like the little arms of the anemones. (“Fingers? With nails 
and all? Poking up and wiggling around in my intestines”) Under the villi you've got 
loose connective tissue which connects to the muscular layer of the mucosa, and if the 
muscular layer moves it will pull the villi and make them move. In the center of the villi 
we have the lacteal space, which is the space they're absorbing stuff into. There are 
blood vessels in here. In coeliac disease, you have lost your normal intestinal villi, and 
instead you have lots of lymphocytes and stuff, which are all reacting allergically to 
gluten. This disease causes malabsorption and stuff like that.

All the absorbing cells in there are called enterocytes.

Here, you have stuff like gastric pits but called Crypts of Lieberkuhn. Paneth cells in 
the base of the crypts of Lieberkuhn look a lot like mast cells. You can see white goblet 
cells here, clear perfectly round neuroendocrine cells, and then these wiggly-looking 
lumpy things that are the Paneth cells. Paneth cells make lysoenzymes, so they really 
are like pseudomast cells.

Peyer's patches are here, and they are lymphocytes for making lots of antibodies to 
control all the bacterial flora down in your stomach. On the one hand, you need the flora
in there to help you digest things. The appendix is full of lymphocytes and also helps 
control and manage your bacteria. (It's not a useless vestigial evolutionary remnant! It's 
the manager of your flora!) This is why sometimes it's vulnerable to inflammation. These
Peyer's patches are in your ileum so they can be close to the bacteria of your colon. 
The further down you go in your intestine, the more lymphatic material you'll see 
everywhere, staining deep dark shades in your lamina propia. These super-dense, 
heavily-colored Peyer's patches in the ileum contain lots of M-cells--membraneous 
epithelial cells that are actually lymphocytes.

Those are all things in the mucosa of your small intestine.

In your submucosa, you have Brunner's glands. They are full of bicarbonate to 
balance the pH of your duodenum. This is important because you could burn your 
microvilli off without this. If you see see these, you're in your duodenum near plica 
circularis. The pits in the plicae circularis are Lieberkuhn glands, while the tentacle 
things are villi. The clear cells filling the "hill" part of plicae circularis, underneath them, 
are submucous glands, Brunner's glands.
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How to tell the difference between duodenum, jejunum, and ilium? Down in the jejunum,
you can see the Brunner's glands disappear, so you have skinnier plicae circulares 
which are now near lymphocytes instead. Jejunum don't have Peyer's patches, either. 
They're pretty boring. But the ilium needs peyer's patches in its mucosa.

At the ileocecal junction suddenly everything becomes very regular and simple 
columnar. You don't have plicae circular with their wild tentacles--you have strict lined-
up cells. The spaces between the villi disappear, and everything becomes much more 
dense-looking.

 Large intestine
Very similar to small intestine except MANY MORE goblet cells, no Paneth cells, no villi,
crypts are not branched, less enteroendocrine cells, and a much thicker muscle layer 
(tenae coli and a circular muscle layer, internal anal sphincter). You need all those 
goblet cells to lubricate your solid waste so it can get out, specially because you're 
absorbing all the water in there so things get pretty solid. You may have a very few 
Paneth cells in your colon, even under normal conditions, but usually they'll only 
increase in number if you've got some pathology (Ross 293). Here, like everywhere else
except the stomach, you have two layers of muscle (inner circular and outer 
longitudinal) in your muscularis layer, and two layers of muscle (inner circular and outer 
longitudinal) in your little muscularis mucosa layer, like everywhere else except the 
stomach (sometimes three layers) and the esophagus (one layer).

Some diseases to remember:

If you're missing part of your enteric nervous system in one segment of your distal 
colon, you won't be able to pass your poop all the way through, and you'll become 
severely constipated. This needs to be diagnosed super-early, usually with a biopsy of 
mucosa and submucosa. It's called Hirschprung's disease, and it almost killed my little
brother. It's treated in small children by taking out the affected colon, and the re-
connecting the segments after a bit. In babies it's just one surgery, but in older kids you 
need at least two.

Crohn's disease is a chronic problem when your immune system bores through your 
intestinal wall from mucosa to serosa (it's transmural). You get lumps of granulated 
tissue (granulomas) which don't separate themselves from the surrounding tissue (non-
caseated), and lots of neutrophils coming into your crypts. The inflammation usually 
happens in the distal small intestine and colon (although it could be anywhere from 
mouth to butt), and it's asymmetric. It'll appear in segments of inflammation and 
lesioned tissue separated by healthy tissue (“skip lesions”). You'll see fissures or breaks
in the mucous, abscesses (swollen areas full of puss), and pseudo-polyps (weird multi-



Becoming Healers 456
lobed mounds of mucosa made by over-growing glands), and your patient will have pain
and vomiting and diarrhea. (Cui page 302)

Ulcerative Colitis is also auto-immune, but the injury isn't transmural. It's shallow 
ulcers and pseudopolyps that inflame your mucosa and submucosa. Every now and 
then you go into remission, but it'll come back, often when you're stressed, so it is 
chronic. You get gland atrophy and lose the mucin in your goblet cells. You'll have a lot 
of new lymphatic vessels stimulated to grow in the area by vascular endothelial growth 
factors, and you can test that it's gone into remission by testing for a sialoglycoprotein 
the lymphatic endothelium gives off. In some cases the pseudopolyps of the ulcerative 
colitis could develop adenocarinoma. (Cui pg. 302, Ross pg. 602)

Polyps are tissue masses that can grow from the mucosa of your colon, often on stalks 
that stick out into the lumen like stalks of a fruit. Polyps without stalks are called sessile
polyps. Most polyps are hyperplastic, which means there's a very large increase in 
number (not size) of cells, and adenomatous, which means they're benign glandular-
tissue tumors. Even though most of them are benign, they could have cancer growing in
the middle of them, so we remove them like they're cancerous. (Cui, 300) 50% of all 
adenomatous large intestine polyps live in the rectum and sigmoid colon, and as long as
the polyp's only part of the mucosa, nothing else, you can take it out with endoscopy. 
You have to check the adenoma you took out carefully under a microscope, though, to 
make sure it's not protruded into other layers. (Ross, 602)

Transition time again! 

As you start to get to the rectum, you get into simple squamous tissue, and you start to 
lose Crypts of Lieberkuhn. Nevertheless, it's still simple columnar epithelium. The 
epithelium transitions through simple cuboidal to becomes stratified squamous as you 
get out into the anus, and it will look really thick and won't have any goblet cells like the 
rectum will. The cells in the anus don't have lots of zonula junctions/gap junctions/etc, 
and the lamina propia of the anus has lots of large veins. Finally, as you pass the anal 
canal, you'll see the top layer of anal epithelium begin to keratinize, and you'll get 
sebaceous and apocrine glands. (Ross pg. 604 has a good picture of the rectoanal 
junction)

Hemorrhoids happen whenever the veins in your anal columns begin to raise so high 
in pressure that they're extending into the submucosa layer and pushing on the lumen in
there. They're caused by repeated pregnancies, constipation, and anything that would 
cause hypertension or crushing of that area, and they're treated by removal of the veins 
and coagulation therapy (to remove any blockage/back-up that could be causing them). 
(Cui 301)



Becoming Healers 457

 Appendix
Looks like the ileum. Has a whole ton of lymphocytes. The tennae coli start here. 
They're collections of longitudinal muscle cells. Have some short little glands of 
Lieberkuhn, and tons and tons of lymphatic nodes. Simple columnar epithelium with 
lymphatic nodes extending through the lamina propia sometimes even to the 
submucosa.

Glands of the GI tract

Glands of your face

You've got several types of salivary glands, all with different kinds of ducts. 
• Parotid glands are located up behind your mouth, near your ear (in the 

“infratemporal” part of your head) and release spit into a hole in your cheek near 
your second molar. That hole's called Stenson's duct.

• Submandibular glands are under your chin, towards the back, and open into a 
little fleshy bump behind and below your tongue. 

• and sublingual glands live below your tongue in the front part of your mouth. 
They're the smallest glands, and have no dense connective tissue capsules 
around them like the others do.

The types of glands in your mouth will differ not only in location, but in the kind of 
secretion they spit out: serous, or water secretions, will make up most of your saliva, 
while mucous, or sugary-sticky secretions will help, too. 

• Parotid glands are only serous, 
• Submandibular glands are mostly serous with some mucous, and 
• Sublingual glands are mostly mucous (and only a little serous)

You can remember that from the back to the front you get more mucous, so in the back 
the parotid glands just don't make a lot of mucous, and in the front the sublingual glands
make a lot. Your spit mostly comes from parotid glands.

Each kind of gland's made up of certain shapes. You've got striated ducts, 
which look kind of like pie with a hole cut in the middle, acinus ducts, which look like 
bunches of berries, and intercalated ducts, which are just tiny bunches of gland cells 
arranged in a circle. Intercalated ducts look less organized, more strangely layered; 
they're small, cuboidal things that secrete bicarbonate and absorb chlorine. Each 
intercalated duct comes from an acinar duct. It will lead into a striated duct, and then 
straight out to a larger excretory duct that drops the spit into your mouth. When the spit 
gets into striated ducts, the duct cells start sucking sodium out and spitting in a lot of 
bicarbonate and chlorine. The striations in striated ducts are mitochondria, since the 
striated ducts need energy for this process—you're leaving the spit hypotonic. Striated 
ducts have lots of basolateral folds that hook like fingers with the cells next to them, and
they're sometimes surrounded by connective tissue with little blood vessels and nerves 
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running parallel to them.

So the acinar cells make the primary secretion, and then the striated and 
intercalated duct cells modify the secretion as it travels down towards the excretory 
duct. The different glands in different places of your mouth have different ratios of these 
ducts.

• Parotid glands have lots of intercalated and lots of striated, 
• submandibular have more striated than intercalated, with a few mucous acini, 

and 
• sublingual have mostly acinus and very little intercalated and striated. 

All of these glands have acinus ducts. Acinus can be mucous, serous, or mixed. The 
mucous ducts are white-looking, with nuclei on their periphery, while the serous are 
dark. Those nuclei around the mucous ducts belong to myoepithelial cells that are like 
the pericytes in the capillaries--they contract and protect the little mucous duct. They are
not outside the basal lamina. They are between the basal lamina and the little mucous 
duct. Many acinar mucous glands will have serous bits sticking out of them around them
called demilunar serous formations. That's because when you fix the tissue, the serous
stuff falls out and goes around gland. If you freeze these cells really fast, you won't see 
those demilunar things: they're only a product of fixation. If you've got a mixed acinus 
gland you'll see the demilunar things spitting out like this. You may see plasma cells—
antibody secretors—around your glands.

You may see some adipose tissue in your submandibular glands, as well as in the 
parotid glands, where fat begins to build up after about forty years of age. Parotid 
glands also have the highest tendency to get tumors out of all the spit glands, although 
you can get tumors in the other two major glands and also in the minor glands scattered
throughout your mouth. If you get a minor gland tumor, you're most likely to get it in your
palate. Usually, a salivary tumor will grow out of epithelial cells with lots of ground-
substance like connective fibers all throughout (this is a pleomorphic adenoma). Even 
though 80% of salivary gland tumors are benign, you'll usually opt for surgical removal, 
because these benign tumors can crush your patient's nerves and numb or even 
paralyze part of the face. Sometimes you'll take out the whole parotid gland, although 
that can leave your patient with Frey's syndrome, where the patient will sweat when 
they smell food. (Ross, 555)

Saliva itself's made mostly by the salivary glands, but it also contains just the general 
excretions of epithelial cells throughout your mouth, as well as goo from your tonsils and
stuff. The volume of saliva proportional to the number of glands giving it off, far exceeds 
the volume of any other digestive secretion by 40 times, says Ross--meaning your 
salivary glands work very, very hard. The working parts of saliva include:

• water as a lubricant and solvent for swallowing
• amylase to break glycosidic (sugar) bonds and start polysaccharide digestion
• Lipase to start fat digestion (both this and amylase get inactivated in tummy)
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• lysozyme muramidase to kill and control bacteria in your mouth
• calcium and phosphate help new teeth form their enamel and harden
• proteins that form a protective coat around teeth (acquired pellicle)
• antibodies against bacterial infection, specifically IgA (Immunoglobulin A) made 

by plasma cells around the acinar glands
◦ patients on radiation (against spit-gland cancer) and taking anticholinergic 

drugs sometimes lose salivary secretion, and that leads to more bacterial 
infection (dental caries, where acid or enzymes made by bacteria drills 
cavities into the enamel of your tooth, and then bacteria gets in through the 
hole and eats the inside!)

◦ How does the IgA get from the plasma cells into spit? Acinar cells have 
polymeric immunoglobulin receptors (pIgR) on their basal surfaces that catch 
the IgA. That complex triggers endocytosis, and the cell drags in the IgA and 
transports it to the apical membrane, where the acinar cell cleaves pIgR and 
spits part of it, the part holding the IgA, out into the spit.

Just like any other part of your body, your salivary glands can get infected. When they're
inflamed, it's called sialadenitis. If you're looking at a histological slide, you may be 
able to recognize sialadenitis by the large amount of localized little dark dots—the 
granulation from lymphocytes—gathering in certain areas around ducts and glands. The
Staph bacteria can cause this kind of immune reaction, and sometimes the granulation 
will get so intense it'll impact into stones in your salivary ducts. That's super-painful, and
it's called sialalithiasis. The mumps virus also causes sialadenitis, and if you can have 
chronic immune system attacks of your glands, that's called Sjogren's syndrome. As 
the immune system attacks your spit glands, you'll get build up around your acinar and 
ductal cells, and eventually fibrosis around the ducts. (Cui, 314)

Pancreas

Your pancreas is a modified gland. It's got three parts, head, neck, and tail; the 
pancreatic juices flow from tail to head. The pancreas is divided into lobes and ducts. 
There's a huge main pancreatic duct of Wirsung through it, with an accessory duct of 
Santorini. Both ducts take enzymes and things to the duodenum. The common bile duct
connects with the main pancreatic duct of Wirsung before inserting into the duodenum. 
The endocrine part of the pancreas is Islets of Langarhans. The exocrine part is 
everything else.

The pancreas has mixed glands. They're acinar, and they spit inactive zymogen 
grandules into intercalacted ducts. The intercalated duct starts at centroacinar cells 
which are inside the acinar bulbs. Only the pancreas has centroacinar cells. These 
secrete lots of bicarbonate. They are under all the acinar cells and begin to form the 
duct. Then the intercalated duct eventually connects with intralobular ducts. Which 
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eventually connect to the pancreatic ducts of Wirsung and Santorini. All in all, the 
exocrine pancreas acts like salivary glands, just without striated ducts.

The endocrine pancreas shows up in little island-looking things scattered throughout the
exocrine pancreas—hence the name, Islets of Langerhans.  These live mostly in the 
tail of the pancreas. They look very un-acinar compared to the tissue around them, and 
they don't have a duct system. They look like lots of little dots. The islets have darker A 
cells around their borders, with white-ish D and B cells on the inside. The D cells make 
somatostatin to inhibit gastrin and other hormone release, and they have the biggest 
granules. A makes glucagon. B cells, which are the most numerous, secrete insulin, and
may have little insulin crystals in their centers. If you use the Zenker-formol fixation and 
the Mallory-Azan staining method you can see A as red, B as brownish-orange, and D 
as blue.

Normally, as you know, your pancreatic enzymes don't activate until they get into the 
duodenum. Sometimes you have inflammation of the pancreas, pancreatitis, where 
you'll have elevated pancreas enzymes and lipase and amylase in the blood, and you'll 
have all these activated and digesting your pancreas. This could happen because of an 
immune reaction, so like an infection, where you'd have lots of neutrophils in your 
pancreas. It can also happen because of a gallstone that traps all your enzymes in your 
pancreas so they have no choice but to digest where they are. If you have too much fat 
in your body (hypertriglyceridemia), and it builds up in your pancreas, your enzymes 
could turn on and start digesting your pancreas also. The enzymes eating your 
pancreas will make the fat cells in it die and turn into soap, and you'll see lots of fluid 
leaking around the pancreas (peripancreatic edema) and between your cells 
(interstitial edema) because of broken cell contents draining everywhere and water 
coming to dilute them. The patient will have nausea, vomiting, and severe abdominal 
pain, so you'll try to reduce what they eat (so you don't trigger more pancreatic 
enzymes) and try to suck the enzymes out of their body (nasogastric suction) and give 
them lots of fluids. You may have to cut away the damaged tissue if it's bad enough. 
(Cui, 315)

Liver

Oh gosh it sounds like a rainstorm in here with everyone typing notes so fast.

The liver, just like lymphatic organs, has a skeleton of reticular fibers (collagen III). This 
skeleton extends to its outside to be a capsule, a Glisson capsule, and throughout the 
inside of the liver makes divisions called septa that divide the liver into parts. The liver's 
divided into four major lobes, which we learned in anatomy (page FIXAL), but we also 
divide it into much smaller hexagons called classic lobules. The classic lobule is a 
hexagon of hepatocytes with three things on each corner--a piece of the portal vein, a 
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piece of bile duct, and a piece of hepatic artery. Those three things make up portal 
triads within the liver. Each portal triad is separated from the hexagon it borders by 
spaces of Mol. In that space of Mol you see the lymph of the liver, which then flows into
lymphatic ducts. (So each portal triad is kind of a quartet, really, since it's got lymph 
vessels flowing besides it.) In real life it's hard to see classic lobules in humans (easier 
to see in other animals). We find the lobules because we see the little portal canals and 
triads on each corner of each lobule.

A portal lobule emphasizes exocrine function by having central veins connected in the 
middle—if you connect all the central veins of classic lobules in an imaginary triangle 
that's the portal lobe. A portal lobe doesn't exist: it's a fantasy lonely and non-lonely 
histologists and physiologists use to map the veins. These histologists also like to 
connect two central veins and the portal canals between them in a circle with an 
imaginary line. That's called a liver acinus. The acinus is divided into three zones. The 
most interior is zone 1, the most exterior (nearest the central veins) is zone 3. Zone 
three gets the least nutritive artery blood and so it is the first to die if you have blood 
flow problems, but zone 1's the first to die from bloodborne pathogens and infections. 
Another way to say that is that stuff at the edges of the classic lobes are better fed cuz 
they're closer to the arteries in the outer corners, while being close to the big hepatic 
vein in the middle is pretty nutrition-less. So the first cells to die are always the Zone 3 
cells. But the liver's really good at regenerating, and rat livers will go back to full size in 
three weeks even if you take 75% away! When you look at a cut, you'll see Zone 1 is 
darker and thicker and happier and less fatty. If you regenerate, you regenerate 1 first 
and 3 last. Because blood flow.

Most of the blood, 70%, in the liver, is in the portal vein, while the rest is oxygenated 
blood in the arterioles. Both the little venule and the little arteriole in each portal triad 
spit their blood together into the hepatic sinusoids, which flow into the center of each 
hexagon to meet and form the central vein or terminal hepatic venule. Those central 
veins eventually coalesce to the macro blood-flow out of the liver in the hepatic portal 
vein.

Hepatic sinusoids are fenestrated specialized capillaries. They have two kinds of cells 
in them, besides the normal endothelial cells of blood vessels: 

• Kupffer cells, which are macrophages, 
◦ These guys stay away from the bile areas of the liver and hang out near blood
◦ Have lysosomes, are phagocytotic
◦ Stain with Perl's Prussian blue

• and Ito cells, which store vitamin A. Ito cells can turn into myofibroblasts, which 
synthesize and deposit type I and III collagen. They also have desmin and 
smooth muscle actin filaments in them, so they can increase the vascular 
resistance within the sinusoids, raising blood pressure, kind of like the pericytes. 
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Part of what's going on in cirrhosis of the liver induced by alcohol is collagen I 
and III production by Ito cells all freaked out by the toxins. That fiber begins to 
replace actual hepatocytes as the liver dies.

The sinusoid has Kupffer cells outside facing the blood, and inside the layers of sinusoid
walls you've got some collagen, and then on the other side, the inner or deep side of the
sinusoid wall you're looking at hepatocytes and Ito cells. The sinusoids are separated 
from the hepatocytes by the space of Disse. 

You may have noticed by now that the hepatocytes are unfriendly and they don't touch 
anyone. They're separated from the portal triad via the space of Moll, they're separated 
from the sinusoids via the space of Disse, and they're separated from other hexagons 
with a tiny bit of connective tissue. This helps cloister or section off toxin exchange and 
absorption, and keeps nasty bile from getting into your blood stream. Your hepatocytes 
also have gap junctions and tight junctions between them to minimize the need for 
interaction with other cells, and to keep bile from escaping. Hepatocytes have so many 
things in them, all so big! Big and hexagonal with big golgi, big mitochondria, big 
everything help them deal with all those toxins. Each cell can have between 800 and 
1000 mitochondria! They may have more than one nuclei (25% of them are 
binucleated), and in addition to making bile, they make cholesterol. They detoxify lipid-
soluble drugs like the tranquilizer phenobarbital29 and they degrade old glycoproteins 
(lysosomes, lipofuscin pigment) and they do other stuff, too. The glycogen they store 
stains magenta with PAS, so that's kind of cool to see. Each hepatocyte border is 
surrounded by collagen fibers, as well as little microvilli to take in nutrients the sinusoids
drop by into the space of Disse.

While blood flows from outside to inside, the bile goes from inside to outside, to the little 
bile ducts in the portal triad. That's because the bile flow is draining out of each segment
of the liver towards the gall bladder. Between each hepatocyte, right in the middle of the
border, you've got biliary canaliculi. They travel along the cell peripheries until they get 
to the sinusoid, and right before they get to the sinusoid they become little canals of 
Herring. So bile flow goes from canaliculi to conducts of Herring to biliary ducts to 
interlobar ducts and then the right and left hepatic duct.

Bile canaliculi are surrounded by cholangioles. Cholangioles are epithelial cells lining 
the biliary tree. They have microvilli and some cilia that sense changes in flow and 
what's in the bile. They go from cuboidal to columnar along the duct (so outside cells 
are more columnar).

Some stuff that sucks:

29If you give your hepatocytes phenobarbital, they will increase in smooth endoplasmic reticulum.



Becoming Healers 463

• Hepatitis C (Cui, pg. 322)
◦ Many folks have livers that can kind of keep the hep C virus in check, but in 

many people hep C==>chronic liver inflammation.
◦ Chronic liver inflammation means your Ito cells go crazy, like we mentioned 

earlier, and you get fibrosis.
◦ The portal tract areas (remember the portal triad is near the lymph in the 

space of Mol) get fat because the lymph flow is really expanded with 
lymphocytes, and all the toxins around the inflamed lymph area cause peri-
portal necrosis (hepatocytes up and die). Basically cirrhosis.

◦ In the clinic, patient has bad appetite, weakness, jaundice, joint and muscle 
pains.

◦ On slides, you'll see necrosis and fibrosis near the portal tract areas, slighter, 
spotty necrosis further out, and dots of dead cells throughout.

◦ Hepatocytes start storing a lot of fat like it's a starvation emergency and you 
get fatty liver (steatosis).

◦ You get ascites (liquid build-up) and as your liver totally fails you die
◦ Treatments include liver transplants, ribavirin to kill the virus, injections of 

pegylated interferon-alpha
• Alcohol steatosis/Fatty Liver (Cui pg. 318)

◦ Hepatocytes farther from the portal areas start filling with white fat
◦ This is why an alcoholic's liver is bigger, and yellower, and greasier-looking 

than the nice red-brown of a normal person's liver
◦ Over time can develop into inflammation (hepatitis). Liver cells near the portal

areas and the spaces of Mol will die as those areas fill with neutrophils. New 
hepatocytes will try to form to regenerate the liver, and they'll be sectioned off 
by little fibrous septa. That's when you know you've gotten into cirrhosis: 
when you start getting lots of those little fibers. That's gonna make blood flow 
and function really convoluted and sectioned off, and your Zone 3 cells will be
dying of lack of oxygen. Mallory bodies—the intermediate filament fibrous 
build-up—will appear.

◦ A patient in alcoholic hepatitis will have abdominal pain and malaise
• Wilson's disease--bad copper metabolism, with Kayser Fleischer rings
• Hemochromatosis (Ross pg. 630) 

◦ Can be hereditary 
◦ Normally the liver stories iron. If you have too much iron, hemosidirin (liver-

iron) will buid up in your hepatocytes and damage them.
◦ Presents with bronze discoloration of the skin

• Jaundice (Cui pg. 320)
◦ Page FIXAL of Physiology
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Gallbladder
The gallbladder secretes mucous and concentrates bile and absorbs water. You can 
read more about its job in physiology page FIXAL, and its shape and diseases in 
anatomy page FIXAL.

Bile flows through the gall bladder through the gall bladder's common bile duct to meet 
the main pancreatic duct of Wirsun. They combine and together they have a 
hepatopancreatic ampulla of Vater and then a sphincter of Odi into the duodenum.

The tissue of the gallbladder's simple columnar with microvilli to absorb some things 
from the bile and then spit other things into the bile. They have a lamina propia of loose 
connective tissue under them. But they have no mucosa muscularis. They go straight to
the smooth muscle layer and the adventitia. When you look at gallbladder slides, you'll 
see these weird, irregularly-shaped villi with really, really long/tall simple columnar cells. 
Look for spiral valves and mucosal folds lined with these.  You'll also see lots of gaps 
and channels in larger slide cuts for the bile to flow through.

Things that suck in the gallbladder:
• Cholelithiasis (Cui pg. 322)

◦ Page FIXAL of anatomy 
◦ Wheater's page 298
◦ AKA gallstones 
◦ Two major types: cholesterol stones, and pigment stones. Pigment stones are

black and small, while cholesterol stones are yellow and big.
◦ Risk factors include being a girl, obesity, oral contraceptives, and being over 

fourth decade of life
◦ The patient will have wave-like pain (colicky) because it's only every now and 

then that the gallbladder is trying to contract and hurting against the stone.
• Rokitansky-Aschoff sinuses usually mean something's wrong. They're when 

gall bladder tissue stains look super full of holes. Those holes mean the epithelial
cells are growing too much, which may precede pathology—it's like they're 
overcompensating 'cuz they think they're not doing a good job. The mucosa is 
invaginated into the muscle and leaves spaces for bacteria to grow.

Urinary system 

Your kidney's divided into lobes, and lobules. One lobe is a medullary pyramid and the 
cortical tissue right above it. One lobule is everything that contains a whole loop of 
Henle and all the other nephron parts. The medullary ray is at the center of a renal lobe.
“Juxtamedullary” is the area between the cortex and the medulla. The kidney's pretty 
exceptional, and in five minutes it can filter out all the blood in your entire body.
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The most important barriers of filtration in the kidney are the capillary wall tissue and the
podocytes. Podocytes are the visceral layer of the bowman capsules. They look like 
stringy beans with tumors hanging from the top of the bowman's capsule. The “parietal 
layer” of cells is the walls of the bowman's capsule. The podocytes are actually 
wrapping around the capillaries, like clothes. The podocytes have slit pores that allow 
stuff to filter through; special charged proteins fill the pores to create a slit diaphragm 
that blocks large objects and certain charged molecules.

The podocytes have a polyanionic surface coat that helps sort out charges. Under the 
podocytes, above the capillaries, is the very filtrating basal membrane. Its heparin 
sulfate in two layers and between them a layer collagen IV. The hep sulfate layers are 
called lamina rara; the middle collagen layer is called the lamina densa. Lamina rara 
externa is the outer heparin sulfate, lamina interna is inner heparan sulfate. And then 
under this basal membrane (this is all on the bowman's space side of the glomerulus) lie
the endothelial cells of the capillary where blood flows. Ross pg. 708-710 has lots of 
good pictures of this glomerular area.

Folks with diabetes suffer changes in the thickness of the basement membrane. The 
lamina externa's a lot thinner in diabetic nephropathy, and you've got less anionic sites 
in general (so on the podocytes, too, it would seem; Ross pg. 708).

Thickening is glomerulosclerosis and nodular glomerulosclerosis is Keimmelasteiel 
Wilson disease

Ross 708 through 710.

Mesangial cells when they are in absnormal cuantitides they can make disease
Ross 711

Juxtaglomerular apparatus is made up of the afferent and efferent arteriole going up into
the glomerular mesangeial cells above the macula densa.

The distal convoluted tube which looks up to glomerulus has cuboidal simple cells 

G cells are smooth specialized muscle cells on the afferent arteriole and sometimes 
some books say on the efferent arteriole (but Dr. La Paix says no, only afferent!). G cells
make renin. 

Rozz 714

mesangial cells are for support, and they're kind of like pericytes.
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thick descending tube then turns into te loop of Henle and the Henle part is really thin 
and not thick til it starts ascending again andwe get the macula densa.

aldosterone causes retention of sodium by the distal collecting tubule.

lots of microvilli and plecai basal dinstinguish the proximal tube from the distal. Proximal
tube has all the microvilli and stuff. Proximal does 90 percent of the absorption, and 
distal just modulates sodium a bit. pH of ultrafiltrate is modulated in the modulated. 
What leaves the proximal tube isn't pee, it's ultrafiltrate.
Reabsorb bicarbonate.

the straight tube is smaller than the convoluted, and the straight proximal tube starts 
losing all those plicaie and microvilli and stuff because not absorbing there.

cui 234 most renal cancer in proximal convoluted tube
cui 235 again proximal tube renal oncocytoma
epithelial tissue is always cancer dammit

descending loop of henle thick limb thing when it's still cuboidal before it goes into the 
loop and becomes squamous

collecting ducts have two types of cells, dark and light

collecting tubules are imperbeable to water unless ADH makes the mpermeable so they
can absor more water and make more concentrated urine. WIthout ADH, you pee SO 
MCUHAJD AJLKA Fdjklasdf 

fibroblasts in the interstitial loose connective tissue around the nephrons
medullipin 1 lowers blood pressure by vasodilating, it comes from interstitial cells

between 8 and 18 lobes means you have arteries between those lobes--interlobar 
interlobular
arcuate arteries
vasa recta

the little capillary bed things in the glomerulus come from afferent artery. efferent leaves 
them. peritubular capillaries are between these little bowmans capillary bed things

Cartilage

Made from mesenchyme cells that differentiate into chondroblasts, cartilage is a kind of 
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connective tissue composed of chondrocytes (lacunae) and chondroblasts. It's got a 
homogenous, amorphous matrix, no nerves or lymph, and it's surrounded by 
perichondrium, which is a dense connective tissue capsule. Remember “blast” as young
—that's what cartilage is as it starts out in the embryo. We've got three main types:

• Hyaline
◦ Most extensive
◦ The fetus has a totally hyaline cartilage skeleton when she's in the mother. As

her hyaline turns into bone, we call it endochondral ossification.
◦ You also find it in mobile articulations in the adult and in the union of the ribs 

with the sternum.
◦ It's a homogenous, amorphous matrix made by chondrocytes with mostly 

collagen II.
◦ Also has IX, XI, X, and VI collagen.
◦ Also has a proteoglycan matrix made up of GAGs, specifically hyaluronic 

acid, chondroitin sulfate, and keratan sulfate. Aggregate proteoglycans hold 
water and act like a sponge, while multiadhesive glycoproteins like anchorin 
CII, fibroconectin, and tenascin help link the chondrocytes and matrix 
mollecules. These are nonproteoglycan-linked and noncollagenous fibers that
surve as useful markers of cartilage turnover and degradation (Ross 180)

◦ 60-80 percent water
◦ 15 percent collagen, which is 80 percent collagen II, 15 percent IX and XI, 

and 5 percent VI, X, XII, XIV
◦ You've got 5 percent glycoproteins
◦ 9 percent proteoglycans
◦ and only a tiny percent of cells (less than 5 percent)
◦ Unlike the other cartilages, this one can ossify. 
◦ Look for a covering, a perichondrium for the cartilage. It's got two layers, 

▪ a very dense, orderly capsule layer on top, 
▪ and a thin layer of cellular lined up just below. 

• Those are the chondroblasts, which as you go deeper into the cartilage
below the perichondrium, differentiate more and more. They will get 
darker and darker. Groups of about 4 cells will have a dark blob around
them called a cellular matrix (check name?) or territorial matrix. That 
matrix was made by the first chondroblast in that area, and then as that
chondroblast differentiated and divided there were more cells in there. 
Those are called an isogenous group. The matrix has GAGs in it and 
it's made out of more collagen II than anything else. There's a little bit 
of elastin in these, but not much.
◦ The capsule around each cell is another kind of matrix, and it's 

made of collagen IV. We also have a matrix between the isogenous
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groups, and that's an interterritorial matrix.

◦ These matrixes are almost 80%-90% water.
◦ This abundant matrix is one of the defining characteristics of 

hyaline. Only like 3 percent cells.
◦ The GAGs in this matrix are sulfated by the Golgi apparatus in the 

chondrocytes. That's super-important, and that's why chondrocytes 
have so many Golgi. That sulfation helps maintain negative charges
and water!

• This is where growth happens. You keep hyalin in the epiphyseal 
plates at the ends of your long bones. You keep those plates until 
you're about 20. Those epiphyseal plates make your length grow by 
always adding new cells.

• When you also grow via appositional aggregate or juxtapositional 
growth, that's the differentiation of perichondrial cells into 
chondroblasts.

◦ Hyaline cartilage of synovial joints doesn't have perichondrium and feeds 
itself through synovial liquid.

◦ To feed this cartilage you have only diffusion. Sometimes the perichondrium is
innervated and vascularized, but the cartilage itself is not.

◦ Hormones and vitamins affect the hyaline cartilage.
▪ Cortisone, hydrocortisone, estradiol inhibit cartilage cell genesis
▪ Thyroxine, testosterone, somatotropin, tell cartilage to grow and matrix to 

form
▪ Too little vitamin A will make the epiphyseal plates of hyaline cartilage less 

thicker
▪ Too much vitamin A will make hyaline epiphyseal plates ossify
▪ Too little vitamin C will inhibit matrix synthesis
▪ Lack of vitamin D keeps you from absorbing calcium and phosphorus, so 

epiphyseal cartilage will grow, but the matrix won't calcify and growing 
bones get deformed.

◦ All cartilage-growth-disturbance diseases are called chondrodystrophies.
▪ If we have a disease where we've got less growth and proliferation of 

chondrocytes in the epiphyseal plates than normal, we call that 
chondroplasia.

▪ Chondroma is a benign tumor, while a chondrosarcoma is a malignant 
tumor.
• Chondrosarcomas come from problems with the secretin molecule in 

the cartilage matrix. They grow slowly, and they're usually in the aial 
skeleton, which means vertebrae, sternum, ribs, scapulae, pelvic 
bones, and so on and so forth. You're more likely to get these as a 
woman after 45, and you can't touch or palpate the tumor—you need 
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an MRI—so you'll just have unexplained bone pain. (Ross 80)
▪ Osteoarthritis happens as you gradually lose hyaline cartilage from your 

joints, especially affecting weight-supporting joints like your spine, hip, 
knee, and things you use a lot like your hand. Aging, obesidty, being a 
lady, injury, and just general wear and tear, along with of course genetic 
factors, increase a patient's risk. You could have idiopathic 
osteoarthritis, which means no one knows where it comes from, or 
osteoarthritis that's secondary to another condition or just aging. 
Chondrocytes make interleukin-1 and tumor necrosis factor. (ross 199, Cui
84, Wheater's 203) Chondrocytes also make interleukin-1 and tumor 
necrosis factor

▪ Ankylosis is when bones fuse together in your joints and then you can't 
move. Happens in overused joints, like foot and knee joints of runners, 
hands and finger joints of hardcore stringed instrument players...

▪ Gouty arthritis or just gout is crystals in the joint. Lots of thiazide diuretic 
used to treat hypertension can affect this. You can get calcaneous 
deposits and deformation and that's gout.

• Elastic
◦ The only major visual difference between this and your hyaline cartilage is 

that it's more full of elastic fibers than collagen II.
◦ It's more yellow.
◦ We stain it with a brownish Orcein or maybe a Masson's.
◦ Lots more cells than hyaline has.
◦ Bigger cells than hyaline has.
◦ You'll see organized gaps of fibers between the layers of cells, while hyaline 

is more homogenous.
◦ It's got a perichondrium.
◦ It does not calcify. You don't want your ears calcifying.

• Fibrocartilage
◦ Doesn't have any perichondrium. It's the only one that doesn't.
◦ This is more different than the other two. It's really a transition between 

connective tissue and hyaline.
◦ No perichondrium. Gets food from hyaline cartilage instead.
◦ Its matrix has lots and lots of collagen 1 in long parallel bundles.
◦ Lives in places where you need lots of support and tensile strength: it's the 

annulus fibrosus in your intervertebral discs, it's your pubic symphysis to allow
strong stretching while you're giving birth, it helps your tendons and ligaments
attach on your bones, and it's the capsules of some joints.

◦ The isogenous group cells are arranged in little rows imbedded in this sea of 
collagen 1 connective tissue. The little isogenous rows of cells are like little, 
long, boat-shaped islands.



Becoming Healers 470
◦ Growth depends on growth of the interstitial tissue. 
◦ Its extracellular matrix has both collagen II and collagen I. Collagen II tends to

border the cells.
◦ Also lots of aggrecan and versican.
◦ You've got these 
◦ Intervertebral discs act like shock absorbers between your vertebrae. They've

got two parts, an annulus fibrosus, which is the outer ring of fibrocartilage 
covered by dense CT, and then a center blob called nucleus pulposus that 
comes from the embryonic notochord and is just mucous connective tissue.

◦ Disk degeneration and herniation causes pain in the lower back and neck, 
and it's most common in your 30s and 40s. (Wheater's 205, Cui 87)

◦ Ruptured disk, This happens when you tear or break your annulus fibrosis 
and nucleus pulposus sticks out of it (ruptured disk)

◦ slipped disk, diagnosed with MRI, only fixed with surgery (Cui 87, wheater's 
205) Happens with severe pain in lower bck and extremities as displaced disk
pushes down the lower spinal cord.

Cells in your cartilage:
• Chondroblasts

◦ Become chondrocytes
• Chondrocytes

◦ Secrete collagen, glycosaminoglycans, and proteoglycans into the matrix.
◦ Detect changes in the matrix composition to control turnover of material in 

there. Older, less active cells don't respond very anymore to the signals that 
help them control that.

◦ Get fed just through diffusion through the matrix.
• All this comes from mesenchyme 2.

Bones

About 90 percent of the calcium in your body's reserved by your bones. Bone tissue's 
classified into compact bone tissue and trabecular or spongy bone tissue. These will be 
located in different places depending on the age of the organism. You've got sesamoid, 
long, flat, and short bones. Just like the perichondrium of the cartilage, there's a 
periosteum for the bones. It covers all of the diaphysis and part of the epiphysis, but 
never part of the articular joints. That articular area never calcifies normally.

In the central part of long bones, there's a canal that helps you produce blood in the 
fetus. That medulaossea turns into yellow fat in the adult. The mesenchyme cells of the 
fetus generate your flat bones in your head. All the other bones come from your somites
and stuff.
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In the periphery of the bone you've got compact bone, but inside there's spongy bone. 
See how spongy bone is a bunch of holes and things? The walls of the holes in spongy 
bone are hard, and it's the same stuff as hard bone, but because of the arrangement of 
empty space inside it spongy bone is softer. Cancellous bone is the same as spongy 
bone.

Immature bone hasn't been mineralized. The major substance in there is collagen 1. 
You've got GAGs and other stuff in that matrix, too, and lots of other proteins. The 
packages of collagen run parallel through immature bone, but they're never arranged in 
concentric lamella the way they are in mature bone. In mature bone, they make like 
tree-rings through-out the bone. They're calcified. In the adult we only have immature 
bone in the dental alveolar bones, which is soft, so we can put braces in and stuff. Also 
in the union of our tendons and bones.

There are little foramens in long bones so nutrient arteries can get in through the 
compact bone and flow through the spongy bone and feed the bone. The periosteal 
arteries cover the long bones outside. In long bones you have a nutrient artery that 
enters more towrds the middle, and then you have metaphyseal and epiphyseal arteries
that are at the top, with the ephyseal near the epiphysis and the metaphyseal undr that. 
Running through the middle bones you've got nerves, blood vessels, and no lymph 
vessels. The only lymph vessels associtated with the bones are near the periosteum, 
not inside in the endosteum. You've got canals of Howards that run through the 
concentric rings (bundles of rings are called osteons), and arterioles branch off from 
the main arteries in the middle of the endoosteum and flow through the canals of 
Howards. There are little branches of arteries that go between the canals of Howard. A 
system of Howard is the canal and the Osteon around it.  

Hydroxyhepatite are little crystals that help like a roof over your matrix? 

The periosteum has two layers, an outer fibrous layer that you see, and an inner cell 
layer that sticks to the bones. The cells inside will stick in there waiting to be actiated to 
segregate new cells. 

If you look at the bone matro, you've got osteocytes , and between the osteocytles lines 
connecting them in those concentrick rings and long lines down the length of the bone. 
Between the long lines, you've got little canaliculi which form a network, connecting the 
lines of ostecytes to each other so they can feed each other and support each other. 
You've got lacuna, spaces, between the osteocytes.

Appositional growth is when you keep dropping new cells under your periosteum (not in 
your matrix) and so the bone thickens and grows. The whole time you're doing this, 
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osteoclasts inside your bone are degrading it from the inside so it can be remodelled by 
your appositional growth from the outside.
Interstitial growth is how cartilage grows when it's turning into bone. It's when you keep 
changing matrix cells into other things. 

Compact bone is more mature, from the outside, moving from outside to inside, while 
spongy bone is soft bone on the inside. 

I'm sorry, it's not Howard's canal, it's Haversian canal. And the lines from one Haversian 
canal to another are called Volkmann's canals. 

When you're looking at a slide with muscle and bone, muscle will be soft and round-
shaped, and blobby and less organized. 

Sharpey's fibers stick the periosteum to the bone.

Osteoprogenitors differentiate in osteoblasts which change into osteocytes. These are 
the blue things to one side of the slide, and then the white stuff that isn't calcified or 
minieralized is the osteoids. The bone grows along the outside levels, so osteoblasts 
are outside under your periosteum being all soft but at the edge, they'll be layin' down 
osteoids that are beginning to calcify but aren't calcified yet. Older bone is more inside, 
bein' eaten by your osteoclasts.

Osteoblasts secrete bone matrix and type 1 collagen and bone matrix porteins like 
calcium-binding proteins and multiadhesive glycoproteins. Osteocytes will have a really 
big nucleus and some matrix inside. An osteoblast will be active and have lots more 
golgi and RER and be putting lots and lots of stuff out. So look for more of the protein-
producing mechanisms (RER and Golgi) and you know it's an osteoblast.

Osteoclasts are the macrophages of the bone. Their origin is in the medula ossea of the
systema mononuclear monocyto. So they're actually monocytes with sometimes more 
than 50 nuclei. They have lacunae that are named Howship. (it sounds like how shit 
when my teacher says it, so I bust out laughing in class) Around the edge of the cell 
you've got a clear zone where there isn't lots of stuff? The rough/root border is always 
around the bone, eating it. It's got lots of calcium channels and tentacle-looking things. 
The activity of the osteoblasts is more than the osteoclasts, and so you grow, but when 
you're in menopause your bones start to shrink because you don't have estrogen and 
thyroid hormones and stuff as much and your osteoclasts are still working but your 
osteoblasts not as much. That's why giving calcium is not enough for a woman with 
osteoperosis—who's gonna lay that calcium down? 

Osteoclasts will have lots of vesicles near the place where they're eating the bone. 
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The bones of your head are intramembranous bones and they're mesenchyme and 
never turn into cartilage. It's membranous ossification that they go through. Fontanellas 
don't close until you are two years old. That's why it's dangerous when a bby falls on his
head because it can hit his brain directly because the bones havne't closed. If the 
bbay's fontanella closes too early the bby's brain can't grow and is squished in there. 
The fontanellas have to stay open because the baby is growing so much. By two years 
old hthe brain should have grown enough.

In the rest of the body at first everything is cartilage, so we call it endochondral bone 
that becomes ossified and turns into bones. 

Endochondral ossification: everything starts as cartilage. We don't really know how the 
things turn from chondroblasts into osteoblasts. They start making minerals and 
developing compact bone. First point of ossification is in the diaphysis, the skinny 
middle part, of the long bones. So the bone grows from the middle, out. Blood vessels 
enter and you start having compact bone dveloping around there. After you get older 
you have a secondary ossification center in each of the epiphyses. So you get these 
epitphyseal plates between the primary and secondary ossification centers, areas 
where you're ot growing a lot. Those get eaten up over time by the growing bones. 

All new bone is spiculae?

Epiphyseal growth plates still look kind of cartilage-y
Around the bones you've got osteoblasts which begin growing the bone around the 
spicula. The osteoclasts are 
So the area where you have new/young bone is spicules. The spicules are the inside 
during endochondrial ossification. You ossify from out in, youngest softest stuff inside, 
but as you're older you lay bone down in the perichondrium.

Osteoclasts eat your bones and drop calcium into your blood (calcium levels go up!)
Calcium levels go up
The thyroid feels that, tells you to stop eating so much bone you silly osteoclasts
Calcitonin makes calcium levels go down (tones down calcitonin) by acting directly on 
osteoclasts.
PTH makes calcium levels go up by telling your osteoblasts to release RANKL which 
makes your osteoclasts work harder and drop your calcium into your blood!

Lymph tissue

Nonspecific, or innate immunity, includes your physical barrier, your chemical defenses 
like low pH, and various secretions you spit out, like thiocyantate, lysozymes, 
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interferons, fibronectin, and complement in your blood serum. Your natural killer cells 
and phagocytic cells like macrophages, neutrophils, and monocytes are also 
nonspecific immunity. They just kind of grab whatever looks bad and kills it.

Specific immunity's that antigen-antibody stuff everyone's always talking about. That's 
the B and T lymphocytes that give you your small primary reaction to an antigen, and 
then clone the antibody cells so your secondary reaction will end up much faster and 
more aggressive. Out of specific defense, we have humoral (anti-body mediated, 
antibodies made by B lymphocytes) and cell-mediated immunity (T-cells). We target 
specific immunity with vaccinations. Vaccinations don't have “dead” viruses like the TV 
tells you, says Dr. LaPaix, they have attenuated viruses. That means that everyone's 
response can vary, and some people do get a little sick from flu shots and other 
vaccines because their body does react badly. For other people, the flu shot does 
nothing because the virus is so down-regulated, and for other people the flu shot works 
because the immune system responds like doctors hoped.

Our primary lymphatic system includes our primary lymphoid organs, like the bone 
marrow and the thymus, and the secondary lymphoid organs, which is where the 
immune response gets produced.

Primary and secondary nodules shouldn't be confused with primary and secondary 
organs.

Cells

Plasma cell has lots of ReR that helps make antibodies. The helper T-lymphocytes 
contribute to the b-cells differentiating into plasma cells. The plasma cell has to work 
hard to produce antibodies. It's not the b-lymphocyte, it's the plasma cell that does that. 
Heterochromatin transforms into things tha make this look kind of like a clock. Secretory
cell so lots of that stuff, and lots of little legs and stuff so you can see it trying to walk 
and move. Pay attention to the nucleo, which has heterochromatin that makes it look 
like the face of a clock. 

Another cell that contributes to the immune system is the macrophage. That's an 
antigen-presentor. It eats the antigens, and splits it into little pieces, and then presents 
the antigen to the T-lymphocytes to control immune reaction. Lots of lysosomes with 
proteolytic enzymes. The macrophage isn't just a presentor of antigens, but also a killer 
of bacteria and something that can eat up metals and other little poisons. Sometimes it 
holds them for a long time in its body as residual bodies. You see lots of bit white circles
in it, and it's got more philopodia than the plasma cells, and a more irregular nucleus. 
Kupffer come from the liver, langerhans are epithelium...
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CD8 lymphocyte is a T-killer.

Mast cells have lots of granules in the plasma. They're metachromatic, so they color a 
different color than the color you put in. Seriously these are like FULL of little gray and 
black circles. They've also got philopodia, but they're shorter than the macrophage 
philopodia. They reproduce and cause the allergic reactions.  They've got a big nucleus 
that's pretty round in the middle, and then tey've got just SO MANY granules, 
sometimes t oth te point where you can't see the nucleus.

Lymphocytes don't do anything in the bloodstream, only in the connective tissue where 
they actually work. We named B-cells like that because they were first recognized in the
bursa of birds. Lymphocytes have to turn into plasma cells in order to activate and do 
things. They enter parts of the bone marrow where they become immunocompetenet, 
then they go into the lymphoid system and mitose, to make clones. After getting a 
specific antigen, B cells differentiate into two subpopulations: memory cells and effector 
cells. T cells differentiate into 

do a FIXAL search of T-cells and B-cells and immunity throughout so you can check 
anythign that's wrong

Antigen-presenting cells talk to helper CD4 T lymphocytes. They are also called 
macrophages, which we know what they do. 

Activated T-cells make cytokines and interleukins. pg. 454 Ross
Interleukins promote growth and differentiation of T cells, B cells, and hematopoetic 
cells, while cytokines serve as other chemical messengers between cells to call 
neutrophils and other stuff to come work.

Diffuse tissue

Intestinal tissue with simple columnar ...infiltration of lymphocytes happens in the lamina
propia, and you can see a conducto lacteal from a villi, and that absorbs things. Well 
you might see lots of plasma cells and lymphatic vessels around a villi. The most 
absorption happens in the duodenum. Lots of clinical correlations about the villi with 
collapse and Sprue and 

Lymphatic tissue can be diffuse, with an infiltration of lymphocytes, in the lamina propia, 
respiratory, gastrointestinal, urinary.

Or it can be in nodes and making organs, like in the lmph nodes spleen and thymus.

Diffuse tissue doesn't have any capsules. The peyer's patches are like this. The 
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epithelium has M cells intercalating with spaces between the epithelial cells. When you 
find an antigen near the edges the T-lymphocytes start to grow in the center of the 
Peyer's patch and the Peyer's patch starts to grow nad grow and grown. You get lots of 
effector cells and lots of memory cells. In the deep center of the patch is where you 
have the germinative center, for immune response undergoing

Lymphocyte infiltration happens in all your stuff. Diffuse doesn't mean it doesn't have a 
capsule, just means it's spread everywhere and not in permanent organs or nodes. 
Diffuse is nodules and peyer's patches, all the little stuff that's everywhere

If you see lots of goblet cells, and not a lot of villi, and lots of grandulation under it, 
you're looking at lymphatic tissue infiltrating the lamina propia of large intestine. Instead 
of villi you have lieberkuhn crypts in the large intestine.

Antigen activity in the center of your 

Plasma cells are effector cells

Primary doesn't have germinative center that's clear, secondary doesn't have 
Something that's reacted to antigens has a germinative center. The secondary nodules 
do have 
B cells in the center, T-cells outside
When you see a clear center, and a dark mantle (corona), it's secondary. The dark 
mantle is the little, new cells that are already differentiated, while the center is the just 
multiplying stuff.

Villi and Brunner duodenum. 

Lymph tissue is stroma: reticular fibers like type II collagen
parenchyma (lymphocytes, macrophages...)
shit I needed that slide

You should see endothelial cuboidal simple in this lymph node. 

MALT
BALT
GALT
diffuse lymphatic tissue that doesn't have any capsule.
Simple columnar lymphatic tissue in the intestine.
Germinative center in the middle of a lymph node from which the lymph tissue grows. 
Antigen-presentors are between the epithelial cells, and they're called M cells, cells of 
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the microphore (microfold?). 

As soon as you produce an immune reaction the germinative center starts to form and 
grow. That's why your lymph nodes get swollen. 

Solitary lymphatic nodules (follicles) are not encapsulated and they're in a meshwork of 
reticular cells, all alone. T lymphocytes are in the periphery of the nodule. The 
duodenum has solitary lymphatic nodes, but not those peyer plates that are dark and 
big in the ileum.

Tonsils 

Tonsils and the amygdalas that make the ring of defense tissue in the ring of Waldeyer 
ar a whole bunch of lymph nodules and diffuse lymphatic tissue.

Palatine tonsils are the big ones that you just call tonsils, on either side of your pharynx.
That makes sense 'cuz they're in your palate! Yaya. They are stratified squamous 
tissue, and they stick to your body with a capsule of dense connective tissue. They've 
got lots of secondary and primary lymph cells. 

Palatine tonsil is partly encapsulated and covered with nonkeratinized stratified 
squamous epithelium. Pharyngeal tonsil question? Pseudo-stratified with goblet cells is 
the epithelium. Palatine tonsils have little crypts in them, while pharyngeal just have 
these layers. Palatine have really, really deep crypts. Adenoid tonsils just have really 
short and little crypts, same with lingual. 

Dense, irregular connective tissue near your tonsil. 
Tonsils also have germinal centers.

Encapsulated and non-diffuse tissue

Lymph nodes

Lymph nodes are not to be confused with lymph nodules. Lymph nodules are diffuse, 
and you can find them everywhere. Lymph nodes are specific secondary organs. They 
filtrate your lymph and your blood. They are secondary because they actually do the 
work of immune response, they're not just the primary organs that make stuff. Lymph 
nodes have medullary sinuses and capsules and subcaspular sinuses and follicles with 
germinal centers, and afferent lymphatic vessesl,s and efferent lymphatic vessel (just 
one) and blood flow. They've got trabecula that help and sustain the vessels.  The 
lymph tissue sits all around the vessels, and the trabecula basically hold them in place 
and help connect the lymph tissue and the blood vessels. In the periphery you get little 
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nodules in your node. The central part you get cords, not nodules. Cortex and medulla 
and forms nodules is the nodes—the thymus doesn't do that. Trabeculary sinuses are 
connective tissue which is dense irregular like the capsule. The lymphatic sinuses are a 
kind of sinusoid (they are not sinusoids actually just like them) they have cuboidal 
simple epithelium which facilitates fast leaving to the blood vessels. Blood enters, 
distributes its stuff, and receives all the stuff that's metabolized in this organ. The 
concave area where everything entes is the hilum, they ook like tiny kidneys kind of. 
The capsule, the cortex has lymph nodules, and then deep inside you have the medulla 
with sinus. Deep cortex or paracortex has accumulation of T lymphocytes. Most of your 
nodules are B, so then you have T in your paracortex. This is called the thymic part of 
the lymph node. This means that the real immune reaction is in the paracortex. 

Afferent lymph vessels enter, leave lymph in subcapsular sinus, then go to trabecular 
sinus where they pass the blood vessels, then they go to medullary sinuses, and then 
out into efferent stuff.

B is plasma cells in connective tissue. 

Follicles and nodules are the same.

You can stain the reticular skeleton of the lymph nodes. Lymph nodes have a collagen 
III skeleton. 
Endothelium cuboidal simple
One day I'd like to make a scifi movie starring Muslims and Christians dressed in burka-
type stuff, something that could sell in North Africa

Spleen
Spleen doesn't have cortex or medulla. 

Spleen has a capsule, with T and B cells in agglomeration around an arteriole. A pals 
covering to the arteries. The little PALs covering which is also called a node is a 
corpuscle of Malphigi and they're full of white pulp. PALS has more T-cells. Pals is 
actually the covering of the nodule, there's a little nodule that has B cells in it, and it's 
around the arteriole, but then the whole big PALS sheath that houses that nodule is 
pretty much all T cells. The vessel isn't always right in the middle of the nodule, the 
nodule could be like on the side with the PALS sheath all around them both.

Dendriticus and follicular cells also contribute to being antigen-presenting in the spleen, 
even though macrophages do most of the antigen-presenting.
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Periarterial lymphatic sheath=PALS

from the central arterial you have the penicillar arterioles, and then you have 
macrophages around the SC which are sheathed capillaries. Arterioles of the sheath 
have macrophages (vaina is a sheath). The SC then just spill blood out into the red 
pulp, and then that blood makes its way into the veins.

HIV attacks helper T cells. 

The spleen is the biggest lymphatic organ in the body. It's where you get blood borne 
antibody immunity. It filters your blood, too—that's why it's got such a big fat artery going
into it. It also reserves platelets, and helps you create blood, and kills your old blood 
cells so your kidney can reabsorb their iron. The spleen's also activating and 
proliferating your B and T cells. It's stroma is the capsule with trabeculae which is made 
of the reticular fibers and extend into the parenchyma of the organ. It's got 
myofibroblasts in the cpasule. It's got a hilum, which is where all the things go into it. 
Lymphatic vessels are in the white pulmp of it. Its parenchyma is full of blood cells and 
actual T and B cells and stuff. Trabecula always go down with blood ?

Lymphocytes in the spleen adopt an organization that's different than in lymph nodes. 
Lymph nodes had nodules in the cortex and stuff. Here nodules are arround the alveola 
which bifrucates and is near the white pulp of the spleen. The white pulp has only 
leukocytes and only white blood cells. The rest of the tissue around the white pulp is red
pulp. This is near an arteriole. While pulp is also called the periarterial lymphatic sheath,
and it's around an arteriole. From this central arteriole you've got little pericilated PA 
arterioles that go out like caterpillar legs. The central arteriole is completely surrounded 
by white blood cells in the PALS. Outside the PALS is the red pulp. Everything that isn't 
a little circle is red pulp. SC arterioles come from the PA arterioles. They have 
macrophages. So the blood that enters goes to the macrophages and either falls into 
the red pulp and open circulation, or connects directly with the veins and goes back. 
The nodules house B lymphocytes while T lymphocytes surround the nodules. 

Corpuslces of Malphigi are like lymph nodes, but the border has lymph nodes, the 
inside white stuff and B cells, and outside of all that is red tissue. 

Red pulp cells that don't form the nodules form splenic cords. Cord of Billroth. These are
reticular fibers and stuff with lots of macrophages, lymphocytes, granulocytes, plasma 
cells, erythrocytes, etc to clean the blood.

Thymus
Has trabeculas and septas. Is divided into lobules, not real lobes. Only one that doesn't 
have nodules. Has a cortex. Thymocytes are T lymphocytes. Which are in the periphery 
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where the cortex is. Thymic corpuscles are in the medulla. What are the thymic 
corpuscles?
Has no afferent lymphatic vessels. Only the lymph node has those. The thumus has an 
hilum
The stroma of the thymus is epithelial reticular cells. Just like everything else. There are 
6 types of epithelial reticular cells. In the cortex we've got three, 1-3 subcapsular, in the 
middle of the cortex, and below that. These are all isolating the T epithelium, have tight 
junction and desmosomes and filaments and they make a skeleton and a net separating
the thymus from anything else. They're a barrier around the thumus so it doens't touch 
anything weird. 4-6 are in the medulla. 6 are corpuscles of hassals. They have keratin. 
They are hormonal products  and they look like whirlies of epithelial reticuarl tissue. 4 
and 5 help make a barrier between the cortex and the medulla. 

Blood thymus barrier formed by reticular cells. It gets filled with fat and is all white and 
no longer all granular.

The thymus has a stroma capsule of thin connective tissue. It's really thin and light and 
sends trabeculas and septas into the organ just like other lymph organs. The trabecula 
septa make thymic lobules. This is the only lymphatic organ that doesn't form nodes. 
The cells hang out more tightly in the outside part of the lobules and are more loose in 
the medulla of the lobule. The thymous has a parenchyma divided into thymic cortex 
and thymic medulla, entonces. The cortex is continuous because the lobulation isn't 
really complete.

The important thing about this organ is that its stroma or skeleton basically is reticular 
epithelial cells, and there are six types of cells there. Three belong to the cortex and are
called one, two, and three, and three are part of the medulla and called four, five, and 
six. Capillaries that arrive at the thymus are continuous. 

Epithelioreticular cells type one have occluding junctions between them. Type two have 
lots of intermediate filaments. Type three act as a functional barrier between the cortex 
and the medulla.

Corpuscles of Hassall make hormones, thymosin and thymopoietin. The latter 
stimulates iron production. 

clinical

DiGeorge's syndrome happens when you are born without your thymus and parathyroid 
gland. This means you have normal humoral immunity, but strange cell-mediated 
immunity.
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Lymphadenopathy is enlarged lymph nodes.
Lymphoid hyperplasia is when you have lots of big follicles with lots of macrophages in 
the germinal center. They're all growing out of control.

Lymphangioma is congenital malformation of lymph tissue where you have skin lesions 
that can be little vesicles or can be cavernous spaces. You treat this with surgery.

Ross 455, Cui 186, AIDS. Lymph nodes early on in aids will be really big and irregularly 
shaped with lots of macrophages in their center—lymph hyperplasia.

Lymphomas are tumors of lymph tissue. Non Hodgekin or Hodgin lymphoma
Cui 190, 93. Reed-Sternberg Cells

Blood infections can cause spleen tumors or spleen enlargement. 

Cirrhosis of the liver and venous congestion can give you congestive splenomegaly. 

Secondary lymphoid organs are where 

Osteomalacia vs. osteoperosis
Deficiency of vitamin D keeps you from calcifying while osteoporosis you're already 
calcifiied

The Endocrine System

Endocrine cells aren't polarized like other cells, and they don't have a free surface—
there's almost always something separating them from the lumen. That means to get 
into the capillaries the hormones have to pass several barriers: the basal lamina of the 
endocrine cell, the loose connective tissue around the cells, the basal lamina of the 
capillary, and the endothelium of the capillary itself (which usually has fenestrations 
around them). The glands have their own connective tissue capsules, which are dense 
and irregular, and the hormones have to pass that, too. Each gland cell lives near at 
least one capillary so it can release either proteins, or steroids.

Protein/peptide endocrine cells have less organelles than exocrine cells, and they use 
merocrine secretion (remember that's exocytosis, and that most types of secretion are 
merocrine except for mammary cells and some axilla cells which are apocrine) to 
release hormones in big secretory granules. Remember these secretions will cling to 
receptors on the outside of the cell and trigger secondary messenger systems 
(Biochemistry, FIXAL).
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Steroid-producing endocrine cells have lots of mitochondria with tubular cristae, lots of 
lipid droplets (because steroids derive from cholesterol), and they don't store their 
hormones at all: they just shoot it right out after they process it in the SER (which there's
a lot of). Remember steroids will pass the lipid bilayer and get into the nucleus to reach 
their receptors (Biochemistry, FIXAL).

The hormones that these cells secrete always go through the blood—they're not 
paracrine, or local secretion—to distant target organs or cells. Those target organs 
decide to inactivate the hormones when they're done with them. 

So let's go gland by gland.

Pituitary gland
Also called the hypophysis because it looks like it's the lowest tip under the 
hypothalamus. This gland's really only about a centimeter big! It's got a posterior lobe, 
and an anterior lobe. The front lobe is also called adenohypophysis, while the back 
lobe is also called neurohypophysis or pars nervosa. The adenohypophysis 
synthesizes its own hormones, while the neurohypophysis secretes just two hormones, 
vasopressin and oxytocin, that are produced above it in the hypothalamus. The non-
myelinated nerve bundles of the paraventricular nucleus and supraoptic nucleus 
terminate in the neurohypophysis; it's those two nuclei that make the hormones 
secreted in the neurohypophysis, with the supraoptic making more vasopressin while 
the paraventricular makes more oxytocin. The adenohypophysis comes from ectoderm, 
from the Rathke's pouch in the baby's mouth, while the neurohypophysis is neural 
tissue. So when it's forming, the anterior lobe comes up from the bottom and wraps 
around the posterior lobe, kind of pulling it down. You can see that tissue wrapping 
around the posterior lobe especially up top, at the thin part of the “sacs”--that's where 
the pars tuberalis from the anterior lobe wraps around the infundibulum or neck of the 
posterior lobe. So the anterior lobe includes the pars intermedia and follicles, which 
divide it from the pars nervosa, and the pars distalis, which is the rest of the anterior 
lobe. Up top, the hypothalamus kind of protrudes into the neurohypophysis, separated 
from it by cerebrospinal fluid. Through the hypothalamus the gland's also continuous 
with the third nuclei. Around the pituitary gland you've got sphenoid bone, which forms 
kind of a chair for it. It's a Turkish saddle (silla turca; pg. FIXAL of anatomy).

How do you differentiate the two lobes if they're outside of the body, or you're looking at 
a bad slide, and you can't tell posterior from anterior? The posterior lobe is the only one 
that reaches the top, since it's got the neuro-part. Staining can make it look like some 
kind of weird ying-yang, and the neurohypophysis has the part of the yang with its tail 
reaching the top. You can also tell the difference because the pars distalis will often 
stain darker and more granulated-looking, while the pars nervosa will look smooth. It's 
easier, then, to see the capsule around the pituitary if you look at the pars nervosa, 
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because the capsule's darker than the pars nervosa. You'll often see a cleft between the
two parts, or a little empty space, and the pars intermedia will look pretty irregular with 
much bigger inclusions that look kind of like fat lumps. 

The pituitary is a heavily vascularized gland, very full of blood. The internal carotid 
artery, which supplies all the blood for the inside of the skull, passes right by here and 
releases capillaries for the hypothalamus that trickle down into the infundibulum and 
pars tuberalis. You also get capillaries from the inferior hypophyseal artery, which 
comes up from the bottom. A little set of hypophyseal portal veins connect these two 
blood streams. We call the capillaries that are port of that portal system the primary 
capillary plexus. One reason this area's so super-blood-filled—besides the fact that the
pituitary has to release hormones—is that the pituitary has to receive lots of inhibition 
and promotion factors. For example, if you're not pregnant, your need for prolactin is 
really low, so you have to inhibit the prolactin-producing cells in the pituitary gland. The 
pituitary also receives positive feedback, like when you're giving birth and oxytocin 
(which helps stimulate contractions) increases for each set of contractions. The 
osmolarity of the blood also helps to determine how much stuff the pituitary gland will 
release (think of vasopressin, or ADH, the thirst hormone, and how osmolarity will affect 
it. Physiology pg. FIXAL).

The pars distalis has two general cell types: chromophobes and chromophils. 
Chromophils can be acidophillic (usually red on slides) or basophillic (usually blue on 
my slides), but in general they just love color, which gives them their name and their 
shade on slides. Some books don't call them by these names anymore, because now 
that we have antibody staining we don't have to depend on general color-affinities and 
we can look for cells based on what they produce. Basophillic chromophils also stain 
with PAS. Your basophils can be corticotrophs (which make adenocorticotrophic 
hormone for the suprarenal glands), thyrotrophs (which stimulate the thyroid), and 
gonadotrophs (making LH and FSH for gals, embryology pg. FIXAL, and androgen-
binding protein for boys), while acidophilic cells will be somatotrophs (growth hormone)
and mammotrophs, which are also called lactotrophs since they make prolactin. You'll 
notice the basophillic corticotrophs don't have a lot of granules around them; the 
somatrotrophs have the most granules around them; thyrotrophs have granules mostly 
around their borders; and gonadotrophs have granules of different sizes that aren't as 
abundant as in the somato and thyro trophs.

Other glands are usually easier to see than the pituitary gland, on histology slides, so 
you can associate bad slides with pituitary, says Dr. Fernandez. One thing you'll really 
be able to see in all endocrine slides is the non-polarity: you can see the secretion 
granules all around the central cell without a real organization. It's also pretty easy to 
differentiate the division between the posterior and anterior lobes, because the pars 
intermedia looks pretty dark and different. The pars intermedia has secretory granules 
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kind of like the basophilic corticotrophs of the pars distalis, along with some eosinophilic
(acidophillic) spaces. It makes MSH to get your skin to make melanin, and also some 
lipotrophic (fat-forming) and endorphin-type hormones. You'll see super-big colloid 
follicles here (their function's unknown). There's a really lovely Toluidine blue staining 
slide of the pars intermedia that I'd like to hang in my room, so there's that!

In the posterior pituitary you'll see the non-myelinated axons of the cells making 
vasopressin (ADH) and oxytocin (supraoptic nucleus makes more vasopressin, the 
paraventricular makes more oxytocin). The neurohypophysis stores these in Herring 
bodies, which are kind of clear and light bluish round things on the slide I'm looking at. 
They're darker than the capillaries, so don't confuse them. You'll also see pituicytes 
(kind of like neuroglial cells) that support the neurosecretory axons, which are little dark 
red, slightly more irregular little blobs. On another slide I'm looking at, I can see the 
Herring bodies stained super-dark, while the pituicytes are smaller and lighter, like really
shortened cucumbers.

• When you make too much growth hormone from your acidophilic pars distal 
somatotrophs, you'll have pituitary gigantism.

• If you have a benign tumor in the pars distalis, you can have acromegaly, which 
is super-thick bones, especially in the face (physiology pg. FIXAL).

• A pituitary adenoma can cause Cushing's disease by making you make too 
much ACTH from your corticotroph cells, which tell the adrenal cortex to make 
too many corticosteriods. 

• If your pituitary gland necroses, you can have hypopituitarism. That can happen
if you lose blood supply to the area. Some pituitary adenomas can crush the 
blood supply and make that happen.

• If your neurohypophysis doesn't obey stimuli and make vasopressin, you can 
have hypothalamic diabetes insipidus (Ross pg. 753). You'll pee all the time 
because your kidney doesn't know how to withhold water, and you'll also be 
really thirsty. This can come from a head injury.

• Nephrogenic diabetes insipidus has the same symptoms, but it happens when 
you have ADH problems because your kidney doesn't obey the ADH released by 
your pituitary. (physiology pg. FIXAL) Usually that's an aquaporin mutation. In the
end, the kidney just keeps peeing when it shouldn't.

• Prolactinomas are the most common pituitary adenoma (30-40 percent) where 
the breasts start to make lots of milk all the time for no reason (galactorrhea) and
gals don't have menstruation (amenorrhea) and boys will lose libido and maybe 
get gynecomastia.

Pineal Gland
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This also connects to the hypothalamus. It's a prolongation of the diencephalon, 
hanging out in the middle of the brain by the third ventricle, and looks kind of like a 
horseshoe, where the legs of the horseshoe face the back and have cerebrospinal fluid 
in the space between them. Problems with this gland can cause depression. 

The pineal gland makes “brain sand” which you'll see in slides as concretions of hard 
stuff that are built concentrically from in to out. They're also called corpora arenacea, 
and they're made of calcium carbonate, and they increase in concentration with age, 
and you'll see them in the prostate, too. There's no lumen in the pineal gland, while the 
prostate does have a lumen, and that's how you tell the difference between slides of the
two. When you're doing brain imaging, brain sand's a useful landmark, since it's usually 
in the middle of the brain.

The pineal gland has a pia madre covering, which isn't really a collagen capsule like 
other capsules, says Dra. La Paix. There isn't supposed to be a lot of connective tissue 
in your nervous system, and the pineal gland is really part of your nervous system, so 
there isn't really a reticular capsule like we'd think of for other areas.

You can see lots of little pinealocytes that have little microvilli on their apical border. 
They are just slightly bigger and less dark than the neuroglial cells that support them. 
They make melatonin, which makes you sleepy. This gland doesn't work just by nervous
influence, but rather because of the action of the light, with your circadian rhythm. Light 
impedes the production from these cells, and that's partly why you get sleepy when it's 
dark out, and why you can have behavior changes based on light and weather.

• Seasonal Affective Disorder happens when the reduced length of daylight makes 
you make too much melatonin. Melatonin makes you want to sleep more and you
can feel grumpy and lethargic. (Ross 755)

• Pineoblastoma is a small blue cell tumor of disorganized cellular sheets that's 
aggressively malignant in kids. The tumor's cells usually hang out as embryonic, 
undifferentiated stuff, but they can turn into “neurons, or glial cells, or even rods 
and cones,” says Cui. (339)

Thyroid gland
This is full of follicles and lives right between the crichoid cartilage and thyroid cartilage, 
under the hyoid bone. When you look at slides you'll see lots of sphere-looking pieces 
all bound by a basement membrane: those are your colloid follicles, full of hormones, 
and they look smooth like adipose tissue. You do have collagen here, and it'll form 
septas that extend into the gland from the outside and make lobules. You'll see little 
blood capillaries between the follicles.

The thyroid gland puts T3 and T4 out into the blood. The iodine you need to make T3 
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and T4 hangs out in the secretory vesicles and the colloid follicles where you store T3 
and T4. This is one of the only endocrine organs that store their own product for a long 
time rather than just releasing it. That's what the colloids are.

The cells around the colloid are principle or follicular cells, and you can see them like 
little bubbles on the periphery of the big lumpy fat-looking colloid. The follicular cells can
be columnar, but they tend to be cuboidal. They get taller as they get more active, which
means they're making more T3 and T4. 

You'll also see parafollicular or clear or C cells which make calcitonin, which lowers the
calcium in your blood (bone histology page FIXAL). Don't confuse parafollicular cells 
with the parathyroid gland, which does the opposite thing. When we stand or parar (in 
Spanish) we raise, and similarly parathyroid hormone raises calcium in the blood (ooh, 
that's a good way to remember it if you speak Spanish!), and while parafollicular 
calcitonin “tones calcium down.” Parafollicular cells don't touch the follicles; they hang 
out between them. As their name suggests, they look clear. In EM, you can see the 
basement membrane between follicles full of little puntitos, little points of collagen fibers,
and you'll see follicular cells with lots of mitochondria (which makes them eosinophilic) 
while the parafollicular cells just have lots of granules. They've got really homogenous 
granulation, those clear cells, especially compared to the more irregular insides of the 
follicular cells. You can see little follicular cells' microvilli reaching into the colloid, too, 
and lots of Golgi for packaging everything. 

At this high EM magnification, the pars distalis of the pituitary and the parafollicular cells
look really similar, like the same, so that's a bummer. If you see a colloid or something 
then you can kind of tell the difference. 

• Hyperthyroidism (Toxic goiter or Graves' Disease) happens when you've make 
immunoglobulins that continually bind to and trigger TSH receptors on follicular 
cells so you tell them to make too much T3 and T4 all the time (pg. FIXAL 
biochemistry). You'll trigger sympathetic systems and weight loss; these patients 
may also look “scared” because the sympathetic system makes their eyelids 
withdraw and bulges their eyes out.

• Ross pg. 758 also talks about hypothyroidism. Usually TSH levels are low, and 
that's primary hypothyroidism because your pituitary is small. You can get it also 
by not having enough iodine to bind to your T3 and T4. It gives you what used to 
be called myxedema. Myxedema means mucopolysaccharides are getting 
deposited places along with lots of edema, so like under your skin—making it 
look really waxy—and up in your brain, causing mental sluggishness and 
somnolence (you want to sleep all the time). It's also build up in a bunch of other 
places like your heart.

• Hashimoto thyroiditis happens when your thyroid gland gets attacked by 
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antigens that kill receptors—so like Graves, but instead of triggering receptors 
forever it kills them. You'll have an enlarged thyroid gland but hypothyroidism and
this is super common.

• Thyroid nodules: Young and middle-aged gals tend to get thyroid cancer. Lots 
of people have nodules in their thyroid, but if you can feel the nodule with your 
hands, you're 20 percent likely to have malignancy in there. If you can't feel it, it's
probably just 5 percent. You check with a needle or ultrasound.

Parathyroid gland 

We've got four of these in the back of your thyroid. You can see the difference between 
the parathyroid and the thyroid glands histologically because you can see the follicles 
and colloids in the thyroid, and there'll be a thick layer of connective tissue with some fat
separating them—that's a little brown capsule when you're looking “grossly”, or on the 
big, non-microscopic level. The parathyroid gland has little lobules separated by 
collagen.

They've got two types of cells, those parathyroid glands: principal chief cells, and 
oxyphilic cells which separate two masses of principal cells from each other. Oxyphil 
cells have lots of eosinophilic cytoplasm, while the principal cells look darker because 
they've got more nucleus all takin' up space; principal cells are more numerous and 
smaller than oxyphil cells. You'll probably see some lumps of adipocytes here and there;
a normal adult's parathyroids are about 25 percent fat. 

• The parathyroid makes parathyroid hormone (PTH) which, as we said earlier, 
makes the blood calcium go up. Without PTH, you get spastic, painful contraction
of skeletal muscle cells all over your body (tetany) because you're storing all your
calcium in your muscles and things rather than releasing it into the blood. This is 
is a symptom of hypoparathyroidism.

• Hyperparathyroidism usually comes from an adenoma in your parathyroid. You 
make way too much PTH, so you over-raise the calcium levels in your blood—
which can cause kidney problems (stones) and constipation, but usually doesn't 
have any symptoms at all, actually. (You usually discover it while you're doing 
other routine blood tests.) You then have to take out the adenomatic parathyroid 
gland. Hyperplasia, which usually makes all four glands too big, is rarer and more
difficult to deal with.

Adrenal or suprarenal glands

Read the general stuff on pg. FIXAL anatomy first.

Each suprarenal gland has two parts, a cortex and a medulla. The medulla is actually 
just a sympathetic ganglion, so it's innervated by pre-synaptic sympathetic ganglia. 
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Histologically, the cortex is straight and thick and tall-looking compared to the medulla. 
Its striated with blood vessels. You've got three layers of the cortex. Its most superficial 
layer's called the zona glomerulosa. It looks really thin under the dark capsule, and it's 
full of arches. Little bits of cortex called trabeculae stick into this. The next layer is the 
zona fasciculata, where you see all the striations of blood through a kind of lighter 
tissue. It's a little clearer-looking because it's got lipid, and it's about 80 percent of the 
cortex width. You've even got some specialized lipid-containing cells called 
spongiocytes, full of spherical mitochondria and fat. The cells here also have more 
cytoplasm in general. Finally, you've got the zona reticulata, which is more of a dark 
disorganized web living under the nicely straight and organized fasciculata. It's a lot 
thinner, like between 7 and 10 percent of the width of the cortex. The medulla looks a lot
more like lumpy brain tissue, with clear nuclei and grey-ish folds, compared to the 
granulations of the cortex. The medulla comes from different embryonic origin, because 
of course it's neural and the cortex isn't.

You've got a web of blood vessels, a subcapsular plexus, right under the surface 
capsule, and then from that you've got long cortical arteries that cross the cortex to get 
to the medulla. In the medulla you really only have one vein, the central suprarenal vein,
and some small medullary arteries and cortical capillaries. That central vein's got thicker
smooth muscle surrounding it. It's through the zona reticularis that you get all the 
capillaries connecting the arterioles to the central vein, and that helps make the 
reticularis look messy compared to the straight-line organization of the zona fasciculata.
The glomerulosa also looks a bit messier because it's got a web of capillaries, too, 
closer to the capsule (subcapsular plexus, rremember?). These are such tiny glands, 
but they receive so much blood, straight from the aorta! It's really a disproportionate 
amount of blood because they're so important.

The glomerulosa makes mineralocorticoids like aldosterone. The zona fasciculata 
makes glucocorticoids like cortisol and corticosterone, which are very lipid-based and 
help make that zone light-looking. The zona reticularis makes gonadocorticoids (like 
weak male androgens). The chromaffin cells in the medulla make epinephrine and 
norepinephrine. Everything that's pre-synaptic has myelin, and so all the nerve bundles 
arriving at the medulla are myelinated and fast so your fight or flight response is fast.

• Addison's disease happens when your body attacks your adrenal glands so you 
don't end up making enough adrenal hormones.

• Cushing's syndrome, as we said, happens when your adrenal corticoids make 
too much adrenal hormone.

• Waterhouse-Fridericksen syndrome: you get a meningococcal septicemia, an 
infection, in babies that destroys the adrenal gland. As in Addison's, you won't 
have enough adrenal hormones.

• Pheochromocytomas are overgrowths of chromaffin cells in the medulla. You 
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make way too many catecholamines. Usually affects adults (only ten percent of 
these patients are children), and about ten percent of pheochromocytomas come
via familial syndromes—most don't. The overgrown cells group themselves in 
nests called zellballen, and they look smaller, more numerous, and much more 
“lumpy” that normal cells. You can't tell the difference between a benign or 
malignant pheochromocytoma just by looking at it in a biopsy, so you pretty much
always want to take these out. If left alone, they can cause crazy hypertension 
(only 10 percent don't) and cardiac arrhythmias and kill the patient. (Notice all the
tens? Ross pg. 766 describes these by the rule of tens, in case you want more 
detail)

Pancreas

We've seen this before, on histology page FIXAL, but then we really dealt mostly with 
the exocrine pancreas. The endocrine pancreas is the clear Islets of Langerhans, which 
makes insulin, glucagon, and a few other things. Alpha cells, around the outside, make 
glucagon; beta cells, around the inside, make insulin. Delta cells scattered throughout 
make somatostatin (physiology pg. FIXAL). You've got lots of little capillaries all through 
these islets. It looks really cool if you stain the islets so you can see the difference 
between the capillaries and the surrounding cells, because it makes them look like little 
decorated magical orbs, all marbled and streaked with blood like that. 

I've got a slide of alpha cells that stain light yellow, and a slide of beta cells that stain 
golden, but honestly you can only tell these apart with immunohistochemistry, not with 
normal histological slides. Alpha cells are usually on the periphery.

• Immune destruction of beta cells gives you type I diabetes, while resistance of 
target cells to insulin gives you type II. Histologically, you'll see fat deposits 
replacing the Islets of Langerhans in Type I.

Diffuse neuroendocrine system 

You've got some neuroendocrine cells hanging out everywhere. They're usually 
paracrine, and they can open into a lumen (open type) or secrete locally to connective 
tissue (closed type). These release gastrin, histamines, and serotonins in your stomach.
They also live in your glands of Lieberkuhn, and technically your Islets of Langerhans 
are diffuse neuroendocrine, too. 

Each type makes and secretes one kind of hormone, and all of these kinds of 
neuroendocrine cells have lots of mitochondria, big fat Golgi, and lotsa RER. They keep
their secretory granules down at the bottom or basal area of their cytoplasm. 

A small cell (oat cell) carcinoma happens when these guys grow out of control.
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Male Reproductive System 

Let's start from the testes where the sperm get made, and then journey up to the penis 
where they're ejaculated. First, you've got some layers around the testes. Most 
externally you've got a capsule called the tunica vaginalis, which came from the 
descent of the peritoneum. It's a serous capsule—lax connective tissue with squamous 
epithelium. Under that, there's a capsule called the tunica albuginea, which is dense 
irregular connective tissue covering the whole testes. In the back it's more dense, and it 
makes the testicular mediastinum. Under the tunica albuginea there's a space where 
all the nervous and vascular stuff hangs out, and that's the tunica vasculosa. 

The tunica albuginea makes septas through the testes, breaking them into lobules. 
These lobules have seminiferous ducts, about 1-4 more or less, all rolled up in them. 
These seminiferous ducts would be 500 meters long, if you were to lay them all out. 
These ducts make the male sexual cells.

As I said before, the tunica albuginea thickens in the back of the testicle to make the 
testicular mediastinum. Just in front of the mediastinum is the rete testis, where all the 
seimiferous ducts join into a web. That web then joins the efferent ductules up at the 
top of the testes, which then connect to the head of the epididymis. The epididymis 
then trails down the back of the testes to its tail, which connects with the ductus 
deferens, which goes up to the abdomen through the spermatic cord. The ductus 
deferens is what you cut when you're doing a vasectomy. 

If you look at slides of the layers, the tunica albuginea is pretty thick looking, and then 
you can see holes and vessels in the tunica vasculosa, and then big gaps and tubes 
with lots of little cells in them, and those are all the seminiferous tubules.

Seminiferous tubules are separated from each other by a stroma of connective tissue 
and a basal lamina. Above the stroma you'll see big elongated potato-shaped cells 
called the Sertoli cells. 

Sertoli cells are big players down here. They kind of look like water droplets, and have a
mysterious carbon infusion called Charcot-Bottcher in their cells with some unknown 
function. Sertoli cells root themselves in the basal membrane and then extend to the 
lumen of the seminiferous tubules, providing food and physical support to the 
developing spermatids. They've got some rotating apices to help the spermatogonia 
migrate up towards the lumen. Finally, Sertoli cells also help compartmentalize the 
seminiferous tubules into two important layers. The bottom compartment, or outside, 
basal compartment, is where the spermatogonia live, sleeping until adolescence; the 
upper layer's where the spermatids arise and develop. The Sertoli cells use powerful 
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zonula occludens junctions to maintain those separations, and also to form the blood-
testes barrier, always protecting the spermatogonia so that no auto-immune or foreign 
attackers can hurt them before it's time to become sperm. 

There are two “A” types of spermatogonia: A dark, which has lots of heterochromatin all 
around the very dense nucleus, and A pale. A dark turns into A pale. A pale can turn into 
B pale, which can turn into spermatocytes. All these live in the basal compartment, 
separated from the other cells by the Sertoli cells. You can think of the lower/outer/basal
compartment as the mitosis compartment, where all these cells divide and turn into 
each other via mitosis. Then you can kind of think of the luminal, or upper, or inner 
compartment as the meiosis compartment, because that's where spermatocytes do the 
first meiotic division and then start turning into secondary spermatocytes, then 
spermatids. When you look at slides, the spermatids are really tiny and thin and may 
have tails, while the spermatocytes are round like perfect little orbs, and the 
spermatogonia are bigger and kind of globbity-looking. FSH—follicle-stimulating 
hormone—acts here on all these cells to make them divide, stimulating production of 
your spermatids.

Just outside of the seminiferous tubules sit your Interstitial cells of Leydig. Cells of 
Leydig, stimulated by LH, make testosterone. These cells have lots of smooth 
endoplasmic reticulum for making steroids, and they've got lots of lipid. They secrete a 
crystallized protein inclusion we call Reinke (useful in identifying tumors of these cells). 
LH stimulates puberty. 

For the edges of the seminiferous tubules, myoid cells create collagen, and make 
contractions to move sperm and liquid along.

After the seminiferous tubules, the rete testis have simple cuboidal epithelium waving 
microvilli and absorbing the goop the Sertoli cells made. Sertoli cells stop the muller 
hormone (they make anti-muller hormone) so that the boy can turn into a boy instead of 
a girl. The rete testis absorb this hormone while the Sertoli keep making it always, and 
as they spermatids travel through here anything extra's also absorbed. The rete testis 
look smaller and thinner and don't have such thick cell layers and such big lumens 
compared to the seminiferous tubules. Notice the simple cuboidal—almost everything 
else is columnar!

After the rete testes, you get into the efferent ductules, where the lumen opens up 
again and you see pseudostratified columnar cells along with cuboidal cells, which 
makes the area look kind of “scalloped.” These have microvilli, too. 

Then you have the epididymis. It begins with pseudostratified columnar cells with 
stereocilia. These have very straight-looking, thick edges above their basal cells, and 
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then a bit of smooth muscle under that, so that's how you can differentiate from 
seminiferous tubules, aside from the stereocilia. Here the sperm acquire movement; 
here's where they chill before ejaculation.

As you get into the vans deferens you'll see a much thicker series of smooth muscle 
layers: an outer longitudinal, middle circular, and inner longitudinal muscle layer. The 
inside lumen will look kind of like a little star, with longitudinal muscle folds all through it. 
Here you have pseudostratified columnar epithelium, but it will look pretty wimpy 
compared to the thick thick muscle. At the beginning, near the epididymis, you'll still see 
a bit of stereocilia, but as you go on they disappear.

The ampulla of the ductus deferens—we're almost at the end of the sperm's journey 
to the penis now—has the same three thick muscle layers, but also some crypts and it's 
lumen looks kind of torn and bubbly compared to the rest of the vans deferens. The 
ampulla looks much more messy, and doesn't look nice and smooth and open, but 
rather really full of mucosal folds.

Now the sperm travels through the seminal vesicles, which are the leaf-looking things 
just under the bladder that connect to the urethra via the ejaculatory duct. (anatomy pg. 
FIXAL) They make 70 percent of the semen. They've got two muscle layers—inner 
circular and outer longitudinal—and an adventitia. They've got lots of mucosal crypts 
like the ampulla of the ductus deferens does, but less muscle. They make lots of 
fructose which feeds the spermatozoans and helps them move. Pseudostratified 
columnar, but with flatter tops and you don't see stereocilia.

The prostate carries the urethra through it; the ejaculatory ducts also travel through it to
meet the urethra. The prostate makes like 20 percent or 25 percent of the seminal fluid. 
The epithelium is still pseudostratified or simple columnar, but in the lumens all through 
here you see these little calcified rocks that increase in number with the age. In men 
over 70 years you have to check because sometimes these are cancerous, not the 
normal little rocks. 

Men also have bulbourethral glands which have short simple columnar epithelium and
make a secretion of urethral lubrication that appears before ejaculation. These slides 
kind of look like the seminiferous tubules, except that the little circles are super-
organized, with very nice, straight, tall epithelium in very orderly rings.

The urethra looks very messy and connective-tissue-y. It's got all kinds of sinuses 
around it, a thin layer of columnar epithelium, and lots of urethral glands of Littre to 
protect the mucosa from the acid of urine. You'll see lots of muscle and connective 
tissue all around it. Those glands live in the penile urethra. You can recognize them 
because they have clearer-colored cells, and look kind of like the islets of Langerhans in



Becoming Healers 493

the pancreas. You can tell the difference between the urethra and a duct deferens 
ampulla because the urethra looks squished and more elongated (oval-ish, if you will) 
while the ampulla of the ductus deferens looks squished in a more even way, more like 
a circle or a star.

Finally, the penis is very much connective tissue. There's a tunica albuginea around the
different compartments separating the corpora cavernosa from the corpora spongiosum.
You should be pretty familiar with this area after reading Anatomy pg. FIXAL. Beware: 
higher magnification images of the corporus spongiosum look like seminal vesicles. The
slight difference is that corporus spongiosum is more connective-tissue-looking and 
stringy, while the seminal vesicles are more epithelial-looking. 

Problems
• Heat kills spermatozoans and can produce sterility. 
• Criptorchidism happens when the testes don't descend in a pre-born baby. It 

happens to about thirty percent of premature newborns and one percent of full-
term newborns, and it's a problem because the histological cell-level changes 
can lead to testicular cancer. You have to do surgery and put the testicle in the 
scrotal sac (orchiopexy) before the little boy turns two, when the changes are 
irreversible.

• Leydig cell tumors can happen beween 20 and 60 years of age. They're 
uniform, with lots of Reinke crystals. A tumor will make testicles enlarge, start an 
early puberty, or just make an abnormal level of hormones. In adult men it can 
actually lead to feminization and gynecomastia.

• Seminomas (Cui 361) are epithelial tumors in the seminiferous tubules. They're 
the most common testicular tumor, and they create a painless enlargement that's 
“fleshy” and round. They're basically sheets of big round cells with really obvious 
nucleoli and lymphocytes between them, and they make placental alkaline 
phosphatase, so you can identify them that way. They're really easy to destroy 
with chemo and radiation, but because you don't want to “seed” the tumor or 
spread it into other fascia in the testicle, Cui doesn't recommend biopsies. There 
are plenty of other kinds of tumors, like teratomas and germ cell tumors (which 
tend to be mixed, not just one cell type).

• Testicular cancer can show up as a complication of other therapies. It hits 
young men, hurting their fertility and causing a “heaviness” in the scrotum. 
Differential diagnosis includes hydrocele (water sac around the testicle), 
varicocele (when you've got a testicular vein blocked somewhere so it's filling up 
down in the testicle, anatomy pg. FIXAL), and inflammation; use a biopsy to tell. 

• E. Coli, Chlamydia, and a number of other bacteria can cause inflammation of 
the epididymis, or epididymitis. Neisseria gonorrea is a common culprit.

• Benign prostatic hyperplasia (Ross 811-12) probably happens because 5alpha-
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reductase turns testosterone into DHT, and that makes the prostate grow. At a 
certain point, it's grown too much and obstructing the urethra. You can treat this 
with medicine to block DHT-formation, and by lasering or micro-waving or cutting 
with a needle or otherwise killing the prostate cells in the way. You can also give 
medicine that relaxes the prostate's smooth muscles. Now, even benign 
hyperplasia can mean higher PSA: high PSA doesn't tell you about cancer as 
much as the physical exam, says Dr. LaPaix—the physical exam is the 
guarantee.

• Prostate cancer's etiology isn't well-known, and it used to be a death sentence 
before the serum PSA test and requirement of yearly rectal exams. It's hard for 
the patient to notice it, because unlike benign hyperplasia it doesn't happen near 
the urethra, but around the periphery of the prostate, and won't squish the 
urethra. Even now-a-days if there's metastasis prognosis is pretty bad. You can 
try to take out the testes and other sources of testosterone, give estrogen, block 
gonadotropin-releasing-hormone with other hormone therapy, and do surgery, 
focusing on the fact that the tumor needs testosterone to survive.

• Normal erections work like so: Hot thought/sight-->Parasympathetic system--
>release Ach-->vascular epithelium in the corpora cavernosa release NO-->NO 
goes to smooth muscle cells-->activates guanylate cyclase-->activates cyclic 
GMP-->cGMP makes smooth muscles relax-->blood enters-->erect penis. 
Erectile Dysfunction happens when there's any kind of blood supply disorder that 
that limits that last step—the “blood entering” is a problem. Viagra can help by 
making the smooth muscle cells more sensitive to NO. It does this by inhibiting 
the thing that degrades cGMP (phosphodiesterase), so basically your smooth 
muscle cells have more cGMP to respond to (kind of like having more opportunity
to respond, despite circulatory problems). But if the parasympathetic nerve itself 
is damaged, viagra can't help, because there's no NO or cGMP to work with. 
(Anatomy, pg. FIXAL; Ross 815-816)

Female Reproductive 

The ovarian cortex will have lots of follicles in different stages of differentiation, with 
one egg maturing each month. What's a follicle? It's a structure that has the egg inside, 
and a bunch of stromal cells creating a cap around it. The stroma of most of the ovary 
is elastic fibers and collagen. And that stroma's divided into a cortex, and a medulla. 
The cortex has all the little follicles, and the medulla has interstitial cells making 
connective fibers, and just between them, on the outer edge of the medulla, you've got 
an ileum full of blood vessels and stuff. Some of the stromal cells in the ovary make 
androgens, and some of them secrete fibers, and a few of them wrap around eggs and 
create that thick cap-like follicle. You'll pretty much never see the stromal cells in the 
human ovary making androgens—that's more common in animals—but we do make 
them sometimes. We also have Leydig-like cells in there that make testosterone.
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Ovaries are covered with a simple cuboidal epithelium. It's often called a germinal 
epithelium, because people thought follicles came from them, but that's not true—they 
come from else where and then travel up to the cortex. We call the connective tissue 
right under the epithelium albuginia. 

The most primitive or youngest cells are called primordial follicles. When a little girl is 
born she has very few primordial follicles—she's already started maturing them into 
other things. But inside these primordial follicles you've got primary eggs. Those eggs 
stay in prophase until she's about ten or twelve or whenever. Don't confuse the 
primordial follicles with the primary eggs—the eggs are inside the primordial follicle, and
they don't develop until menstruation and ovulation, but the primordial follicles do go 
ahead and change earlier than that. Inside these little eggs you'll see little Balbiani 
bodies, which are lumps on the rough ER, and annulate lamellae, which are little 
layered structures kind of like in-foldings of nucleus skin, with nucleus pores and 
everything. (We don't know their function; they're also in Sertoli cells) Around the egg, 
inside the follicle, you've got follicle cells, which are an epithelium united by gap 
junctions. Around these follicle cells you've got the stromal cells making the capsules. 
The membrane of the egg has little microvilli that meet little filopodia of the follicle cells, 
but other than that it's not touching anything. 

Now the stromal cells, follicle cells, and the primary egg will all change. The stromal 
cells will mature to form thecas, and the follicles may die. Most primordial follicles get to 
secondary eventually, but in that stage a lot of them die and atrophy. These dead 
follicles are called atretic follicles. They look like empty wrinkled white sacs then.

So as the primordial follicle changes, first the epithelial cells that were simple 
squamous, the follicle cells, will become simple cuboidal. Then the follicle starts to make
a zona pellucida between the basal membrane of the egg and the follicular cells. The 
zona pellucida will get bigger and you can actually see a white space between the 
follicle cells, and now it's easier to see the little filopodia and microvilli, which help put 
hormones and food into the egg. So the zona pellucida is full of those substances—
glycoproteins and acidic proteoglycans and the like. The primordial follicle turns into a 
primary follicle at this point; the egg is still a primary oocyte. The stromal cells start 
making an internal theca-shield. Now the whole follicle looks more like a sunflower, with 
the follicle cells as petals.

This primary follicle keeps changing until it becomes a late primary follicle. Now, the 
follicle cells are stratified cuboidal. This is starting to look less like a sunflower and more
like some kind of cystanthemum or something. The egg is still a primary oocyte in 
prophase with a zona pellucida. We now call the layer of follicle cells a stratum 
granulosum. 
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The whole time these follicles are growing it's under the influence of FSH, follicle-
stimulating-hormone.

The secondary follicle has an antrum, a big liquid compartment, forming within the 
stratum granulosum. The stratum granulosum is super-thick now. That antrum-hole—it 
looks like a big emptiness or peninsula into the stratum granulosum on slides—has 
hormones in it (liquor folliculi). The stromal cells have now made a theca interna which 
have LH hormone receptors—when LH hits these receptors, just before ovulation, the 
stromal cells make estrogen and progesterone. You also see a theca externa, is another
connective-tissue layer which has some smooth muscle cells in it. The externa looks 
darker and more compact to me, but that depends on the stain. This theca-forming 
basically just means that the stromal cells start flattening out and becoming more 
fibrous-looking and organized.

This antrum keeps growing until it looks like it's going to eat the egg, but around the egg
there is always a corona radiata, a small layer of stratum granulosum follicle cells that 
separate it from the empty space. 

The mature Graffian follicle is now 2.5 centimeters, which is like WAY bigger than 
when it started (it was like micrometers then). You'll see a cumulus oophorus, which is 
like a stem in the stratum granulosum holding the egg in place so it's not totally floating 
in the antrum. The antrum's huge, so it's pretty much filled the follicle, and the egg looks
kind of like a little tree poking into the antrum, where the cumulus oophorus is the trunk 
anchoring it to the outside of the follicle, to the stratum granulosum that's outside the 
antrum. 

The follicle's ready now, but the egg stays primary and is hanging out and waiting in 
prophase. Moments before ovulation it decides to keep going and progress into 
metaphase II, as a secondary oocyte, where it waits until the sperm arrives to finish the 
meiosis.The egg that's expelled from the follicle will be oocyte, zona pellucida (gooey 
white outer layer of glycoproteins), and outside that the corona radiata.

You gotta check out the electron-micrograph scans of these, they've got some stunning 
pictures. For some reason the one I'm looking at just seems really grandiose, like 
looking at the Grand Canyon or something.

Before ovulation, as we said, you get a really high surge of estrogen, which makes you 
make more LH, which of course makes your stromal cells make more estrogen and 
progesterone. These hormones fill the antrum with more and more liquid, and weaken 
the stromal wall in one area. The “germinal epithelium” in this area becomes elevated 
and thin, and it's called a stigma. At ovulation, the liquid pressure building in the antrum 
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finally becomes too much—and the egg erupts from the follicle through the stigma and 
explodes out of the ovary down into the uterine tubules. As it erupts out it rips little blood
vessels and things, and creates a relatively large hemorrhage. The area it leaves 
behind is now called the hemorrhagic corpus luteum. As the corpus luteum 
degenerates it becomes a corpus albicans of white-ish-emptyish dying connective 
tissue—basically a collagen scar. If you get fertilized, the corpus luteum stays around 
for a bit producing hormones to help sustain the pregnancy. Both the corpus luteum of 
pregnancy and the hemorrhagic corpus luteum still have theca and granulosum layers, 
with the theca layers full of smaller, more tightly-packed cells. 

There's a good picture of ovulation where you can see the stages of ovulation, where 
the egg pops out and you can see it leaving bleeding behind. This is also why 
sometimes some girls have pain as they ovulate—they ripped their ovaries!

We've got a pretty detailed discussion of fertilization on pg. FIXAL of embryology.

The mucosal epithalamus of the uterine tube is simple columnar, with lots of little cilia to 
help push the egg along. Some of the cells are dark and don't have cilia. They're called 
Peg cells. They help capacitate the spermatozoans so they can do their acrosomal 
reaction and penetrate the egg, and they help give nutrition to the cells next to them. 
The uterine tube isn't the same all throughout—it's got a lot more mucosal infoldings 
and wrinkles at the ampulla where fertilization tends to occur.

The uterus has a bunch of layers. The mucosa of the uterus is just like that of the 
uterine tube, but it doesn't have Peg cells. Parts of it invaginate to make uterine glands. 
In those glands there aren't any cilia. The glands make a mucous secretion to help the 
egg move along easily and later to help coat and protect the wall of the uterus. We call 
the mucous layer endometrium. It's divided into two parts—the stratum functionale 
facing the inside, and then outside of that the stratum basale, just under the muscle 
layer. We call the muscle layer of the uterus the myometrium, and then the connective 
tissue layer outside we call perimetrium. 

The uterine artery (anatomy pg. FIXAL) gives off a bunch of arcuate arteries through the
myometrium. The arcuate arteries give off a bunch of little straight arteries into the 
stratum basale, and in the stratum basale you get spiral arteries twirling off of these. In 
the stratum functionale the spiral arteries break into a bunch of little ones everywhere 
and pool into little lacunae.

The stratum functionale gets cut off and destroyed and bleeds everywhere during 
menstruation. It takes about four to seven days for all those blood vessels to collapse 
and make that happen. As soon as you begin to bleed—so about on day 4, and lasting 
until about day 14—the stratum basale begins to re-make the stratum functionale. 
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That's the proliferative period. This is happening at the same time as the maturation of
the follicles, because of follicle-stimulating hormone—which then stimulates estrogen-
production by the theca interna. The estrogen tells the basalis layer to re-build the 
stratum functionale: glands reform in the stratum functionale, growing straight and long 
again, and the little spiral arteries begin to spit out more little lacunae again. Dr. La Paix 
says we can say the uterus dilates a little bit during menstruation because of the influx 
of liquid and stuff, but the myometrium doesn't change at all. After the proliferative 
stage, the glands start making mucous we enter into the secretory stage—this happens 
through the work of luteinizing hormone. The glands coil up and fill with glycogen during
the secretory phase.

As you move down into the cervix towards the vagina the epithelium changes. 
Endocervix is facing the uterus, and so it's simple columnar; ectocervix is facing the 
vagina, and it's stratified squamous. At that point of transition people often form a 
carcinoma—it's kind of like the two kinds of endothelium can't figure out who belongs 
there, and they fight. Because you've got a different kind of epithelium down in the 
opening of the cervix, it doesn't change and shed in menstruation like the uterus does. 
It's glands of the endocervix that secrete mucous to lubricate the vagina during sex. 
Down in the ectocervix you've got some skin-type glands, and sometimes those make 
Nabothian cysts, which are like these little empty holes you can see in histological slides
that are full of mucous.

In the ectocervix you've got some glands that make glycogen, which ferments into acid, 
which attacks and kills the spermatazoans. You will see these glands kind of 
evaginating up from the bottom, coming out of the connective tissue below into the 
layers of stratified squamous epithelium. 

Mammary glands are the same in boys and girls until we gals get enough estrogen to 
develop ours all the way. We've got lots of lobules of tubuloalveolar glands which, just 
as they approach the nipple, widen into lactiferous sinuses, and then join into lactiferous
ducts that secrete into the nipple. These ducts are lined with stratified cuboidal 
epithelium. Right under them you've got a little bit of myoepithelium that responds to 
oxytocin to shoot milk out. Oxytocin is often released in response to a psychological 
impact, like when the baby's looking into her mother's eyes, or when the baby cries, 
says Dra. La Paix.

Some people don't give the baby to the mother right away after birth, but that's a 
mistake, because it's that first milk that produces the strongest “natural vaccine” of 
antibodies for the baby—and also because the high levels of oxytocin still present after 
birth contractions can help stimulate breast-milk production.

Problems
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• Endometriosis—When endometrial tissue occurs outside of the uterus, causes 
pain and formation of cysts and adhesions—sterility because oviducts get all 
kinds of scar tissue in them everywhere. Also, this tissue that's outside of the 
utuerus has the same cyclical changes that the uterus does, and that's annoying.

• Papanicolaus test (Pap) Ross. 862 cancer cells. A normal Pap smear will have a 
bunch of pretty much the same size cells, some rhomboid-looking epithelium with
some RBCs, while an abnormal one will have all kinds of different colors and 
shapes.

• Polycystic ovarian disease (pg. 839 of Ross)--folks with PCOS have bigger 
ovaries with lots of cysts that often make them infertile and may give lots of 
bleeding and pain that lasts longer than it should. I was part of a study once 
where they're trying to figure out if inhibiting testosterone production helps heal 
these folks. So it may have something to do with hormone production.

• Fibroadenoma—second most common benign breast tumor in gals under 25. It's 
often bilateral—cancer will always be unilateral, says Dra. LaPaix.

• Ovarian tetranoma pg. 103 Ross
• Breast cancer pg. 387 Cui

Eye

Ora serrata
This is a reference point at the point where the ciliary body meets the retina.

Corneoslceral coat
The layers of the eye start with the corneoslceral coat, the fibrous thing that touches the
fat of the orbital cavity. When the baby is born this is a serous-ish thing, very white, not 
very yellow but as you get older it yellows a little bit because of fat. This layer has the 
cornea, which si the transpaerent anterior portion of it. That is the first way you refract 
stuff. This coat is avascular. It has five layers.

The first layer is non-keratinized squamous stratified. Covers the hole of the pupil facing
outwards. This epithelium has desmosomes and microvilli and ferritin. Ferritin protects 
DNA from UV light. The cornea can regenerate in 7 days. The epithelium's about 7-12 
layers thick. –very common lesion is keratoconos where you lose the transparency of 
the eye because of allergy and lots of scratching the eye, too many steroids, or bad use 
of contact lenses. 

Under that is a connective tissue layer called the Bowman's layer. It sustains the 
epithelium.  This is collagen type 1 and no cells, and it keeps inferction from spreading. 
If you have erosions over and over then you will hanve changes in this. Constant 
erosion will make you need a transplant. Looks white.
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The place where the cornea and the sclera meet in this layer are called the limbo. It 
makes kind of an angle.

The third layer is the corneal stroma. It has type V collagen, laters at right angles 
alternate, and it makes your cornea transparent? Substnacia propia

The stroma is above another membrane like Bowman's, called the Descement's 
membrane. That makes the pectinate ligament. It's a really thick basal lamina. (stians 
with PAS). This does regnerate after injur y(Bowman's does not because poorly 
vascularized)

Under that the fifth layer is corneal endothelium. Simple squamous, zonula adherens, 
occludens, and desmosomes. Controls water and nutrients that flow to the cornea. 
Exchange between cornea and aqueous humor. It's a thin endothelium under the 
descement's membrane.

Space of fontana and scleral venous sinus drians the aqueous humor. If it doesn't drain 
through the canal of schlemm you have glaoucoma. Eye pressure matters. It can hurt 
and tear all the other layers. You have to either open the canal of schlemm with radio 
surgery laer stuff...

cornea is continous with the sclera. The sclera has three layers: episclera, sclera 
proper, suprachoroid. 

Retina is the innermost layer of the eye. It's formed by nerusons and sensorial stuff. The
neurons arrive at the ora serrata and go from there all the way to the back to where the 
otpic nervemeets the eye. From there to the front there isn't vision. Therei sn't vision in 
the papilla optica, hwere your optic nerve meets the eye, or in the fovea, which is 
RIGHT in the center back compared to the lens. The light passes the cornea, aqueous 
vitra, crystallino, the svitrous body, and then the fobe. And then the fobea relfects the 
light back. 

Retina is made by different types of neurons
Muller cells help to maintain the area, they an neuroglial cells are supporting cells and 
nutritive cells.

The neural part is from the oroserrata to the optic disk, which isn't ivsual or central (it's 
off-center compared to the fovea)
The fovea has a pigmentaiton around it called the macula lutea, it's a yellow zone 
without retinal vessels. It can fill with capillaries in diabetes and bother your sight
These are cuboidal simple, with cytosplasmic prolongations below them that form a 
covering on the free extreme and 
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Vascular coat 
Iodopsin...each cone cell is red, green, or blue. Rod cells have the visual pigment 
rhodopsin (visual purple?)

The only columnar epithelium that is stratified with goblet cells is in the conjunctive. 
Only stratified! 

You have eccrine sweat glands and tarsal glands...if one of those inflames then you 
have that inflammed eyelid. What was it called? Orswello?

The eye has three layers. There's a cornea, which is transparent and it connectd to the 
schelera, and 

Anterior chamber 

The union betwee nthe cornea and the sclera is called the limbus. There the layers of 
the cornea turn from a net like spaces where the apparatus of the canal of schlemm?

The eye has an anteiror chamber and a posterior compartment between the iris and the 
lens. Then it also has the vitreous body behind th elens. The aqueous humor is made by
the ciliary processes of ciliary bodies that drain into the posterior ocmpartment and the 
posterior compartment passes into the pupilla into the anterior chamber.

The naterior chamber drains in to the Canal of Schlemm. The second layer of the yee is
the vascular layer the Uvea or Choroid layer that goes until the ora serrata. From the 
ova foratta forward it becomes the ciliary boddy which puts processes into the psoterior 
chamber and make the aqueous humor and then a little anterior to that stick into the 
front of the lens as the iris. So a lot of things come from the uvea.

The most internal layer of the eye is the retina. That's the one that has the photo-
sensitive layer. The ora serrata to the back gives the ability to visualize and see images.
From the ora serrata forward there isn't vision. Ther'es also no vision in the area around 
the optic nerve—there's a little hole in your vision but your brain fills it in.

The cornea has five layers.
Superficial—squamous stratified not keratinized with many many layers five or six 
layers and tight junctions epithelium called corneal epithelium 

Synthetic lenses don't adjust 
When you do cataracts you have to cut the zonula fibers and put in a new lens, which 
won't adjust to the ciliary processes which adjust and control your lenses
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The first layer of the retina is the pigmented layer of pigment cells which have microvilli 
that wrap around the cones and rods and hold them in place. That part of the cones and
rods there in the most external part they have purple liquid that they produce that helps 
the rods and cones see. The pigment cells phagocytose old discs and old liquid to help 
the rods and cones replace all the time. The cones don't get replaced and stuff, only the
rods. The second layer is the photoreceptor layer but really it's only the external part of 
the photoreceptros. At the base of the cells that sustain the retina, the sustentory cells, 
starts the next layer. Then you get the bodies of the rods and cones. Basically the 
dendrietes are down at the photoreceptor layer, and as you move more up (more 
external) you get to the axons of the sensory cells. They synapse with the outer 
plexiform layer of a bunch of other cells. Those other cells have nuclear bodies, too, and
then they synapse with the ganglion cell layer. Everything is bipolar except for the 
gnaglion cells which are multipolar and turn into the optic nerve. The ganglion cells pass
right underneath the vitreous body. 

Detached retina is when the little outer segment, sensory segment, falls out of the 
pigment epithelial cells. 

The uvea is undr the pigmented layer. Very much at the bottom. 

Columnar stratified is conjunctive, palpebral

Lubricate the eye with glands of mivomeo. They can infect and inclame you just have to 
drain them and take out the little capsule. The epithelium of the conjunctive can 
proliferate and cover the white part of the sclera, that is teringium and you have to cut 
that with surgery.
Meibomian glands look them up

Tenon's space lets the eyeball move in all directions. Where is it? It's between the 
epiclera and the dense connective tissue outwards of it.

Anterior and posterior chambers of the yee communicate at the pupil.

The choriocapillary layer of choroid feeds the retina with nourishment

vitamin A is esterified for rods and cones in the pigmented layer of retina

Ear

Neurons are bipolar, with one dendrite and one axon. The ear is divided into three parts:
the external ear, from the tympanic membrane out, the middle ear, the tympanic cavity, 
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and then the inner ear, which is everything internal to the tympanic cavity. 

The pinna, our outer ear auricle, is elastic cartilage covered with skin. The pinna has 
different arrangements and pits, and that's genetic—the distribution of the crests in your 
ear comes from your parents. The acoustic conduit or duct, the external one, is 
continuous with the pinna. It's elastic cartilage, but once it gets deep enough, a bit 
before the tympanic membrane, the canal is through bone, temporal bone. So the 
external part of the acoustic canal has skin and sebaceous glands and stuff. This stuff 
makes the cerumen that's all orange and gross-looking in your ear. This stuff helps trap 
nasty stuff trying to get in your ear. Once you get into the bone area, there's less 
epithelium and less glands. 

The tympanic membrane also has stratified squamous non-keratinized epithelium on it, 
dividing the external from the middle ear. That's on the outside. On the inside it has 
simple squamous.

The middle ear is filled with pressurized air. That impedes excessive movement of the 
bones and nerves in there. This tympanic cavity communicates with the nasopharynx 
through the eustachian tubes. The Eustachian tubes are an equalizer (Huh?). The 
whole cavity is covered with squamous tissue. 

I took a little picture of some ear bones for you!

When a sound enters through the external auditory meatus, and vibrates our tympanic 
membrane, it moves the three little bones. The malleus, incus, and stapes. These three 
little bones have synovial articulations between them. They move like the little cylinders 
of a church organ. The sound wave is now turned into a mechanical wave. This is 
helped by two mucles. The tensor of tympanus and the strapedius. The stirrup or stapes
closes the foramen ovale and that pressurizes the fluid inside the vestibule. That's the 
perilymph. 

Suspended in the labyrytnth are a serious of membranes. The osseus labyrytnh or bony
labyrinth is a cavity or depression in the petrous part of the temporal bone what does 
petrous mean.

Perilymph moves and turns through the cochlea where it makes all the little hairs move, 
and the little hairs connect to the nerves that carry hearing. The vestibule is all the area 
that has periplymph in it that's not part of that crazy big membranous labyrinth. The 
membranous labyrinth is indie the bony labyrytnhth you know that the ducts are inside 
the canals.

There are three canals but there are five crista—five places where the ampula meet the 
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utricle, two for almost every one of the three crests but the posterior and anterior ducts 
meet at one. Perilymph is emptied through a perilymphatic duct into the subarachnoid 
space in the brain. Endolymph is emptied into the subdural space through the 
endolymphatic duct and then sac. 

The cochlea has two and three quarters turns. These are around the lamina petrosa of 
a spongy bone, the modiolus. The spiral ganglion has a bunch of little axons that go 
through the spongy bone to the different parts of the turn. The cochlea is only hearing. 
The vestibular center is equilibrium and movement.

There are little top links between all the tips of the stereocilia. So when one moves they 
can all move because they also have shaft connectors down in the middle. 

The scala media is separated from the scala vestibula by the vestibular membrane of 
Reissner. The spiral organ of corti has three parts, the scala media, vestibuli, and scala 
tympani. 

Meniere's syndrome—lots of dizziness and tinnitus and later hearing loss. Blockage of 
the cochlear aqueduct so you can't drain your stuff from the membranous labyrinth.

pg. 934 Ross lesion from the defuct in conduction of sound waves from external or 
middle ear, so some problem with sound conduction in the membrane or ossicles or 
other shape of the ear.

Nerve deafness can also happen 
You can also have sensorial hearing impairment, where you've injured the auditory 
sensory hair cells

Hyperacusis—stapedius muscle isn't strong, facial nerve lesion, so bone just keeps 
moving.

Otosclerosis when the bone forms wrong around the stapes and oval window, so the 
opposite of hyperacucsis—page 933 Ross

Dr. La Paix says we shouldn't clean our ears because we jam cerumen inside and hurt 
the tympanic membrane. Only a doctor should clean ears out.

Ears are cooler than eyes because eyes are just normal light-reactive things, ears 
convert soundwaves into mechanical waves!

Attenuation of sound comes from muscle/bone system.
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Air pressure systme in the tympanic cavity. Fro mthe tympanic cavity you connect to the 
nasopharyngieal cavity throug hthe audiotry tube and that's pseudoestratified with 
goblet cells.

These tubes are closed and only open when you swallow or somehow pressure 
changes. This is partly why swallowing helps you when you're got pressure in your ears 
from the airplane.

The sensory hair cells in the membranous labyrinth have kinocilia on top of steriocillia, 
and they'rei n the vestibule and are for balance.

Kupula

ventricle and the saculla have the same cell types

the scala tympanica has perilymph

the cristae ampullaris feel angular acceleration 

scala tympanic and scala vestibuli communicate with each other through the 
helicotrema

angular—cristae
linear—otoliths

the middle ear is the bones (ossicles) and the tympanic cavity

scala vestibuli has perilymph too

end histology
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Chapter 5: Community Medicine/Geriatrics

This is the academic discipline, says my teacher, of emphasizing preventative medicine 
and epidemiology in a particular community. It's like doctor-leader-building, and this 
chapter, I believe, will offer something truly unique: a theory of practice and a way of 
thinking, professionalism, and communication that may outlast some of the science 
knowledge we get. I'm really proud that my school offered this, because when I see a 
brilliant doctor who treats people like $h!7, my ghost of Christmas future totally visits me
and whispers terrifying things in my ear. 

What I mean to say is, I really don't want to forget why I'm here. I'm here to comfort 
people, not just to destroy disease--to bring health and help people. It's not about the 
little granules and acetaminophen and capillaries and tumors, it's about people. So 
while maybe I'll disagree with some of the theories of practice presented by my 
teachers--I almost always disagree on subjective stuff--I really want to take home the 
basic concept of primary care. Besides, this is early clinical experience!

Our first objective is to "appreciate early in your training that our elder population is 
more than just 'disease or illnesses,' but a group of people with a wealth of stories and 
wisdom about life's challenges." (F. Torres, August 6, Orientation Presentation) We'll 
practice taking patient histories from that perspective. We'll also go into the community 
and do "real live" geriatrics interviews, and then shadow a primary care provider. These 
kinds of experiences, in my opinion, help you actually practice medicine, so you may 
want to find activities like this for yourself if your school doesn't offer them.

Professionalism in Medicine

My school defines professional as a person with specific skills that they can use to 
benefit others, and following from that, professionalism is a code of ethics, attitudes, 
behaviors, competencies, and skills that a professional uses to benefit others. There's a 
certain expectation of autonomy.

They say that professionalism maintains knowledge and skills at the center, but the 
fundamental principles that flesh it out include primacy of patient welfare, patient 
autonomy, and a sense of social justice. Apparently, says my teacher, this is a European
school of thought that includes commitments to professional competence, honesty, 
confidentiality, appropriate relationships with patients, improved quality of care and 
access to care, just distribution of resources, and scientific research, among others.

These are just words to me. I haven't seen "professionalism" benefit anybody, mostly 
because I've seen it used to hold up an attitude of arrogance--"I know better than the 
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patient"--hierarchy--"I know better than the nurse, and I have to control her 
professionalism"--and legalism--"these are the rules, this is how we stay professional." 
The code my school presents includes a command to consider the well-being of the 
patient first, but in practice I often see a tendency to tell the patient what's best for her 
rather than working with her. 

Perhaps that's why my teacher tells a story about a colleague of his who had to run a 
cancer exam for the first time. This colleague entered the practice room with a great 
deal of shame and trembling, because he didn't know for sure how to do this. The nurse
attending the patient saved his butt--she knew exactly what he had to do, and she 
guided him through the whole process. She'd worked with hundreds of doctors before, 
so she knew! It taught the colleague to recognize his limitations--to recognize there's 
always something to learn from someone else.

That principle of respect extends to patients as well as nurses, whether you're dealing 
with a homeless man on drugs or the Queen of England. Discrimination is just a way of 
ignoring or belittling the things certain kinds of human being have to offer. That respect 
means you understand if the patient wants a second opinion--you're not God, and your 
opinion isn't law, no matter how factually-based it is!--and respect her decision to reject 
care. Understand the patient's priorities and realize they might not be like yours.

That respect and humility also drives your research and factual knowledge. You can't 
recommend treatments that you haven't checked or evaluated, and you need to keep 
learning all the time. When a patient brings you an alternative medication, look it up! 
Don't blow it off; do the research, and then give the patient all the information she 
needs. Don't just say "don't take that." Tell her what specifically in the studies made you 
think this way, and don't order her around. Recommend. 

My teacher says to respect fellow doctors as well, and not to bad-mouth them to our 
patients. But what if you think the doctor's mistreating your patient? If it's a blatant 
violation--like a psychiatrist passing an alcoholic alcohol--report it to the authorities. If it's
just a jerk-face doctor being a jerk-face, or offering a treatment you don't think works for 
your patient, my teacher says to say something like this: "I'm not in agreement with this. 
I respect that doctor, but I recommend this, and I can offer you this, this, and this 
benefit--I would do it this way. I would talk to you this way." Offer positive alternatives to 
that doctor rather than pointing out the negative. 

Working well with other doctors isn't just about this wishy-washy teamwork crap. It's a 
way to make the patient as healthy as possible from as many angles as possible. 
Similarly, with other med students, you're benefiting their potential patients by being 
willing to help with homework and contribute to their studies. Copying their work doesn't 
help your patients, and neither does letting them copy yours, but legit mental training 
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together--how many patients are you helping by getting your buddy through biochem? 

Hypocrisy will get you, too. Don't be all smokin' and drinkin' and telling your patients to 
cut back unless you're willing to come forth with that kind of information. Your behavior 
outside the clinic or the med school will influence how people think about their own 
health, and how they think about whether or not to listen to you as a doctor. I'm all for 
drinking, and I don't worry about what people think of me often, but you better bet I'm 
not gonna walk into class or the exam room piss-drunk.

Also, maybe it's tempting if she's a hottie, but DO NOT do inappropriate or unnecessary 
exams. "Hmm, I'd like to check if you have cancer down there" when there's no reason 
to think she's got anything. That's all I have to say about that. Sexual harassment 
makes you a jerk-face, even if no one--not even the patient!--knows that's what you're 
doing. God knows, and even if you don't believe that, you know.

Money

Some situations will try to reward physicians for limiting medical care. "I only see 
patients from 9 to 2 on Saturdays" is cheaper for your practice, maybe, but what's best 
for your patients? Maybe you're thinking about your patient like a "client" or a consumer,
but there's such an imbalance of power and knowledge in your favor. You may know so 
much more than the client does, and that means he or she isn't "buying" fairly. Don't 
think of him or her as a money source. Treating your consumer well for his or her 
money--that's the "professionalism" I've hated from places I've worked. When you're 
afraid of "losing your consumer" with the truth, you begin damaging your patient with 
lies.

Keep your head on about drugs. Drug reps can be great people, and they'll give you 
free samples, paid travel to conferences, great lunches, etc etc. But when they, and 
your patient, are pushing for drugs you know aren't in your patient's best interest--again,
she's a patient, not a consumer. If she leaves you because she wants a narcotic you 
won't prescribe, you did your best to protect her.

Insurance makes this whole thing crazy. If you've got a limited list of things the 
insurance company will cover, but you think a different thing would work better for your 
patient, how do you deal with that? Do you compromise with the insurance company 
and play around until you find something they'll pay for? It's something I hate about the 
third party system. Single-payer was much, much cheaper.

youtube medical professionalism indiana university tobacco video FIXAL

Communication Skills
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One study found that 50% of the time physician and patient didn't agree on the nature of
the problem. Patients complained most about lack of information from their doctors, and
on average, they were interrupted every 18 seconds by doctors while they spoke. That 
makes them not want to ask questions, and it also makes them unlikely to bring all the 
information the doctor needs. Most malpractice suits come from communication errors, 
and 2/3 of American physicians felt med school didn't prepare them for emotional 
interactions with patients. If we can improve our communication skills, we can make our 
patients happier, make them listen better and follow our recommendations better, and 
may improve their health and our accuracy of diagnosis--and good communication skills
are required by the Accreditation Council on Graduate Medical Education (ACGME). 
Studies show that physicians who "explore" patients' emotional concerns only take one 
minute longer to finish their visits, so it's not true that "there isn't time."

Humanity and kindness, competency and accuracy, the ability to listen, the ability to 
slow down, and the opportunity for the patient to participate in decisions about his or her
own healthcare--all these come through in communication. So what barriers keep us 
from communicating effectively?

On the patient's side:
 They believe there's no solution to their problems
 They don't want to bother the doctor, so they don't bring up something important
 They think a particular complaint--a certain pain or something--isn't legitimate or 

doesn't have anything to do with the problem they're addressing now
 They're afraid to find out that they have X terrible disease

On the doctor's side:
 We don't tell them the whole diagnosis because we don't want to increase their 

stress/give them a heart attack/whatever
 It would take too much time to tell the patient everything
 We begin to offer advice before identifying the problem, talking about all kinds of 

differential diagnoses, and wasting time
 Sometimes we pay attention only to physical stuff, not emotional triggers
 Doctor is distracted and changes topics a lot

The Patient-Centered Model postulates that we can understand the difference between 
disease and illness--between the physical microbiological/whatever disorder, and the 
way the patient feels and what the patient's experiencing. This model tries to avoid 
paternalism and focus on sharing power. You want to explore the disease and the 
illness experience, understand the person as a whole, try to negotiate until you get to 
common ground, try to include health prevention, and try to enhance the relationship 
between doctor and patient. After all that, we need to be realistic. There are conditions 
we can't cure. (I hate thinking about this) And in those times, we need to walk with the 
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patient through that.

That's intense.

Here's a guide for when we're doing patient observations:
 Initiating the session

◦ Be on time, or they'll complain. If the patient waits for you over an hour in 
some precincts, you can receive a fine. If you don't arrive on time, you need 
to be wise and brave enough to explain why.

◦ Good body language/hair cut/shave and so on and so forth makes for a clean,
respectable appearance so they'll listen. People are prejudiced, unfortunately.

◦ You need to establish feeling, rapport, right away. Care about the person 
enough to smile, remember his or her name, introduce yourself, and show 
interest in his family/life/job. It may help if you put notes in his or her chart, 
like "this patient is going on vacation in Cancun" so you can ask about them 
and show them you care about them as a person. If you don't know the 
person, and it's the first time, of course you need to be more gentle and 
respectful--you don't know this person, so don't pretend.

◦ Find out right away the reason for the visit, with an open question. Listen and 
confirm--repeat back to them and check--the list of complaints.

◦ To redirect the patient: "I see that you have several problems I'd like to help 
with, but maybe we can't do justice to them all today in depth. I'm most 
concerned about this chest pain, but what problem is most important to you?" 
And then fulfill their concerns.

 Gathering information
◦ We're exploring their problems without interruptions, with lots of questions, 

and with a check for non-verbal cues. Sometimes that tells you more--"I can 
see you're bothered by that...you seem___...are you sad?"

◦ Use both open and closed questions ("what seems to be the problem" is 
open, "does your chest hurt" is closed)

◦ Get dates, times, and a chronological sequence of events with clarified 
statements (ask if not sure!)

◦ Explore family, culture, socioeconomic status...
◦ Summarize every now and then. Mega-important: this keeps patient and 

doctor on the same page.
◦ "Can you tell me more about your chest pain?" You want an open question, 

not with specific, closed details, so that you don't stick them into a box and 
make them tell you something that's not 100% accurate and useful. Follow up
with more specific closed questions if the patient's unclear.

◦ "Do you have any other fears or concerns?"
 Providing structure
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◦ Summarize at the beginning what you're going to talk about.
◦ Put the whole conversation in a logical sequence so you don't lose important 

data.
◦ "I think I have enough information. If it's okay, let's get to the physical exam 

and after that we can talk more/I can explain what I'm thinking so far."
◦ "This is what I think from this, this, this, and this"--with evidence from each 

part.
 Building the relationship

◦ Make eye contact and use the right nonverbal behavior.
◦ Tone matters. A patient who's obese and in danger of diabetes may need to 

lose weight, but shouting "you're just fat!" isn't going to do it.
◦ Be empathetic. Feel what the patient feels so you can Golden Rule that 

situation.
◦ "Many patients have certain ideas about what may be causing their problems.

What ideas do you have?" This lets you give evidence for or against their 
idea, and shows them they're smart.

◦ "We can fight this thing together. I know this is upsetting news, but I'll do 
everything I can to help you through this and stand with you."

◦ With that relationship, you can try to correct unhealthy behavior. It's one thing 
to say, "if you can stop this smoking/sex behavior, you can improve your 
health"--and then, the next time, when they still haven't, say "remember what 
we talked about last time--this is really dangerous, and I recommend 
otherwise." It's another thing to say, "I know a solution to your smoking 
problem. I've got a revolver in the car, it's the same thing. You can shoot 
yourself with that instead, it's faster and more painless." That's a real-life thing
that my doctor/teacher has heard! 

◦ My teacher tells another story where a patient was told not to come back 
anymore, because the oncologist couldn't do anything anymore with the 
cancer. What hurt, said the patient, was not that the oncologist couldn't do 
anything, but that he'd enjoyed the time talking with the doctor--the only time 
he could talk about how the disease made him feel--and now he was shut out.

 Explanation and Planning
◦ Check patient's knowledge of conditions
◦ Give most accurate info, double-check that he/she understands the treatment
◦ "I would like to make sure I've communicated this plan clearly. Would you 

mind reviewing this with me now?"
 Closing the session

◦ Review future plans
◦ Talk about possible side-effects, any unexpected outcomes
◦ "I know this is difficult for you, but if we take this slowly we can work with this. 
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I'll get you an appointment for next week and if you want you can bring your 
wife and I'll be glad to explain everything to you both together." This lets the 
patient know the visit is over, but that you're still with him or her.

Timing and silence are also excellent tools. Leave the patient time to speak, and let the 
patient feel calm and peaceful, not rushed, and not overwhelmed with your talking. Let 
the patient gather his or her emotions.

Big note. Don't say you feel their pain or understand. Phrase that differently. "I can't 
imagine," "I'm sorry for what you're going through," and "I don't know how I would 
handle that" all validate the patient's feeling of suffering. You're not belittling his or her 
suffering, which "I understand" really can. Because you know what? You don't 
understand. You haven't had every disease known to man. So you just don't.

Another really important thing: repeat the last thing the patient says, or ask and clarify. "I
have this headache." "Okay, headache, got it." Not that simple, but do verbally say what
the patient says so you make sure that you understand! Let the patient correct you. If he
or she feels safe with you--like you won't talk about her, judge her, shoot her down--
she'll help you do your job better. If you have to say no, or disagree, "I'm afraid the 
answer is no...I'm afraid that I can't recommend/agree with that based on what I know. 
Here's why..." You can also move the patient along with, "This is very helpful, but could 
you tell me more about..." You do want the person's life story at some point, but you 
sometimes don't have time. Make sure the patient knows you enjoyed and cared about 
what he/she is saying, and then show that you want to move on in order to help them.

Bad non-verbal cues:
 Looking at the watch all the time
 Shifting in the chair
 Tensing your body
 Looking like you need to pee
 Tapping your pen
 Looking away from the patient
 Keeping your eyes on the computer screen.

Good non-verbal cues
 Good eye-contact
 Leaning in to listen
 Staying at the same level as the patient

Apologize if interruptions occur, and recognize that we're human! Accentuate the 
positive, but admit it if you don't know something. If you need to research more, do it. 
"I'm sorry to have to ask about this--I know this could be uncomfortable--but this is very 
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important, and I have to ask all my patients this." 

Geriatrics/Gerontology Basic Concepts
To understand and sympathize with older folks, we played a game called "the aging 
game." For each certain number of years, they give us handicaps, bandages, or we 
have to play with our eyes closed for failing eyesight. In another game I've played with 
my friends, Haunting on the House on the Hill, there's one scenario where everyone in 
the group is aging to death because of evil magic. Once you run out of time, the bad 
guy kills you all and wins, sucking away your years for himself. It's a scary game. The 
handicaps associated--losing stats for your character, moving slower, losing fights more 
easily--and the feeling of running out of time really made me think. There's a 
helplessness and a weakness--but under all that you feel a deep, willful strength when 
you accomplish things other people think you can't. A nobility. At that point in your age, 
your will-power really makes a difference, and so I really respect my elders. I see a 
shining, utterly human, bravery under that inevitability of age, and I pray that we all see 
that in our older patients. They're at such an intense part of life, and it's helpful for us to 
try to put ourselves in their shoes.

As everyone knows, this aging stuff is a big deal demographically in Europe and the US 
right now. Gerontology is the studying of all the aspects that contribute to and result 
from aging, and it's becoming an extremely popular field. Geriatrics is different than 
gerontology, since geriatrics is medicine--or being a doctor--for older folks, and they're 
saying we're going to have an extreme shortage of this kind of specialized doctor. 
Despite the lack of geriatric specialists, there will be doctors: the geriatrics team 
includes all specialties except pediatrics. Demographically, by 2030 they believe that 20 
percent of the people in the US will be over 65 years old. The population over 85 is the 
fastest growing segment of the American population, and by the year 2030 we'll have 
twice as many people over 65 as we had in 1990. In Japan, Germany, Sweden, and the 
US you'll find even higher populations of older folks. The older population tends to be 
female and white, but they expect that by 2050 Asians and Hispanics will triple in that 
population in the US. 47% of older women are windows, and 41% live with their 
husbands, while 75% of older men live with their wives. (Men don't live very long without
their wives.) People with higher levels of education--at least high school--make up 70% 
of the older population as of 2001. By 2030, 83% of the people who reach older ages 
(above 65) will have finished high school. California's got the greatest population of 
older folks, and half of all people aged 65 or more live in 9 states. Poverty rates in older 
folks are double in women compared to men.

We like to split things into demographics, but honestly every older person isn't exactly 
the same. People have different biological ages regardless of their chronological ages 
(folks who are deteriorating or aging faster or slower), and many "young-old" people 
from 65 to 75 still have most of their function running. That doesn't mean that the "old-
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old" (above 85) are all sitting in nursing homes, either. For example, one of the oldest 
recorded people in the world, Jeanne Calment, lived 122 years, smoked until she was 
100 years old, rode her bike until she was 110, and ate chocolate every day. The oldest 
woman now, as of 2012, is 116 years old and says "I mind my own business and I don't 
eat junk food." Some people are feisty, some people are quiet, so on and so forth not 
everyone's the same. (This is all according to my biology of aging class at UVA, taught 
by Professor Roach, 2012) So don't stereotype older folks. These are people, with 
individual likes and tastes, and you'd better treat them like that.

It's also not true that old older folks just sit around collecting shells or doing whatever 
retired people do. In 1990, 28% of men aged 65 to 69 were still in the workforce, and 
now out of all older folks, 16% of older men and 8% of older women continue to work, 
mostly part-time. It sounds cynical to say, but older folks also create a huge part of the 
economy, creating work for about 1/3 of our physician work-force and consuming about 
a quarter of the nation's drugs. So old people do actually contribute to the economy, 
although not on the same kind of level as the youngest and strongest.

When we're treating older folks, we've got several basic principles to remember:
 "Go low and start slow"--the adverse side-effects related to drugs are worse or 

more obvious for these patients, so start as low as possible on doses
 Many signs and symptoms of disease aren't obvious--for example, someone with

pneumonia might not cough heavy. She may just stop eating, lower activity, so on
and so forth. So every change in normal behavior is important.

 Physical diseases may manifest mentally--someone may get grumpier or act 
different in personality, and it may have to do purely with a physical thing 
bothering him or her that she can no longer recognize. We have to be very 
observant, and not assume that there's always a mental problem present. The 
patient may not always communicate well what's going on, either because he or 
she doesn't know anymore what's wrong--so much is wrong--or because he or 
she doesn't feel comfortable with it.

 Sensory loss doesn't always mean there's dysfunction--sometimes it's just age. 
Many older folks have ways they adjust to the sensory changes, and you will 
have to adjust your communication style to match.
◦ Hearing loss will involve loss of high pitch, and that causes poor speech 

discrimination. That's because the consonant sounds are higher in pitch, and 
in English it's the consonants that help us distinguish between different words.
Interestingly enough, this is associated with depression. It's also harder to 
hear in noisy places. Shouting doesn't help since that's usually high pitch, 
which they can't hear anyway (what they have is called presbycusis). 
▪ When you speak to older patients, look them in the face, not just out of 

respect, but because from a practical standpoint they will "hear" you 
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better. Visual cues are an enormous part of communication.
◦ Presbyopia is the loss of sight. The lens slowly stiffens and stops being able 

to accommodate and change shape to adjust to light. What we see with age 
is near-sightedness. As the lens of the eye yellows, greens and blues become
hard to tell apart.

◦ Tactile loss: older folks lose thermal, touch, and vibratory sensitivity. These 
folks tend to feel more sensitive for temperatures, not just because of sensory
changes, but because of difficulty adjusting to maintain homeostasis. They 
may not be able to detect pain sometimes: they may burn themselves or cut 
themselves without noticing.

◦ Dygeusia is lost of taste due to loss of smell. Over time, your taste buds die, 
and they actually don't regenerate much like the rest of your cells, so older 
people will often need stronger taste in order to enjoy their food. There have 
been cases of folks committing suicide over the loss of taste, so while this 
isn't frequently addressed, understand that it's pertinent!

 Sarcopenia is the loss of sarcomeres (the shrinking of them) due to 
neuromuscular dysfunction over time. Exercise is still important, because the less
muscles are used, the more Treppe effect--weakness due to disuse--will come 
into play, so exercise may help delay the progression of sarcopenia. (Based on 
studies from Biology of Aging class)

 Almost a third of older folks don't have teeth. Wow! I didn't know that.
 It's important to balance the fear of death with the fear of dependence. Let people

have independence as much as you can because no one wants to feel weak.
 Many people think in terms of caring, not curing, but as technology changes I 

don't believe that as much. There are a lot of aging problems that may be cured, 
and although we can't cure aging itself, the class I took on Biology of Aging 
convinced me that we can cure the symptoms of aging, including many diseases 
and losses of function. The ideal situation, according to many gerontologists 
today, is for older folks to feel healthy almost until the day they die, and for death 
than to come fast--and while that sounds like scary science fiction, and indeed it 
can be, there's a good philosophy there geared towards trying to improve their 
quality of life.

Ageism

We need to recognize the myths and stereotypes against older people, and a lot of us 
tend to treat older folks as if they're all just like the one or two grandparents we know--
rather than seeing them as diverse, individual people. In our small groups, we examined
our attitudes towards aging, disability, and death, and talked about using poetry to 
understand how people feel about aging.
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"Aging is no accident. It is necessary to the human condition, intended by the soul. We 
become more characteristic of who we are simply by lasting into later years." --1999 
FIXAL book

It's helpful to spend some time thinking about the human side of this. Goya, the spanish 
master artist, painted a picture of himself at age 80, "Aun Aprendo," which means "even 
though, I'm still still learning." He had arthritis and probably tuberculosis and a lot of 
suffering due to age, but even at this age he figured out how to use new technology--he 
developed the lithograph, which allowed him to copy his work and sell copies. His 
painting became a good metaphor for this--that even at this age, he was learning and 
growing. Older folks don't need to be judged by their age. Every person should be 
judged by what they do.

Age-ism is so prevalent that it's quite invisible. Sometimes we totally ignore things that 
could be healed by saying "oh, but he's just old"--whereas with another kind of a patient 
we would try to solve the problem. Other times we look at someone differently--when 
we'd have no problem with that behavior normally--because they're older. What do you 
think about an older person running for president, or driving a sport's car, or running a 
marathon, or wearing a short skirt and high heels? Or an older person getting a heart 
transplant? Do you feel like it's wasted on that older person? 

We often unconsciously think older people are worth less. But what about Grandma 
Moses, a woman who raised 5 children and spent 20 years of her life running a farm--
and then when she turned 67 became a great painter? She created brightly-colored, 
nostalgic pictures of a past life, and the emotion and memories in her heart made them 
beautiful. In 1939 a famous New York art gallery discovered her work and now it's worth 
thousands and thousands of dollars. Was her life worth less, at 67, because she was 
older? Or did a part of her life just begin there? What if she'd thought, at that point, that 
her life was over?

What about Sor Isolina Ferre, who lived in Ponce, Puerto Rico from 1969 to age 85 in 
2000? She arrived and marched herself into the parts of the beaches where the gangs 
went, where robberies and rapes and drug deals went down, and she became change. 
She worked with the poor until the day she died, changing lives and making Ponce a 
safer place--and she started at fifty-something years of age!

Have you heard of George Burns? He won an Oscar after a career that began at 79 
years of age. His wife died, and he entered a period of deep depression--but he fought 
his way out of it with humor. With his arched eyebrows and cigar smoke he conquered 
the comedic stage, and didn't stop making people laugh until the year he died at 100 
years old.
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And George Dawson? He was born in Dallas, Texas, as the grandson of a slave born in 
a three-room log cabin. One day, at age 98, he decided to go and learn to read and 
write. And then write a book, at 102, called Life is so Good! In four years. Still learning, 
still writing, and he's not even the oldest person to publish a book! Sera Louise Delaney 
wrote a book called Having Our Say: The Delaney Sisters' First 100 Years. That 
attitude, that life isn't over--that there may still be more years yet--don't we all want that?

Nola Ochs graduated with her master's degree at 95 alongside her grand-daughter. 
Ruth Hamilton was the worlds oldest blogger at 109. It's not just brains, either. Fauja 
Singh began running at the age of 83 when he moved to London and ran his first 
marathon at the age of 89, and since then he's been in six London marathons. He 
started a whole new life--all his friends had died--when he left Punjab to go to Europe at
83 years of age, and there he made a name for himself, like a true pioneer. He's now 
part of Adidas' major marketing campaign, "Impossible is Nothing." 

It gets more extreme than running. Mary Armstong became the oldest person to skydive
alone at the age of 92. John Glenn, at 70 years of age, became the oldest man to go to 
space. Yuichiro Miura at 70 became the oldest person to reach the summit of Mount 
Everest. Someone else then broke his record--and I guess it made him mad, since at 75
years old he went back to take that age record again.

Some of the best orchestras ever conducted were conducted by men into their nineties: 
Pablo Casals, Nadia Boulanger, Arturo Toscanini, and Leopold Stokowski. My teacher 
watched a concert where an old, blind man was led silently out on stage. He gripped his
instrument--and froze. Someone put his hands in the right place and whispered the key 
in his ear--and the music that arose, says my teacher, was heavenly. The neuro-
connections may have been scrambled and he couldn't see, but he had music in his 
soul and no one else could play like he did.

Science hasn't yet arrived to the point where we can know, just based on 
neuroanatomy, what's going on with a person. Sister Mary, one of the strongest women 
in the famous Nun Study, had extremely high cognitive scores all the way to her death 
at 101 years of age. There was nothing wrong with her, when you talked to her--but yet 
when she died, and they opened up her brain, she had all the physiological appearance 
of Alzheimer's, with all the tangling and plaque build-up we think dooms you to senility. 
And yet this puzzling woman lived a wonderful alert life! 

Don't put people into a biological box. They are more than that.

People can start wonderful projects long after they're 65, and if we dismiss them, we, as
people of the world, will miss out. In 2050 88.5% of the population will be over 65, and 
while we worry, for example, about the working population versus the population in 
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nursing homes--and yes, we need more young people, and yes, Malthus' theories are 
screwing us over as a species--even despite our fears, we need to recognize the good 
that's coming, too. The 72 thousand centenarians in our world--who will number one 
million by the year 2050--will have something to share with us.

Several studies show that aging isn't always associated with the same diseases. When 
people arrive beyond 110, we call them super-centenarians. One study in Okinawa 
emphasizes lifestyle--folks with healthy diets and lots of soy--while a Boston area study 
emphasizes genetics, but the point remains the same that not everyone of 100+ years 
has to be a "drain." Many of these people don't have the same disease everyone else 
suffers--is there a way we can use what they have to benefit the rest of us?

Right now, it looks like aging successfully means you can't smoke, you need to 
exercise, you need to watch your weight, and you shouldn't abuse alcohol--but it also 
means a stable marriage and good crisis management. 

Todavia tengo casi todos mis dientes
Casi todos mis cabellos y poquisimas canas
Puedo hacer y deshacer el amor
Terpar una escalera en dos en dos FIXAL find this poem

Medical History Taking

Differentiate between illness and disease: disease is what's happening to the patient, 
illness is how he or she experiences it.

The main parts of a medical history are:
• The initial greeting and information that you get from seeing the patient 

◦ Age, gender, marital status, occupation
◦ Some doctors go straight to the chief complaint and skip these basic data 
◦ Using these general data might help create rapport with the patient-- “where 

do you live, etc etc” but going to the chief complaint directly can also be 
useful, especially if it's very acute 

◦ Include the patient's reliability—does he/she have memory problems? How is 
she or he as a source of information for the rest of the history?

◦ Negotiate an agenda as you start out.
• The chief complaint 

◦ This is what you're going to focus on first
◦ Use the patient's own words when you describe the complaint in the history
◦ Detail seven attributes or items about the complaint and look for symptoms 

the patient does or doesn't have (also called pertinents; positive=has or 
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negative=doesn't have) that correspond with possible diagnoses popping into 
your mind. What are all the possible things that cause what the patient has? 
The seven attributes to make sure you get are:
▪ Location on the body of the pain or problem 
▪ Quality—is it a sharp pain? Is it a gnawing pain? Ask open questions here,

don't lead the patient. Doctors usually say “Can you describe this pain,” 
but some patients don't like that (include Brian Regan link here) because it
sounds a bit arrogant, or because they feel it's obvious. “Uh, it's hurting 
pain. It's excruciating. What do you want me to say?”  You can ask them 
how it is, or what type it is. I may try, “there are different types of pain, and 
some kinds mean different underlying problems. A sharp pain may mean 
something different than a throbbing pain, for example. Can you tell me 
what your pain is like?”

▪ Quantity or severity—“on a scale of 1-10” (That's only for pain, though; 
you've got other scaled for other stuff) How does this limit your ability to 
live your life?

▪ Timing—when did the pain/problem start? What's the frequency? 
Establish a time frame for the chief complaint, along with dates and a 
sequence of events: onset of the problem, where it happened, and 

▪ what the patient was doing at the time or the setting in which it occurred
▪ What kinds of things make the symptoms better or worse? Eg., my pain 

gets worse when I'm eating fatty food.
▪ What other things manifest with this chief complaint? Do you have nausea

with your chest pain?
◦ Find out about any treatment attempts. Eg., did the patient try to take Tylenol?

• The history of their present illness 
◦ When it started, and so on
◦ Location, Intensity, Quality, Onset, Radiation, 

Aggravating/Alleviating/Associating symptoms. That's LIQORA, a way to 
remember what to ask here!

• Past medical history
◦ Make sure to ask what kind of allergic reaction the patient had to whatever 

medication. Anaphylaxis is not the same as a stomachache, and if you 
absolutely must use a medication that gave them nausea, you will, while you'll
never give them something that gives them anaphylaxis!

◦ To make sure that you ask everything, you can use the mnemonic MMASH: 
medical illnesses, medications, allergies, surgeries, hospitalizations.

◦ Some people include family history and social history in past medical history 
with the acronym PAM HUGS FOSS: previous presence of same symptom, 
allergies. Meds, hospitalizations, urinary changes, gastro changes, sleep 
pattern changes, family history, oby/gyn, sexual habits, social life.
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• Family History

◦ If it's a routine or first time visit, you want to get everything, but if you're 
dealing with a specific chief complaint, you need family history that's related 
to that issue, not just all the general diseases that family's had. So you're 
looking for migraine history in the family of a kid with migraines.

◦ Age of onset matters (Biochem pg. FIXAL)
• Personal and Social History 

◦ Occupation, hobbies, religion, education, stress, etc etc
◦ Lifestyle has a lot to do with disease, so knowing about it can help you!
◦ Finances has a lot to do with compliance

• Review of Systems
◦ Try to go from head to feet so you don't miss anything
◦ This helps you find anything related to the chief complaint that you might not 

have gotten before

Falls

I'm assuming you know what a fall is. It's a big deal for older folks, to the point that the 
American Geriatric Society recommends screening for all adults older than 65 for their 
balance impairment or fall history. People usually fall at home in the bathroom, usually 
at night. About thirty percent of them fall in public places, and about ten percent fall in 
nursing homes. Folks who fall in nursing homes tend to fall more, though, and fall more 
than one time. The one year mortality of folks who fall and get hospitalized is 50 
percent. Fifty percent of nursing home falls result in death, and falls cause 2/3 of 
accidental deaths overall. Many older folks are terrified of falling because they're afraid 
they'll injure something and lose their independence, and that fear itself can be 
debilitating and limiting. People fear that a fall is the “end” because they can't get up, or 
something might get broken and they won't heal from it. It keeps them from wanting to 
go out because of fears of crowds, or ice, and obviously the isolation that results from 
that fear isn't healthy either.

Folks often fall because their proprioceptive system's gone a bit dull—maybe because 
of diabetes they've lost sensitivity in their lower extremities. Dementia or loss of neurons
in the CNS can also cause folks to stop paying attention while they're walking, which 
can cause a fall, and in addition to visual changes there are actual losses of hair cells in
the vestibular system that can lead to imbalances and falls. As folks age they may 
change their gait, too, and stop lifting their feet enough, or stop taking good long steps, 
and this makes it easier to fall.

Women and white folks tend to fall more. Now, you can't change it if you're white or a 
woman, but you can help your patient modify Vitamin D deficiency, acute illness, 
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sensory impairment, diabetes, anemia, dehydration, muscle weakness and foot 
problems, and poor gait—all good risk factors for falls. Sometimes something as simple 
as a urinary infection or a pulmonary problem can cause someone to increase fall 
frequency, says Dr. Loud Geriatrics Name Woman. Before you prescribe a medication, 
check for increased fall risk, especially if you're giving a sedative or other sleep 
medication, an anti-parkinson med, a cardiac med, anti-depressives or antipsychotics, 
antihypertensives, or topical eye medications. Also reduce your patient's alcohol use, 
and encourage Vitamin D, calcium, and a routine exercise program—the latter is the 
only proven way to reduce falls, especially in the case of Tai Chi. The great thing about 
exercise is that even if your patient falls, she'll be a bit stronger and she can handle it 
better. For Vitamin D, encourage fortified milk, orange juice, margarine, fish, and so on.

Pay attention to blood pressure changes that can cause falling, too: postural 
hypotension, for example, when you stand up too fast and don't have enough blood to 
your head, can lower blood pressure as much as 20 systolic points, and that can make 
you fall. I think that's happened to all of us, when we stand up too fast. Also, after 
eating, the vasodilation in your patient's stomach can cause post-prandial hypotension, 
and then if she stands up she'll find she's got BP so low she might black out for a 
second and fall. Now add anti-hypertension medications to this mix, and you've got a 
patient at BP-risk for a fall.

Anybody can fall. Older folks who feel sensitive about weakness or inability need you as
a doctor to make it clear that anybody can fall, and it's not a poor reflection on them. It's 
just a thing that happens to all of us. It just means we have to be more careful. 

To measure fall risk look at the six ADLs, or the Katz scale. These are easier to 
remember if you think about all the things you do in the morning as you get up. Can the 
person transfer? That means going from a bed to the bathroom. Can a person toilet on 
their own? How is continence? Then how's bathing? And dressing? And feeding? These
are the basics we use to check independence.

Then there's the IADLS—the instrumental activities we check to assess higher level 
performance. Can she use the telephone? Travel? Manage money? Take medicine? 
Laundry? Housework? Shopping? Make meals? Many folks who are technically 
independent with their ADLs need a little bit of help with the IADLs, so they can live 
alone but they need assistance now and then. 

After a fall, the patient will need evaluation in your office. Ask about history, review their 
medications and illnesses, and do a physical examination. That'll include a check of BP;
cardiac in case of chest pain, murmurs, arrest, etc; musculoskeletal where you're 
looking for weakness; neurologic; feet and footwear; and mental status.
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You've got some clinical tests, too.
Sternal nudge test—normally the person stretches their arms forwards and takes a step 
back. Give the patient a little chest push. 
Ask him or her to stand on his or her one leg
Quad weakness—does he or she rock when she stands
Get up and Go test—how long does it take? Stand up and walk at a comfortable pace to
the line and then turn around and sit down. Do not use hands to assist. 60 or more 
means they're probably fall. 
Heindrich II Scale can be used to add up a patient's score. 5 or more is a bad score, 
with high risk. There are a lot of scales, but the Heindrich is cool because it includes the
Get Up and Go test.

Include link to fall article Management of Falls in Older Persons: 
A Prescription for Prevention by lainie van voast moncada md louisiana 
state univesity geriatric medicine fellowship program univesity medical enter lafayette 
bla bla bla published in the american family physician 2011;84(11):1267-1276
and information about fall risk assessment 
really good 
Berg Balance Scale fallpreventiontaskforce.org/pdf/bergbalancescale.pdf
Performance Oriented Mobility Assessment http://web.missouri.edu/~proste/tool/Tinetti-
Balance-gait—POMA.rtf 

Include brief spirituality discussion 

Cultural competence

Many older or less educated Mexican Americans don't make direct eye contact--they 
think that's disrespectful.

Lia is a Hmong child taken away from her parents because they didn't give her epilepsy 
medications, because they believed traditional medicine and wouldn't give her epilepsy 
stuff.

THink about African American grandmother who gets mad when the baby is tied down 
so he won't take out the IV lines

Ask now what disease the person has, but what person the disease has.
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Culture medically is shared beliefs that shape views of illnesses

strategies for family-centered versus autonomy in care about death
Telling the patient or no: ask the patient what he wants to know, how much he is used to
telling the family how much he wanst his family to control it
Or ask the patient what he knows already

ETHNIC
E is explanation
T is treatment 
H is healers
Ni is negotiation
I is intervention
C is compromise...

Sometimes a hispanic patient will ask you to make the decision, instead of you asking 
them to do it, which is a lot of trust they give you over their lives
Fatiga can mean asthma instead of fatigue 
Mal de ojo, don't look at the baby badly 
Caida de la mollero—pression on the fontallea

Websites to help with cultural competence 
American Translators Association www.atanet.org
Babel fish translation babelfish.altavista.com
Culture Clues tip shits www.depts.washington.edu/pfes/cultureclues.html
CulturedMed www.sunyit.edu/library/html/culturedmed
EthnoMed www.ethnomed.edu
Hispanic Health Web Sites www.hogarhispano.homestead.com/hispanichealth.html
Hispanic Center of Excellence http://www.rice.edu/projects/HispanicHealth
National Standards for Culturally and Linguistically Appropriate Services in Health Care 
omhrc.gov/CLAS
Provider's Guide to Quality and Culture http://erc.msh.org
Research Action and Information Network for Bodily Integrity of Women (anti-female 
circumcision information) www.rainbo.org
Diversity RX diversityrx.org
Web-based interpreter services www.languageline.com
Cyracom.net
Helpfully provided by Gregory Jucktt, MD MPH, West Virginia University School of 
Meidcine in Cross-Cultural Medicine (make footnote)
end community
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Chapter 6: Embryology
Learnin' about babies and their making. 'Nuff said--I'm pumped!

Gametogenesis and First Week of Development

Reference: Langman's, 2012, Chapters 2&3 and Moore

As you and I should both already know, eggs and sperm arise from Meiosis, a sexy spin
on the typical Mitosis by which somatic cells divide. If you've forgotten, you can 
remember the phases of mitosis by ProMising Ana you'll Telephone her--Prophase, 
Metaphase, Anaphase, Telophase. When the cell isn't going through PMAT, it's making 
copies of chromosomes in preparation. Remember that in mitosis, double-stranded 
chromosome copies line up and split in half into single-strands on the midline; with 
meiosis, double-stranded chromosomes pair up to form chiasmas and sometimes swap 
bits of themselves, and then split from each other without splitting the chromosome into 
single strands. Then the cells split again, splitting those chromosomes, so the resulting 
cells have only 23 chromosomes and they're all haploid (single-stranded, if you will). 
Mitosis happens in one PMAT cycle, while meiosis takes two; mitosis makes two 
daughter cells, meiosis makes four.

Three purposes for this way of doing meiosis:

1. Rearrange the chromosomes from diploid to haploid and cut down from 46 to 23 
chromosomes.
2. Exchange genetic material for a unique baby (that happens in prophase 1)
3. Form the gametes into different functional shapes.

In the female, 1 out of the 4 products of meiosis becomes part of the gamete--that 
becomes the oocyte (the egg) and the other three become polar bodies. In the male, all 
4 products of meiosis become sperm.

This process can go wrong. Abnormal chromosomes cause 50% of all natural 
spontaneous abortions--and spontaneous abortions are 50% of all conceptions! 10% of 
major birth defects come from abnormal chromosomes; 8% come from gene mutations.

If the chromosomes don't split in the second division, you get a trisomy: a whole diploid 
chromosome strand will end up in the final sperm or egg, and when that sperm or egg 
meets its partner, the normal haploid copy from the normal partner adds to the unsplit 
diploid chromosome, and you now have three versions of the same chromosome strand
where normally you'd only have two. Common mis-numbered chromosome disorders 
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include:

 Trisomy of the 18th chromosome, presenting with mental retardation, congenital 
heart defects, low-set ears, flexion of fingers and hand, and often renal defects, 
syndactyly (webbed fingers or toes), micrognathia, (abnormally small jaws) 
and skeletal system deformations.

 Trisomy 13, with mental retardation, cleft lip, eye defects (microphthalmia or tiny
eyes, anophthalmia or complete absence of eyes, coloboma or open irises), 
holoprosencephaly (where the forebrain is in only one lobe), and heart defects.

 Turner syndrome: 45 chromosomes, missing the last X or Y on the sex 
chromosome. This is the only monosomy compatible with life, and 98 percent are
spontaneously aborted. Ladies suffering from this have no ovaries, short stature, 
webbed neck, broad chest with widely spaced nipples, and lymphedema (lymph-
liquid-related swelling) of the extremities.

 Klinefelter syndrome: This is the opposite of Turner, with an extra X for XXY 
sex genotype and 47 chromosomes. These people are only males. Presents with
testicular atrophy and sterility, usually with gynecomastia (excessive male 
mammary glands). You can keep this and Turner straight by knowing that Turner 
is a shorter word than Klinefelter, and X is less letters than XXY.

 Triple X syndrome--most women with this can conceive and bear children 
normally, although they may be at risk for developmental delays and weak 
kidneys. No physical markers other than, at times, great height; "symptoms" vary 
widely, according to the NIH.gov home genetics database.

Microdeletions happen during the cross-over period of meiosis or in some other period
when a bit of one chromosome gets lost in transmission. These are extremely serious. 
The deletion of the long arm of Chromosome 15 causes two different syndromes, both 
on the same locus. They are:

 Angelman syndrome--maternal deletion--prone to prolonged period of laughter, 
cannot speak, poor motor development. 
◦ Can also happen because of a single-gene mutation in the ubiquitin protein 

ligase.
 Prader-Willi syndrome is the paternal deletion, presents with obesity, shortness, 

hypogonadism, cryptorchidism (the testicles don't descend, they stay inside), 
hypotonia (weak muscular tone), and behavioral issues. It's a little rough, but 
you can remember this with Angelman by thinking women are angels (so it's 
maternal deletion) and Will or Willi is totally a boy's name (so paternal deletion).

Cri-du-chat syndrome is another deletion--a very, very tiny one on the short arm of 
chromosome 5--which presents the affected patients with a cat-like cry and 



Becoming Healers 526
microcephaly. A deletion on chromosome 17at pI3 causes Miller-Dieker syndrome, with
lissencephaly (abnormally smooth cerebral cortex causing severe intellectual disability), 
seizures, abnormal muscle stiffness, and distinctive facial features like a sunken 
midface, small upturned nose, and prominent forehead, according to the NIH.gov 
genetics database. You can remember this one by remembering that chromosome 
seventeen and smooth brain begin with the same letter.

But where do the gametes come from? As in, way back when, at the beginning of the 
embryo, when do the gonads form? The embryo has a big yolk sac protruding from 
what looks like her belly, underneath her. The amniotic cavity sits on her dorsal side, 
and under her head she's got a bulge that's a heart. Primordial germ cells in the wall 
of the yolk sac migrate by the 4th week to her lower abdomen to begin forming gonads. 
They migrate like amoebas, and they're pluripotent, which can differentiate into almost 
anything--any tissue. (I say almost anything because there's another term, totipotent, 
for the ones that can actually turn into anything, even another baby. That's the term for 
the zygote up to an 8-cell stage) Those primordial germ cells, when they reach the right 
location, become gonads.

Teratoma happens when the cells stray from their correct path. They create nasty 
tumors which include derivatives of all three developmental layers (endoderm, 
ectoderm, and mesoderm).

But normally, the germ cells migrate and differentiate into oogonia or spermatogonia. 
From there, we have two different processes depending on the baby's gender.

Male gametogenesis

In about the 6th week of embryonic development, primordial germ cells make it to the 
gonad area, where they hang out unfinished until puberty. That keeps them from going 
bad! Then just before puberty the boy's sex cords become hollow ("acquire a lumen," 
says my professor), and just as puberty hits his primordial germ cells differentiate into 
spermatogonia, which enter the edges of his testicles to hang out all his life. That's 
when "they drop"--his balls are filling with spermatogonia. These spermatogonia come 
in two types, Type A, which divide by mitosis, and Type B, which make primary 
spermatocytes. This differentiation takes about 16 days.

Spermatocytes are a big deal, and the entire first half of spermatogenesis, called 
spermatocytogenesis, is about their growth and multiplication. Primary spermatocytes 
are diploid, with 2n chromosomes (diploid means there are two copies of each 
chromosome, or 46 chromosomes; 2n means there are 2 strands, and it looks like an X 
instead of an I). They quickly finish meiosis 1 in about 8 days to make secondary 
spermatocytes--which are still 2n, but are haploid (so 2 strands, like an X, but only 23 
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copies)--and then those cells continue meiosis in about 16 days to form spermatids. If 
you're keeping up with meiosis, you can guess those are haploid, with only 1 strand of 
chromatin per chromosome (1n). Weird thing about all these divisions: they're 
incomplete most of the time. Cytokinesis doesn't really happen--the cytoplasm doesn't 
split outright--and they all stay connected via protoplasmic bridges, basically sharing cell
goo while they keep dividing. Big, angular cells called Sertoli Cells look after the 
developing sperm, cushioning them, feeding them, and protecting them while they 
divide and share cytoplasm like this.

The next big step, spermiogenesis, takes about 24 days, and it's how the spermatids 
turn into the wiggly tailed things we know of as sperm. (They're actually called 
spermatozoa) This takes about 4 major transformations. Each spermatid grows an 
acrosome, a caplike organelle that covers the front 2/3 of the sperm. The acrosome is 
filled with enzymes that people think helps the sperm enter the egg, and it comes from 
the Golgi. Other changes: the nucleus condenses, the neck, middle piece, and tail start 
to form, and the spermatid slims down, shedding its cytoplasm like a body builder on a 
deadline! They've got super-condensed nuclei filled with nothing but chromosomes and 
a few very, very basic proteins.

Now the sperm just needs to get packaged up and go to work. The approximately 3 ml 
of seminal fluid prepared holds about 200 to 300 million spermatazoa--only 30 million 
of which are likely to be sterile in a normal fertile male. This 3 ml of seminal fluid comes 
about 30% from the prostate, 60% from seminal vesicles, and 10% from other places 
like the epididymis, ampullae, bulourethral glands, and urethral glands.

Female gametogenesis

Now, eggs don't mature until fertilization; they don't actually finish the second meiosis 
until then! They wait in the dormant dictyotene period, in prophase 1, from the time 
they arrive in the ovary. These primordial germ cells do turn into oogonia shortly after 
arriving in the ovary, unlike the germ cells in the boy which wait until his puberty.
(Note: At 2 months the embryo is a fetus.)
At 5 months of pregnancy the little girl fetus already has 7 million oogonia--more than 
she'll ever have in her life. They undergo tons and tons of mitotic divisions to become 
oocytes. The majority of these degenerate and disappear by the time she's born--less 
than 700,000 to 2 million oocytes stick around for birth, and 40,000 oocytes survive to 
puberty. All these oocytes stay dormant until she starts her period. 

Primary oocytes complete their meiotic division a few hours before ovulation. That's a 
long time to be hanging out with unfinished meiosis! That's why in mothers after 40 
years of age we see more genetic problems in offspring--the oocytes just can't meiose 
like they used to. This first meiotic division creates one big secondary oocyte and one 
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tiny polar body (both cells are haploid but with 2n chromosomes). The secondary oocyte
starts dividing right away, but about 3 hours before the woman drops the egg (ovulates) 
the oocyte stops at metaphase II. That's called meiotic arrest. If the oocyte is fertilized, 
the mitosis will continue and one more polar body will form (in addition to another one 
formed from the first dividing polar body, forming 3 total polar bodies for each 1 egg). If 
not, the oocyte will die in 24 hours.

At seven months flat epithelial cells begin to form little follicles around the oocytes. 
These follicles, when the girl reaches puberty, start maturing every month around the 
14th day of the menstrual cycle when the hormones tell them to--but only one will reach 
complete maturity, and that's only if fertilization occurs. Each follicle starts as a 
primordial follicle, which is a series of flat epithelial cells (follicular cell) around a 
primary oocyte. As the primary oocyte gets bigger, the growing follicle develops 
cuboidal cells instead of those epithelial cells, and the zona pellucida (the very 
important zone the acrosome of the sperm has to break through to fertilize the egg) 
begins right under the cuboidal layer. The zona pellucida is made of a glycoprotein 
secreted by the oocyte and the granulosa cells (the primary follicle). Stromal cells 
form theca folliculi around this complex, and the theca folliculi organize themselves 
into an inner layer of fluid-secreting cells and an outer connective tissue layer. (Theca 
interna and externa) Between the granulosa cells there's fluid filled spaces that 
coalesce into the antrum, or secondary follicle, but the granulosa cells closest to the 
oocyte don't break up like this--they're called the cumulus oophorus (which during 
ovulation are called the corona radiata). The mature follicle is called a tertiary, 
vesicular, or Graafian follicle. This follicle covers and protects the egg. 

This follicle continues to grow throughout the menstrual cycle, while the lining of the 
uterus (the endometrium) grows along with it, becoming thick and highly-vascularized in
preparation for an embryo to implant. After the egg's developed, the follicle dies and 
becomes the progesterone-producing corpus luteum. At ovulation, collagen fibers 
around the developing oocyte break and a combination of fluid-pressure build-up and 
smooth muscle activity knocks the oocyte out of the Graafian follicle (it's still in the 
primary follicle). After it pops out, cilia move it into the ampulla of the uterine tube. After 
the oocyte dies, the corpus luteum degenerates in about 13 days, the hormone levels 
drop, and everything's shed, corpus luteum along with the uterine lining (endometrium) 
during menstruation. Managing these hormone levels is how many hormonal 
contraceptives work: if you can raise synthetic progesterone, for example, you can 
"trick" the body into believing you've already ovulated (and even implanted) and 
therefore prevent ovulation.

So that's where sperm and eggs come from, and where their predecessors in the 
developing fetus come from. 
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There can be problems here, too, with sperm and egg creation. A spermatozoan can 
grow with a big head, little head, double head, two tails, etc. Most men have some of 
these weirdos, but when you get more than 20% messy like that you begin to become 
infertile. (You can have up to 10% abnormal spermatozoa without any loss in fertility.) A 
trinucleated oocyte will always die--one with three nuclei--while a dinucleated one may 
make identical twins if it divides properly.

Fertilization into Week 1

When the sperm arrives in the female genital tract, its glycoprotein coat changes and 
seminal proteins get removed from the surface. This is called capacitation, and now 
the acrosomal reaction can happen. In the ampulla--the wide part of the uterine/fallopian
tube--sperm can stay viable for up to three days--5 in a laboratory. The sperm must find 
the egg within the 24 hours before the maturing oocyte/egg dies, so it must enter within 
the three to five days before that happens. 

When the oocyte dies, the woman's temperature will go back down about a degree. 
When she's fertile again, it will rise that degree. Some women are able to use this 
information for natural birth control, but they must keep an absolutely precise, perfectly 
accurate measurement of their temperature and also measure cervical position and 
mucous--since those change with fertility, too--to track their cycles. Then they simply 
avoid sex during the days when sperm can stay in the womb, so 5 days before 
ovulation, and a few days after the temperature rises to be sure the oocyte has died. 
This is called symptothermal fertility management, and it's over 98 percent effective 
without the side effects or World Health Organization's carcinogen-concerns you get 
with hormonal birth control. (I found a longitudinal study from pubmed you can check 
out about this stuff here http://www.ncbi.nlm.nih.gov/pubmed/17314078; not to be 
confused with the ineffective, unproven "rhythm method")

So if the sperm finds the egg in time, it meets it in the widest part of the uterine tube (the
ampulla), which is the part of the fallopian tube that's closest to the ovaries. A molecule 
called ZP-3 helps the acrosome attach to the zona pellucida, and that attachment also 
starts a chemical called acrosine working. The sperm must now penetrate the "shell." 
First the sperm uses the enzyme hyaluronidase to burn through the corona radiata--
remember that primary follicle?--and then protein acrosine helps the acrosome eat 
through the zona pellucida. 

Once the sperm breaks through, a cortical reaction makes the egg impermeable to 
other sperm.

Dang! But of course, if more than one sperm were to enter, the zygote would die. You'd 
immediately have a triploidy of every single chromosome, and that's fatal. Now, you can 
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have two sperm enter two different eggs if two eggs have dropped, and then you get 
dizygotic, or fraternal twins. But you can't have two sperm entering one egg.

How does the cortical or acrosomal reaction happen? The outer acrosomal membrane--
that hard shell--fuses the plasma membrane of the sperm with the plasma membrane of
the egg. A really fast electrical depolarization is the first block, called fast block, to 
polyspermy. That's neat--there's literally an electrical discharge when sperm and egg 
fuse, a "spark" of life. Right after that, a wave of calcium ions permeates the cell. (I 
imagine that these might be voltage-gated calcium channels that are triggered by 
depolarization) Those calcium ions make cortical granules (little vesicle-things in the 
egg) release signal molecules into the perivitelline space (space between the egg's 
cell membrane and the zona pellucida). Those molecules inactivate the sperm receptors
in the zona pellucida so now the sperm's ZP-3 has nowhere to attach. That's slow 
block.

Now that they're all cozy and blocked off, the sperm and egg each have their own 
"pronucleus" floating in this unified cytoplasm. The egg finally finishes the second 
mitotic division, and the sperm nuclear material de-condenses (spreads out to prepare 
for organized mitosis). The sperm's tail and mitochondria degenerate. (That's why all 
mitochondrial DNA comes from your mother.) The nuclei join and organize themselves 
into pairs for mitosis, and you have a zygote, the beginning of a baby. 

First Week Growth--Cleavage and Implantation

The zygote cleaves--starts splitting like crazy--into a bunch of small blastomeres. 
When she reaches 16 cells, she's a little compact sphere called a morula. After 4 days,
she grows what looks kind of like a big blister of fluid, the blastocoele, and she bursts 
through her almost completely destroyed zona pellucida as she grows. At that point her 
inner cell mass, the embryoblast, is kind of all bunched up on one side, with the 
blastocoele taking up most of her space, and a thin layer of cells called the trophoblast 
surrounds her. At that point we call her a blastocyst.30

The little embryo now has to implant into her mother's uterine lining. There are little cilia 
in the fallopian tube to help her move along so she doesn't implant in the tube--if 
something goes wrong, and she implants in the ampulla where she was fertilized, there 

30 A little note on terminology here, something I learned from my teacher: cyst does not 
mean tumor. It means a mass full of liquid. Not all tumors are cysts; many are compact, 
and not full of liquid. We can't use the similarity of the word to compare the developing 
embryo with a tumor, which I have heard people do. Controlled cell growth is also not 
the same thing as uncontrolled oncological development--just like a campfire isn't the 
same as a nuke. 
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will be an ectopic pregnancy. As the zygote tries to grow in that cramped space her 
mother will feel a sharp pain and may bleed, and if this continues, both mother and baby
will die. Usually there is no way to save the baby at this point, and because of her 
cramped growth she is suffocating her own development--but nevertheless there are 
multiple cases of babies surviving with their mothers, depending on where the zygote 
implanted.31 Even more importantly, while a doctor's first reaction may be to perform a 
laparascopy and remove the embryo, Dynamed reports, via several studies (BJOG 
2001 Feb;108(2):158, Fertil Steril 1994 Apr;61(4):632, Fertil Steril 1995 Jan;63(1):15, 
Fertil Steril 1995 Mar;63(3):469) that in 48% to 88% of cases the pregnancy will 
spontaneously resolve (the baby will usually die on her own). This means that as future 
doctors, we need to give our patients all the options available. They need to know about
the possibility and the extreme danger of deadly tubal rupture, but they also need to 
know that they may be able to 1) avoid expensive surgery, 2) protect their future 
reproductive health, and 3) possibly carry the baby long enough to allow a surgery to 
deliver a healthy child. It absolutely depends on exactly where in the tube or ovary the 
baby's implanted. Difficult situations do not have quick fixes.

Ectopic pregnancy isn't the only thing that can go wrong with the implantation: if the 
implantation occurs too low in the uterus, placenta will end up bridging the uterus os--
the lower part of the uterus--and causing maternal bleeding (the baby is squished in 
there) and lack of nutrition (inadequate placenta formation). This is called placenta 
previa.

How does implantation work? 
 Around day 4-5, the zona pellucida disappears, 
 and at the end of week one, the baby's trophoblast (outer cell layer) makes 

contact with the uterus. 
 The trophoblast digs into the epithelium as the little embryo grows: this happens 

as around days 7-8 the trophoblast changes into an inner cytotrophoblast and 
an outer syncytiotrophoblast. That syncytiotrophoblast, or synctium, is at the 
embryonic pole of the baby--the part where all the embryo cells are squished 
together, not at the fluid-filled part. The synctium grows really fast to become 
thick and multinucleated, and it's got digestive enzymes to help the baby connect
to the endometrium and get nourishment from the thick tissues the mother's been

31 Check out these news articles: http://www.dailymail.co.uk/health/article-
2008476/The-mother-risked-ectopic-baby.html, http://www.news.com.au/breaking-
news/miracle-baby-may-be-a-world-first/story-e6frfkp9-1111116487470 and this case 
report from Medline: Huang, J., Jing, X., Fan, S., Fufan, Z., Yiling, D., Pixiang, P., & 
Xiaomeng, X. (2011). Primary unruptured full term ovarian pregnancy with live female 
infant: case report. Archives Of Gynecology And Obstetrics, 283 Suppl 131-33. 
doi:10.1007/s00404-010-1755-z
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storing up for her. The little embryo lives off of the endometrial tissues for a while 
before receiving food from the mother's blood. This synctium is the part that kind 
of "dissolves" or "erodes" into the endometrium, signaling for some of the 
endometrial cells to undergo apoptosis so the little embryo can fit. While the 
syncytiotrophoblast is doing that, the cytrotrophoblast inside it is mitosis-ing really
fast so that the synctium grows and digs in solidly.

In order for implantation to occur, you need a precise thickness. Something too thin 
won't allow the syncytiotrophoblast to implant (for further study see this research on 
management of a thin endometrium in a woman with infertility 
http://www.ncbi.nlm.nih.gov/pubmed/23379608) so, as I said earlier, during a woman's 
cycle the endometrium will thicken to accommodate insertion.

NO YOU ARE WRONG READ THIS http://www.ncbi.nlm.nih.gov/pubmed/24440997
also this http://www.ncbi.nlm.nih.gov/pubmed/23489933

This may have something to do with the highly-debated mechanism of action of Plan B, 
or levonorgestrel. Patients take it the day after or as soon as possible because that's 
well within the time the drug may prevent implantation of the baby in the uterine wall by 
changing the uterine wall so the syncitiotrophoblast cannot cling to it. If that's the case, 
and by this time fertilization has already occurred to create a genetically unique 
individual, Plan B is actually not "contracepting"--it's not "preventing conception"--at that
point, but suffocating and killing a unique human embryo by preventing her from 
implanting and receiving nutrition.32 Otherwise, levonorgestrel normally acts like 
progesterone--but twice as potent--and keeps those levels high in the body, tricking the 
body into thinking ovulation and implantation has already occurred. This prevents the 

32We didn't talk about this in class; check drugbank.ca for the information I have. This 
mechanism of action is highly debated, so here's a recent study for you 
http://www.ncbi.nlm.nih.gov/pubmed/22534077 suggesting that we can't rule out 
endometrium effects of progesterone in Plan B; another study a while back in 2010 
suggested endometrium isn't affected, but that then Plan B doesn't work after 
ovulation's occurred http://www.ncbi.nlm.nih.gov/pubmed/20933113 since it can't 
prevent fertilization. This essentially means that if Plan B is taken after ovulation has 
already occurred, it's either ineffective, or possibly abortifacent. Here are two different 
position papers arguing whether or not Plan B is abortifacent: 
http://www.aaplog.org/position-and-papers/oral-contraceptive-controversy/hormone-
contraceptives-controversies-and-clarifications/ (not abortifacent) 
http://www.aaplog.org/position-and-papers/oral-contraceptive-controversy/birth-control-
pill-abortifacient-and-contraceptive/ (abortifacent) To absolutely settle the topic we need 
a study observing the endometrium after ovulation occurs both on levonorgestrel and off
it--and comparing those results to the endometrium the baby needs to survive.
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release of more eggs. There's always the possibility that fertilization has not occurred by
the day after--remember sperm can stay viable 3 days--but in that case levonorgestrel 
will not stop fertilization from occurring. It only prevents ovulation. Levonorgestrel will 
not work once the baby's implanted, because at that point increasing progesterone 
levels is what the baby wants to survive. (more on that in a second)

This endometrium-lining thing is kinda cloudy. Progesterone should thicken the body's 
endometrium, and that should be a good thing for the embryo, but induced-abortion 
medications like misopristol increase the body's mucous layer thickness but still manage
to kill the baby. So either the other effects of misopristol (described below) overrule the 
healthy thickness increase, or an overly mucous-y endometrium may be harmful, too, 
because it makes it difficult for the embryo to hold on. Even more likely, this is all way 
simplified, because there are tons of surface-layer signaling molecules involved, too. 
(Endometriosis, for example, is a complex disorder where women cannot maintain a 
pregnancy because some kind of genetic mutation causes local endometrium molecules
not to accommodate the embryo.) What you should remember from all this: 

 high artificial progesterone levels before ovulation stop pregnancy by stopping 
ovulation,

 high progesterone levels after ovulation and implantation maintain pregnancy 
and a thick endometrium,

 and high progesterone levels between ovulation and implantation may stop the 
pregnancy by influencing the endometrium. On the other hand, they may actually
increase the chance of implantation after fertilization, since certain progesterone 
levels are needed for a thick endometrium. 

How do you get high progesterone levels after implantation--the levels that maintain 
pregnancy? Around the beginning of the second week the baby's syncytiotrophoblasts 
produce hCG (human chorionic gonadotropin), which support the corpus luteum so it 
maintains a steadily-increasing progesterone supply. That's really important for keeping 
the pregnancy going til week 8--without this progesterone rise you may get a 
spontaneous abortion--and the corpus luteum will continue to produce sex steroids for 
about 12 weeks. This is the hormone you test for pregnancy: it only makes it into urine 
tests after two weeks, while blood tests can work within the first week. Some people use
this information to kill the little embryo: they block the progesterone receptors with 
mifepristone (brand names Mifeprex and RU-486)--forcing the body into menstruation--
and add misopristol (which has oxytocic properties, meaning it causes contractions). 
According to Drugbank, misopristol acts like prostaglandin E1 which has vasodilating 
properties (opening the blood vessels of) in the mother, inhibits her gastric acid 
production, and increases the thickness of her body's mucous layers. Used together, 
these two drugs give the embryo only a 4% chance of survival.

Week 2, 3, 4
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Langman's 4, 5, 6,10

Week 2

The baby's inside mass of cells--the "embryoblast" near the synctium and on the other 
side from the blastoceole--begins to divide into a two-layered disk (bilaminar 
embryonic disk for those of you who talk all fancy) which showed bilateral symmetry. 
The layers are the epiblast (on the dorsal, or back side), and the hypoblast (on the 
ventral or tummy side). 

The hypoblast is an extraembryonic endoderm, which means its an internal lining 
outside the embryo herself. (Normally an endoderm would be an inner lining inside her, 
like the endoderm which eventually forms her gut) On day 9 the hypoblast finishes 
becoming the endodermic lining between the embyro and her primary yolk sac (the yolk 
sac's also called the exoceolomic cavity). So basically the lower layer of the 
embryoblast starts to engulf her until she's separated from her yolk sac, and that's what 
happens. Within the extraembryonic endoderm you get kind of a little blister that forms 
between the central cells of the embryoblast and that hypoblast-generated lining 
separating her from the yolk sac. That little blister is called the amnion, and eventually it 
wraps all the way around the embryo to be the amniotic cavity. So you have two "parts" 
surrounding this hypoblast, one an external exoceolomic cavity or yolk sac, which then 
has a barrier between it and the amniotic cavity, and then inside the amniotic cavity is 
where the embryo herself is growing.

Remember the epiblast, the top part of the bilaminar disc? That splits into the amniotic 
ectoderm (which is right under the hypoblast's endoderm), embryonic ectoderm (surface
of the baby), and primitive streak, which is a streak down the baby's midsection 
longitudinally. The primitive streak begins the preview to the process of gastrulation (the 
formation of the ectoderm, mesoderm, and endoderm). It's a migration of pluripotent 
cells. From the primitive streak you get embryonic mesoderm (baby's future muscle and 
body wall tissues), notochordal process (baby's future nervous system), and embryonic 
endoderm (baby's future gut). So basically, all the most important stuff, to us, except for 
the connecting stalk which connects the little embryo and her mom. Also, on the walls of
the exoceolomic cavity you get extraembryonic mesoderm cells, which means they're
the middle layer of the stuff outside the embryo. Those become the epithelial tissue of 
the amnion (the outside tissue of it facing the yolk sac), the yolk sac, and the chorionic 
villi, which we'll talk about in a bit. This extraembryonic mesoderm has two kinds, one 
extraembryonic somatopleuric mesoderm and the other extraembryonic 
splanchnopleuric mesoderm. The somatopleuric extraembryonic mesoderm lines the 
cytotrophoblast and the amnion, while the splanchnopleuric mesoderm covers the yolk 
sac.
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Okay, so we had the exoceolomic cavity. Now we're growing the extraembryonic 
coelom. They're different. The exoceolomic cavity was the yolk sac. The extraembryonic
coelom goes around the yolk sac, outside the extraembryonic mesoderm. It's also called
the chorionic cavity. The only place it isn't outside the yolk sac is where the germ disc 
(the bulk of the baby's growing "body") connects to the trophoblast.

Also around day 9 you get lacunae in your syncytiotrophoblast. These are little tentacle-
thingies that on days 10-11 fuse a lacunar network that will eventually fill with blood the 
mother shares with her embryo. These become the primary chorionic villi. Now the 
trophoblast pushes into the endometrial sinusoids, the capillaries in the endometrium 
that will share blood flow with the lacunar network. This uteroplacental circulation 
finishes forming by the end of day 11 or 12. The blood of the mother and the blood of 
the baby never mix--even at this point, they're separated by a layer of endothelial cells 
which absorb what the baby needs. The mother's blood bathes, but does not enter, the 
baby. Mother and embryo are unique individuals with different blood: if they happen to 
have different blood types (A, B, etc, or Rh positive or negative) they can damage each 
other.

Remember how the baby had to get some of the endometrium to apoptose in order for 
her to fit in there? That surface defect disappears by days 12-13, and it's filled or 
covered up with fibrous tissue called a coagulation plug. The endometrium starts 
turning into more specific strata and secreting various specific chemicals around this 
point--that's called the decidual reaction, and it happens around days 13-14. It 
basically makes the endometrium even better for the little embryo, with lots of glycogen 
for energy. After that point, the endometrium is called the decidua—decidua is the 
endometrium of a pregnant woman.

During these first two weeks, as we've seen, the embryo is extremely fragile. 
Remember teratomas, or cancers caused by messing with the migration of cells from 
that primitive streak? During these first two weeks, the embryo will just die if she's 
exposed to any teratogens. 1/3 of all zygotes never survive to implant, either because of
chromosomal abnormalities or an endometrium that's just not ready. Chromosomal 
abnormalities are quite common: 25% of embryos that die between days 7-17 die 
because of abnormal chromosomes. At that point we ladies might not even know we 
were ever pregnant except for a late menstruation. About 10-15 % of zygotes cleave, 
but don't implant, and out of all the zygotes that do implant only 58% survive until week 
2. 16% of these survivors are abnormal, which may kill them anyway.

It's hard to make a baby that lives!

Week 3



Becoming Healers 536
Gastrulation

Week two is two layers; week three is three layers. The day 15 embryo makes 
ectoderm, mesoderm, and endoderm. So this whole time the baby's growing really, 
really fast, and this is usually where you have the first missed menstruation. The little 
embryo's about 1.5 mm long (maybe the thickness of 25 sheets of paper?) and you can 
see the primitive streak--which is like a little band of epiblast from her caudal (tail) end.
Right in her middle she's growing a notochordal process, and it's around this time that 
she starts making a middle embryonic layer, her mesoderm. That's called gastrulation.

The streak gets longer from the caudal end, and the embryo's "head" end (cranial) 
becomes thicker so you get a little knot or node, called the Hensen's node. Running 
"long-ways" (cranial to caudal) the primitive streak gets deeper and you get a "primitive 
groove," which ends up going towards the Hensen's node and a little cranial depression 
in the knot, called the "primitive pit." So there's a primitive streak growing from the 
back, a Hensen's knot bump in the front, and that bump starts getting a little hole in it 
called the primitive pit. Do we got it? Okay!

So it's about day 16 when epiblast cells begin to move between the endoderm (inner 
layer) and ectoderm to make the intraembryonic mesoderm. Now the epiblast isn't 
epiblast anymore--it's just ectoderm, the most outer layer of the baby.

Inside, in the middle layer of the baby, cells migrate towards the future head to make a 
midline cord, the notochordal process. So everything, including the primitive streak 
and the future nervous system, kinda starts from the tail and trails upwards, trying to 
reach prechordal or prochordal plate, which is a little thick area of columnar epithelium 
attached to the ectoderm. This little bit of columnar cells helps other cells figure out how
to organize baby's head, and eventually it forms the oropharyngeal or buccopharyngeal 
membrane, which is her mouth. So your head is kind of organized around your mouth; 
your nervous system all grows up towards your mouth. This seems uber-philosophical 
to me. 

Those mesoderm cells inside the embryo begin to grow/migrate to the sides (laterally) 
until they get to the edge of the little disc. There, they meet her extraembryonic 
mesoderm we talked about earlier, the lining of the yolk sac and the amnion. Some of 
these mesoderm cells move towards the little embryo's head and line each side of the 
prochordal plate. They meet cranial to it in her cardiogenic area where the heart will 
form. (So her heart is above her mouth at first, until the embryo folds)

The mesoderm has three columns, the paraxial, intermediate, and lateral mesoderm.
 Paraxial mesoderm will become somites and somitomeres, which will create 

sclerotome (her backbone/vertebral bodies), dermatome (her skin), and 
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myotome (her muscles).
 Intermediate mesoderm makes the urogenital system.
 Lateral mesoderm makes the somatic mesoderm (this is an exterior, towards 

the ectoderm layer) and splanchnic mesoderm (this is the ventral, towards the 
endoderm layer, and makes all smooth muscle). The space between these two is
called the intraembryonic coelem. That coelem will one day be body cavities, 
and right now it kind of forms as a bunch of spaces inside the embryo and is 
continuous with the extraembryonic space; eventually it coalesces into one 
horseshoe-shaped cavity, the pleuro-pericardio-peritoneal cavity. At about 
day 17 these mesoderms will form the body wall and the gut.

This mesoderm basically gets between all the ectoderm and endoderm except at the: 
 oropharyngeal membrane, 
 the cloacal membrane (future poop-hole and reproductive system, all in one 

channel), 
 and the plane where the notochord is.

How does the mesoderm know to grow here? In between the epiblast and the 
hypoblast, epiblast cells begin to secrete hyaluronic acid. Hyaluronic acid helps with cell
migration; people also think the mesodermal cells travel and spread away from the 
primitive streak because of the fibronectin in the basal lamina beneath the epiblast. 
Growth factors like TGF-beta2 and activin help tell the mesodermal cells what to 
become, and the hypoblast's orientation helps the growing cells know where to become.
If you rotate the hypoblast, the primitive streak will form according to the hypoblast, not 
according to the epiblast, so we know the hypoblast is sending signals that tell the 
mesoderm where and what to become. With just the hypoblast, the embryo can still 
grow her body, but with the epiblast alone she cannot grow. Both epiblast and hypoblast
have two cell adhesion molecules, N-CAM and L-CAM on their surfaces, and those cell 
adhesion molecules hold the baby together. After the nervous system starts forming, the
cells of the neural plate lose the L-CAM, while the non-nervous cells lose N-CAM. Some
of those CAMs depend on calcium, while others don't. So the baby needs a lot of 
different molecules to tell her how to grow.

These mesoderm layers are extremely important, even though they look so simple in 
the developing embryo. A baby can be born with her lower limbs fused together and 
many of her lower structures unformed--that's called sirenomelia (named for sirens, or 
mermaids) or caudal dysgenesis--if the lower mesoderm fails to fold and form right. 
The baby just doesn't have enough mesoderm in the bottom layer, and it's more 
common for this to happen when the mother has diabetes. In mice, it's a WNT signal 
problem, and that may have something to do with how this comes about in humans. 
Additionally, mesoderm malformation can cause situs inversus, in which some of the 
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organs in the thorax and abdomen are swapped from left to right (so your heart might 
be on the right side). This may happen because of disruptions in certain 
neurotransmitters and genes like Nodal early on.

While baby's growing, her yolk sac is changing, too. The exoceolomic membrane splits 
into a new cavity, a secondary yolk sac or definitive yolk sac, where the endoderm 
replaces the cells that were there. Parts of the exoceolomic cavity pinch off into 
"exoceolomic cysts." These are going to be eliminated. 

Week 3 Blood Flow Development (pg. 75-77)

Throughout days 13-15 the extraembryonic mesoderm (of the yolk sac, where her stalk 
and outer chorionic cavity meet) begins to form a blood system. A bunch of angioblasts
appear as little masses, separating out pools called blood islands, and as the islands 
grow and meet each other, angioblasts start forming primitive epithelium around the 
blood island cavities. On about day 16 baby grows an allantois, which is a small 
projection from the caudal part of the yolk sac (the part near her tail) into her body's 
connecting stalk. Early blood, vessels, and urinary bladder formation pretty much starts 
here. 

Remember that horseshoe-shaped hole, the pleur-pericardio-peritoneal cavity? There's 
splanchnic mesoderm (that's the interior, towards the endoderm, lateral mesoderm) just 
in front of the prechordal plate. (That's the thick columnar cells that eventually make the 
otopharyngeal membrane) Some of that splanchnic mesoderm turns into two little tubes 
on each side of the "foregut" (the forward part of that cavity). Eventually, those two little 
tubes will fuse into one and start beating on day 22. That's the little embryo's heart!

Remember also the primary villi we talked about, in the core of the cytotrophoblast? 
Now some mesodermal cells have grown into them, pushing them outwards towards the
endometrium (which is called decidua once it's changed to receive the baby). Those 
mesodermal cells are called the secondary villi. Then, by the end of the third week, the
very core cells of those villi turn into little blood vessels and blood cells. For some 
reason, rather than just calling those little core growths "small blood vessels", 
embryologists call them tertiary villi or definitive placental villi. Remember that the 
cytotrophoblast was the inside of the embryo's "mamma-touching root" and the 
syncitiotrophoblast was the outside? Well at this point, a few cytotrophoblast cells at the
end of the villi push through the syncitiotrophoblast and get into the endometrium. They 
push through what's called the chorionic plate, where the outside chorionic cavity of 
the extraembryonic coelem meets the syncytium, and then anchor into the endometrial 
wall. Now these little cytotrophoblast tendrils are called stem or anchoring villi. Some of 
these cytotrophoblast cells also network to join other cytotrophoblast villi cells, making a
little blood-network, an outer cytotrophoblastic shell that attaches more firmly to the 
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endometrial wall. These villi that branch between the anchoring villi are called free villi, 
and they help with exchange of nutrients by covering more surface area.

Notochord and Neurulation (Ch. 6:63-70)

The notochord, which as you know runs longitudinally down the little embryo's body, has
several stages we should know about.

 Notochordal process: this is the precursor to the notochord, and it's just a hollow 
tube in the midline.

 The primitive pit starts to dig down into the notochordal process to make a canal. 
Remember the primitive pit was that little dip in the Hensen's node, kind of more 
close to the little embryo's tail. For a short while, the amniotic cavity and the yolk 
sac an flow into each other through the neuroenteric canal of the primitive pit.

 The bottom of the notochordal process fuses to the endoderm under it to make 
the two-layered notochordal plate. 

 The "finished" notochord begins to form from the cranial end of the notochordal 
process, where the cells proliferate and the notochordal plate begins to fold in. 
The notochordal plate separates from the endoderm.

The next step for that notochord is to get a neural plate. The paraxial mesoderm on 
either side, as well as chemicals within the notochord itself, induce this change using a 
number of chemicals:

 Noggin, chordin, and follistatin block BMP-4
 BMP-4 is a TGF-beta growth hormone, and when it stops working that 

combination of chemicals signals cell changes
 Hindbrain and spinal cord start two form based on two proteins, Wnt-3a and FGF

(fibroblast growth factor)
The ectoderm of the plate (the flesh on the most outside) is called neuroectoderm, and
that's where your central nervous system comes from. About day 20, the neural plate 
folds around this future central nervous system, basically growing into a tube up and 
around its central axis. This forms the neural groove, and the parts that are folding up 
and around to close the neural groove over the CNS are the neural folds. The groove 
closes faster around the head than around the tail, and the un-closed, unzippered-shut 
openings are called rostral and caudal neuropores. (rostral for face, caudal for tail)  
They let amniotic fluid in until the neural folds close. 

Bad stuff happens if these neuropores don't close. If the front one doesn't close, the 
baby will have anencephaly, which means he will lack most of the top brain needed for 
cognition. There have been cases of children surviving up to three years and even 
smiling in response to a mother's touch, but most babies die within a few hours of birth 
or before. (For your reference, I've included a link here-- http://www.anencephalie-
info.org/e/stories.php --to a site collecting a bunch of perspectives from families with 
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anencephalic babies. I'm including it because it made me cry, and I think sympathizing 
with these hurting families--rather than just coldly seeing a child as a birth defect--
makes the difference between becoming a healer and just being a consulting scientist.) 
If the rear neuropore doesn't close, the child will suffer spina bifida. This usually means
paralysis, and, depending on how high up the lesion is, it can also give the child 
developmental delays because of amniotic fluid leaking up into the brain. It can be 
asymptomatic and you sometimes don't know the person has spina bifida. If you've got 
a lesion you can see, or a hole in the skin that goes all the way down to the nerves, and 
its leaking cerebrospinal fluid, then you know you've got spina bifida, but it's not always 
that obvious. This is differentiated from many meningal problems by the presence of 
liquid, liquid is normally in the sub-arachnoid space. You'll detect spina bifida because of
abnormally high levels of serum alpha fetoprotein released by the baby's liver and yolk 
sac into the mother's blood (high levels can indicate other neural tube defects, too; 
abnormally low levels will indicate Down syndrome or trisomy 18 or other chromosomal 
defects. This blood test's most accurate when little embryo's between 16 and 18 weeks 
old). The NIH reports that high folic acid levels in pregnant women may help prevent 
both of these defects.

Once closing finishes, the cephalic portion is already bigger than the spinal portion, 
preparing for a brain, with little grooves and things called brain vesicles. Little plate-like
thickenings (placodes) form in this head region from the ectoderm, and those will 
become sensory cells for cranial nerves, hearing, smell, and sight. The 
neuroectodermal cells at the very lateral edge of the neural plate don't become part of 
the tube. They form neural crest cells, which will become the spinal ganglia and 
autonomic nervous system ganglia. Neural crest cells also form the chromaffin cells of 
the adrenal medulla.

At any point during this third week, high doses of alcohol will kill cells in the front midline
of the germ disc. That means the baby won't be able to grow her facial or brain 
structures normally, causing holoprosencephaly.

Week 4

The primitive streak should disappear by the end of this week: if it doesn't we get a 
teratoma, most commonly a sacrococcylgeal teratoma which will be a large lump or 
tumor down near the baby's bottom. This is three times more common in girls than in 
boys, and it will have endoderm, ectoderm, and mesoderm cells in it. They're not always
visible--which makes them more dangerous--and they often require removal of the 
tailbone to prevent regrowth.33 

33 Information via Children's Hospital of Philadelphia 
http://www.chop.edu/service/surgery-general-thoracic-and-fetal/conditions-we-
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If everything proceeds normally, by day 22 the embryo's a pretty straight or only slightly 
curved set of cell layers. She's closed her neural tube everywhere except for her 
neuropores, and she's got bumps on her from her growing somites. I didn't really 
explain somites in detail earlier: they start as somitomeres which make her look 
segmented in her paraxial mesoderm on either side of her notochord. The somitomeres 
turn into somites, which will each have their own special developmental functions:

 First seven somitomeres make striated/skeletal muscles of face, jaw, and throat.
 Eighth, ninth, tenth pairs of somitomeres turn into the first three pairs of somites 

on day 20.
 First pair of somites is just caudal to the cranial end of the notochord--so just 

"behind" the very front of the chord.
 First four pairs of somites make occipital skull, nose-bones, eyes and inner ear, 

extrinsic ocular muscles, and tongue muscles. (So these are coming from the 
eighth, ninth, and tenth pairs of somitomeres)

The little embryo had about 4-7 somites by day 21, but by end of week 4 she's got 
between 26 to 29. The sclerotome is a special set of somites that forms on either sides 
of the notochord. During week four, those cells migrate towards the midline 
(ventromedially) to surround the notochord and become the precursors to the vertebral 
column. The sclerotomes--which I think look like little blocks of ice coalescing around 
the notochord--undergo what's called resegmentation, where the front end (cranial) of 
each sclerotome becomes loosely-packed cells and the tail end (caudal) of each 
sclerotome becomes densely packed. 

Some of the dense cells move away from myotome (the muscle trying to form in the 
area) and create the annulus fibrosus (rings of fibrocartilage and fibrous tissue, the 
hard stuff) of the intervertebral disk. (Intervertebral disk is the cartilage-stuff between the
vertebrae) The nucleus pulposus, or softer, gooey core of the intervertebral disks, 
comes from the notochord (although some believe that in early childhood the notochord 
cells there die and mesoderm cells next to them, from the sclerotomes, replace them). 
Other densely-packed cells fuse with the loose cells from the sclerotomes behind them 
(remember the loose part is facing cranially, the dense facing caudally) to make 
vertebrae. So each vertebra comes from 2 sclerotomes.

Other connective tissue near the nervous system

Most connective tissue comes from mesenchyme. The mesenchyme behind the neural 
tube becomes the vertebral arch. From the anatomy section you might remember that 
the vertebrae have two parts, the body and the arch. The body is formed as we 
discussed above, from sclerotomes and paraxial mesoderm--the arch is formed from 

treat/pediatric-surgery-sacrococcygeal-teratoma.html
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mesenchyme and fuses.

On little embryo's tummy the mesenchyme also makes the costal processes, which 
become ribs.

Two bands of the mesenchyme on the tummy start to make the sternum, one below the 
other (as in one caudal to the other). They fuse in the middle (the cranial one to the 
caudal one) right in the embryo's median plane, and little ossification centers begin to 
appear everywhere except for the xyphoid (which doesn't ossify til childhood).

Dermamyotome

Most of the somitomeres turn into somites, but some of it makes dermamyotome. 
That's gonna split into little embryo's dermatome and myotome this week. Dermatome's 
actually not the most important thing that makes skin (cutaneous tissue)--somatopleuric 
lateral plate mesoderm is--but it helps. 

Myotome makes skeletal muscle. It splits into two sections:
 Epimere, or epipaxial myotome

◦ This pretty much means "above the axis," so it makes the dorsal-most 
muscles like the extensors of her neck, spine, lumbar area...also her 
saccrococcygeal ligament.

◦ These are eventually all the deep back musculature.
 Hypomere, or hypaxial myotome

◦ Splits in three regions, each with its own skeletal muscle:
▪ Cervical

 Scalene, infrahyoid, and geniohyoid muscles of her neck. 
▪ Thoracic

 Lateral and ventral spinal column flexors
▪ Lumbar

 Quadratus lumborum!
▪ Saccral

 Here be all the anal, sexual, and pelvic diaphragmatic muscles
◦ The hypomere is eventually all your anterolateral body wall musculature.
◦ She gets little limb buds from the most lateral halves of her hypomere 

somites. They have myogenic cells that will eventually grow arm and leg 
muscles.

The Adventures of the little Neural tube, continued from week 3

On day 22, little embryo starts bending her cranial end down sharply. That bend, up by 
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the first five somites, is called the mesencephalic flexure. That front part of the neural 
tube and those five somites begin to become her little brain, split into three parts: the 
prosencephalon, mesencephalon, and rhombencephalon. The mesencephalon is 
where the mesencephalic flexure is. The cranial neuropore closes around these parts 
on day 24.

The caudal neuropore closes day 26. 

Pregnancy in the endorectum pouch

ASK ABOUT 22q11 or 22qLL microdeletion

ask how it's treated, lungless babyness

Your vertebral column and nerves don't grow at the same rate. This can be a problem if 
your verbs are sticking out more below the spine, tethera. The cerebellum is getting 
pulled down and gets a hernia...
Day 24 anterior nerves--neuropono closes (the most anterior part closes)
26 it closes? the tail closes

Oropharyngeal membrane has ecto and endoderm, no mesoderm.

How organs are made

Organs come fom endoderm.

The cells in the developing body talk back and forth with different chemical signals to 
decide who's gonna be a heart and who's gonna be a foot. In every interaction like this 
one cell type or tissue induces the other by producing a signal, and the other cell type 
or tissue is the responder. That ability of each cell to respond to its destiny is called 
competence. 

Lateral mesoderm covers the baby in a horseshoe shape, its' the most lateral, doesn't 
cover the back, it surrounds the anterior and sides of the embryo. It's in a dorsal and 
ventral layer. The epiblast on the bottom is not estoderm.

Foldings, Body Cavities, and Respiratory System
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Langman's Ch. 7, p. 86-95

4 foldings
Folding help http://courses.washington.edu/chordate/453lectures/453Germ-Layers-
Flowchart.pdf
Cephalic fold

Where the heart is is wehre the mouth is. The cloaca is above, but then it bends to the 
part below, and it stays below. The baby is becoming a cylinder. The heart, septum 
transversum, yolk sac, and amnion all change places because of the cephalocaudal 
folding, which is foreward folding. They all kind of curl into the middle. The baby 
continues rising like bread while the sides fold in.

Folding is driven by the growth of the cells in the middle of the disk when the periphery 
isn't growing.

Allantois is endoderm. The endoderm begins to bend up to form and cover the gut.

The allantois is the precursor to the respiratory? In the chicken it's huge, because the 
baby chick isn't connected to its mom like our babies are, so in us the allantois forms 
the umbilical chord? We've got a connecting stalk that connects the embryo to the 
mamma, and that's what the allantois is beginning to "cavity" into. 

Caudal fold

2 Transverse/Lateral folds

The embryo is growing so fast that it begins to rise, kind of like bread. As it rises, the 
sides fold in. They come down and around the endoderm and seal everything in. If they 
don't close right, you'll get intestines or heart hanging out of the body.
Septum transversum is where they connect down in the bottom, around the heart. This 
helps in the formation of your diaphragm.

Ventral mesentary is going to disappear except in the case of the liver

Two layers of the mesoderm become serous membranes

Visceral mesoderm forms the smooth muscles (this is a part of the ventral mesoderm) 
that makes your stomach, etc etc.
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Somites become skeletal muscle

Paraxial mesoderm becomes parietal which becomes the flesh surrounding the 
notocord

The layer outside, the wall of the amniotic cavity, the parietal mesoderm layer, will 
become the body outside, the chunk of the body that contains the cavity

The baby starts with a cloaca, which is for both reproductive and excretory systems

We've arrived at 24 days old embryo
We've got two cavities already forming/formed. We've got canals between called 
pericardioperitoneal canals because they connect the pericardial cavity and the 
peritoneal cavity. The septum transversum is already forming the diaphragm.

Lungs come from the floor of the pharynx from the pericardioperitoneal canals. They 
start growing as lung buds and pushing a fold into the pericardioperitoneal canals. That 
fold is called the pleuropericardial fold.

I imagine all this growing and pushing shit around would really hurt if the baby could feel
at this point?

The phrenic nerve is for the diaphragm's muscle
This stuff is precursor to what contributes to that if you break those 3,4,5 cervical 
vertebrates. If your'e at the beac hand you dive into shallow water and break these 
vertebrates that's how you die if you break nerves 3,4,5.

So then you've got two lungs and a heart and a pleuropericardial membrane from that 
fold as the lungs push their ways down to the heart. The lungs are still connected to the 
peritoneal cavity. 

Then you get pleuroperitoneal folds which start to close off as the pleuroperitoneal 
membrane. They close the pericardioperitoneal canals so we don't have that connection
anymore.

7th week.

The periphery of the diaphragm forms in from the body wall. The intercostal nerves 
innvervate that the periphery.

Diaphragm has 4 parts
Pleuroperitoneal folds and central tendon from septum transversum
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Crura of diaphragm comes from the mesosomething of the esophagus

Respiratory diverticulum
respiratory system comes from endoderm from the pharynx
Epithelium respiratory is endoderm

During last 2 months of prenatal life, type 1 alveolar epithelial cells becomes thinner so 
that surrounding capillaries can come in. Goblet cells and type 1 and type 2 alveolar 
cells
As the embryo is folding folding it tucks in some folds that separate the heart and the 
lungs 
Surfactant--liquid that helps the alveoli not stick together so the lung doesn't collapse

respiratory system grows in four phases. Embryonic period, at 4 weeks of gestation, is 
when your lung buds form, and two tracheoesophageal ridges start separating it from 
the esophagus. From weeks 5 to 16, you have the pseudoglandular period. The 
terminal bronchioles are there making respiratory bronchioles and alveolar ducts. You 
can't breathe, but you have blood going into your lungs. The canalicular period is from 
weeks 16 to 26, can you start forming terminal sacs, or early alveoli, and your capillaries
start getting close to those terminal sacs for blood exchange. But you can't breathe until 
your seventh month, during the official terminal sac period, from week 24 until birth.

The oropharyngeal/buccopharyngeal membrane and the colobatal membrane have
 ectoderm outside and endoderm inside. But when the embryo's a disc you have 
ectoderm dorsal and endoderm ventral. lungs

                                                                                           pleuroperitoneal folds (7th 
week if this is slow in the left side nad doesn't form u get diaphragm hernia,crush lung)
pleuropericardial        septum transversum
membrane/fold

liver forms here (on the right side, blocking the hernia from 
happening on the right because the stomach and stuff can't get up into the thorax)

earlier hernia in 7th week, worse hernia. congenital diaphragmatic hernia is when the 
intestines and stomach get up in and crus hthe left lung 
The pleuropericardial membrane happens before the pleuroperitoneal. The heart 
separates from lungs before thorax separates from abdomen.
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Septum transversum makes the central tendon of diaphragm. The myoblasts arrive and 
then nerves arrive from cranial down through the neck, down through phrenic nerve, 
down to septum transversum. cervical 3,4,5 is where phrenic nerve comes to descend. 
near the diaphrgam we have mesoesophagus, peritoneal membrane, crura of 
diaphgrahm are skeletal muscle kinda hanging down by the aota, pushing it posterior 
and crossing over it to hold it back there. They don't really cross, they just kinda divert. 
Mesoderm from the esophagus is what sustains around these around vertabral 11
8 10, 12 (8 is where the esophagus passes through these muscles, around level 10 they
pass diaphragm, aorta passes around level 12)

You get a diaphragmatic hernia if the pleuroperitoneal doesn't close right

Diaphragm has 4 parts: body wall, septum transversum (which makes the central 
tendon), pleauroperitoneal membranes (which make the edges, the lateral arcuate 
tendons), mesoesophagus (which makes the crura of the diaphragm)

Several birth defects associated with bad body-wall closings/foldings at this stage:

 Gastroschisis--the intestines escape the abdominal wall to the right of the 
umbilicus. Always in the right side and associated with cocaine use in mom. It's 
not genetic. These patients have a higher survival rate (95%) because there 
aren't usually other defects present.

 Bladder exstrophy--the bladder area didn't close and so pelvic region closure 
failed

 Cloacal exstrophy--the whole pelvic region didn't close.
 Omphalocele--the viscera gets into an enlarged umbilical ring, into the amnion, 

and is hanging out inside the belly-button cord. It's different than gastroschisis 
because the things aren't just sticking out. It's inside the umbilical cord, and it 
means the barrier between the amnion and the abdomen didn't close well. The 
liver is usually too big and pushed everything else out. Or maybe the kidneys 
formed too big. This is associated with high mortality rates, severe cardiac and 
neural tube defects, because that liver pushed a lot of things out of the way 
during formation. Some kinds of almost omphalocele return to the abdominal 
cavity during the 10th week, in which case they're not a problem. This is genetic, 
and fixed with easy early surgery. 

 Tracheoesophageal fistulae is when the esophagus ends instead of continuing,
and it connects to the trachea so milk for the baby goes into the trachea and 
THEN into the esophagus at a lower level, and of course milk goes into the 
lungs. In 4% of cases everything's just not connected, another 4% both ends (top
and bottom) connect with the esophagus, and keep going down (kind of meeting 
it at a corner) and in one percent of cases the top part of the 'sophagus meets 
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the trachea and sends the milk down into the lungs, and there's absolutely no 
lower part of the esophagus meeting the trachea. So impossible to get milk in.

 Ectopia cordis--heart lies outside body wall because the lateral body wall fold 
didn't really close. A lot of times this includes a cleft sternum and maybe a list of 
defects called Cantrel pentalogy: this includes problems with the front of the 
diaphragm, missing pericardium, and secondary (which means not main defect) 
omphalocele and gastroschisis. Basically this is upper body wall closure 
problems that make the abdominal cavity smaller.

 Often a baby with one defect may have others, because of the seriousness of a 
folding malfunction. We use the mnemonic VACTERL to know associated things 
to look for:
◦ Vertebral
◦ Anal
◦ Cardiac
◦ TracheoEsophageal fistulas
◦ Renal anomalies

 We also look out for the size of the bladder. If it's larger than normal we are 
probably dealing with a polihidramnios, where the baby doesn't cycle amniotic 
fluid well. The baby is supposed to pass the fluid all through his or her body, not 
get it all stuck in his or her bladder. If the bladder is very small, it may mean the 
baby is unable to  anencephaly usually presents with the baby unable to do 
peristalsis, vahiga is very little oligo happens, not forming liquid amniotico, means
problem with kidneys, or doesn't have them, or some kind of obstruction. 
(Agenesis means they don't form)

Early Respiratory System

The respiratory diverticulum invaginates from the endoderm of the phargyneal pouch. 
That diverticulum begins separating from the esophagus to make the trachea. If it 
doesn't separate you get tracheoesophageal connection and problems. This 
diverticulum keeps on bifricating all the time. Lungs keep forming new alveolis all our 
lives.

The lungs branch in such a way that it foreshadows the three lobes of the right lung and
the two on the left, with two branches on the left and three in the right during the 
secondary bronchi stage.
Bronchiopulmonar segments
Pulmonary artery ramificates just like the bronchial tree.
Blood that goes to the bronchiales goes through the bronchial arteries
The lung buds don't enter naked into the cavity, they're protected by the parietal pleura 
which they're growing into. The pleura parietal and the visceral pleura are continuous. 
The mesoderm becomes visceral pleura, somatic mesoderm covering body wall maeks 
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parietal pleura.

The lungs mature in four etapas: 
 pseudoglandular, really big and rough, no interchange of gases, weeks 5-16
 Canalicular period--16-26 weeks becomes more thin the wall and it keeps 

branching and branching makeing more respiratory bronchioles. In this period the
cuboidal cells (which are how the respiratory system starts, alveoli type 1) are 
now turning into thin squamous epithelium for interchange of gases. At this point 
the blood is already starting to bring air to these squamous cells. 

 Weeks 26 to birth you get the terminal sacs, which are primitive alveoli and then 
from 8 months to childhood you have real alveoli. By 7 months you have about 
enough alveolar sacs and capillaries that the premature baby could survive. 
(number of terminal sacs keep increasing for several years after birth)

alveoli cells type 2 make juice. you can check for the baby's readiness to be born by 
checking the proteins excreted by the baby's lungs, if this juice isn't there the baby's 
lungs will collapse upon birth. if you lower the stress of the mom you don't have this 
problem as much. baby is more prepared to make juice if you don't have stress.

Some things to look out for:
 Respiratory distress syndrome--newborn baby can't breathe due to lack of the 

surfactant/lung juice (the cause of respiratory distress syndrome is atelectatsis--
collapse of the lung without the surfactant)

 Congenital cysts of the lungs
 Sometimes the lungs just don't form--that's quite rare, but it can happen

Cardiovascular System

This whole system comes from splanchnic mesoderm (remember this was the 
mesoderm closer to the endoderm; also called visceral mesoderm). The mesoderm 
stops near the otopharyngeal membrane (the external mouth is ectoderm, because 
remember earlier there was an entrance in the embryo, and that was the ectoderm 
pushing in). 

Heart formation starts with the primary heart field--it's above from the septum 
transversum, and is wrapped around the cranial neural folds kind of like a veil or a hat 
or a horse-shoe sitting on top. It's cranial to everything--little embryo's heart is above 
her head at first. (The cardiogenic plate and pericardial cavity sit rostral to the 
buccopharyngeal plate, in fancy words) Her primary heart field's in the splanchnic 
mesoderm layer, from the lateral mesoderm. There's a otopharyngeal membrane 
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nearby. From inside to outside (medial to lateral), her primary heart field's layered into 
what things will become. Trunk, Conus, Right Ventricle, LV, atrium. TCRLVA is not an 
acronym that's easy to work with, but this caring real-life virginian is what all my little 
siblings are, so if I think baby-heart I think of my little siblings (they're mostly Virginians).
You can think of my siblings, too, if you want?

So on day 18 the embryo is presomite, and has primary heart field and cardiac tubes in 
the cardiogenic area. The primary heart field is also called the cardiac primordium. As 
the baby folds, the cardiogenic plate and pericardial cavity fold to be below the 
otopharyngeal membrane, ventral and a little caudal to it, so they're more where they 
are now (instead of on the baby's head). 

As we fold the embryo down and push the heart where it belongs, the secondary heart
field forms. That's still splanchnic mesoderm just after the folding, and it depends on the
neural crest cells. These migrate to the heart through the pharyngeal arches from the 
neural tube. Remember the neural tube is dorsal, so you have a column of tissue 
pushing from the "spine" down to the little heart. This is kind of just after folding, and it 
lets the heart's outflow region get longer. The neural crest cells also start the formation 
of the aorta and pulmonary trunk. If these neural crest cells don't migrate down here, the
heart stays short. 

Signalling and body-folding

So we're working from day 18 through day 22 while the rest of the blood system is 
starting to form. 19 days embryo is beginning to fold, starts having blood vessels in the 
yolk sac with blood islands and the allantois. The brain grows super fast in days 18-22, 
and that moves the heart all around, too. The umbilical chord will form in the connecting 
stalk with those blood islands, the villi will be the end of that. This whole time you've got 
a bunch of signaling molecules telling the heart to form. The heat is told to form by:

 the inhibition of the BMP and WNT (which are inhibitors) and
 excitation of NKX-2.5. 

If you don't inhibit WNT or tell NKX-2.5 to get excited, then the heart won't form. You 
also have signals telling you which side to form the heart on. That principle's called 
laterality. The signaling molecules are:

 5HT (serotonin), 
 Which makes FGF8 wake up, 
 Which makes Nodal Lefty wake up, 
 Which controls PITX2 expression. That's the master gene for left sidedness. This

programs heart cells in the primary and secondary heart fields. 
 On the left side of the body you express Nodal, and on the right side you have 

MAO, and that also helps the body know not to put the heart on the right. You 
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can remember this because Dictator MAO had no heart. (ooh, uhm...well, it 
works.)

Women who are using antidepressants sometimes note children with heart defects. 
People think that's because serotonin re-uptake inhibitors we use for brain stuff changes
the 5HT concentrations for the baby, which throws off the laterality signaling for where 
her heart should go.

Mesocardium

While the heart is being told to form and the body's folding, the heart's also fusing into 
one tube and forming layers. The two heart tubes start to meet in the midline, about day
22, and their ventral mesocardium disappears. The baby's heart tubes aren't just 
dangling in there--they're connected to the anterior and posterior body walls. Ventral 
mesocardium connects the front, and dorsal mesocardium connects the back. Ventral 
breaks down and disappears around day 22. The dorsal mesocardium starts to break 
down and form the transverse and oblique pericardial sinuses a bit later. 

Heart Layers

So without this mesocardium, now these fusing heart tubes are just endocardial heart 
tube. (Still splanchnic mesoderm, though) As you lose your ventral mesocardium, the 
heart tube floats freely in the pericardial cavity, attached to the other tissues only by its 
ends (vessel connections), and little embryo starts forming the future layers of the "big 
kid" heart--the endocardium, myocardium, and pericardium--like this:

 First, you've got the inner endothelial lining of the fusing endocardial heart tube 
that I mentioned. That's the future endocardium. 

 Around (just outside) the endothelial lining you've got cardiac jelly. It's goo.
 While the heart-tube fuses, mesenchyme (pre-connective tissue) around the tube

(outside the cardiac jelly) forms the myoepithelial mantle. This is the future 
myocardium. (The muscly part of the heart! It starts to beat day 22.) 

 Outside of the myoepithelial mantle there's some splanchnopleuric mesoderm 
from the septum transversum. It's mesothelial (so named like the squamous 
tissue that makes mucous in the adult) and it becomes the epicardium.

From tube to heart

The little embryo's cardiac tube grows a lot faster than the cavity around her, so the 
heart starts to get crushed into a lot of little folds. This is cool--if the cavity wasn't tiny, 
you wouldn't get the arrangement of ventricles and atria you need to pump blood 
effectively. The heart tube, in order, is Aortic roots up top, Bulbus cordis (future right 
ventricle and some outflow tracts), Trunkus arteriosis, Left ventricle, Atrium, and then at 
the bottom Sinus venosus. These make the acronym ABTLAS because Atlas was a 
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beast (and had amazing abs) who needed a really strong heart in order to hold up the 
world all the time like that.

We need to talk about some of the parts of these weird names, the non-atrium and non-
ventricle things. Let's talk!

 The sinus venosus is where the veins meet the heart--the umbilical, common 
cardinal, and vitelline veins. It grows two horns, the right and left sinus horns. 
They'll eventually become important venous roots of big veins.

 The bulbous cordis (literally the fat, bulbous cord) has three parts: the conus 
cordis, truncus arteriosis, and proximal 1/3. The proximal 1/3 is really narrow, and
it's going to be the fleshy, ridged, trabeculated part of the right ventricle. The 
middle conus cordis becomes the outflow of the both ventricles. The distal (the 
end of the bulbous cordis tube) becomes the roots of the aorta and pulmonary 
trunk. 

Bulbous cordis, ventricle, and atrium appear on day 22, when the heart starts to beat, 
and then as those neural crest cells make the tube elongate you get the truncus 
arteriosis and sinus venosus the next day. Days 22-24 that long heart tube starts to 
bend. As the neural crest cells tell the heart to get longer, but the arterial end and the 
venous end are stuck, everything folds.

Basically the left ventricle starts to get fat and bulbous and bend down under the left 
atrium (which was under it). You get a U-shape where the bulbous cordis is the bottom 
the of U, and the bulbous cordis (future right ventricle) and the ventricle (future left 
ventricle) grow faster than everything else. The ventricle pushes under the left atrium, 
the conus (the middle part of the bulbous cordis), and the trunkus arteriosis. The 
growing bulbous cordis and ventricle push the atrium and the sinus venosus backwards,
towards the back (dorsally), and those fold over into an S. The S lies where the front of 
the S is towards the front, and the back is dorsal--the left ventricle is right, and forward, 
while the single atrium is back and to the left.  

The heart is forming in the front of the intestine/esophagus junction.

Early circulation arrangement, week 4

By this point you need blood vessels because the baby is too big for diffusion--diffusion 
wouldn't reach everything because she's more than 100 micrometers. At the end of the 
4th week the baby has one aorta that's dorsal and comes from the little heart, which has
one ventricle. The embryo's aorta goes through three aortic arches (instead of just 1). 
Then the blood goes down into the lump under the baby's underside with a network of 
capillaries. (That lump is the yolk sac and everything) The vitelline artery and vitelline 
vein are going to make the vessels of the intestine. Those vitelline things are the things 
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going down towards the yolk sac. This is all yolk sac endoderm down there where this 
gut stuff comes from.

The blood that doesn't go down there goes posterior into the umbilical artery and then 
into the chorionic villus. The veins coming to the heart from the head and inferior 
extremities are called cardinal veins. Anterior cardinal is from the head; posterior 
cardinal comes from the back and caudal end and umbilical chord. They come together 
into the common cardinal vein to enter the heart. The veinous sinus is where the 
blood comes in to the one atrium little embryo has at this point. 

Heart shape week 4

After 30 days, if you look from the front, the blood comes 
 out of the left atrium 
 into the atrioventricular canal 
 into the left ventricle 
 through the lack of septum into the right ventricle--so left and right ventricle are 

still joined
 up into the conus cordis (middle part of the bulbous cordis)
 up into the trunkus arteriorsis 
 and up into the aortic sac 
 and the three aortic arches 
 and dorsal aorta. 

The blood is moving, but not really circulating in just one direction, just kind of flowing 
back and forth based on weak pressure differences, until the first myogenic 
contractions. By 30 days, you're contracting, and the blood basically flows backwards 
from how it flows in the born baby.

Dividing the atria
You start dividing the atrium into the right and left atrium, which are sitting kinda behind 
the ventricles. What starts dividing them is the septum primum. 

This septum has kind of a crescent moon shape, like a moon lying with the hollow 
facing down, or like a circle with a small hole down in the middle/bottom. The hole is 
called the foramen or ostium primum. As the heart keeps growing it stretches the 
septum, trying to close the ostium primum--basically trying to get the inner curve of the 
crescent to close and fill out a full circle. As you do that you start tearing and getting 
more little holes up in the top, called the foramen or ostium secundum. The primum 
closes first, and as it closes the secundum starts opening. 
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At the same time you're growing a new septum, the septum secundum, to the right 
side of the septum primum. This one also looks like a crescent moon and thus has an 
opening in it's bottom, too. It's hole is called the ostium or foramen ovale. The septum 
primum acts like the valve of the ovale foramen, and the blood flows through the ovale 
foramen, then through the ostium secundum, which stays open all the time. Pressure is 
higher in the right side, and goes from right to left atrium, so it has no problem pushing 
between the two septums from secundum to primum. (Remember we don't have lung 
pressure yet) When the baby cries, the oxygen enters and you have lung pressure 
changing and drawing blood into the other direction. Now there's pressure in the left 
side, more than in the right side, and the valve closes and seals up and that's it. 
Because of the high pressure in the left, the two septums are held closed and they have
no problem growing. The cells grow together for about a week and you're closed. 

In the born baby or adult the foramen ovale, now no longer a foramen, is called a fossa. 
The limbus is the oval margin around the foramen, or the raised septum secundum's 
tissue forming the edges of the hole; the thin fossa itself--the tissue in the hole--is from 
the septum primum.

Separating the atria from the ventricles

Now we talk about atrioventricular canal and how it closes to make two that have 
valves. Two cushions (one is posterior and one is anterior) begin to squish in on the 
atrioventricular canal. They close right under the septums. (That's why the septums 
grow in those crescents--they don't have anything to hold onto in that middle section, 
where the hole of the atrioventricular canal is.) Once the cushions close to make the 
atrioventricular canal into two, the septums have something to grow to. That finishes the
seal between the two atriums and their ventricles. If the crescents moon of the atrial 
septum don't close, you'll have atrioventricular defects, too, because remember those 
are right on top of each other.

Now we've divided the atria and the ventricles in two.

Atrium structure and veins

Where dos the sinus venarum come from in the right atrium? The veins empty into the 
single atrium in the early embryo, but as the septum forms, remember there's a left-right
shunt (blood is flowing from the left atrium into the right one because the atria aren't 
completely closed) that drives blood flow so the veins empty into the right atrium only. 
So first you had all the veins going into the veinous sinus. That opened into the atrium. 
But now I've divided the atriums into two! So now the septums make the veinous sinus 
(and the sinuatrial orifice) stuck on the right side. 
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The right atrium grows and is stretching and the back of the sinus venosum begins to be
stretched into the right atrium. The right atrium is sucking the back of the sinus venosum
into itself. The right horn gets sucked in, and its top part disappears, while its bottom 
part becomes the valve of the inferior vena cava and coronary sinus valve.

Anyway you stretch that vein until you just have two holes, the superior and inferior 
vena cava. That's why the back wall of the sinus venarum is all smooth. You'll see a little
fold in the coronary sinus entering into the sinus venarum, there's a little fold at the 
bottom of it where there used to be venous valves (there aren't in adults). The right 
venous valve moves up to the horn of the superior vena cava, the left venous valve 
moves down to inferior vena cava as the right atrium moves aback and starts 
incorporating the venous sinus into it. So the crista terminalis is really the edge between
the right atrium, and the vein that it ate, between the endoderm of the vessels and the 
splanchnic mesoderm of the heart. The crista terminalis is basically also the top part of 
the right sinoatrial valve, which was between the sinus venarum and the atrium. The 
rough part of the right atrium, the pectinate muscle, came from the original atrium.

The smooth part of the left atrium comes from the pulmonary veins. There used to be a 
whole pulmonary vein that was thick and soft, and then it broke into the pulmonary 
bifurcations, but as the left atrium grew it ate that single pulmonary vein part and now 
you just have the four pulmonary veins. Most of the left atrium is smooth now; only the 
very top part, the left auricle, is still rough and pectinate.

Formation of atrioventricular valves, papillary muscles, chordae tendinae

Right ventricle formation

Dividing the aorta and pulmonary trunks

More cushions appear in the truncus and the conus. They form the aorticopulmonary 
septum, dividing the truncus and conus into the aorta and the pulmonary channel. 
(Truncus becomes aorta, conus becomes pulmonary channel. It may help just to 
remember that T and A go together just like in DNA base pairing?) Before birth the right 
ventricle dominates blood flow and contracts stronger, making the flow of the blood go 
turbulent in a spiral. The spiral of blood flow forces the conotrunkal cushions to, instead 
of just joining, to rotate. That's how come the aorta is kind of behind the pulmonary trunk
like it is in us. They basically twist. While you're proliferating the atrioventricular 
cushions this is happening. Neural crest migration from the secondary heart field is very
important to make this happen. 

The seven week embryo has pulmonary valves and a conus septum. Blood from the 
right ventricle goes through the pulmonary trunk, and blood from the left goes through 
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the aorta.

Separating the ventricles 

The interventricular septum primordium starts forming from the base of the ventricle,
near the apex. It grows mostly because the ventricles grow down on either side of it, not
because it grows up. That's why you've got an interventricular groove on the outside 
of your heart--the ventricles grew up around the little septum primordium, bulging out 
around it. 

NKX2.5 on chromosome 5q35 mutations make ASD (secundum type), tetralogy of 
Fallot, and atrioventricular conductions delay. It's autosomal dominant. Mutations in the 
TBX5 gene can make Holt-Oram syndrome. Those make radial limb abnormalities and 
atrial septal defects (ASD).

Mutations in some genes that change sarcomere proteins can make hypertrophic 
cardiomyotpathy, which makes sudden death in atheletes. Whut

Ventricular inversion

Atrial septum defects

If the septum primum is reabsorbed too much, the secundum has a defect (there will be 
a hole in it that's too big because the septum primum hole is soo huge)?
Sometimes the secundum doesn't even form.

Tricuspic atresia--the ventriculum is little and the flow is into the 
The foramen ovale has to be patent, the problem is your right atrium doesn't flow into 
your right ventricle

Membraneous septal defect, very rare, blood from left ventricle flows to the right through
interventricular foramen. You can also have defect in muscle part of septum. These are 
more common than atrial septal defects.

Tetralogy of Fallot: Pulmonary stenosis, interventricular septal defect, overriding aorta, 
and hypertrophy of right ventricle. It's all because the aorta is crushing the pulmonary 
artery and the right ventricle has to work super-hard to get the blood through there. You 
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need patent ductus arteriosis so deoxygenated blood can get out of aorta into the 
pulmonary artery into the lungs.

Ventricular septal defect is the most common congenital heart defect! But for all they 
talk about Tetralogy of Fallot you'd think that was the most important.

Persistent truncus arteriosus
Septum in trunkus and conus fails to form, you still have truncus arteriosis and you 
always have ASD accompanied 

Transposition of the great vessels, they are backwards because the aorticopulmonary 
division formed wrong

Pulmonary valvular atresia--no pulmonary vavles

Stenosis of aortic valves vs. Atresia of aortic valves, where they're totally closed

Six aortic arches on each side at the end of the fourth week. 1,2, and 5 will disappear. 
From the 1st arch you get maxillary arteries
2 you get hyoid and stapedial arteries
3 you get common carotid and first part (proximal part) of the internal carotid, on both 
sides
4th
right: proximal right subclavian, right dorsal aorta and right 7th intersegmental--distal 
right subclavian, brachiocephalic artery. right subclavian comes from 7th intrasegmental 
and part of 4th aortic arch.
left: piece of aortic arch, common to left subclavian, 7th intersegmental artery forms the
left subclavian

6th aortic arch--right and left pulmonary arteries, on the left side it makes ductus 
arteriosus

Coarctation of the aorta--looks like a bit of the aorta is crushed--preductal you have to 
have ductus arteriosos pateitn in order to live, post ductal the thoracic internal has to 
have flow backwards and the internals connect with posteriors and connect to the 
aorta--the mammary arteries are hypertrophied
Lotta people stay asymptomatic because of patent ductus arteriosis
Cold lower extremities, lots of blood stuck in the upper area

abnormal origin of right subclavian artery--forms behind the esophagus from distal right 
dorsal aorta, and it may compress the esophagus. it doesn't form on the right, it forms 
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on the left of the left subclavian and crosses over.

Double aortic arch, aorta passes on either side of trachea/esophagus, squishes them 

Obliterate the fourth aortic arches but keep the distal right dorsal arch and blood goes 
into pulmonary trunk and then passes into the aorta--that's lethal because the circulation
isn't seperated.

You can have interrupted aortic arch, too, where--you have a patent ductus...

Veins 

Development of the sinus venosus
In the veins the shunt is from the left to the right, when the right atrial opens the 
sinuatrial junction has to move right...coronary sinus and oblique vein of left atrium of 
the heart comes from the left sinus horn. 
At first we have two valves, but when the division between the atria is formed the left 
valve adds itself to the septum interatrial and disappears, and the right valve splits into 
the coronary sinus valve and inferior vena cava valves. 

Vitelline and Umbilical Veins
At first we have two cardinal veins, one on each side, which are common cardinal veins,
and we have umbilical veins and left viteline veins, and allfo those meet at the sinus 
venosus during weeks 4 and 5. The liver starts to form betwee nthe left and right 
vitelline veins, in the anterior part of the baby, and so the vitelline veins help the hepatic 
sinusoids start to form. The proximal part of the left hepatopocardiac channel, the left 
vitelline vein, starts to disappear. The right side stays, and that's part of the inferior vena
cava. Its branches are now the right peatic vein, and the left vitelline vein becomes 
connected to it and becomes the left hepatic vein. So the hepatic part of hte inferior 
vena cava comes from the right vitelline vein. The distal part of both veins anastomoses
around the future duodenum. To begin forming the hepatic portal veins. This is why the 
hepatic portal vein is in front of and behind the liver?

Umbilical right vein disappears, the left vein becomes the splenic vein.

In the liver, there's a bypass between the left umbilical vein and into the hepatic system, 
because you have to pass blood from the left to the right, but you lost the right umbilical 
vein, so you make a ductum venosus the shunt the blood from the left umbilical vein for 
the inferior vena cava, bypassing the hepatic veins whichare just tinily touching the left 
umbilical vein. 

The anterior, posterior, and common cardinals veins for mthe supracardinal veins, the 
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subcardinals, and the sacrocardinals. The supracardinals form the azygous and 
hemiazygos veins. In the left side the connection to the cardial posterior system 
disconnects, and that's why you have the hemiazygos smaller than the azygos. The 
entire posterior cardinal vein basically turns into the azygos on the right side. There 
you've got a little arc where the azygos empties into the superior vena cava. Right 
subcordinal forms the second part of the cava inferior and the right renal. Left 
subcardinal just makes left renal. The sacrocardinal Iliac vein common left comes from 
the sacrocardinal on the left. The rest of the sacrocardinal has to disappear or you get 
double IVC. The right sacrocardinal makes the third portion of hte cava inferior and the 
right comon iliac vein.

Problem--double inferior vena cava. The sacrocardinals make a double inferior vena 
cava
Or you can just be missing an IVC, and the blood has to connect into the azygos 
through the supracardinal remnants in order to maintian survivle

The two cardinal veins, up top, have to anastomose to make the left brachiocephalic 
vein. The left side of the common cardinal disappears, leaving the coronary sinus 
attached to the heart (and attaching to the right side), and the left superior intercostal 
vein. The anterior cardinal veins stay as internal jugular veins in the most superior part.

If they don't form a brachiocehpalic vein, you get two superoir vena cavas.

What comes from the umbilical cord? The umbilical vein? What 
 teres hepatic ligament WAS the umbilical vein, it collapsed at birth like the foramen 
ovale and 
The ductum venosum collapses and becomes ligamentum arteriorum
At birth a lot of stuff collapses!
Umbilical arteries turn into medial ligament umbilical which are in the medial folds of the 
parietal wall.  The vertical superior arteries of the 
Uracho? median fold
medial fold is umbilical arteries
vasos epigastric infeores come from the lateral umbiical things? ri

Vena cava
azygos comes from supracardinal and have to connect with the posterior cardinal
superior vena cava comes from anterior right cardinal

subcardinal forms the second part of the inferior vena cava, and both renals come from 
there

sacrocardinal makes the bottom part of the inferior vena cava
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Sometimes the veins and blood vessels grow out of control and produce a mesoderm-
originated hemangioma, or vascular tumor, in the areas that should be ectoderm (ie, 
the skin). 

Gastrointestinal Tract

The roof of the yolk sac begins to fold under 
The floor stays trapped

Cranial
Caudal 
The yolk is big but we strangulate it with the cephalocaudal and lateral folding. The 
roof/endoderm of the yolk sac gets separated by the pinching, and it becomes the GI 
tract. The part most rostral is the foregut, in the middle you have midgut, and you have 
hindgut in the very back (the allantois branches off of this)

somatic mesoderm from the lateral plate it making the space that is around the midgut. 
It's the cavity that gets closed and is the body wall around the viscera. At first it's all 
open to the outside, above the yolk sac, but then it closes over and pinches the midgut 
away fro mthe yolk sac. The midgut is endoderm, and the body wall is somatic 
mesoderm that pinches shut around it. 

Parto f hte liver grows from the septum transversum (naked area of the liver has no 
peritoneum, is stuck to the diaphragmn)

Ventral mesentary disappears almost completely--that's where it used to hold the midgut
to the front of the splachnic mesoderm that is the body wall. The only palce you still 
have ventral mesentary is where the liver is. The liver grows in it from the septum 
transversum. Three important arteries. celiac artery, which suplies the anterior/foregut 
tube. Second artery is superior mesenteric artery which feeds the midgut and goes into 
the lump that pokes into the vitelline duct and connects with the yolk sac. The midgut is 
growing really fast and so its gonna rotate around the superior mesenteric artery. And 
finally the inferior mesenteric artery feeds the posterior digestive tube, or the hindgut. 

The midgut goes fro mthe distal duodenum to the proximal 2/3s of the transverse colon.

Endodermal SHH tells the gut to differentiate. HOX genes in the surrounding mesoderm
are what tell it what to do

If the folding doesn't separate the midgut/gut fro mthe yolk sac you will have problems.
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The foregut ends in the second aprt of the duodenum
Second part of hte duodenum to the transverse colon is midgut
everything else is hindgut

Dorsal mesentary stays. just in front of it you start froming the esophagus and 
medisatinual structures

The aorta has two dorsal aorta before folding is complete and you get one, this is when 
fbody folding is still happening (week 3 and stuff)

Prevertebral ganglia just behind the dorsal mesentery. Paravertebral becoem 
parasympathetic. Prevertebral are in the center of the tube near the artery thing thing?

The falciform ligament is a remnant of the ventral mesentery

Squamous simple epithelium but there's muscle under your digestive tube, too. That 
muscle comes from splanchnic mesoderm. So does the connective tissue, which is the 
mucous interior. 
Endoderm will form the epithelial stuff. And also all the associated glands. The only one 
that doesn't is the parotid gland of saliva which is outside of your mouth and that's 
ectoderm, everything from teeth outside is ectoderm from the mouth's vestibule. 

4-8 week is organogenesis, really beginning in week 5

A teratoma from 1-3 week will kill the baby. After the 4th week the teratoma will kill the 
organs. 

Esophagus has in the superior part some skeletal muscle. There are three parts of the 
esophagus, the 1st, 2nd, and 3rd. The 1st has skeletal muscle and you can control your
pharynx and stuff. The second and third levels are smooth muscle. Skeletal muscle isn't
from splanchnic muscle, it's from branchial arches of the head from parietal-branchial. 

rotation of the stomach. It rotates 90 degrees clockwise so its dorsal border faces left 
and its ventral border faces right. The dorsal part grows faster, and thats why you have 
that funny curvature. This is why the vagus nerves are all funny in a plexus around the 
esophagus. The right and left vagus rotate with the stomach, and the left vagus 
becomes anterior and the right vagus becomes posterior! One way to remember this is 
when you wipe yourself after going to the bathroom you tend to use yoru right hand, and
so your right hand goes to the back. Same way the right vagus goes to the back. 0 _ 0 
my teacher came up with that, not me

The dorsal mesentary gets displaced to the left. At the same time you get some 
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vacuoles little apoptosis where little vacuoles happen and little holes and that's how you 
get your omental bursa (holes in the omentum) nd the dorsal mesogastrium is making 
lesser omentum on the bottom under the stomach and greater above the stomach. (?) 

Bazo is spleen in spanish
The spleen grows in the dorsal mesentery
The liver grows in the ventral mesentary
The ventral mesentary gets divided in two between the liver and stomach you have 
lesser omentum, what you have in front of the liver you have the falciform ligament. 
That will eventually become the round ligament of the liver or the teres-hepatic ligament

As the stomach rotates, it pushes the liver (which was in front of it) to the right, and the 
spleen (which was behind it) to the left.

The laterality genes and stuff tell your stomach where to go. You can have errors where 
they tell the stomach to rotate the wrong way. 

As the ventral mesentary shrinks you just have a small little falciform ligament between 
the liver and body wall, and tiny lesser omentum between the stomach and hte liver. 

The dudodenum will get stuck to the posterior of wall of the abdomen, it will be 
retroperitoneal but the somach will not be it will be free with space behind and in front of
it. Behind it was the bolsa omental that will turn into the minor abdominal cavity. 

As the spleen is pushed to the left the omentum will form two ligaments, the gastrolienal
connecting the stomach to the spleen, and the lienorenal which is between the spleen 
and the kidneys and pancreas. 

The liver forms from a little bud right at the end of the anterior digestive tube.  It is the 
division that starts the midgut. 

Common bile duct

You get two buds of the liver. One is the systic bud that forms the gall bladder under the 
liver.  

Bile vesicle--vesiculo bileal--is the gall bladder in spanish

Ventral pancreatic bud happens under that in the back.

All these things bud from endoderm, the lungs also bud from endoderm in the pharynx
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This budding of liver and stuff is about 32 days. 

When the liver starts growing it grows REALLY fast in prooportino to everything els 
because it has to make blood cells. 

Bare area of the liver is connected to the diaphragm where there is no peritoneum. 
Mesenteries are double-folds of peritoneum and they're everywhere else. All the 
innervation and blood vessels are in the mesentery for the gut. If the liver wasn't stuck 
to the diaphragm it would just fall down straight through the mesentery because it's so 
heavy. There's a coronary ligament that keeps it stuck to the diaphgragm.

Major omentum has posterior and anterior mesentery 

All the mesentery has double peritoneum

Pancreas grows in dorsal mesentery

All the gut endoderm could become liver, but inhibitors repress that desire to become a 
liver. If you secrete BMP and FGF2 you allow stuff to become liver. It's cardiac 
mesoderm that inhibits the inhibitors of liver-becoming-desire by releaseing FGF-2. 
BMP helps.

Between the stomach and the esophagus ther's a little space somewhere epiploic? 
Portal triad

Duodenum forms a C ventrally as it grows and it starts in front of the stomach and as 
the stomach rotates it turns to the right while the pancreas turns to the left. The 
duodenum was/is connected to the pancreas by a little ligament and now the pancreas 
is retroperitoenal.

Digestive tubes are filled up during the second month--the cells just fill them up because
they're growing so much! But then they have to make canals again so you'll be ble to 
eat out of them. If you have problems with this you get atresia and stenosis. Or you get 
a double jejunum, or a double ilium or something. Atresia is when it doesn't recanalize 
and the digestive system is totally plugged. That happens because circulation didn't 
arrive there at that spot. 

Sometimes the bile duct doesn't form (doesn't recanalize) or you get two gall bladders. 

Duodenum comes from both midgut and foregut.

The foregut isn't mesoderm, even though it looks like it comes from the septum 
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transversum, which is mesoderm: the foregut is endoderm.

If the vitelline duct doesn't go away, you'll get Meckel's diverticulum, vitelline cysts, and 
omphalomesenteric sinus or umbilicoileal fistula. 

Meckel's diverticulum means the yolk sac and vitelline duct/ophalomesenteric duct stay 
behind as a little finger or outpouching off the intestine. It happens most often in the first
2 years of life, found in 2 percent of population, 2 percent of patients are symptomatic, 2
feet from the ileocecal valve, about 2 inches long, and most symptoms happen before 2 
years. (Rule of 2, yo! So this is like, the Sith disease) 2:1 male to female ratio, and 
every 1:2 patients has ectopic tissue in there. This is the most common small bowel 
congenital abnormality, and it's a problem because instead of having mucous tissue in 
the diverticulum, the little boy's got ectopic layer tissue, gastric tissue. Gastric tissue 
makes hydrochloric acid, which his small intestine can't handle, so he'll have pain or 
maybe even painless anal bleeding. You'll run a nuclear medicine test with an isotope 
that the gastric cells absorb, and when you look at the test, you'll see his stomach light 
up, and you'll see a little finger off his small intestine that's secreting acids into his body. 
You'll need to run a surgery. This causes half of the lower GI bleeding in patients under 
2 years of age; later in life you might get obstruction in this little finger-pouch that may 
build up and affect the rest of the small intestine.

Congenital diaphragmatic hernia--blue discoloration of extremities, tachypnea, nasal 
flaring, respiratory grunting, cardiac sounds shift to the rigth, the lung can't develop 
because the intestines and stuff are all up in the chest area where they're not sposed to 
be

Urinary System Development

Langman's Ch. 16, p. 232-243

Spleen doesn't come from endoderm. It comes from the dorsal mesogastrium. 

Intermediate mesoderm makes the urogenital system. The first thing it forms is the 
pronephros. They are in the cervical region, and they're like little glomeuli and nephric 
tubes. By the end of the fourth week they disappear. Why do they form? Well there's a 
longitudinal collecting duct that they make. After a while the mesoderm makes them with
the mesonephric system. While the pronephric system goes away after forming the 
longitudinal collecting duct, the duct stays and gets taken over by mesonephric (middle) 
tissue. That longitudinal collecting duct will eventually become that which makes the 
pee. By the 5th week the mesonephric system has made the excretory parts and tubes. 
You get Bowman's capsule and a gonadal ridge. The mesonephric duct holds these and
produce and excrete pee. You also start to get a paramesonephric duct. Bunnies can 
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already pee at this point with their mesonephric duct, but we can't. There's a gonad 
bump on the lower edge of this, under the ducts and things, but we'll worry about that 
after block. The paramesonephric duct isn't part of the orinary system. It's part of the girl
reproductive system. 

Mesonephric becomes very big and takes up all the abdominal area. If doesn't fit in the 
space, with the two mesonephric ducts on either sides, and the liver is really big, too. So
you really want the mesonephric to start to disappear. It's never complete, because 
when the caudal part is complete and finished the cranial part has alredy satrted to 
disappear to fit in the space. 

You have a metanephric blastema that comes from intermediate mesoderm but has two 
parts. It connects to the ureteric bud and the cloaca and the bud part comes from teh 
mesonephric duct. That's the primordial ureteric, that comes from the mesonephric duct.
The blastema on the end of the bud, the big dark lump, will form all the filtration stuff. 
The ureteric bud and stuff will make all the conductive stuff--the ureter, renal pelvic, 
calyces, collecting tubules. It's basically the little girl's ureter. So metanephric blastema 
makes the filtration, and the ureteric bud from the mesonephric duct makes conducting 
stuff. You now need to get your capillaries to arrive at the little glomerulus and 
Bowman's capsules you've made from the metanephric blastema. 

Molecularly, the kidney is formed when the conductive tube induces the metanephric 
part to become filtration stuff. 

Polycystic kidney disease has two kinds, autosomal recessive, where you have renal 
failure in infancy or childhood because you have cysts form from the collecting ducts. 
The autosomal dominant has cysts in all segments o the nephron and doesn't happen to
cause renal failure until adulthood. It's more common but less progressive, less fast and
bad, than the recessive kind. 

Sometimes you can accidentally make two ureters, or a bifurcation of the ureter wehre it
has two openings. Sometimes it can even accidentally open into the vagina, uretrha, 
and vestibule. Then the child will pee all the time, and you need corrective surgery. 
You'll pretty much not find out if you have two ureters, since it's not a problem, unless 
you sometimes have back pain or something, but the ectopic ureter where it goes to the
vagina will be a problem. 

The metanephric tissue grows up as the collecting ducts grow up, so the kidneys move 
from below the cloaca up to the lumbar region. You have a horshoe kidney if The inferior
mesenteric artery is too much caudal and that prevents the kidney from going up like it's
supposed to. Sometiems this will cause back pain. Sometimes one side happens when 
one of the kidneys stays really far down, and the other rises like it's supposed to. 
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A  part of the cloacal channel will split into bladder at some point. There's also rotation, 
and the mesonephric tissue is starting to disappear, leaving only the gonads, while this 
happens. 

Sometimes you're missing bilateral renal agenesis kidneys don't form because induction
problem. This happens with oligohydramnios (the baby doesn't put any pee out into the 
amniotic cavity), opposite of polyhydramnios where you have a lot of pee out there. This
happens with Potter Syndrome. Hypoplasia pulmonal--the lungs don't totally form 
becasue the liquid has to enter the respiratory airways and expand but if that hydrostatic
pressure isnt't normal we will have secondarily hypoplasia pulmonal (so if the kidneys 
don't maintain water pressure so you can fill out your lungs, you have too small, not 
enoug hcells in your lungs). That's Potter Syndrome or oligohydramnios sequence. 
Genetically, these folks usually have eyes that are widely separated and special folds 
on their eye lids kind of like asian kids, and their ears are low, nose is broad and flat, 
they have small/receding chin, and sometimes limb defects. 

Allantois is endodermal, splanchnic mesoderm is around it. The allantois gets pushed 
up from the bladder while the phallus forms from the bottom where it joins the cloaca. 
The allantois is originally curving from the tummy down inside the baby to the cloaca, 
but that canal splits.

Bladder is endodermal epithelium from the allantois, the medial umbilical ligament in 
adults comes from teh uracho from the allantois.  The allantois is called hte urachus 
after the bladder forms and the baby grows a penis under it, from that unified duct I 
mentioend.

Obstructing the urinary tract would make decreased amniotic fluid (oligohydramnios) 
because fetal urine wouldn't enter the amniotic cavity. If there isn't enough blood flow to 
the placenta, you get oligohydramnios, too. Oligohydramnios can cause other problems,
like hypoplastic lungs.

The mesonephric duct will disappeari n the girl, but turn into vans deferens in the boy.

Exstrophy of the bladder, or the cloaca--if the lateral doublings don't close all the way 
the baby's urinary bladder and cloaca can form outside the baby. This means the cloaca
can't divide in two, and everything is open. The lateral pleiages did not close

pronephro
metanephor 
mesonephro
alantois is separated into digestive
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ducto mesonephrico which is intermediate mesoderm has a diverticulum or primordiaum
uruoeterico , pelvis, calycis y colectores vienen de diverticulum ureterico tiene que ser 
un union enter la blastema y la masa nephrica
nephrom bowman campusle and distal loop everything comes from metanephric mass

Mesonephric duct makes ureteric bud near the cloaca. That bud makes renal collecting 
ducts (ureter, renal pelvic, colleting tubules, etc). Then it goes into metanephric 
mesoderm, so you get a metanephric cap over the end of the bud, and that becomes 
nephrons (cortex of kidney).

The urinary bladder comes from the cloaca.

Reproductive System

Remember intermediate mesoderm. Remember how it made the urinary system. Don't 
forget that the mesonephro begins to disappear into just the mesonephric duct. You 
have a genital cord which is near the mesonephric cord. We have a mesonephric duct 
and that's like a little tiny kidney with one glomerulus from the aorta and one excretroy 
tube. There's a genital ridge to the front, just behind the reproductive system. 

Primordial germ cells first appear in the yolk sac. Remember how they migrated like 
amoebas into the genital ridge in front of the mesonephros and just behind th ecloaca 
and the hindgut. In the 4th week they start migrating, and then they arrive at the back 
layer by the fifth week, and they penetrate the genital ridges by the sixth week.

You have indifferentiated gonads at first, of course. If there is Y, you develop medullary 
cords, no cortical cords, and a thick tunica albuginea. If there is no Y, by default you let 
the medullary cords degenerate, cortical cords develop, and there's no tunica albuginea.
So the “default” gender is female—you either turn male on, or continue normal 
development.

The Y triggers the SRY gene, which triggers SOX9 and triggers SF1 (steroid gene) and 
other genes to make testes. Both males and females have WNT4, which is what 
triggers DAX1 and TAFII 105 and other genes to make ovaries. But SOX9 will turn off 
WNT in males. So the difference is that males have the SRY gene. (SRY, didn't mean to
turn off your ovaries...haha)

The ovaries and testes will then help other sex things develop. In boys, SOX9 binds to 
the promoter region of AMH (also called MIS—mullerian inhibiting substance or 
antimullerian hormone) which come from the testes. SOX9 basically upregulates the 
hormones made by the testis, and that particular AMH hormone, suppresses the 
paramesonephric ducts. Paramesonephric is Muller. Those hormones are made by 
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Sertoli cells, those hormones. They maintain tight junctions and form the testicular blood
barrier. Their genes are affected by the SOX9. So men have two blood barriers, one in 
the brain and one in the testis. Without this barrier, the immune system would kill the 
sperm just as soon as they form, because the baby didn't get born with sperm cells, so 
as the immune system developed it never saw such weird things. “What the hell is 
happening in here,” it says, and tries to kill the squigglies. Which mean, um, no more 
humans. So this is an important barrier. 

You also have Leydig cells in your testes. They make testosterone. They appear in your 
mesonephric ducts and make vans deferens and epidymis get created. 

There's another hormone, dihydrotestosterone, that makes the penis, scrotum, and 
prostate grow. It's a dimer of the testosterone. It's made by 5-a reductase enzyme.

It's FGF9 that makes the tubes from the mesonephric duct penetrate the gonadal ridge. 
SF1, steroidogenesis factor 1, starts everything off by differentiating the Sertoli and 
leydig cells and upregulating testosterone in the leydig cells.

The uterus and upper portion of the vagina comes from estrogens, and exteran 
genitalia, too. So basically the ovaries secrete estrogens and start making everything 
happen. TATA-binding protein for RNA polymerase in ovarian follicular cells comes from 
TAFII 105, which was what told you to make ovaries.

Mesoneprhic and paramesonpehric. In the mesonephric cord. Below them, you've got 
the gonadal cord where the testicals will form. They've got tunica albuginea, testis 
cords, and thin testis cords at the top called rete testis cords that looks like little nets. All
of these things form by the 8th week. 

For a long time the little boy and little girl look the same, with a little opening between 
some genital swelling, looking kind of like a vagina with a bulge near it. Remember 
testicles take a long time to get there. That's still going on in the 8th week.

By the 4th month the testis cords become horseshoe-shaped and connect to excretory 
mesonephric tubules (ductuli efferentes) which in puberty will turn into seminiferous 
tubules. Those tubules join the mesonephric duct which becomes the epididymis 
proximally and the ductus deferens distally. Remember the mesonehpric tubules make 
the unities of the kidney, but in the boy you save some to become ductuli efferentes.

Ovaries by the 7th week look much like the testis by the 8th week, with a degenerating 
mesonephric tube and a little paramesonephron at the tip, and then you've got the 
surface epithelium and the medullary cords which in the boy turned into the testis cords,
but here in the girl they're starting to disappear. Instead, by the 5th month, you get in that
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same space the primary oocyte and follicular cytes. Remember she's already working to
meiosis her oogonia into useful baby-precursors, so she takes a little longer (5 months) 
to get to an equivalent point. She's got surface epithelium that is pretty thick protecting 
these new ovaries. What were the ductuli efferentes in the boy are still here, from the 
mesonephric duct, reaching towards the oocytes, but there are no medullary cords to 
connect them, and the whole mesonephric duct and ductuli efferentes will disappear. 
We will keep only the paramesonephric duct, which again was that really tiny little thing 
at the edge just forming 7th week girl and 8th week boy.

By the 6th week, actually, we could kinda see, at the cellular level, a difference between 
the dissolving mesonephric in a girl and how it stays on a boy. Remember the 
paramesonephric has to make the uterus and the upper part of the vagina, and the 
uterine tube, uterine canal, and paramesonephric tubercle. The only things that stay 
from the mesonephric system are the epoophoron, paroopheron, and Gartner's cyts that
appear near her vagina in puberty and can actually start bothering her once she 
reaches puberty. So you don't want the mesonephric duct to stay. The epoopheron and 
paraopheron are these little ducts that stay near where the ovary is, but they don't really
do anything except for cause cysts near the uterine tube, so we hope they go away 
completely.

The suspensory ligament of ovary, ligament of the ovary proper, and round ligament of 
the uterus are analagous to the gubernaculo in the boy. 

Wolffian differentiation is what we call it as the mesonephric duct turns into stuff. 
Testosterone tirggers that, while dihydrotestosterone triggers 

Think boy uses mesonephric, while girl uses paramesonephric. The paramesonephric 
goes really tiny in the boy and just stays as a little tubercle even in the 4th month. In the 
prostatic urethra, in the middle of this, there's an elevation, and that's the 
paramesonephric tubercle. That forms the uterus. That makes the opening of the 
ejaculatory ducts. This has a big aperture in the middle? If the mesonephric duct after 
forming the epididymis it could continue trowing. The distal part was supposed to 
disappear (by distal I mean on the other side of the epididymous, distal to the seminal 
vesicle, distal on the other side of the pididymis, above the ductali efferentes or on the 
other side of the testis from it. That's an appendix epididymis, a remantnt that needs to 
disappear.

What happens in the lady with paramesonephric ducts? They're parallel, there are two, 
and they're lateral. But they start getting closer to each other caudally, closer and closer 
until they meet medially. As they move closer over time they pull tissue with them, 
forming the broad ligament. When they meet in the middle they make the uterus and the
top of the vagina. The broad ligament is formed by the medial migration of the ductus 
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paramesonpehric. Peritoneum just like mesentery...

These middle-meeting tubes will stretch down until they meet the allantois at the 
urogenital sinus. So basically the caudal tip of the paramesonephric ducts will get to this
wall that will eventually start opening. The lower allantois part starts making the 
bulbosinovaginal or sinovaginal bulbs whih will start to open up into the 
paramesonephric ducts, kind of around them, to make the lower part of the vagina while
the top of the vagina is made by the paramesonephric tissue. The top of the vagina is 
intermediate mesoderm, while the lower part is now endoderm. Now, the urogenital 
sinus didn't just open into the paramesonephric, what happened is its tissue up at the 
top starting forming a big bulge, and the bulge started to hollow til it connected with the 
paramesonephric duct. The bottom of the bulge starts to open into the sinus too, but 
less, and that's what the hymen is—the mostly-clsoed bottom of the urogenital sinus. 

You can sometimes have two vaginas if your septum in the uterus didn't disappear, if 
your paramesonephric ducts didn't unite all the way. You can have an arcuate us uterus 
where there's an indentation on the top, and you can have a two-headed uterus, and 
you can have a unicolic bicornis uterus where one of the paramesonephric ducts didn't 
meet ht other at all, os it's this closed off second uterus thing hanging out there. Or it 
could have been that they did connect, but not enough blood reached the connection, 
so one died off and got separated from the other. The problem is that if the ovaries are 
functioning, and you have mensturation, the mensturation has nowhere to go from that 
one closed off little sac. The lady's uterus will have only one horn and one uterine tube. 
Atresia of the cervix happens if the sino bulb thing doesn't open, so the cervix is closed, 
and atrasia of the vagina happens if the hymen isn't formed to open, so if the bottom of 
the urogenital sinus doesn't open to the outside. 

So by the 7th week, how do the external genitals look? Both have this bump at the top 
that looks kinda like a tiny, tiny penis or a large clitoris. Below it they've got a cloacal fold
and gloacal membrane that kind of opens to the outside. Thtat's not a vagina, it's 
basically like their butthole, but it looks like a vaginal slit. By the 6th week, it splits into an
anal hole and urethral hole. By 10 weeks the urethral groove starts to close in the boy to
finish formation of the urethra in the penis. The phallus grows, pulling that groove with it 
as it closes. Inside the penis, that urethra starts to push upward to make a hole so pee 
can exit. That hole/canal is made of ectoderm, since it's skin.

In the little girl, the genital tubercle makes the lciteros and styas pretty small. The 
urogenital groove doesn't close, but it starts to switch into a urethra and a vagina (long 
after you've already made the anus at 5 months.) The little girl's genital swellings on 
either side of the hole become labia majora, while in the boy, as we know, from the 2nd 
to the 7th month the gubernaculum pulls the testes down into the genital swellings on 
either side of the baby's urogenital hole.
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Hypospadias—this happens when the urethra doesn't close in the boy, so you've got slit
openings on the underside of his penis. Pee leaves inferior to the penis. That needs 
surgery. Happen in 1:300 newborn boys.

Glandular hypospadias is a hypospadia just below the gland, so two little holes in the 
head of the penis. Penile is worse, and rarer, and its basically long hypospadia from the 
midshaft of the penis to the subcoronal area. Perineal hypospadias are the worst 
hypospadias, where the orifice is in the midscrotum or base of the penis.

Hypospadias can be really bad, where they're lower down, but the worst is the 
epispadias which is a hole from the uretrha all the way up to the urinary bladder. There 
can be extrophy of the bladder ,and the bladder will come “out,” and the whole 
abdominal wall will be open. Remember hypospadias because hypo is below, so it's like
“below your sword” (spadia is like sword) and epispadia is “above” your sword.

Ambiguous genitalia is a problem too, that can happen if you have a small penis with 
hypospadia.For a girl, if the labia majora fuse and the clitoris is enlarged, and you've got
hyperplasia, it's hard to tell she's a girl. Sometimes if the mother is on certain 
medications for uterine problems will cause problems in the little girl embryo.

A XY with andogen insensitivity won't have ovaries or a uterus, but will have a small 
vagina.

Bifid penis (two penises) can happen ifthe genital tube splits.

Gonadal dysgenesis happens if XY person has their SRY gene deleted or mutated. 
They appear normal females but don't develop breast changes etc secondary sexual 
characteristics at puberty.

True hermaphrodites have not been described in humans—people they're usually 
typically female or typically male or in between in 70% of cases the karyotype is 46 XX 
or XY—the definition of true hermaphrodite is having both ovaries and testes.

Pseudohermaphrodite, 46, XY where they are responsible for they are XY XX 
individuals with characterstic of both sexes, male and fmeale gonadal tissues 
(ovotestes) male psuedohermaphrodite has 46 XY but seems female

If they're XX and they seem male, they're psuedohermaphrotidete feminine
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When a person finds out that they were always XY, sometimes there's a lot of pressure 
to remain the girl people thought they wre instead of the man they actually were made 
as. This is a really tough problem. There are a lot of people in Palestine with these 
problems, and sometimes they can't get into schools because they don't have 
documentation or papers for their gender. They need help. 

Integument

Skin comes from ectoderm and mesoderm. The mesoderm it comes from is 
mesenchyme—slightly more differentiated mesoderm, right under the ectoderm. 
Somatic mesoderm is doing this mesenchyme stuff. Mesenchyme is connective tissue. 
Ectoderm has a basal layer, and then over time it forms a periderm which looks kinda 
like a layer of simple squamous tissue. Then that periderm turns into a thick 
intermediate layer, like stratified spinous, and begins to form the spinous and graunlar 
layers of our skin, with the horny keratinized stuff on top.  Epidermis comes from 
ectoderm, dermis from mesoderm, and melanocytes from neural crests. 

Hair forms. You get the epidermis invaginating into the dermis. That's a hair bud. It the 
bottom of the hair bud, the dermis mesoderm will now invaginate into IT. That brings 
blood vessels and nervous terminals in by about 6 months. There's a dermal root 
sheath that forms around the epidermal hair shaft thing. 

Lanugo is the first hair that appears and gets shed at about the time of birth, replaced 
by coarser hair. 

Sebaceous glands are almost always associated with hair except around the head of 
the penis and the parts of the labia majora where hair doesn't grow. There they're by 
themselves. 

Sebaceous gland is an outgrowth of the pidermojs. It makes a little bud into the 
msesenchyme, develops a lumen, and then after that grows up through the epidermis to
make a pore out into the hair follicle. By the 20 weeks the fetus already has sweat 
glands.

Mammary glands are also ectoderm. We have the lactifery line that forms first. Thats 
from the armpit to the inguinal region and just barely to your inner thight—the mammary
line. Now the mammary gland itself only forms where it's supposed to. At 3 months you 
already have a mammary ridge going down from epidermis into the mesenchyme, and 
then at 8 months that ridge has become a bunch of lactiferous ducts and channels. 
Polythelia and polymastia happens when the mammary line stays, and you get nipples 
along it. We get epithelial pits normally along this mammary line, but only the correct 
ones are supposed to become a nipple by proliferating into underlying mesenchyme. 
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That's why a third nipple won't be between your breasts—you have a programmed 
mammary line that it forms along, so you would be more likely to get a nipple down on 
your inner THIGH than between your breasts. 

Bilateral polythelia is you have two nipples on each side. As you get older, you may get 
four breasts, two larger ones and two small ones below.

Fingernail filed starts to form as a fold in the ectoderm. It's distal as it forms, in the 
extreme edge of the finger, and then the finger grows to get under it. You get fingernails 
before toenails by about 4 weeks. Eponychium happens at the base of it.

Hyponichium is at the bottom, eponychium is above? The nail fold stays proximally. You 
have a cuticle there. Because the nail fold grew above the nail field—the nail plate took 
over the nail field to make the fingerneail. And it brought a nail fold with it? I think the 
nail fold is actually just the stuff around the fingernail field, which is soft and empty 
before your nail plate grows over it. Your fingertips reach your fingernails at about 32 
weeks, toenails at about 36 weeks. If the baby hasn't reached her fingertips yet she's 
probably premature. 

Ichthyosis or a Harlequin Fetus
This is bad, this is excessive keratinization. Very, very bad, the child looks really scary 
and has autosomal recessive problem that is ridged and cracked and awful skin that 
makes them have eyes bulging out that aren't eyes, awful red things. The poor child will 
die within the first week. They're all stiff.

Hypertrichosis and ichthyosis in older people is hypertrichosis is too much hair, 
ichthyosis is you have scaley, hyperkeratinized skin. 

Collodion baby is covered by a thick membrane (vernix caseosa) and that's normal. 
Babys are born with that and it may take them a litlte while to shed. They have 
epithelium and sebum and what they have on them is pretty cheese like. Some babies 
have too much, and you have to wait until they start getting rid of it more until they come
out of the mother, because otherwise the trauma could rip off their skin.

No hair, nails, and not much skin is ectodermal congenital dysplasia. The dentin of the 
teeth comes from neural crests, but the enamel comes from ameloblasts which are 
ectoderm, so a person with ECD will be having problems with teeth, too. They can't 
handle heat or anything. You get about 5 families in the whole world with this problem.

Angioma of the skin means you have too much extra blood and lymphatic vessels. 
Cystic hemangiomas. Vascular anomalies, cystic hemangiomas or cystic hygromas. 
These normally disappear. If they're too big, you may want to do surgery if they're not 
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going away. A lot of times they are just flat or pink or red blotches or bumps and things. 
This is the most common abnormality you'll find in your born baby. Hemangioma is 
bigger, always lateral or anterior or in the face or neck. Meningeal angoma is inside, 
near your trigenimanl nerve, and causes sturge-weber syndrome. Tht'at bad and needs 
to go. 

Atrichia is when you just don't have hair. You will often have less teeth or nails...

Gynecomastia—decreased testosterone t otestradiol ratio means smaller gonads. 
Athelia is you're missing a nipple. Anonychia—misisng nails
Inverted nipple—no mesoderm growth under the nipple. 

If you look at your palm you'll see an M. Many kids with DS don't have this.

Waardenburg Syndrome is pathces of white skin and stuff. Often these folks have eyes 
of different colors (cool!) the notcool is they're often deaf because the migration of 
neural crest cells didn't happen. Mutaitons in PAX3, WS1, and WS2

Patchy absence of hair pigment—piebaldism
Albinism
Vitiligo—loosing melanocytes because of autoimminute sidorders, patchy pitgment loss,
often comes with thryoid autoimmune problems.

Teeth 
Lamina dental forms first, that's a U-shaped bump behind the lips, early in the 6th week. 
Tooth buds from the dental laminae
Primordial dental lamina digs into the mesenchyme
Bud stage is 8 weeks, cap is 10 weeks.
Mesoderm enters from the bottom with odontoblasts and neural crest cellsi n the bell 
stage at 3 months. Odontoblasts make the dentina hacia afueara, so when the baby is 
born they've alrady formed teeth? Dentina
cavity pulpal
Before birth your teeth are inside and under skin. After a while the enamel will piecrece 
through the skin and that's going to be teething. It's frustrating for the child because the 
nerve endings feel cold and lots of heat and stuff....

Amelogenesis imperfecta is your enamel doesn't form, hypopllastic
Acessory cusp mens you get an extra bump on the top. Enamel perals means you get 
little ballso nthe tooth. Natal teeth is strange, when a baby is born with teeth. Sypthylis 
can cause the baby to have srwdrivershaped incisors. Vitamin D deficiency can mean 
enamal hypoplasia and rickets. 
Dentinogenesis imperfecta is autosomal dominant, chromosome 4q, more commin in 
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white hcildren wehre teeth are brown to gray-blue, badly calcified, enamel falls away, 
exposing dentin.  How to treat this? Probably implants or growths

Discolored teeth can happen when hemolysis from erythroblastosis fetaliss. 
Erythroblastosis fetalis happens when something activates RH factor. Hemolytic 
disease of newborns when teeth are blue or black. That’s because of tetracyclins, you 
can't give pregnant women tetracyclines not to pregnant women or children. In the first 
18 weeks of the life, almost 4 weeks, you can use tetracyclines but not after because 
that's when the teeth are forming. 

Musculoskeletal System

Let's go back to the sclerotomes.

Sclerotome cells form next to the notocord and the neural tube, just below the 
dermatomes. Sclerotomes begin to migrate medially to form bone around the neural 
tube. 

The notochord, which is under the neural tube, told the neural tube to form from floor up
and around. 

Endochondral bone formation—as soon as the epiphysis forms you're  done. You start 
with mesenchyme, chondroblasts, cartilage, and then in the middle of the sticks of 
cartilage you form osteoblasts which start pushing out from the middle, ossifying the 
bone. A secondary ossification center will form at the end plates. 

Intramembranosus bones never have cartilage like the long bones do. These are planar
bones like the bones in your skull. 

Epimere, hypomere...

Apical ectodermal ridge

In the 12th week you've already got fingers and stuff

We have little paws at 48 days that begin to divide into fingers via apoptosis by day 56.

Prune belly syndrome—the musculature of the abdomen isn't strong when the baby's 
born



Becoming Healers 576
Fetal membranes

The chorion, amnion, and allantois are called fetal membranes. At this point little 
embryo has mesoderm, blood vessels called lacunae which receive blood from the 
mother, a cytotrophoblast, and a syncitiotrophoblast. We kind of talked about this a little 
on page FIXAL, so review that, and now we're going to talk in more detail.

The amnion is the little layer around the bud of the forming embryo, everywhere except 
where the little embryo connects to the lacunae full of mother's blood. The allantois is 
the tiny extension of the digestive system, and forms at the posterior part of the yolk 
sac. It's endoderm. This goes straight into the mother, and she eliminates all the baby's 
waste, so we can find out a lot about the baby from her urine for this reason. You can 
find, for example, whether or not baby has surfactant. The chorion is the big 
extraembryonic cavity inside which the little amnion sac floats. We call the part of the 
chorion where the baby holds on the embryonic pole, which has more villi (more 
lacunae). The other side is the abembryonic pole, and its villi disappear bit by bit—it 
doesn't need a lot of blood flow. That part of the chorion becomes smooth chorion, or 
chorion laeve (think cleaned off, or lavar like in spanish), while the part with the baby is 
bushy and fluffy and full of blood-getting stuff. The smooth chorion's kind of equivalent 
to the waxy outside part of a butterfly egg, if that helps you visualize it at all.

In the full-term placenta, the blood changes out three or four times every minute as the 
mother's blood circulates.

In the fourth week the extrembryonic mesoderm starts entering the stem villi towards 
the decidual plate, and by the fourth month the baby's endoderm is in direct contact with
the syncytium through blood vessels. So in the 4th week, the villi are layered by 
syncytium, cytotrophoblast, connective tissue, and endothelium. By the 4th month two of 
these have disappeared an you've got only syncytium and endothelium. So the way the 
baby got its blood from the mom has changed from a kind of diffusion to a legit 
bloodflow.

The amniotic cavity eventually grows into the chorionic cavity and fills it, fusing with it at 
the end of the third month. The fluffy, rough chorion is responsible for the leafy, 
branched look of the placenta near where the baby attaches to her mother. Those leafy 
branches are called chorion frondosum, and they kind of penetrate into the part of the 
wall that's thickened to receive the baby. That thick part of the wall is called the decidua
basalis. The uterine cavity also disappears as the chorion laeve fuses with the decidua
parietalis (the wall of the pregnant endometrium). The amniotic fluid floating in the 
amnion ONLY comes from the baby—it either comes from her skin, or from amniocytes
—and that's why after 14th week, when the amnion's big enough for you to take 
samples, you can run tests to find about about the baby.
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Oligohydramnios—too little amniotic fluid—can mean problems in the kidney or lungs. 
Polyhydramnios—too much amniotic fluid—can mean the child isn't drinking in her liquid
like she's supposed to so it can pass to her mother through her blood, and so maybe 
she has esophagus problems or an unfinished gut tube. Anencephaly can also mean 
you'll have polyhydramnios. 
The normal amount of amniotic fluid is about 1000 mL.

Cotyledons are partially separated by the decidual (maternal) septa, intervillous space 
lined by syncytium. Cotyledons are bumps of placenta sticking into the decidua asalis. 
They are not chorion frondosum, which are the villi. They are kind of the things holding 
the villi.
The placenta is kind of patterned into mommy tissue-baby tissue-mommytissue -baby 
tissue, like you have decidua separating all the cotyledons, kind of invaginating into the 
baby's holding-plate. 

Moore pg. 128

In the baby, the umbilical vein brings oxygenated blood in from the mom, and the 
umbilical arteries send waste like carbon dioxide, water, urea, and bilirubin out to the 
mother. Unfortunately, drugs, carbon monoxide, alcohol, rubella and cytomegalovirus, 
and strontium-90 iron also enter through the umbilical vein. Thankfully most bacteria 
doesn't really enter through this barrier. Syphilis can enter, as can toxoplasma tondii 
toxin from cat parasites. Remember you've got the placental membrane, intervillious 
space, and fetal capillaries all before you really coalesce into the umbilical vein. Most 
proteins, hormones, and IgM immunoglobulins, as well as triglycerides, cholesterol, and 
phoshpolipids, curare, methyl-dopa, and heparin cannot cross the maternal-fetal blood 
barrier. 

Maternal antibodies against fetal blood cells can cause fetal hydrops, just like a 
complete thalassemia can. 

Dizygotic twins end up fusing placentas and chorions. In other animals, the two babies 
will share hormones, so a female will become infertile because of testosterone, but in 
humans we don't have this problem. Monozygotic twins can either be two different 
blastulas from the same original blastula, with their own amniotic cavities, or they can 
be two blastocysts inside the same chorionic cavity but they form their own amniotic 
cavity, or you can have the embryos form super close together in the same blastocyst 
cavity and they share an amniotic cavity. Sometimes that's a problem because you can 
get tangled up, or because they end up fusing too much and they become conjoined 
twins. However, it's important to understand that conjoined twins can live out very 
healthy and happy lives, and that both twins have different lives worth living—not just 
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the stronger child. There were cases in Britain a bit ago where both children could live 
conjoined, but doctors got court orders so that they could separate the children against 
the parents' wishes, killing the weaker child to provide better quality of life for the 
stronger child—even though BOTH children could have lived if they stayed conjoined. 
Please be aware that you have colleagues who may think this way, and respect the 
wishes and above all the lives of your patients. There are other cases of adult conjoined
twins who say freely they would not choose to be split if they could. 

During the first three weeks of life the embryo's growth is so powerful as she grows that 
she either totally ignores all insults, or they kill her: there are no in-between abnormal 
development. Between 3 and 8 weeks of age her organs are forming, so she's got her 
greatest risk of birth defects.

Cleft palate is twice as common in Caucasians as in African-Americans, and twice as 
common in persons of Asian descent as in Caucasians.

Cool story about why thalidomide wasn't approved in the US, sparing us the epidemic of
birth defects that hit other places in the world: 
http://guides.main.library.emory.edu/content.php?pid=156723&sid=1327606

The mature placental barrier has endothelial lining and fetal capillaries, has basement 
membrane of fetal capillaries, has a syncytiotrophoblast, but the cytotrophoblast 
disappears.

The basalis, parietalis, laeve, and frondosum are all the placenta. The capsularis is part 
of the decidua that disappears.
Alpha-fetoprotein tells you about neural tube defects 

Reduced production of adrogernic hormones and MIS makes you male 
pseudohermaphroditism or XY with ambiguous genitalia. The female is made by having 
more MIS.

At birth the white paste on the skin is the vernix caseous thing

Head, Neck, Pituitary and Pineal Glands Development

Neural crests are very important for head and neck development. They're very important
for the devlopment of head nad neck. If they don't migrate you have grave problems 
because the head will present with malformations of all types, muscular, skeletal, and 
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neural. They migrate specifically. The neural crests are divided into blocks. Nerves 5, 6, 
9, and 10 are related to the nerual crsts so you can get sensory nerves. In all the body, 
the neurons peripheral neurons develop from the neural crests. That includes the 
Schwann cells which produce peripheral myelin. 

So once the embryo starts to have cylindrical form, and she starts making her head, 
between 25 and 28 days you already have a big change in where the head is. The head
becomes 1/3 of the size of the body. The cuadal region is very small compared to the 
rest of the body, and by the fifth week the brain's really big so she can work on all her 
mental ability! Below the head you get pharyngeal arches forming. By 25 days you have
the 1st and 2nd, and later you get the other ones. These pharyngeal arches are also 
called brachial arches. These arches are sitting over top of the heart bulge. 

The first arch is two masses that form your upper and lower mandibles. Then you have 
three other arches below them. There isn't a fifth arch, but there is a sixth arch. 
Remember the fifth aortic arch, and how it didn't form? That's because we maintain 
comparative anatomy and we have ours defined differently than other creatures.

Between the arches you have pharyngeal clefts. Inside the arches you also have clefts. 
But they're not called clefts—clefts are external (ectoderm). Inside, those divisions are 
called pouches. Those are inside your mouth and lined up with the clefts, of course. You
could call the clefts grooves, too, but inside you can only call them pouches! 

The entrance inside the oropharyngeal membrane, behind it in the endoderm, is the 
stomodeum. That's her primitive mouth, and it's endoderm leading into the digestive 
tube with the pharynx. When the oropharyngeal membrane breaks she's got a mouth! 
From the teeth inside it's endoderm, but the inside of your cheeks just like the outside 
are ectoderm. The only ectoderm gland is your parotid gland. Salivary gland. That's 
because it's hanging out in your cheeks.

Openning to your parotid gland fold you can find in the upper part of your mouth if you 
feel around with your tongue, it kind of goes from pointing towards your ear to pointing 
towards your nose 

On the side of each pharyngela arch, 

If you look from the top at kind of a transverse cross section you can see how the 
pouches fold out, while the clefts fold in, so there's a thinning of the tissue. You've got a 
thick arch, then a thin tissue, then a thick arch, then a thin tissue. In the thick arch, 
you've got an artery, nerve, and little bit of cartilage (skeletal cartilage), and also muscle.
That nerve's a cranial nerve. The arch is made of mesoderm of the head, while the cleft 
is ectoderm and the pouch is endoderm. Down near the spinal cord you've got parietal 
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mesoderm. 

Above (anterior to) the first arch you can see the nasal placode which looks like a butt. 
The whole bump above the first arch is the frontonasal promence that is going to make 
the front of her face. This is above (anterior to) the stromodeum, which is between the 
right and left maxillary promnences.
First arch is maxilla and mandibula—the maxilla is a smaller prominence (because your 
upper jaw doesn't need to stick out so much. This has the trigenimal nerve's maxillary 
and mandibular divisions and the musclse for chewing. It makes the zygomatic bone, 
temporal bone, Mekcel's cartilage  and parts of ear bones in addition. Middle ear two 
bones: malleus and incus
Second arch is the hyoid and it holds the facial nerve. (makes stapes, styloid process, 
stylohyoid ligament, lessser horn, upper part of hyoid bone and the muscles for facial 
expressions. Reichert's cartilage here. Makes the stapes bone for the middle ear (looks 
like a horse stirrup)
Third has the glossopharyngeal nerve and the stylopharyngeus muscle and makes the 
gerater horn and lower part of the hyoid bone. 
Associate the fourth and sixth arches together, with the vagus nerve. You also get the 
superior layrngeal branch and recurrent laryngeal branch. The super is the fourth arch, 
the recurrent is the sixth. You get the levator palatine, cricothyroid, constrictors of 
pharynx, and instrinsic larynx muscles. Think of these in three packages: palantines, 
pharyngeal, and laryngeal. These guys also make all your missing cartilags: laryngeal 
cartilages (thyroid, cricoid, arytenoid which is your vocal cords holder, corniculate and 
cuneiform which are two little ones little squares that help with the entrance to your 
larynx—corniculate is like the horns of your arytenoid)

5, 6, 9, and 10. Trigeminal, facial, glossopharyngeal, and vagus. 5 has three branches: 
one goes forward 'cuz it's opthalmci, one goes maxillary (terminates infraorbitally 
because the superior one supraorbital is V-one) and one goes mandibular. 

You have other throat nerves, but they don't 

11 leaves the face through the jugular foramen with the 9 and 10. The two internal 
jugular veins start there. If there's a thrombosis there it'll affect those three nerves. 

To learn, Sort by nerves, bones, muscles, and cartilage, and then group and sort by 
contents of each arch. 

The only cleft that stays is the first. That's because it makes your texternal auditory 
meatus. The second arch grows down (caudally) and covers all the other outer clefts. 
For a bit you have a cervical sinus left, but that disappears too (that's down by clefts 
three and four). If it doesn't completely disappear it can become a cyst. Now the 
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pouches do kinda stay. The first makes the auditory tube (or pharyngeotympanic or 
eustachian tube; the distal tympanic cavity also formed by this), the second your 
palatine tonsils (but only what covers the tonsil, since the lymphatic tissue is what is 
actually inside the tonsil and gets there to finis the he palatine tonsils), the third your 
inferior parathyroid glands and thymus (dorsally the third pouch makes the inferior 
thyroid, while ventrally you get the thymus, which has to migrate a really long way! And 
while it does that it pulls the inferior parathyroid gland down. So you see how even 
though the third pouch is above, the parathyroid glands end up being inferior 
parathyroid glands because the thymus has to migrate SO far and it pulls them down), 
and the fourth another, superior parathyroid gland set and an ultimobranchial body 
(made by the ventral portion, which help to add to the thyroid—ultimobranchial body is 
part of the thyroid, where the glial cells and parafollicular cells of the thyroid come from).
Between the clefts and pouches there are membranes, which all disappear except the 
first one that becomes tympanic membrane. That seems super convenient and makes 
sense. Remember the membrane is mesoderm because it's between the ectoderm of 
the clefts and endoderm of the pouches. 

The gongue develops from the lateral lingual swelling in the first arch, the tuberculum 
impar fro mthe fircst arch, and then the back of the tongue forms from the copula 
hypobranchial from the second part, and that's the root of the tongue, while the 
epiglottal swelling is the epiglotis and stuff from the fourth arch. The second arch really 
disappears, tongue-wise, and makes a tiny blind foramen cecum but otherwise it 
disappears underneath the body of the tongue from the first arch. The ring of Waledeyer
and the other stuff comes from the back. The circumvallate papillae are the third arch. 
The foramen cecum isn't a real foramen, it's just a little pit. That's where the thyroid 
started to form and sink down to the throat. The tuberculum impar disappears under 
where the cleft in the middle of your tongue is. Before, it was like a flat plain between 
the two mountains of her lateral lingual swellings. But she loses it as the swellings joins.
Taste from the 7th is sweet, bitter, sour, etc. Taste from 
Ask about taste from the front , which taste isn't from the 7th cranial nerve? I know it's 
from 10, but what is it? Taste from the third part of the tongue, the back part, is from 9. 

Foramen cecum digs down and makes your thyroid (thyroglossal duct) and the 
thyroglossal duct eventually disappears to make the pyramidal lobe reaching up. Not 
everyone has the pyramidal lobe becauseit's really a disapparing remnant of the 
thryoglossal duct. So a cyst from the pryamidal lobe could be up in the foramen cecum 
under the tongue, up in the front near the hyoid bone, above it, or wahtever, or it could 
be down closer to the thyroid. But it has to be anterior.

Adenoid=pharyngeal tonsils

Eye
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Langman's 2012: 329-338

Otic vesicle and optic vesicle: different dots that appear on the embryo. The optic dot is 
in the most caudal part, right where the little mouth-fold-membrane is, just above that. 
The otic fold is where it looks like the baby's neck should be. Optic groves start forming 
continous with the wall of the forebrain, before the neural tube closes. The neural tube 
does kind of an extra pair of invaginations, and when the tube closes it leaves little optic
vesicles, which look like mickey-mouse ears off of the tube's mickey-mouse head 
(upside down mickey-mouse). Where the optic vesicles meet the ectoderm you have 
the lens placode. If you take away the vesicle the lens won't form. The lens starts to 
invaginate f rom the outside and push in to the optic vesicles. 

The lens invaginates in, and at first it's a pit, but then it pinches off and the pit closes 
and there's just ectoderm lens inside the eye. The anterior lens epithelium is the front 
part of the lens vesicle that's made. Basically there's this bubble made.

The optic stalk reaches around and makes a big ball around the lens (the big white part 
that's the back of your eyeball forms in here). The optic stalk has a lument, the 
intraretinal spcae. The intraretrinal space looks like a thing trying to grab the lens. That 
space divides the optic stalk, which looks like it's grabbing the eye, into two main layers.
Pigmental epithelium is formed by the external layer, the thin layer on the outside of the 
intraretinal space. The internal layer, the thicker layer, will form some functional retina. 
The inner layer will make like ten layers. That space will disappear. The top of the layer 
will be cones and rods. If that loses blood when it's forming you will be blind. 10 layer is 
pigment 

Mitosis happens in the equator of the lens.
The nuclei disappear, but the plasmatic membrane stays there.

In the middle of the optic stalk is the optic nerve.
There's a hyaloid artery piercing the optic nerve. It is feeding these forming areas with 
blood. But then it disappears. You get a central retinal artery instead which pierces the 
optic nerve. It comes from the ophthalmic artery. The distal part, the hyaloid vessel, is 
gone. Sometimes we see little dark points when we loook, and that oculd be remnants 
of the hyaloid vessel. If they stay too big and too much it can hurt our vision. There's a 
neural epithelium covering the lens-facing area of the optic stock's formation. 

The pars optica retina layers are some of the layers from the internal layer of the optic 
stalk.
layer of rods and cones, outer nuclear layer making nculei of rods and cones, inner 
nuclear layer, and then axons down in the gnaglion cell layer.
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Axons of the ganglia are what form the optic nerve. Those axons extend to later the 
geniculate body through the tract. The lateral axons don't cross, the medial ones do.

The iris and ciliary body 
In the optic stalk layer thing we mentioned, there's a fifth anterior fifgth portion that isn't 
neural. The back part is all covered by the endothelium and by nerves, but the front part
just forms the iris and sphincter pupillae
Neural crests make ciliary bodies
The anterior part of the iris is forming the cornea. That part is mesenchyme. The 
mesenchyme will make two layers: the sclera and the choroid. The hcoroid's external 
white part is the sclera, pure collagen, while the choroid is the back part of the eye 
giving blood. The mesenchyme that is in front of the optic layer cup thing is what gives 
the contirubtion of the cornea 
So that mesenchyme that is in front of the lens and the optic layer cup thing will form the
iridopupillary membrane, which will form a little cavity, athe anterior chamber of your 
eye. An epithelium forms the iridopupillary membrane, and then in front of that is the 
cornea around the anterior chamber. Substanca propia of the cornia is epithelium that is
most front. It is endothelium. The oly endothelium we have outside of our blood vessels 
is in the front chamber of the eye the anterior chamber that will be filled with aqueous 
humor that is produced tin the ciliary processes of the ciliary body. So in that space 
between the lens and the optic cup there's a posterior chamber, behind the optic talk 
space cup thing. So the optic talk that grabbed the lens divides aqueous humor into two 
spaces: into the anterior chamber and the posterior chamber. The posterior chamber is 
“closer” to the lens. If the aqueous goop doesn't get reabosrbed all the time you get 
glaucoma. So the cornea has two layers. Endothelium, substancia propia of the cornia, 
and epithelium of the cornea. 
Substancia propia is continuous with the sclera, it's like the front part of the sclera.

The whole eye is still imbedded in the head under an outer layer of ectoderm and stuff.

When the tube forms, we have only one visual field. The notocord forms one front eye-
field at the very beginning, at three weeks, when the embryo is kind of worm-shaped. 
SHH induces the eyefield to form with PAX6 (which makes them differentiate). SHH 
starts making the two eye fields split and spread in two. Transforming growth factor and 
fibroblast growth factor—FGF forms from the side and tells the optic vesicles to connect
with the lens. PAX6 establishes the eye field. FGFs promote diferentiation of neural 
retina nad come from the surface ectoderm in the lens forming region. TGFs from the 
mesenchyme make the pigmented retina differentiat, or transform. CHX10 and MITE 
help you keep differentiating. But remember without SHH you will have that 
holoprosencephaly thing, because it won't make the eyefields split.

If the iridopupillary membrane doesn't disappear there will be like spider-webs over the 
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persons eye.

If the iris doesn't form all the way you can have coloboma iris where there's like a pupil 
stripe, a black stripe in the eye out to the iris.

Synpthlamia or cyclopia is where eyes are fused because midline structures don't let the
eyefield separate.

Glaucoma happens when rubella virus. That's congenital. You can also have bilateral 
congenital cataracs fro mteratogenic rubella virus.

Some patients don't have irises, aniridia, which happens when mutations of PAX6. You 
see straight into the retina, and the eyes look kind of red in the light and empty.

Ptosis is when the eyelid keeps falling and won't open up. You have to use the frontalis 
muscle of your forehead to open your eyelids, because the levator palpebrae superioris 
didn't form. Unilateral ptosis is from horner's or something like that.

Ear

The pouch forms the pharyngotympanic tube. Distally the pouch forms the tympanic 
cavity. That cavity is made of endoderm. So the tympanic membrane is endoderm inside
on the inner layer. Ectoderm, endoderm, and in the middle mesoderm. That's the middle
of the tempanic membrane comes from chorda timpani which is mesoderm. The 
dermasillo or handle of the malleus is also inside the tympanic membrane. Those are 
structures that are closed in by the membrane. So we see mesoderm also in the little 
bones. We see mesoderm outside the inner ear, on the periphery, too, which makes the 
latarintho osseo which comes from mesoderm; the latharinthio membranous is 
ectoderm. So the receptors of the internal ear and in the cristae ampulla and maculas 
and organ of Corti are all ectoderm. 

Outer ear is ectoderm, and the inner ear has some too. Ther'es only endoderm in the 
tympanic cavity and the pharyngiotympanic/auditory tube that connects the tympanic 
cavity with the pharynx. Mesoderm is in the tympanic membrane's middle, in the bones 
of the middle ear, and in the labarynth osseus of the inner ear.

The otic pit invaginates from the outside and then becomes an otic vesicle, bubbling into
itself inside the side of the head. That's going toform part of the inner ear. The otic 
vesicle then begins to take shape. Ventrally it becomes two spaces, the utricular portion 
and the saccular portion most ventral. Most dorsal it has the endolymphatic sac. The 
saccular and utricular portion will fill with endolymph. The endolymphatic sac is where 
the endolymph gets reabsorbed. That liquid probably passes but we don't know into the 
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cerebralspinal fluid. That endolymph is made all the time and it needs to be reabsorbed 
all the time. It is produced in what is called the striavascularis. The striavascularis is the 
only epithelium of the body that has vessels (normally the epithelium feeds off of 
connective tissue and its vessels, no blood vessels in epithelium). 

The pit keeps developing and the utriculo and the saccule start to really divide even 
more so the whole thing looks like a clover leaf missing one leaf, and there's a thin duct 
between the utriculosaccular duct. But over time the saccule starts to spiral into a 
cochlear duct. It begins to stretch, the union between the saccule and the cochlear duct,
and that union becomes a duct called the ductus reuniens. I think the utricle disappears.

Down in the cochlear duct there's cartilage all around. When you looked at the 
development of the skull you were taught that the base of the skull is chondrocranial, 
cartilage, while the top or crown of the head is intramembranous bones. Things that are 
the floor of the skull are much harder, harder things needs to develop as chondrocytes 
first, less protective stuff (like intramembranous bones, which have to leave room for 
brain andhead growh) doesn't start that way
In the cartilage around the cochlear duct the cartilage starts to split. A modiolus 
appears, a division between the two cartilages, just next to the cochlear duct. The 
modiolus is a spiral of bone that helps the cochlear duct form the organ of Corti. That's 
the sensorial part of audition. So in the coclear duct you will form Corti's organ which is 
forming over a membrane called the basilar membrane which is inferior to Corti's organ.
In the middle of the coclear duct is a tectorial membrane right where the organ of corti is
forming. It is in the Corti Organ. It is really more of a gel than a membrane. It's important
in balance, in movement and acceleration, and in hearing. The cells that are at the top 
of the cholear duct, most superior, will form the vestibular membrane. 

The modiolus separates the scala tympani and the scala vestibuli. Between the basilar 
membrane and the vestibular membrane is endolymph, while in the osseo labarynth of 
the scala vestibuli and scala tympani you have perilymph. The membraneous labyrinth 
is between the vestibular membrane and basilar membrane. 

Two and a half spirals

The bones in the center is the modiolus and that's basically the bone in the center of the
spirals, but it has the spiral osseus lamina in it but it's the modiolus. The basilar 
membrane is between the modiolus and the coclear duct. Ther'es a spiral ligament on 
the opposite side from the modiolus. In the modiolus there is spiral ganglion. These are 
afferent sensory nerves. They have a bipolar form. The bipolar neurons are only in the 
eyes, the olfactory system, and the ears. The central processes of the spinal nerves 
form the cochlear nerve. They terminate in the brain stem making synapses with the 
coclear something or other. The coclear nerve is called the vestibulococlear nerve and it
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has pieces that are bipolar and go to the balance in the vestibule. This is for movement 
and head position. 

The semicircular canals form from the utricle. It starts to flatten and have outpocketings,
and then the middles of the outpocketings start to apoptosie leaving these big 
semicircular canals. The semicircular duct has lymph. It is inside the semicircular 
canals. Canals are the bone part, the duct is the most inside part, but most people use 
that interchangably. But the duct is the sensorial part while the canal has endolymph in 
it and that's it. This is all the membranous labyrinth. You have anterior, posterior, and 
horizontal canals/ducts. The anterior is also called superior, and the horizontal also 
called lateral. Every canal has an ampullae where it connects with the utricle. 
Remember that's a widening of the canal. In the ampullae each one has a little cristae 
ampullae, where there's a bunch of gel. In the base of that little cup of gel you have hair 
cels. If the gel moves, the little hair cells or steriocilia move.

You also have a macula, a sacullar and a utricular one. In these macula you also have 
gel. But they are planar while the crista are crests of gel. In the gel of the macula you 
have little Calcium Carbonate rocks called otoliths or otochonea. The macula are 
perpendicular to each other. The rocks pull at the gelatin because of inertia and that can
make the stereocilia pull. Taht's for sensing acceleration and deceleration. So the crista 
are for angular movements of the head, while the rocks in the mcula are for acceleration
and deceleration.

The first pharyngeal cleft and the first pouch (which is the tubotympanic recess or the 
pharyngotympanic canal) start to join each other. The external auditory meatus at first 
isn't connected to the auditory tube. There's a mass that forms at the head of the 
uaditory tube which is a mesenchymal condensation which makes three little bones. 
The third bone, the Stapes, comes from cartilage of the second arch, while the first two 
come fomr the first arch. The muscle around the Stapes is innervated by number 7 
while the other two hae different innervation. So if you have a lesion in your facial canal 
you will have hyperaccusis because the facial nerve is affected. If you're affected in the 
internal meatus everything will be affected, but if you're affected elsewhere in the facial 
canal the stapedial muscle won't be holding the stapes in tension and the bone will 
vibrate way too much. The tensor of the timpani also holds back the martillo hammer 
bone the malleus. You won't lose taste or lacrimation or sensation if you're affected in 
the facial canal. No loss of secretions because two ganglions, the sphenopalatine and 
the submandibular. The submandibular is affected in the facial canal and the chordia 
tympanic and the stapedial and some facial expressions. You won't lose nasal but you 
might still lose lower bottom of face secretions. The greater petrossal leaves the facial 
from the geniculate ganglion. 

Greater palatine and lesser palatine innervate the glands on the roof of the mouth
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Perilymph is in the osseus labyrinth all around the semicircular ducts which live in the 
semicircular canals. The osseus labyrinth is heavier and more dense than other bones.

Two windows, a round window and an oval window. The oval window is where the base 
of the stapes is. The round window is further down nearer to the cochlear duct. Both of 
these areas open into the tympanic cavity. So there's another duct, too, the cochlear 
aqueduct that comes off of the duct of the cochlea but Dr. Fernandez says he's never 
seen it—supposedly that aqueduct helps the perilymph gtet out. He says the 
endolymphatic sac does just fine taking the liquid out. If you have high endolymph 
pressure you get tinnitus. 

You could also have microtia or pits and tags where things don't form fully like they're 
supposed to. This happens when the first and second pharyngeal arches don't close up 
like they're supposed to.

You can also have no external acoustic meatus when apoptosis doesn't work. But the 
baby will have normal middle and internal ear, so you can just open the canal with 
surgery and it's fine. Fistulas happen 

2nd arch makes the stylopharyngeal muscle. 

You've got specialized muscles in your head that originate in your pharynx. What I mean
by that is they're not normal somatic muscles that migrate from muscular somites during
embryo, but muscles that originate from special tissue in your throat (embryology pg. 
FIXAL).

First pharyngeal arch makes mandible, malleus, incus,--basically all the face bones, 
squamous temporal, temporal, palatien bone, vomer, so problems here are neural crest 
migration problems of first pharynegal arch. Manidbulofacial dysostosis (treacher-collins
syndrome) (also makes MATT and muscles of mastication)

Second arch is stapes, styloid process, upper body and lesser horns of hyoid bone (so 
lower stuff) (facial expression muscles, stylohyoid, digastric post., and stapedius)

Thir arch is hyoid bone's loewr body and greater horns. Stylopharyngeus muscle

Fourth arch is soft tissue stuff—soft palate, muscles of the pharynx, (not 
stylopharyngeus) and cricothyroid
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Fifth arch doesn't exist

sixth arch—intrinsic larynx muscles, upper esophagus skeletal muscle

Pouches

first pouch makes tubotympanic recess and tympanic cavity and eustachian tube

second pouch makes tonsillar fossa, palatine tonsil surface epithelium, lymphatic tissue

third pouch makes thymus and inferior parathyroid glands
fourth pouch makes superior parathyroid glands and ultimobrachial boddy (parafollicular
cells of thyroid gland)

Bone stuff for your head: If you close your sphenoparietal suture too soon you can get a
boat-shaped skull (scaphocephaly); if you close your lambdoid suture too soon you 
could get a twisted and asymmetric head (plagiocephaly). If you close the sagittal suture
too early you will get a long and narrow cranium. If you close your sphenosquamous 
suture on the side of the skull you will also geta boat-shaped skull. Because it is near 
the pterion.

Coloboma of iris—keyhole, iris in pupillary margin, etc etc

Brachial cysts remains of second pharyngeal cleft
end embryology
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Chapter 7: Biochemistry

In the water of your cells right now you've got 10 thousand simultaneous reactions going
on. What a jungle--a glorious primordial soup of being--you run! Let's dive into this 
aqueous miniverse, armed first of all with the memory that:

pH=-log(H+)

Ka, the dissociation constant of an acid, is [H+] times [A]
                                                                               [HA]

Ka means how many dissociated ions you get, and [H+] is your concentration of 
hydrogen molecules. Water's Ka is 1*10^(-14), which if you solve for [H+], means you 
have 1*10^(-7) little hydrogens running around, and if you plug that H+ into the pH 
equation and solve for pH, you get 7. 7. That's pretty much neutral pH. 

An acid will have a higher Ka than water, a base will have a lower Ka than water. Ish--
you can have a Ka like water and still be a weak base. Biological acids don't really have 
very high Kas anyway because we don't need strong acids and bases all dissolving our 
tissues. We're delicate, precise little things.

pKa=-log(Ka)

pKa is a convenient, easy way to describe the dissociation constant. How is this related 
to pH? Well, 

pH=pKa + log ([A-]/[HA]). <<This red ratio is what you're usually solving for

This can help you figure out what concentration of something will be dissociated at a 
certain point (you may remember it was super useful in titrations back in general 
chemistry). Usually, you'll run Henderson-Hasselbach (this equation) to solve for the 
ratio of protonated acid to de-protonated acid. (A- over HA) So, if you know the pH 
of the solution and pKa of the amino acid (each amino acid has at least 2, so make sure
you know whether it's pKa of NH3+ or of COO-), you could plug those in until you get 
the ratio on one side. Then you know how much COOH (HA) there is in the solution 
compared to COO- (A-), or how much NH3+ (HA) there is compared to just NH2 (A-)--
again, depending on which pKa you're using (like I said, amino acids each have 2, one 
for the NH3+ group and one for the COO-, and basic and acidic amino acids will have 
an extra pKA!).

A lot of your body's chemicals are buffers--weak acids and their conjugate bases which 
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cause your solutions to resist changes in pH. Buffers (amortiguadores in Spanish, 
awesome word = P) work best when they're at a pH that's within one unit of their 
pKa, and when they're at high concentrations. So acetic acid, which is a buffer with 
pKa of 4.0, isn't a good biological buffer: it works between pH of 3.0 and 5.0, and that's 
not anywhere near the pH in your body. Your enzymes are quite pH sensitive, and the 
majority of your reactions happen between pHs of 7.37 and 7.44 units. Hemoglobin's 
actually a buffer: its basic amino acid histidine combines with hydrogen ions 
(protonating the hemoglobin) and keeps extra acidic protons from damaging your 
tissues. My professor says histidine is the only amino acid that serves as a buffer like 
that, and it's because of histidine's extra NH--which is super-eager to snap up a proton 
using its free electron pair. It's got a pKa of 6.8 (so a working range of 5.8 to 7.8, see?). 
This works with mechanisms in the kidneys that excrete the protons (now added to NH3
groups to make NH4+, or urea) through your acidic pee.

Bicarbonate is also a buffer. The CO2 in your blood reacts with water under the 
catalysis of carbonic anhydrase, which creates H2CO3, or carbonic acid. Carbonic 
acid's conjugate base, bicarbonate, cancels out the H+ in your blood when you have 
acidosis. So if you have metabolic acidosis--and there's too much acid in your blood 
because of your kidneys not secreting enough bicarbonate--you need less of this 
carbonic acid. Your body realizes this and starts expelling CO2 as fast as it can--
hyperventilating and making very deep breaths--to fix that. When you have metabolic 
alkalosis, you don't have enough CO2 in your blood (not enough acid) and you have 
too much bicarbonate, so you take slow, shallow breaths to keep CO2 in--or you just 
limit your breathing. To put it another way, deep hyperventilating creates respiratory 
alkalosis--it makes you more basic--so that's how you solve acidosis. Shallow 
breaths--or no breaths--create acidosis (with too much CO2 in your blood), and that's
how you solve alkalosis. 

You know when people breathe into a paper bag? Why do they do that? Well, if you're 
freaking out, and your freaking out is making you hyperventilate, you are creating 
respiratory alkalosis. You're getting all the CO2 out of your blood (and you aren't getting 
a lot of oxygen back to compensate anyway). Not cool! So to stop you, people give you 
a bag basically of CO2. You're breathing your CO2 back in and out, and that acidifies 
your blood while you calm down so you don't faint. But on the other hand, if you were to 
just walk around breathing into that bag all the time, you'd faint--not just from lack of 
oxygen, but from the respiratory acidosis you'd create.

Got it? Good, because this took me forever to sort out in my head. 

Amino Acids
Amino acids are your friends. They make up all the proteins in your body, and they're 
not that hard to learn, I promise! Here's how I remember their structure and types--take 



Becoming Healers 591

whatever works for you, discard what doesn't.

I remember polar amino acids as "some times there are good cookies" because polar 
bears like cookies, just like in that ice cream cookie, or "serine, tyrosine, threonine, 
asparagine, glutamine, cysteine." Asparagine (not aspartate, alanine, or arginine, which 
also begin with A) is polar because after eating all those cookies the polar bear needs 
some asparagus.

The non-polar ones are glycine, alanine, valine, leucine, isoleucine, methionine, 
proline, phenylalanine, and tryptophan. Great Aunt Valerie Loves Icing My Purple PanTs
(or panties o_O), which is totally inappropriate! And nonpolar is nonproper, as in 
improper and not appropriate. That's how I remember the mnemonic to remember the 
AAs. Remember leucine is nonpolar because a "loose" woman or man is generally a 
"not-proper" person. This also helps to remember the structure--leucine is similar to 
valine, but the two methyl groups are "looser" on the chain than in valine, because of 
that additional methyl group. (Valine, by the way, is easy to draw because it's two methyl
groups look a V) Tryptophan is also not-proper or non-polar because it sounds like "sh**
the fan." (This is ridiculous I know, but it works for me) Also, you can remember that 
tryptophan's abbreviation is W because Twiptophan. Say it out loud and you'll 
understand.

Just remember, your basic needs are How Living is Achieved, and your basic amino 
acids are histidine, lysine, arginine. 

Acidic is acED (pronounced acid), or glutamic acid (E) and aspartic acid (D). That's 
using their symbols, which are weird as heck. Why is glutamic E??? And do you see a D
in aspartic? That frustrates me so much! Gah! And gah is the other way to remember 
the acids. GAH--Glutamic acid, Aspartic acid, Have-weird-abbreviations-and-it-
frustrates-me.

Other annoying abbreviations include Q for Glutamine, N for Asparagine, K for Lysine, 
and W for Tryptophan. The others all make sense, so I just brute memorize these.

It helps to remember similar structures together. 
 Asparagine and glutamine, both polar, have similar structure. Glutamine has one 

more C before the carbonyl group. (GlutaMine has More?) 
 Similarly, cysteine and methionine have chains of sulfur, but methionine 

terminates with a methyl group, and has one more C before the sulfur than 
cysteine does. Methionine, in this case, has More. 

 Serine and threonine both have OH on their beta carbon (the one next to the one
in the middle), but threonine has a methyl attached to that beta carbon, too. You 
can remember this because threonine has Three carbons besides the 



Becoming Healers 592
carboxylate group. 

 Glutamic acid and Aspartic acid, like glutamine and aspargine, end with a kind of 
carbonyl--but they end in carboxylic acids instead of a carbonyl and an NH2. 
They're exactly analogous, though--glutaMic acid, like glutaMine, has one More 
CH2. 

 Finally, tyrosine is just like phenylalanine, but with an OH attached. This is a 
weird way to remember it, but Phenylalanine is Phree from that electronegative 
oxygen, while Tyrosine has that mean Tyrant of an electron-greedy oxygen 
attached.

I have kind of a lame way to remember arginine, but I'm going to share it anyway. The 
structure really annoys me, so I remember that and remember if it makes me go ARGH 
it must be arginine. That doesn't help me draw it, but I can sure recognize it.

The essential amino acids--the ones you have to eat, because your body doesn't 
synthesize them--are MILK WiTH Veggies and Fruits, says Deja Review Biochem. 
Methionine, Isoleucine, Leucine, K--Lysine, W--Tryptophan, T--threonine, Histidine, 
Valine, F--Phenylalanine.

Some more specific amino acid facts you should know:

 Tryptophan absorbs a maximum wavelength of 280 nm because it's an indole. A 
lot of pretty aromatic groups have special properties that have to do with light 
like that. Tyrosine also absorbs at that frequency. These are very fluorescent 
molecules. Phenylalanine is a bit fluorescent, too.

 Lysine has an epsilon amino group--that's in addition to the alpha amino group 
on all the amino acids and that's going to specially affect its chemistry.

 Proline looks like a Praline and it's a Pentagon. Because it's cyclic, it's 
technically actually an Imino acid, not an Amino acid. This cool geometry helps 
collagen form and interrupts the fancy DNA-like alpha helices found in globular 
proteins.

 I've seen debates both online and in reputable texts about whether or not 
methionine is polar or nonpolar. I've grouped it here according to my college 
organic chemistry course, but honestly knowing the specific chemistry associated
with it--and understanding WHY there's a polarity question surrounding it--is 
much more useful than just blankly memorizing, so if you're nerdy I encourage 
you to google that or buy more textbooks, whichever's cheaper. My med school 
has methionine grouped opposite to how I've grouped it here (so they call 
methionine polar)

 Glycine is the only amino acid that's not chiral and doesn't have two unique 
stereoisomers. This is a big deal! All other amino acid formations are split into L 
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and R, left-handed and right-handed stereoisomers, and all of life only uses left-
handed amino acids. That's why the "Life in a Test Tube" experiment a few years 
back actually wasn't everything the reporters made it out to be: the experimenters
generated, in a very controlled environment, only right-handed amino acids. Their
extremely-controlled and precisely authored simulation of an early atmosphere 
could not generate life on its own. You can remember this by remembering that 
Life requires Left.

Deprotonation and protonation of amino acids: Isoelectric Point

Each amino acid has:
 a state at which it will have everything protonated, forming COOH and 

NH3+;
 a state at which you have two charges present, forming a zwitterion: COO-

and NH3+;
 a state at which everything has a net negative charge, as in COO- and 

NH2.

The isoelectric point (pI) of an amino acid is the pH at which the molecule's net 
charge is 0. That's the zwitterion state. This pI depends on the pKa of the COOH and 
the pKa of the amino group. Alanine, for example, has a pKa of 2.0 for its carboxylic 
group, and a pKa of 9.0 for the amino group. My teacher has us simply add the two 
pKas and divide them by 2 to get the pI. For alanine the isoelectric point is the pKa of
the COOH plus the pKa of the NH3, divided by 2. That's 2 plus 9, divided by 2, or 5.5. 
Isoelectric points vary a lot depending on the amino acid. If pI's above 7, you know 
you're dealing with a basic amino acid (it becomes neutral at pretty basic pHs!). 
Something with an isoelectric point below 4, like the 2.9 of aspartic acid, is acidic.

In general, you want to remember the pHs of 2 and 9. As pH goes up, an amino acid 
will generally lose its first proton, from the carbonyl, at around 2, and then its second, 
the NH3+ proton, around 9. A basic amino acid will lose its last proton around or beyond
11, while an acidic amino acid will lose a extra proton between 1 and 4.

So let's walk through an example. For acidic aspartate at pKa of 2 you have a net 
charge of +1, with everything protonated including the amino group. Then you switch to 
the isoelectric point and lose a hydrogen, so net charge is 0 with -1 on the carboxylic 
and a +1 on the NH3+. Then at pKa of 3.8 you lose another hydrogen, making a net 
charge of -1 where both carboxylic acids are deprotonated but the amino is still an 
NH3+. Then at pKa of 9 you lose that amino H for a net charge of -2, where everything 
is deprotonated. (Draw these out while I'm saying them to make more sense) The pI is 
(2 +3.8)/2 or 2.9. That's taking the two closest values and dividing them by two. If you 
think about it, that makes sense: the AA is most comfortable giving stuff away and 
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gaining struff near its pI, where it hangs out most in zwitter form, since to get there you 
have to lose and gain two Hs, one gained at COO- and one lost at NH3. That is not 
really the most rigid scientific explanation, but it's logical enough that I remember it. So 
to find the pI of something with 3 pkAs, add the two closest pKas and divide by 2.

Here's the titration curve for aspartic acid.

     9.0

    3.8
pH
      2.0

                         [OH-]

The different points at which the amino acid protonates--the different pKas--are the 
buffer regions on the titration curve for that amino acid, in this case aspartic 
acid/aspartate. If it's got three bumps, the titration curve must belong to aspartic acid or 
glutamic acid. Experimentally, when you run this titration, it's hard to find that middle 
bump--the 3.8 and 2.0 end up being so close that you don't see it--but in theory and on 
your tests you'll see three bumps.

So this titration curve can tell us a lot about aspartic acid, actually. This tells us aspartic 
acid's formula at various points, because we know at what points it changes (at its 
pKas). This also tells us when aspartic acid is a good buffer--the times when it maintains
constant pH, or the relatively flat portions of the curve. At those points, aspartic acid is 
reactive enough to change its form and take on or give up an H. So given what we know
about buffers, would aspartic acid be a good biological buffer? pH of the body is about
7.4. From this curve we can see aspartic acid will work as a buffer (have a flat or 
buffering region) from 1.0 to 3.0, from 2.8 to 4.8, and from 8.0 to 10.0. Why? Because 
amino acids generally buffer best within 1 pH point of their pKa. So aspartic acid is not a
good biological buffer. Unless your biology works at pH 9 or something, in which case 
you're not a human. That's cool, too, bro. 

So we have to know how to think about pH and pI for practice problems. From what 
we've learned we can figure out intuitively that:

 If the pH of the medium is lower than the amino acid's pI, we've got lots of 
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hydrogens relative to the AA, and the amino acid will be positive.
 If the pH is greater than the amino acid's pI, we have not many hydrogens 

relative to the AA, and in this hydrogen scarcity the amino acid will have a 
negative charge.

 If the pH equals the pI, the amino acid's charge will be 0.

So suppose we have a solution of pH 5.5, and we put it in a battery with an anode and 
cathode.34 We have three amino acids in the solution. 

Leucine: pI 5.5
Lysine: pI 9.5
Aspartate: pI 2.9

Where would they line up with respect to the positive and negative ends of the battery?

Aspartate will be negative and attracted to the anode, because its pI is lower than the 
pH, which means there aren't enough hydrogens to protonate it. Leucine will hang out in
the middle because its pI equals the pH, and it's a charge-free zwitterion there. Lysine 
will be positively charged and attracted to the cathode, because at the pH 5.5, you're 
lower than lysine's pI of 9.5, and that means you've got plenty enough hydrogens to 
protonate lysine and make it positive.

Protein Structure and Folding

When a protein folds, it's looking for the most stable conformation--low energy, with the 
overall entropy of the universe increased. It helps form hydrogen bonds which release 
energy into the medium, leaving the protein at a lower energy state and the universe at 
an increased entropic state.

Dr. Santiago wants me to think of hydrogen bonds in terms of energy. More hydrogen 
bonds means more comfortable formation--lower energy, higher entropy--which 
makes non-polar/polar interactions very uncomfortable. If you force molecules of water 
to interact with a hydrophobic molecule, you're keeping them from forming their 
maximum hydrogen bonds together--polar water loves to form hydrogen bonds with 
itself--and keeping the entropy of the system low. The universe hates that.

That hydrophobic effect controls how proteins fold. They're closing up, pulling 
hydrophobic parts away from the water, so the water can make hydrogen bonds with 
itself and the entropy of the system can remain high. The hydrophilic amino acids stay 
out and make bonds with the water. Got it? As proteins, we want to maximize hydrogen 
34 Remember cathode is positive, because it's where the cations want to go. You can blame Edison for this 

ridiculous backwards convention.
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bonding, both in the water, and intra-peptide (with the peptide itself).

Proteins can be:
 Complex, with an apoprotein and prosthetic group

◦ Apoprotein is the protein itself
◦ Prosthetic group is a non-protein bound to the protein
◦ These can sometimes dissociate depending on the group
◦ Lipoproteins, glycoproteins, phosphoproteins are all complex proteins, 

where the lipid, carbohydrate, and phosphate are the respective 
prosthetic groups

◦ These are also called "conjugated"
 Globular or Fibrous

◦ Globular are symmetric-ish, tight and compact, water/salt soluble, like 
myoglobin, hemoglobin, etc. 

◦ Fibrous are asymmetric fibers that don't dissolve in water or dilute 
salts, very resistant to proteolytic enzymes: tough proteins like elastin, 
fibrin, keratin, etc etc. These are your structural, extracellular proteins

Pause to Gush--Skip this if you're busy

Okay, Imma let you finish, but Lippincott's Biochem makes the best point of all time: 
wow, protein structure is so diverse! From the tough protein collagen in bone to the 
flexible, reactive, oxygen-shuttling protein hemoglobin, in every cell of your body you've 
got thousands of proteins acting completely different from one another. It's incredible 
how from only 20 amino acids we can get so many millions of different useful and 
essential substances that make the mammalian world around us awesome. God did an 
awesome job. (Even if you don't believe that, you can definitely dig these molecules.) 
Here's the best part: there are over 300 AA in nature, but we've got only 20. It's like from
only a few quality tools, if they're used well, almost anything can happen. Can you 
imagine the wild diversity if it was possible to use all 300 AAs in us? (Speculative 
science fiction for the win!)

Okay, back to how your body uses its tools. You've got four levels of protein structure: 
primary, secondary, tertiary, and quaternary.

Primary--Theoretically, in a very simplified way, primary structure comes from your 
genes. Your ribosomes assemble proteins with a string of amino acids all peptide-
bonded together, and the order of that string is primary structure. There's some genetic 
regulation and protein editing that happens beyond just the transcription/translation 
DNA/RNA/ribosome process, so this is oversimplified, but primary structure--the 
order of the string--comes from your genes.
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Remember, proteins come from transcription and translation. Transcription is when your
cells copy DNA into messenger RNA, which then travel outside the nucleus into the 
cytosol to take that message to the ribosomes. The tRNA on the ribosomes then 
translate the DNA into protein. This translation is done via a "redundant" code: there are
60 codons, or strings of 3 nucleotide bases, that encode the 20 amino acids. We've got 
several codons for each amino acid--several sequences that mean "put Glycine here," 
for example--so when you translate genetic code into a protein you're less likely to end 
up with the wrong AA even if there's a small error in one of the codons. This 
redundancy occurs only in translation: in transcription from DNA to RNA, there's a 1 to 
1 relationship between the RNA nucleotides produced and the DNA nucleotides that 
code them. 

There's one more kind of RNA, called micro RNA (miRNA), which regulates your 
translation. These are single-stranded RNA made in the cytoplasm from pre-miRNA. An 
enzyme dicer makes a RNA-induced silencing complex (RISC) from pre-miRNA, and 
then from that you get miRNA which binds to a complementary region of mRNA. When 
they bind, they're basically blocking off a section of RNA so ribosomes can't read and 
translate it; they may also be dooming that section to degredation before it can even get
read. This helps regulate your gene expression.

Formation
The peptide bond comes from the carboxyl group of one amino acid linking up with the 
amino group of the other amino acid. You end up liberating a water molecule--two of the
hydrogens disappear, and the terminal oxygen of the carboxyl goes with them, and then
the C of the CO connects to the N, which is now a NH. You really have to draw this out 
to get it right. We call the amino acids in a completed polypeptide chain "residues," 
because if you take away water, they're what's left; when you name a short polypeptide,
you put "yl" at the end of each amino acid (like asparagylglycylisoleucine could be one 
tripeptide).

Stabilization
It's hard to form peptide bonds in a medium full of water like our cells, because of Le 
Chatelier's principle--the presence of a lot of water product drives the equation 
backwards towards formation of reactants, or the split amino acids. That's why we need 
catalysts to make proteins. Nevertheless, the peptide bond has very nice resonance 
structure because of the free electron pairs on the oxygen of the former carboxyl and 
nitrogen of the former amino group. To make this resonance structure, one electron pair 
between the C and O in the peptide bond moves to the O (for an O-) and the lone pair 
on the N creates a double bond with the C. The peptide bond is always half in that 
conformation, creating a partial double-bond through the whole peptide bond. That's 
why the N-H and C=O of the peptide bond always lie in the same plane. When we're 
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talking about a trans configuration, we're talking about the O and the H lying opposite 
each other. The peptide bond always stays in trans, and it's rigid--without rotation--
because of the partial double bond/sp2 nature both in C=O and in N=C created by that 
resonance. But the bond between the alpha-carbon and the amino group--the phi 
bond--and the bond between the alpha-carbon and the carboxyl group--called the psi 
bond--can rotate some, depending on how big the R group is. That's important later.

N or C first?
The peptide chains formed by these peptide bonds have a free terminal at either end, 
one with a carboxy group and one with the amino group. We call these the N and C 
terminals, and just to keep everything straight we name and draw peptides with the N 
first, and the C later. N to C--you can remember this by remembering that peptides hate 
the alphabet, since they're a kind of information code that predates the alphabet 
anyway, and so they go anti-alphabetic order. 

How to break peptide bonds
Peptide-bonds are pretty strong, so they're not broken when you've got heat or strange 
pHs--it's tertiary structure that's broken by that. You can break peptide chains by eating 
them with hydrolysis in the presence of strong acids or bases at really high 
temperatures, though, especially since in the body with all that water everywhere 
formation of the amino acids is preferred.

By the way, all proteins should start with methionine since the "start" signal for DNA 
transcription and translation proteins produces methionine, but of course you've got a lot
of editing going on so that's not how it actually is.

Secondary

Not all the R groups on neighboring amino acids like being near each other. Either due 
to charge repulsion or mechanical just-not-fitting, some of them twist the chain to be 
away from each other. This is called steric hindrance. On the other hand, some R 
groups like each other, and can even make hydrogen bonds with each other, which 
creates extra stability. Now remember, the peptide bond is rigid and doesn't rotate, so 
that means the R groups have to create torsion within their own bonds only. They kind 
of stick up from the plane of the peptide bonds, perpendicular to it. This drives 
secondary structure--the peptide will twist to accommodate the needs of as many 
amino acid R groups as it can, and since it can't rotate the peptide bonds, we have 
certain conformations that become more popular. Secondary structure is created in 
regions of the protein based on these short-range interactions. Hydrogen bonds and 
van der Waals interactions are the major force stabilizing secondary structure; the 
sequence of the amino acid and R-group repulsion/attraction/short-range interaction 
drives secondary structure. You form the hydrogen bonds after you've rotated around to
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accommodate the R-groups.

The ideal conformation, if all the neighbors get along just fine and participate in 
hydrogen bonding with each other, is an alpha helix. It's the DNA shape we all know, 
with R groups radiated outward and the whole thing turned in the right-handed direction 
(remember AA have left-handed conformation). Every amino acid hydrogen bonds to the
fourth amino acid after it except for the very last one (we've measured 3.6 amino acids 
per turn at 0.54 nm). The hydrogen bond is made by the O of the peptide bond of one 
AA with the H of the peptide bond of another AA. These hydrogen bonds are so tight 
that actually the center of an alpha helix is dense, not all open like illustrations of alpha 
helices may lead us to imagine. One alpha helix is made of one peptide string.

Now remember, this hasn't taken into account the hydrophobic interactions of amino 
acids that want to pull away from the water--they will glob up and try to hide in the 
middle, breaking apart this alpha helix. This perfect alpha helix, in the water system of 
our cells, requires hydrophilic amino acids.

Hemoglobin and myoglobin are both made of collections of alpha-helices, as is keratin.

The shape of the amino acids has more to do with the alpha helix formation than the 
polarity and charge repulsion. With tryptophan, for example, the big bulky R group gets 
in the way of the twist. There are plenty of alpha helixes that are nonpolar on one side 
of ion transport channels and polar on the other side, so shape is the bigger deal. 
Branched groups like valine and isoleucine have a similar problem. Now if you do 
happen to just have too many charged AAs (like histidine, aspartate, glutamate, lysine 
and arginine) that can cause problems--some will repulse, some will attract, all around 
messing up the shape--but usually the bulk of the R group is more important. So 
tryptophan, valine, and isoleucine are all alpha helix "breakers." This doesn't mean it's 
impossible for them to be in alpha helices, just that they tend to insert an element of 
tension or favor other structures. The protein doesn't wait to form all the way before 
trying every possible conformation to find the best one, the one that makes all the amino
acids totally totally happy: the protein starts folding into secondary and tertiary structure 
as soon as the ribosome poops it out. The protein tries to find the best possible 
conformation based on the amino acids already out of the ribosome, so if those amino 
acids up ahead all fit into an alpha helix, and a valine comes next, too bad for valine--it's
gotta be kinda in this alpha helix.

Proline is another strong breaker of alpha helices because its angle makes it impossible
for the R group to rotate--it inserts an element of rigidity into the chain. It creates what's 
called a proline "kink" (I kid you not) into the alpha helix. Proline basically creates a u-
turn--it's the only one that will do this dramatic kink. But this same shape makes it easy 
for proline to make the beta-turn in the ends of beta-pleated sheets. If we've got a 
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proline followed by glycine it's very likely we have a b-turn because glycine's so small 
there isn't a lot of steric hindrance around that turn.

Beta or pleated sheets also maximize the hydrogen bonds we can make. These are 
strings of AA-chains lying in sheets in the plane of the peptide-bond, with the R groups 
sticking up (out of the page) and peptide Os and Hs hydrogen-bonded between the 
chains. One beta-pleated sheet can be made of many peptide strings (unlike an alpha 
helix which is usually one peptide strand) and antiparallel arrangements make more 
stable beta sheets. Parallel means the peptide bonds line up so every R group is in line 
with the R group across from it pointing the same direction (either to the left or to the 
right), and the O has to bond diagonally to reach NH. Anti-parallel means every carbonyl
group is right across from an amino group, and the R groups point opposite directions. 
Human plasma protein is comprised primarily of beta-pleated-sheets; so is amyloid, the 
protein that builds up in Alzheimer's disease, multiple myeloma, Down syndrome, and 
chronic hemodialysis.

These are the only two structures that allow pretty much every single AA to form a 
hydrogen bond.

On the surface of proteins we've got these crazy-looking lumpy, irregularly-structured 
regions that for a long time they incorrectly called "random coils." They usually form 
hinges, and they form when the AA composition makes beta-sheets or alpha-helices 
impossible. They're not random. Random is like if you throw a rope, and it falls one way,
and then you throw it again, and it falls another way--but that's not how these structures 
form. These structures form the same way every single time. They're minimizing steric 
hindrance and improving hydrophobic interactions, but they can't maximize hydrogen-
bonding within the molecule (intrachain hydrogen-bonding).

One immunoglobin binds to two antigens. The hollow where the antigens go is flexible 
because of these irregularly structured regions. Look at my bad drawing:

If everything were covalent and hydrogen-bonded, you'd have a rigid, solid 
immunoglobin and the hinge regions wouldn't work. But they're not regularly, rigidly 
structured. The weird, different things are important for life!

Super-secondary structures are several common combinations of secondary structures 
and irregular regions. Some super-secondary structures have special functions, and we 
see them in many proteins. Those super-secondary structures are called motifs or 
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domains. All domains or motifs are super-secondary structures, but not all super-
secondary structures are domains--not all super-secondary structures have a discrete 
function.

To get a better idea of a specific domain, let's imagine a transcription factor (something 
repressing or turning on the transcription of a certain gene at a certain point). Of all the 
things a transcription factor needs to be able to do to do it's job, one is attaching to 
DNA. So it's got a region called a DNA-binding domain so that it can connect to the DNA
and turn it on or off. That's a kind of super-secondary structure--in this case, a leucine 
zipper.

Others include:

 the alpha-alpha corner happens when you break an alpha helix (maybe with a 
proline and some other things) and it turns

 alpha-beta loop
 a beta-pleated woven tube (often used for transport molecules)
 Helix-turn-helix and zinc-finger motif (both other DNA-binding motifs)

Because secondary structure has so much to do with function, it has everything to do 
with disease. There's a normal transmembrane protein common to the surface of the 
cells in your brain and other tissues that, in Alzheimer disease, gets processed wrong. 
It's proteolytically cleaved in such a way that the products of this cleavage configure 
themselves into a neurotoxic beta-pleated sheet. This A-beta amyloid accumulates in 
the brain and begins degeneration. So where in one set of conformations, with the same
peptide sequence and everything, the protein was harmless, now with a new secondary 
structure it's destructive.

As a reminder, the protein starts folding as soon as its bits come out of the ribosome--it 
doesn't wait for the whole sequence to finish. So you actually don't have the benefit of 
the whole sequence to contribute to secondary structure. In theory, the folding depends 
on the whole structure, but in real life protein folding is actually quite messy.

Tertiary

This is a whole bunch of secondary and super-secondary structures folded together 
over top of themselves. They create high-affinity, high-specificity binding sites and look 
for the most stable configuration where they won't re-fold or dramatically change shape 
and function. It needs an external structure bonded to the proper environment. You want
to bring distant portions of the protein into a compact globule with hydrophobic inside 
and hydrophilic outside; tertiary structure's driven by the hydrophobic effect. 
They're stabilized by intra and inter-molecular ionic bonds, sulfur bridges, and hydrogen 
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bonds.

Sulfur bridges are one of the only covalent stabilizing forces there are in the body, and 
it's when cysteine or methionine sulfurs form bonds with other cysteine and methionine 
sulfurs to hold together parts of a chain.

Proteins have a half-life, and it's this tertiary structure that's degradable when the 
protein's done living. One protein will tag the "dead" protein and ubiquitin ligate will bind 
to it, and that protein will get eaten by proteosomes (specifically 26-s-proteosomes). 
Kiss of death. That's also actually what's happening when you die--your proteins are 
being eaten by you--and the tertiary structure of a protein has to permit a ubiquitin 
binding site.

Quaternary

When you've got more than one polypeptide, and you put them together, then you've 
got quaternary structure. This structure allows a lot of movement/flexibility, since it's 
held together by non-covalent interactions--that's important for hemoglobin, because it 
wouldn't be nearly as flexible or functional if it was made up of just one stiff protein 
instead of these conjoined polypeptides.

So putting this all together, for the protein hemoglobin, the primary structure is the 
lysine/lysine/glycine/glycine/leucine/valine/alanine/histidine...etc chain. Secondary is the
alpha helix one chain of these will form. Tertiary structure is the polypeptide chain where
you've got sections of "random coils" following these alpha-helices, all folded up to 
protect hydrophobic parts. It's kind of a blob with alpha-helices in it. THEN you put 
several of those blobs together, and you've got the quaternary, completed protein. In the
very center of this protein, with all the polypeptides wrapped around it, you've got a 
heme group, a set of iron. That's what helps hemoglobin (Hb) bind and transport 
oxygen.

If you denature a protein, even though the protein would like to re-form the same way, 
many times it can't. Working in a test tube is easy, and if you did it in a test tube, it may 
work, but biological systems have so many other annoying factors that mess everything 
up. So if you have insulin, and it folds around and forms sulfur-bridges with itself, but 
you break those sulfur bridges, there's no way for the protein to refold itself like before. 
It's got some bridges holding it wrong, it's got some broken, and it doesn't know what to 
do. So to re-fold you need chaperones. In theory, you just need the structure, but in real 
life you need chaperones like a prosthetic group or post translational modifications 
like glycosylation, phosphorylation, proteolysis, etc etc. 

Let's talk more about hemoglobin to illustrate this. At the joining parts/corners of each of 
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the four proteins making up the whole hemoglobin you've got hydrophobic parts. In the 
final structure, they're all hidden--but when you're folding each individual polypeptide, 
you'd leave those hydrophobic parts out in the water! That's not cool. But there's a 
chaperone molecule (a heat-shock protein) that jumps onto the hemoglobin parts as 
soon as they come out of the ribosome, and along with several other chaperone 
proteins it helps hemoglobin fold like it needs to. Part of the chaperone shields the 
hydrophobic parts from the outside, and when the chaperone leaves, those hydrophobic
parts immediately attract the hydrophobic parts of other hemoglobin polypeptides--and 
the hemoglobin's formed. 

Denaturing can take away secondary, tertiary, or quaternary structure, but not primary. 
It's not denaturing if something's hydrolysed: it's hydrolysis. Heat denatures a protein 
because it adds energy, and if forming the secondary structure gives off heat, it makes 
sense that adding heat would un-form the structure. Things want to get away from each 
other in the heat. Heat can't break sulfur bridges: they form based on oxidation and 
reduction. They don't need enzymes, and they're super reactive. Beta-mercaptoethanol 
and other reducing agents can break sulfur bridges because these agents reduce the 
sulfur molecules. Chaotropic agents (like urea and guanidium salts) denature the 
protein because they work both with non-polar and polar substances--they're 
amphipathic--and they increase the entropy of the system by making hydrophobic 
interactions possible between more elements of the solution. These agents won't let the 
normal segregation of hydrophilic and hydrophobic portions do its thing. They make it 
easier for water to hydrogen-bond with itself, and they'll connect all kinds of different 
things together and just all-around screw with the hydrophobic interactions that 
previously drove tertiary structure. Extreme pH denatures proteins by adding or taking 
away hydrogens which moves the possible sites for hydrogen bonding all around. 
Detergents attract the hydrophobic parts of the protein and pull them out from the 
inside, again changing the folds.

So just to reinforce denaturing, and how complicated this process can be, let's say we 
denature a ribonuclease with urea (chaotropic), mercaptans (breaking sulfur bridges), 
and heat. Let's say you want to turn this back. You take away mercaptan first, allowing 
disulfide bridges to form again. Then you remove urea, allowing the hydrophobic forces 
to work. Well, you won't get the original protein. You'll get a scrambled, dysfunctional 
protein. The sulfur bridges will form in different places than from before! The whole 
protein wasn't allowed to fold like it normally would coming out of the ribosome in the 
body. On the other hand, if you take the urea away, the molecule isn't locked yet. It 
starts to fold hydrophobically, and then when you take the mercaptan away it forms the 
disulfide bridges in the normal places where they formed before. So you see disulfide 
bridges stabilize and strengthen the protein; the driving force that creates the protein is 
the hydrophobic effect, and you can see which needs to come first to form a functional 
protein. (Ribonuclease is a really nice protein to illustrate this; most proteins are really 
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hard to nature and denature like this)

Collagen

Dude, this is a third of all our body protein! It's the major thing in connective tissue, and 
it's 25% of our body mass; collagen holds us together from our skin to our bones to our 
blood vessels and eyes, all part of an "extracellular matrix" secreted by fibroblasts to 
make your body more than a jumble of cells floating everywhere. Bottom line: this 
collagen-stuff is everywhere, so if anything goes wrong with this protein we will have 
serious medical issues. Let's look at normal collagen before diving into its related 
diseases.

Structure

 Fibrous: asymmetric, doesn't dissolve easily in water or salts
 Inert: not reactive
 Rigid, and not elastic, and not spongy or bendable 

◦ Imagine: if your tendons or ligaments, which are basically collagen, were 
spongy and bendable they could not help hold your bones in place

◦ So anything that's spongy/squishable with collagen in it probably also has 
proteoglycan in it; anything that's elastic with collagen in it probably also has 
elastin in it.

Collagen's basic structural unit is tropocollagen. These macromolecular rods will group 
into collagen fibrils and arrange themselves differently based on the kind of tissue 
they're supporting. So in:

 Tendons, collagen fibrils run parallel to the length of the tendon for 
strength/stretch and are bundled tightly for strength

 Skin, collagen fibrils interlace and branch for maximum coverage (here and in 
blood vessels they work in conjunction with elastin to be a little more elastic. You 
can pull on your skin because of the elastin, but there's a limit, and that limit's 
established by the collagen in the epithelial basement membrane)

 Extracellular matrix and vitreous humor of the eye, collagen disperses as a 
supportive gel

 Cornea of the eye, collagen's stacked to allow maximum light to pass with 
minimum scattering

 Bone, fibers stack at angles to each other to resist mechanical shear from all 
directions.

There are over 25 different kinds of collagen in humans to date. Types 1, 2, and 3 form 
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ropelike fibers. Types 4 and 6 form meshes and networks of fibers in basement 
membranes, which becomes very gel-like and porous for filtration. (4 is the kind you 
have in the basement membrane of the kidney) Types 9 and 12 are fibril-associated 
with triple helixes. Here we're talking mostly about collagen 1 and collagen 4 structure.

A standard collagen 1's made of three collagen a chains arranged in a triple helix 
structure, where its amino-acid side chains stick out from the surface. Note that these 
are a-chains, not alpha-helices: they're full of proline, which doesn't allow these 
chains to form alpha-helices, but does make them kink every few residues so the 
chains can wrap around each other in the triple helix. So every few residues is 
usually proline, or hydroxyproline. Glycine occurs every third residue, and since it's 
so small, it's easy to pack tightly inside the triple helix--that stabilizes the collagen fiber. 
You're basically squishing the prolines against each other with a glycine hydrogen 
sandwiched in between. So to facilitate this kinking and packing in the middle, you've 
got a pretty common sequence of (Gly-Pro-Hyp)111 and so on. So a more general 
equation for this sequence would be Gly-X-Y. Every third molecule is a glycine, and the 
X and Y are usually proline or a lysine/hydroxylysine, respectively--although X and Y 
don't have to be proline or lysine (they're just the most common). We call the standard 
triple-stranded collagen molecule a tropocollagen unit. 

Those tropocollagen triple helices form the giant collagen fibrils by overlapping with 
each other in a quarter-staggered way. Each tropocollagen helix is 25% overlapping 
with the fibril after it, allowing you to form really long chains that are covalent-bonded to 
each other. If this is hard to picture, imagine a wall of bricks. The bricks aren't all put in 
one stack, and then another, and then another, in clean columns. To make a good wall, 
they overlap. That's how you make a chain of collagen.

(Do remember that while collagen has helices, it's not an alpha-helix. Alpha-helices are 
only found in globular proteins, while collagen is fibrous and not dissolvable in this 
medium.)

Hydrogen-bonding Chemistry

Hydroxyl groups on proline's R group may raise the inter-chain hydrogen-bonding 
potential between the chains forming tropocollagen triple helices. The evidence for this 
is kind of indirect. We know that when you don't have vitamin C, you've lost one of the 
cofactors that helps hydroxylate proline into the chain, and we've noticed that when you 
make tropocollagen without a lot of proline, it's a lot stretchier and weaker. It's lost 
tensile strength. From this we theorize that proline is adding strength between the 
chains by promoting hydrogen-bonding. Prolyl hydroxylase, which adds the hydroxyl 
group, needs both Vitamin C and iron to work. You can use either prolyl 4 hydroxylase, 
or prolyl 3 hydroxylase, and that adds an OH to the 4 or 3 position of the proline.
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This wouldn't work for lysine, since it's so bulky that the R chain is too much in the way 
to allow a favorable hydrogen-bonding. It's sticking way out of the collagen chain so 
sugars can grab on to it for glycolysation. The hydroxyl group on hydroxylysine allows
collagen to be more easily glycosylated, which allows you to add a sugar to it and let it 
serve as an anchor for carbohydrate-signaling molecules on the cell plasma membrane.
The carbohydrates attached are awesome, because they may help remodeling cells 
grab the collagen to endocytose it35 and a bunch of other cool stuff, but a lot of the bad 
stuff that happens in diabetes is because of excess sugars glycolysating all your tissues
and make them all sticky where they shouldn't be. Also, some bacteria use our 
glycosylations to hold on to our tissues, which isn't exactly what we want either.36 Lysyl 
hydroxylase always adds OH to the 5 position.

How collagen is formed

1. Pre-protocollagen
 You transcribe a gene using mRNA, 
 you translate it in the ribosome with tRNA, 
 and then at the end a cytoplasmic protein tags the peptide you're making. That 

tag tells you that this peptide sequence needs to go into endoplasmic reticulum, 
because the peptide's gonna leave the cell. As the ribosome is working, it reads 
the signal sequence, and that sequence helps bind the ribosome to the rough 
ER. So now the ribosome's spitting the pre-protocollagen into the rough ER 
lumen. 

2. Protocollagen
 When pre-protocollagen gets into the rough ER you take off the signal peptide. 

Once you cleave that signal the molecule becomes protocollagen.
 As the peptide keeps coming out of the ribosome it begins to become 

hydroxylated right away (you put OH groups on it). 
◦ The enzymes that hydroxylate proline are prolyl-3-hydroxylase and prolyl-4-

hydroxylase and they need iron 3 and vitamin C to work. When you 
hydroxylase proline, you're giving it an OH that makes better hydrogen 
bonding in its chains. 

◦ You've also got lysyl hydroxylases. When you hydroxylate lysine, you're 
making it better to attach sugars to, because to attach sugars you need an O 
or an N (O-linked glycosylation). 

3. Procollagen
 The protocollagen alpha chain peptide strings have C terminals really rich in 

35 Jurgensen HJ, et al. J Biol chem. 2011 Sept 16;286(37):32736-48 http://www.ncbi.nih.gov/pubmed/21768090
36 Tang, Gaoyan, et al. Journal of the American Society of Microbiology, 11 June 2012, doi: 10.1128/IAI.00372-12 

http://iai.asm.org/content/early/2012/06/04/IAI.00372-12
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cysteine. These cysteines begin to form sulfide-bridges to nearby peptide chains 
as soon as they come out--so while they're still being excreted into the ER--and 
the ends of several peptide strings begin to braid around each other 
spontaneously. You don't need an enzyme for this. The peptide strings being 
excreted just start grabbing each other and spinning into triple-helices. As soon 
as these triple-helices form the molecule is called procollagen.

 You can see that you have pre-protocollagen, protocollagen, and procollagen all 
being formed very close together in time--simultaneously, even. Remember them 
by their shapes, not by the time they're made: pre has the signal peptide, proto 
does not, and pro has the triple helix.

 Wait, wasn't the triple helix supposed to be tropocollagen? Why is this called 
procollagen? Because the terminals of this protein are globular. They don't have 
the Gly-X-Y sequence, and they're polar, so they dissolve in water. If they weren't
globular, this collagen would just precipitate out of solution and start stacking 
right inside your cell. You don't want that. You want to keep this dissolved until 
you start stacking it outside the cell where it belongs.

 The ER passes your procollagen to the Golgi bodies where glycosyltransferase
adds those sugars to those hydroxylated lysines.

 From the Golgi bodies you secrete your procollagen into the extracellular space, 
wrapping it in a secretory vesicle package. 

4. Tropocollagen
 When you have the collagen where you want it, you throw in an enzyme that 

hydrolyses the procollagen globular points. It's called procollagen peptidase. 
Now without those globular ends the collagen is no longer water-soluble, and it 
begins to precipitate and build a solid structure. Now you've got tropocollagen 
units.

5. Collagen
 The tropocollagen now quarter-staggers with other tropocollagen by cross-

linking. Quarter-staggering means as the fibers are being built, they overlap with 
each other by about 25 percent, to increase their strength. 

 How do the tropocollagen units bind to each other, or cross-link? Collagen has a 
lot of lysines and hydroxylysines. In the tissues there's an enzyme named lysyl 
oxidase. The lysyl oxidase (which has a copper II cofactor) begins to recognize 
all the lysine, and it takes off the amino group and turns the lysine into an 
aldehyde. The aldehydes are very reactive (because nucleophilic substitution 
and acidic). When you have one aldehyde next to another you have a reaction 
called aldol condensation (remember this from organic!): two lysyl aldehydes 
(called allysines) condense into syndesine via nucleophilic addition.
◦ Formaldehyde works by forming cross-links between tissues to preserve your 

stuff
◦ If you don't have that copper cofactor, you have lathrysm, where your lysyl 
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oxidase won't work and you end up unable to cross-link and paralyzed. If you 
eat too many sweet peas you get this

Aldehydes don't just reach with each other to form aldol cross-links. You also have 
Schiff base formation, when an aldehyde works with an amino group (allysine with a 
normal lysine). They expel a water to make a double-bond between N and C (that's a 
Schiff base intermediate), and then the double bound is hydrogenated to make the final 
cross-link, lysinonorleucine. 

Collagen-based diseases

 Epidermolysis Bullosa is a skin blistering in which the skin just keeps breaking. 
That's because you don't have the strength of the collagen. There's a 
documentary on youtube called "The Boy Whose Skin Fell Off," about Jonny 
Kennedy, raising awareness of this very dramatic and painful disease.

 Ehlers-Danlos 
◦ Types 5 to 7 give skin and connective tissue extra stretch because the 

collagen isn't in a normal state. Many times someone with this is super-
flexible, but it's generally pretty mild--you're not necessarily going to die from 
having stretchy skin or bendy fingers. The causes for these types vary. 
▪ In Type 7, it was thought that it was a deficiency of collagen 1 that caused 

the disorder--but the collagen 1 gene is normal. Later, we discovered a 
mutation in the gene that cuts off the globular parts, the N-terminal 
peptidase. So that's why there isn't collagen 1, because this procollagen 
peptidase is particularly affected in its ability to work with collagen 1, and 
so a lot of the collagen 1 is staying in solution (globular procollagen 
instead of tropocollagen). You bruise easily and are prone to joint 
dislocation. 

▪ People thought for a while that with Type 5 you had a problem with lysyl 
oxidases, since you weren't forming the cross-links, but we've checked, 
and the gene for lysyl oxidase is normal. So we don't know what's going 
on. Nevertheless, a problem with aldehyde cross-links and a lack of 
aldehydes should raise a red flag for Ehler's-Danlos Type V.

▪ Type 6 is missing lysyl hydroxylase which means you can't add sugars 
'cuz you have no OH to add them to. Really movable joints and eye 
problems.

◦ Type 4 is lethal because your collagen III (reticular fiber) is totally deficient, 
and that's what maintains your hollow organs. Without this collagen, you've 
just got elastin in your vasculature, and you just get aneurisms and ruptures 
in your bowels, blood vessels, all the places where your epithelium is 
supposed to be protecting your linings. The linings are just too weak to handle
everyday pressures. This is partly because the fibroblasts are irregular and 
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don't produce the procollagen correctly. 
 Scurvy was discovered when men left totally fine to go on boats, and came back 

covered with hematomes (bloody skin blotches). They only had wine and meat. 
Without Vitamin C, their collagen could not maintain skin strength, because their 
prolyl hydroxylases couldn't work.

 Osteogenesis imperfecta occurs because of a collagen type 1 deficiency, where 
the osteoblasts can't make a correct osteogenesis: there's no rigid collagen 
structure on which they can build those calcium deposits to strengthen bones. 
There's a problem called collagen suicide where one bad alpha chain triples 
with two good ones, and gets them all degraded.

 Marfan was originally thought a collagen deficiency, but the genes are normal for
collagen--the problem is the mutation is in fibrillin genes. Fibrillin is actually the 
"scaffold" on which you build your tropocollagen "bricks," so without this the 
collagen doesn't know how to stack. You have corneal problems, which is 
generally unique and different from Ehler's Danlos diseases and other collagen 
diseases. 

 Patients with Alport Syndrome have poor filtration in their kidneys. Collagen 4 in
the basement membrane of your glomerulus normally filters out your urine by 
molecule size. It's a big mesh, not a fiber, and it's layered between two sheets of 
heparan sulfate which filter by charge. In Alport Syndrome, a genetic swap of just
one nucleotide changes one of your amino acids for a stop codon. That stop 
codon ends the Collagen 4 molecule before its done! You don't form a mesh, you 
just have fragments, so now your kidney can't filter by size, but only by charge 
through the heparan sulfate layers. 

 Aging and osteoarthritis: As your collagen fibers begin to be destroyed, the shock
absorber that is your cartilage (which is proteoglycans and collagen) begins to 
break down. This is similar to end stage rheumatoid arthritis, where there's an 
unusual collagen metabolism. Furthermore, as you age there is a concurrent 
(simultaneous) loss of collagen in your bones, not just your cartilage, according 
to A.J. Bailey: Bone collagen in aging and disease. Also, according to my 
biology of aging class from college,37 collagen scaffolding (the patterns of cross-
links and quarter-staggering) in younger individuals is really smooth. It's very 
even, and the linkages are at intervals that make visual sense. As people get 
older, individuals get tissue with bad scaffolding--the cross-links become all 
tangly and crooked, and they form strange extra cross links. 
◦ They did an experiment with opossums, where they cut bits of their tails off 

and put it under tension and compared collagen fibers and stuff. Younger 
opossums had easer-to-break tales--they ruptured along the even staggering 
lines--but also easier to re-build. The older opossums had stiffer tails that 
didn't rupture or re-build easily.

37 Taught by Dr. Roach at the University of Virginia
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Bailey links this to stiffening of vascular tissues in rats. So as we get older our skin gets 
less stretchy and more saggy, more stiff and "of one form" with all those extra collagen 
linkages. But Retin-A and massaging can both help smooth out those scaffoldings a 
little bit. 

I'm gonna end this collagen section with this little life-wisdom:

Two strands are stronger than one, but a cord of three chains cannot be broken. 
Ecclesiastes

Collagen's a good example of that.

Proteoglycans

These stick to substrates and anchor proteins. They're usually part of the extracellular 
scaffold that cells can fix to. They've got a lot of other functions, but we're focusing first 
on turgor pressure of the ECM. 

These are very negatively charged because they've got lots of sulfate groups on them. 
If you've got a negative charge, you'll have a cloud of ions and minerals--a sponge of 
proteoglycan with solute. Water wants to move to the area of major solute via osmosis, 
so this draws water. Proteoglycans act like a sponge.

Collagen often needs to work with proteoglycans to make more diverse function. 
Ligaments and tendons are 86% collagen and 1-5% proteoglycans; you have much 
more elastin in your blood vessels than this. In joints you need a lot of proteoglycans 
with your collagen. Collagen helps "trap" the proteoglycans in the cartilage: they'd 
disperse if you didn't have collagen. As you get older, you lose water and lubrication 
when your collagen's lost and your proteoglycans float away and don't hold lubricant 
anymore.

Structure

Proteoglycans are first made of a really long core protein. Why did that protein stay 
open and not double during formation? As soon as the protein starts coming out of the 
ribosome, it starts glycosylating and getting covered with these carbohydrates which 
stick out from the side like legs of a centipede. Remember that these legs are 
unbranched.

Those carbohydrates-centipede-legs are called glycosaminoglycans, or GAGs, or 
mucopolysaccharides. (These are the problem in Hunter's syndrome) These are highly 
sulfated with negative charge, and they're what makes the protein not double up. This 
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form--core protein covered with GAGs--is called a bottlebrush structure. So 
proteoglycans are 95% carbs by weight. (This is why my dad takes glucosamine to help 
with his joints!)

There's a fiber of hyaluronic acid that acts as an anchor to which the proteoglycans can 
stick. It's super-long. (This has to do with CD-44--look up the CD-44 thing again FIXAL 
link to CD-44 research) There's a link protein that holds the protein to the hyaluronic 
acid. (non-covalent) This hyaluronic acid is actually a GAG, but it is never sulfated or 
covalently bonded to the core protein like those other GAGs are.

The core protein will be an integral membrane protein in a surface proteoglycan. It will 
span the membrane. (Oooh...CD-44!) These work in cell-type recognition, and they help
trap growth factors, too, so that the receptors can get them. 

GAGs are made of repeating disaccharide units--so repeating AB sequence of two 
sugars. 

 A is usually a uronic acid (acidic sugar) like glucouronic acid (GlcUA) or 
iduronic acid (IdUA). GlcUA is only different from IdUA because the carboxyl 
group in GlcUA points up. You remember that because GlcUA is a GOOD citizen,
and so it's UPstanding, while IdUA is not. IdUA has got a DUA (like a DUI), and 
isn't upstanding. These are both only different from glucoses and galactoses 
because at the 6 carbon (the one sticking up from the ring) there's a carboxylic 
acid instead of an OH group.

 B is an amino sugar, either N-acetylgalactosamine (GalNAc) or N-
acetylglucosamine (GlcNAc). These are sugars with a weird nitrogen attached to
the second carbon, and a weird carbonyl attached to that, and weird methyl 
group attached to that. Weird! GlcNAc is only different from GalNac because 
GalNAc has the OH group on Carbon 4 pointing up where GlcNAc has it pointing 
down. You can remember this difference because Galactose wants to reach for 
the Galaxies, so it's reaching up. 

Some GAGs are highly-sulfated. You use PAPS, or 3-phosphoadenosine-5'-
phosphosulfate to sulfate them. You can sulfate A sugars on the 2, and sulfate B sugars 
on the 2, 4, and 6 positions, depending on the sugar. Iduronic only sulfates on the 2 in 
the GAGs we're learning, and same with glucuronic. GalNAc can be sulfated 4 or 6, and
GlcNAc 3, 6.

GAGs are held together by an O-link. It's called a glycoside bond. The hydroxyl group 
of a sugar was like, "hey, hydroxyl or amino group of other sugar, let's share an oxygen"
and that's what happened. Then they both agreed to let go of water. So it's a 
dehydration reaction. Glycoside linkages can be alpha or beta. Beta linkages are 
stronger; alpha linkages get digested easily. Alpha means the bond is pointing down 
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from the anomeric (Carbon 1) carbon, and beta means it's pointing up. That's because 
Beta Beats alpha, so it gets to be on top.

GAGs are stuck to the core protein with a covalent link; glycosyl transferases add 
them there. But GAGs can't fit to serines because of size problems with the glycosyl 
transferases, so they need an adapter, that's a tetrasaccharide linkage, which is 
xylose, galactose, galactose, and glucuronic acid. It can be O-linked or N-linked.

We have to identify each GAG for its A and B sugar. Here are some GAGs. These are 
tough; read my descriptions and either draw each GAG, or look at pictures of each one 
and notice the differences I'm pointing out here. Because these are hard. Flashcards 
link here. FIXAL

 Hyaluronic Acid has GlcUA for its A sugar (uronic acid). It has GlcNAc for its B. 
The linkage is beta, 1,3 (so from the 1 carbon on GlcUA to the 3 carbon on 
GlcNAc). It is in your joints (synovial fluid), your eyeballs (vitreous humor), and 
the ECM of your loose connective tissue. This does not get sulfated!

 Chondroitin Sulfate has a glucuronic acid in the A position, and GalNAc for its B
position, with a 1,3 beta linkage. It is in cartilage, bones, and heart valves. It gets 
sulfated on the 4 or 6 of its GalNAc. This is the most abundant GAG. Chondroitin 
sulfate and dermatan sulfate are the only ones that have GalNAc instead of 
GlcNAc.

 Dermatan Sulfate is made from chondroitin sulfate using the glucouronate C-5 
epimerase enzyme, according to the Journal of Biological Chemistry.38 It's only 
different because it has an iduronic acid instead of glucuronic acid. It has the 
GalNAc just like chondroitin sulfate. It's in skin, blood vessels, and heart valves. 
PAPS sulfates this on the fourth OH, the one pointing up (remember, GalNAc 
reaching for the galaxies?). You can also sulfate the IdUA if you want, on the 2. 
The linkage is beta 1,3. (Remember again, beta is up because beta beats alpha).
It's got some very small anticoagulant abilities (anti-blood clotting). (Sometimes 
this is alpha 1,3, instead of beta 1,3. That's really annoying)

 Heparin Sulfate has IdUA or GlcUA as it's A, and GlucNAc as its B. The linkage 
is alpha 1,4. It can be sulfated on the 3 of the GlcNAc, the 6, or even on the 2 
where the weird N-CO-CH3 thing is (the N-acetyl). Lots of sulfates everywhere! 
These are in the intracellular granules of mast cells in the arteries of the lungs, 
liver and skin, and they're a potent vasoconstrictor. The heparin proteoglycan has
tons of serine and glycine, and almost no other amino acids.

 Heparan sulfates have IdUA and GlcUA as A groups, and GlcNAc as a B group. 
These have less sulfates than heparin, which means that they have more N-
acetylated glucosamine (because less sulfate in that C2 spot). I remember this 
because HeparAn already has too many As in it, and doesn't want the A that's in 

38 http://m.jbc.org/content/281/17/11560.full
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the word sulfate, while heparIn doesn't have too many As, and it wants that A in 
the sulfate. These line the basement membranes and cell surfaces. They help 
filter in the kidneys.

 Keratan sulfates don't have acidic sugars! No uronic acids! Weird. They have 
galactose instead, so they're d-galactose for A group and GlcNAc for B group. 
Remember, since it's galactose and not uronic acids, the COO- that sticks up 
from the ring is replaces by a CH2OH. The linkage here is beta 1,4. Keratan's 
GlcNAc gets sulfated on the 6, but not all the time. There are two kinds of 
keratan sulfate. 
◦ Type 1 links to the protein using Asn, instead of that GlucUA-gal-gal-xyl-O-ser

linkage everyone else uses. 
◦ Type 2 links to the serines or threonines on protein using a weird GlcNAc-O 

linkage.
This is found in your cornea, bones, and helpin' out your chondroitin in your cartilage.

Different GAGs tend to like hanging out at different parts of the proteoglycan. The 
keratan sulfates hang out in a group near the bottom, near the N-terminal, and they're 
shorter. They tend to be more N-linked to the core protein. Chondroitin sulfates are 
really long and wavy, and they hang out throughout, but more near the C-terminal. They 
tend to be bound up there, to serines, via the O-linked tetramer I mentioned earlier. 
When I say bottom, that's because the core protein hooks to the hyaluronan at the N-
terminal, and that's the bottom of the core protein, while the C terminal sticks out into 
the ECM. 

Diseases

 Iduronic acid is pretty special in respiratory infections from the human 
Respiratory Syncytium Virus (RSV). The only GAGs that can stop RSV infection 
in the lab are GAGs with Iduronic acid: Dermatan Sulfate and Heparan/Heparin 
sulfate. 

 In a normal human body, GAGs have an extremely high, fast turnover rate, which
makes sense since they're trying to regenerate places like kneecaps and stuff. 
Hunter syndrome, or Mucopolysaccaraidoses II, is a disease linked to the X-
chromosome in which there's something wrong with the enzyme that cleaves 
sulphate groups from the O of an amino-acid residue in glycosaminoglycans. 
This means these glycosaminoglycans--dermatan sulphate and heparan 
sulphate--don't get broken down, and since they form an important part of 
mucous and connective proteins in cartilage and tissues in the brain, their 
accumulation in lysosomes and everywhere else kills the patient after a decade 
or two. The patient gradually reverses mentally and physically as the disease 
progresses--this is really quite horrible. There is an enzyme replacement therapy 
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that seems to have a good effect, and they are working on gene therapy, since 
the enzyme replacement therapy doesn't penetrate the brain-blood barrier. Bone 
marrow transplants have also helped because the cells that are secreting the 
sulfate-cleaving enzyme are generally macrophages, and if you give these 
patients wild, healthy macrophages, you're basically giving them more active 
enzyme-replacement.
◦ Important to understand that the mutation doesn't have to happen to the 

sulfate-cleaving enzyme itself (although obviously, that's a terribly easy way 
for this disease to happen). Normally, the enzyme has to get tagged and 
targeted (just like we tag collagen so the cell knows where it needs to go to 
be processed). What if we have a mutation in the protein that's supposed to 
be tagging the sulfate-cleaving enzyme? Well, then the sulfate-cleaving 
enzyme won't get processed in the endoplasmic reticulum like it's supposed 
to, and it'll get secreted instead (in this case it gets sent to the Golgi and out 
of the cell). So even though the sulfate-cleaving enzyme is totally normal, a 
mutation in its processing makes it totally ineffective--it doesn't get to stay in 
the macrophages that use it to clean up and degrade old GAGs in the body, 
and you have disease. In this case, enzyme supplements wouldn't help the 
same way--the patient already has the normal iduronate sulfatase, what they 
need is a normal tagging protein. Punchline: one disease may have different 
causes, which would result in different treatment.

 Hunter syndrome is just one of many, many lysosome-hydrolase-caused 
diseases. There are so many ways for GAG-degradation to go wrong, and for the
lysosomes to have the wrong enzymes. Because degradation involves so many 
different steps for each part of the long, long GAG chains, where the process 
goes wrong will influence the severity of the disease. For example, if it takes six 
enzymes to take apart one GAG, and you destroy the first enzyme, it doesn't 
matter if all the other five enzymes work. You're still going to have these big-ass 
GAG molecules that won't degrade. But on the other hand if you destroy the last 
enzyme, well the GAG will break almost all the way down except for the last step,
and it's not going to be quite as terrible.

Immunoglobulin structure

Check out immuno pg. FIXAL

In your immune system you've got macrophages which scavenge around and find some
weird debris. They present that weird debris to T-cells, which "decide" what the body's 
going to do with it. Your body's B-cells make antibodies for pretty much every antigen 
out there--just all kinds of random antigens for things that haven't even existed yet--and 
once they encounter the antigen, the B-cell that found that antigen gets activated by the 
fitting of the antibody. Then it begins to divide over and over again so you've got more 
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B-cells with antibodies to that antigen. After the threat's over, your cells "remember" to 
hold on to that antibody and make more B-cells with it so they can kill that antigen good 
next time. You've got memory cells that hang around, holding out that antibody, so next 
time the antigen shows up there are more cells ready to fight it. Immunoglobulins are 
the antigen-binding molecules that make all this possible.

Structure

Immunoglobulins have a crystallizable region called the effector domain, the Fc. This 
is what starts the immune-system response. It is the receptor on the macrophage, the 
part that sticks to the cell membrane and starts a cell transduction pathway that tells the
macrophage to endocytose that section of membrane. That's so after your immune 
system already knows an antigen's bad, you've got macrophages that know how to 
identify and eat that antigen. The Fc is the big "body" of the Ig. Igs also have a binding 
domain, the Fab, which are the two arms that grab the antigen. There are two 
interchain sulfur bridges between the irregularly-structured hinges that connect those 
arms to the Fc, and you've got disulfide bonds in the bottom of the Fab,too. Even 
though the tips of the Igs will be different (for binding different antigens), you've got 
some domains that are always the same, like the Fc and the bottom of the arms of the 
Fab. The top part of the arms are the variable parts. The Ig has two arms so it can bind 
to two antibodies of the same kind at the same type, so it can help its buddies totally 
surround an antigen so the antigen gets eaten. 

Those two functional regions, the Fab and the Fc, aren't the peptide chains that make 
up the immunoglobulins, though. There are four peptides in the immunoglobulin, two 
heavy chains and two light chains. The heavy chains are in the middle, stretching from 
the bottom of the Fc to the top of the Fabs, bending at an angle towards the top. The 
place where the heavy chains bend is the irregularly-structured region we talked about 
in the proteins section, the hinge. The light chains are just the length of part after the 
heavy chain's bend, and they sit right next to (lateral to) the heavy chains, joined to the 
heavy chains by disulfide bonds. So the Fc is made up of two heavy chains, while each 
Fab has the top part of a heavy chain and a light chain. Light chains always have a 
variable and a constant domain, while the heavy chains have three constant domains 
and one variable domain. That means your variable domains end up in the Fabs, up at 
top. The heavy chains can come in different flavors--gamma, alpha, mu, delta, and 
epsilon--to make immunoglobulins of different isotypes--G, A, M, D, and E. The light 
chains are always either kappa or lambda—and never mixed kappa and lambda in one 
immunoglobulin. Mu and epsilon heavy chains have four constant domains instead of 
the usual three, so the immunoglobulins that have them only have two variable regions 
up top (in the light chain).

Each domain of the Ig and its quaternary structure is coded by a separate gene. They're
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basically 3 different proteins, and they don't come from one polypeptide sequence and 
gene. Immunoglobulins can also buddy up with other immunoglobulins and form dimers 
(IgA can do this), or even pentamers (IgM does this). 

Let's break these down by class:
 IgG--This is the most common one you have, with four subclasses; able to cross 

the placenta; antibacterial; antiviral; antitoxic; and has a half-life of 23 days.
 IgM--This one makes those pentamers and stays in the blood stream. It's the 

first-responder, the EMT, when you've got an antigen, and it also hangs out in the
surface of some B-cells (the ones that are differentiated independently of T-cells 
via toll-like receptors). Because it's so heavy it's good at agglutination, but it only 
has a half-life of 5 days.

 IgA--Hangs out in your sweat, tears, spit, mom's milk, and basically everything 
that your epithelium squirts out. In the blood there's a little of it hanging out 
monomerically, and you can find it as dimers held together by a J-chain and a 
secretory part, too.

 IgE--Allergies. Lowest concentration in blood. Really good at attaching to tissue 
cells and reacting so aggressively with antigens that it makes tissue damage.

 IgD--Apparently we're not sure what this does. It's in really small amounts on 
most B cells.

Antigen-antibody interactions depend on the variable region of the antibody binding 
nicely with the antigen's epitope. The epitope is the binding part. The epitopes are 
usually about 10-15 amino acids long, and one antigen may actually have more than 
one, so one antigen may bind more than one antibody. The binding is not covalent, but 
hydrogen-bonding based on shape. A polyclonal antibody is not one antibody, but a 
mixture of immunoglobulin antibodies that work together on one antigen, each binding a
different epitope on that antigen. Monoclonal is the antibody itself that binds one 
epitope and its one antigen. Monoclonal antibodies are harder and more precise to 
separate out and purify.

When you're first developing your antibodies as an embryo, the antibody response to 
finding an antigen is different. When the antibody finds antigens it doesn't activate to 
proliferate, it activates and dies of apoptosis. That's basically you learning how to not 
attack yourself by weeding out all the possible antibodies that you have that could hurt 
your body proteins in the future. Cool!

Hapten: One hapten is a really really little molecule that's so small that by itself it 
doesn't start a immunogenic response. Molecules have to be large and complex to be 
recognized as immunogenic. Now, a haptenic determinant, when a hapten binds to a 
carrier protein, is immunogenic--it's big and complex now. Haptens are basically 
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epitopes that can exist by themselves--but by themselves don't activate your immune 
system. In a lab setting you use little molecules you want to study as haptens, binding 
them to big inactive molecules, so you can make antibodies against them using 
animals. You wouldn't be able to make those antibodies without the big inactive carrier 
molecules, since the animals wouldn't respond. 

Poison ivy's toxin uroshiol is a hapten. When it enters your body it can't do anything. It 
needs to attach covalently to a protein of your skin. Now your body recognizes that skin 
protein as "not-self," with the poison ivy toxin as a hapten epitope. Antibodies will bind to
that hapten and eat the whole antigen. That's one thing, and already bad. But every now
and then you have a problem where you have an antibody that will form against parts of
the skin protein as separate epitopes, maybe because the skin protein changed shape a
little bit when the hapten bound. Then you will always attack that skin protein itself, 
because you think its regions are antibody epitopes! Bad reactions to several drugs 
happen this way.

Re-combination of your genes allows you to make the crazy variety (with 10 to the 8th 
or more different kinds of antibodies) in your immunoglobulins. You've got some genes 
that code the constant regions. That doesn't change. But then you've got V, D, and J 
segments. At the germ line, you've got tons of genes in each section (and about 65 V 
segments, 27 D segments, and 6 J segments). But when you're proliferating a 
lymphocyte, the lymphocyte only takes a few of those. It takes a few V, a few D, and a 
few J sections, and cuts off the entire rest. Then it adds those to the exons that code the
constant section, and when it transcribes this mix-match sequence and makes the 
protein for the immunoglobulin, it's crazy different from any other protein. To add to this, 
you add or delete a random number of nucleotides through each recombination, and 
you allow random mutations to keep happening all the time. It's like the salad bar, where
no one chooses the same combination of vegetables, and even if they do, they don't 
have exactly the same ratio. 

Please note that this re-combination is different than alternative splicing, which is on pg.
FIXAL. Alternative splicing helps decide where immunoglobulins go, while re-
combination decides what antigens they bind. If re-combination is the random salad bar,
alternative splicing is a Subway sandwich line, where the sandwich maker gives you the
same ratio of ingredients according to a fixed recipe instead of making up something 
new. 

Enzymatic hydrolysis: In the lab, if you want to digest an immunoglobulin, you use 
papain or trypsin to cut the hinge between the Fc and the Fabs. So then you have one 
Ig turned into 2 Fab and 1 Fc, three fragments. If you use pepsin, you cut between the 
Fab and Fc without cutting the two Fabs from each other, so you'll get 1 Fab complex 
with both Fabs linked together by disulfide bonds, and 1 Fc. You often cut off the Fabs 
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so you can inject them into tissue. They're smaller, and it's easier for them to get into 
tissues--except when you're talking about placenta. If you want to put an antibody into 
placenta, you need the Fc, since there are molecules in the placental wall that grab the 
Fc to help pull it in. Also, if you only inject the Fab into something, you can't precipitate 
out of solution, and you can't have macrophages eat any antigens, since they need the 
Fc part to recognize and hold the immunoglobulin into their membranes. But the Fab 
can stick to the antigen, even if it can't start your agglutination or start your immune 
response. So you can use it for fluorescent or signaling reasons in science so you can 
detect where the antigens are.

Some clinical applications

 Severe combined immunodeficiency syndrome (SCID)39--These children 
have a number of genetic mutations that make them lack all immune function. 
They need to be identified early (maybe with a white blood cell test for low WBC),
because vaccines can kill them, and they have very small thymuses. The 
problem can be a whole bunch of things: they could be missing a normal gamma 
chain, or maybe they're not able to recombine VDJ. Within the beginning of life, 
they'll have constant diarrhea, ear infections, and eventually fast weight loss. 
Eventually infections will get worse, and if they're not saved with stem cell bone 
marrow transplants, they'll die almost always before they're 2 years old.

 Multiple myeloma--This is a fatal bone marrow cancer. Your lymphocytes 
proliferate so much, and don't mature, and don't produce immunoglobulins which 
are functional. Instead of assembling good immunoglobulin, they assemble 
partial stuff with two light chains. Those are called Bence-Jones Proteins (a 
kind of paroprotein). The light chains are usually kappa chains, and since 
they're so small they'll go straight through the kidneys into the urine. When you 
find them with high levels of plasma cells, kidney failure, and bone problems, 
you're pretty sure your patient has myeloma. You detect Bence-Jones proteins by
heating urine, since light chains will precipitate between 50 to 60 degrees of 
Celsius.

Myoglobulin and Hemoglobin

The great irony of life, says my biochem teacher: the most important molecule for life is 
insoluble in the medium in which life survives. Oxygen is not soluble in water. So in 
order to get it to work in your cells so you can make ATP through the electron transport 
chain, you need to find some kind of molecule that grabs the oxygen and makes it stay 
in the water of your cells. Oxygen is actually lethal because of the free radicals it can 

39 https://www.clinicalkey.com/#!/ContentPlayerCtrl/doPlayContent/3-s2.0-B9781437707557001202/{%22scope
%22:%22all%22,%22query%22:%22SCID%22} Clinical Key, Severe Combined Immunodeficiency by Rebecca
H. Buckley
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produce that break down your tissues, and as your DNA-repair capacity goes down over
time, that oxidative stress causes mutations--in fact, the single most important risk 
factor for cancer is age. So you have to protect your cells from that--but you need 
oxygen to live! 

So you've got hemoglobin. Hemoglobin transports oxygen in your blood, while 
myoglobin basically stores oxygen for the muscles, hanging out in your heart and 
skeletal muscles and keeping O2 from damaging your tissues while it's chillin'. 
Myoglobin's what makes your muscles red.

 They're working on stem-cell hamburgers, trying to grow muscle from stem cells 
so you don't need slaughter-houses. These hamburgers don't have myoglobin, 
so they're cream-colored--apparently the people who've tried them didn't think 
they were that yummy, though. I'd totally try stem cell hamburgers!

General structure

There are similarities between hemoglobin and myoglobin. Myoglobin is one 
polypeptide and binds 1 oxygen, hemoglobin is analogous to 4 myoglobins linked 
together and it binds 4 oxygens. Each normal myoglobin is like 1/4 of a hemoglobin 
molecule--like one of the alpha or beta peptides.

Heme group: Both bind oxygen using the heme group. The heme group's got two parts,
a protoporphyrin fence-looking thing and a central iron molecule. The protoporphryn's 
made of:

 Four pyrrole groups, which are pentane rings with nitrogen at the tip and two 
double bonds, one on either side of the base. 

 Methene bridges (CH=CH-) holding the pyrroles together into a tetrapyrrole ring.
The pyrroles are pointing N-first into the center of the ring. In this arrangement 
every other pyrrole shifts its double-bonds one over so the double bond's 
between the N and C, and then between the C-C facing the outside.

 Four methyl side chains attached to the ring. They're kind of at the outermost 
carbons of each pyrrole, two on each left or right side of the ring, except in the 
lower left corner where the methyl group's switched with a vinyl group. There the 
methyl group ends up on the bottom edge of the tetrapyrrole instead of on the left
or right side. So you've got two on the left, one on the right, one on the bottom.

 Two vinyl side groups -CH=CH2 (which is ethylene minus a hydrogen). One's on
the bottom of the left side, the other's on the right of the bottom side.

 Two propionate side chains, -CH2-CH2-COO-, at the top corners.

The way the sidechains are arranged is what makes this biological heme, 
protoporphyrin IX. The iron sits right in the polyporphyrin cavity between all the Ns, and 
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it has 6 binding sites. 4 connect it to the nitrogens, and 2 are open where one position, 
the 6th, can bind to one oxygen. This happens when the iron is in the ferrous or +2 
state. If it gets an oxygen, or gets oxidized some other way, it will LEO (lose electrons 
oxidation, gain electrons reduction, remember LEO says GER?) and go to +3 state. The
other position, on the other face of the iron, the 5th, binds a histidine (the proximal 
histidine, F8, which stabilizes the bonding). When the covalent chain forms between 
iron and oxygen, there's a little bit of polarity created, which allows hydrogen-bonding 
with the histidine. There's also another histidine, the distal histidine (E7), that is hanging 
above the oxygen's binding position and doesn't bind to the heme. It defends oxygen's 
position. You know how CO has a 25,000 bigger affinity for myoglobin than oxygen 
does? The E7 histidine cuts that down to 200 times. Still big, but it's something.

Methemoglobin: Why'd I mention the +2 and +3? Well that hemoglobin, with the ferric 
iron III, is called methemoglobin. You don't want methemeglobin state (+3), because 
that doesn't need a valence electron filled, so it can't bind oxygen. Fe rusts when it hits 
oxygen and oxidizes (that's what rust is), but as soon as oxygen comes a hemoglobin 
reductase reduces iron over again so it stays in Fe2+. You don't want to inhibit this 
hemoglobin reductase, but a lot of drugs and chemicals may. The long name for the 
reductase is nicotinamide adenine dinucleotide-methemoglobin reductase, or just 
NADH-methemoglobin reductase. If this is somehow inhibited or fault, chocolate 
cyanosis changes blood color from red to a brown--that's when the iron in your blood is
rusting. This happens normally in your scabs, but you don't want this happening in your 
body! Methemoglobin isn't all bad, though. You can use it to prevent cyanide poisoning, 
because if you introduce methemoglobin to cyanide, the super-positive iron loves 
binding that cyanide ion, so cyanide doesn't have the opportunity to screw with your 
electron transport functions.

Myoglobin structure: Myoglobin's all one polypeptide chain of 153 AAs. It's made up of
8 alpha helices named A-H, and 5 not-helixes between them. (Named non-helix A-B 
between A and B, C-D between C and D, so on) At four corners or bends we've got 
proline residues that seem to be "ending" alpha helices, and on the outside of the 
molecule we got a whole bunch of polar residues. On the inside, to protect the iron from 
oxidation, we've got a bunch of non-polar residues.

Hemoglobin structure: Hemoglobin is a heterogenous tetramer--it's got 4 protein 
chains put together. It's got two alpha segments and two beta segments. When it forms, 
first you have dimers of an alpha and a beta come together. Then that dimer will bond to
another dimer to make hemoglobin. The two dimers meet via ionic bonding, so if you 
put this in saline solution, you will separate the two dimers--but the alpha and beta units 
won't separate, since they're held together by hydrophobic interactions and hydrogen 
bonds between amino acids. 
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But how do you make hydrophobic patches in the surfaces of the alpha or beta proteins 
before they're united? After all, when you spit the polypeptide out from the ribosome, all 
those hydrophobic patches will be exposed to the water, and they'll hate that and try to 
fold in on themselves, hiding those patches instead of leaving them open to make 
dimers. Well, that's what chaperones are for. As the alpha and beta unit get spat out of 
the ribosome, chaperones bind to the hydrophobic parts to protect them until the right 
alpha-beta dimer can form. (This is pretty much my philosophy on dating, right here, lol)

Hemoglobin's got several flavors: A for adult, F for fetal (which includes gamma chains 
instead of two beta chains, but has alpha chains just like an adult), S for sickle cell, and 
C for crystal. What changes is never the alpha chains, only the betas. You've got an 
embryonic which has epsilon instead of gamma chains, which changes when your fetus 
starts forming his or her own liver. Embryonic hemoglobin was found in the yolk sac. In 
the gamma chains of fetal hemoglobin, you don't have those positive histidines, so the 
BPG can't get in there in the middle with all its negative charges. Why does that matter?
BPG is a chemical that lowers hemoglobin's affinity to oxygen. So all the oxygen that 
comes from maternal blood gets grabbed by fetal blood, because there's no BPG to 
lower affinity if you've got no histidines to hold on to it.

Oxygen transport and binding differences

Look at the myoglobin curve here (in more detail below). It means with higher pressure 
there's more oxygen on myoglobin. The pressure at which 50% of the myoglobin is 
saturated with oxygen is 1 Torr or 1 mmHg. Well what if your tissues are 25 mmHg--well
that means everything is oxygenated, if you look at the curve by then everything is 
100%. Myoglobin in your muscles has a high affinity for oxygen and it'll only let oxygen 
go if there's really strenuous exercise, where oxygen is so consumed that the pressure 
of oxygen in there goes down to about 5 mmHg. So myoglobin is a storage for if you're 
in hard exercise. 

How do you get the oxygen to the myoglobin? That's the job of hemoglobin. Myoglobin 
couldn't be a good carrier, because it just holds on to the oxygen all the time when the 
pressure of oxygen is above 25, which is normal. That would starve you. So if someone 
turned all your hemoglobin to myoglobin you would die.

Hemoglobin is more complex than myoglobin. Notice that myoglobin's curve looks like 
this and hemoglobin like this
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saturation

Partial pressure of oxygen

This is the oxygen-binding curve. Hemoglobin will be saturated eventually, but there's a 
transition between much and little oxygen affinity. This is a sigmoid curve. The trick of 
this is cooperativism. Every hemoglobin can hold 4 oxygens. There's a hydrophobic 
pocket in the middle of hemoglobin, and that's where the oxygen tries to get in to bind. 
There's high pressure in your lungs, and that's where there's enough oxygen pressure 
to get one molecule of oxygen into that hydrophobic pocket. You've got gas molecules 
colliding with hemoglobin there in the lungs, and because of the high concentration of 
oxygen, there's chances that the oxygen will hit with enough kinetic energy with the right
angle and power to stab into the middle of the hemoglobin. The first oxygen that sticks 
to hemoglobin is the one that has to do the most work to get into the hemoglobin. That 
pioneer helps the other oxygens get in. It's really hard for it to get in. The second is 
easier than the first, the third easier than that, and the fourth is like so much times 
easier. Number-wise, the first one gets in somewhere between 0 and 25 mmHG, and at 
about 25 mmHg you've got two oxygens bound. Then, at about 50 mmHg, you've got 
them all bound, all 4. This is great, because in your lungs mmHg will rise above 100! In 
your tissues, it'll got down between 20 and 40. So wait, does any oxygen stay on 
hemoglobin in the tissues, since at 25 you're half-saturated? Not really, because as 
soon as you let any of it go your cells grab it up, and besides, you've got CO2 in there 
helping the O2 get off. (That's called the Bohr effect--more on that later.) So all the 
oxygen's used up in your capillaries, and the partial pressure of O2 in your veins is like 
way less than 10.

Hemoglobin's cooperativism gives it a Hill coefficient of 2.8, while myoglobin's lack 
thereof gives it a Hill coefficient of 1. These are based on log graphs of PO2 versus 
saturation over 1-saturation.

Structure that makes hemoglobin's oxygen-binding possible

When oxygen gets into the hemoglobin, what's exactly happening on the molecular 
level? How is it affecting hemoglobin structure?
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Remember the hemoglobin dimers, how they make alpha-beta dimers before coming 
together as a tetramer? So the top and bottom are more tightly bound to each other 
than the left and right sides, and the left and right sides can kind of rotate with respect to
each other. When there's no oxygen on them they are tense and in T state. That's the 
low-affinity state. There's a slightly rotated state called R that's called Relaxed state, 
and that's where the oxygen can attach. There are lots of non-covalent interactions 
holding the tense state together, and it can't really move or rotate. Basically each 
oxygen that binds makes it more and more relaxed.

When your first oxygen binds to hemoglobin, it makes the Fe a little smaller (it's kinda 
losing an electron by sharing it with electronegative oxygen). The shrinking Fe makes 
the heme group flatter--it was domed before--and that makes the F8 histidine move 
closer to the polyporphyrin ring. Well, that makes the whole F chain move, starting the 
shift to the relaxed state.

When you oxygenate you also disrupt the non-covalent hydrogen bond between 
tyrosine 145 and valine 98. 

You also disrupt non-covalent bonds between histidine 146 (from the alpha chain) and 
aspartate 94 (from the beta chain). That histidine should be protonated at our pH, but 
it's not--unless you're in the tense form, where its proton is trapped in a salt bridge with 
aspartate. That proton is really important later, but for now know that oxygen breaks the 
interaction between His and Asp, releasing that H. If you think about it, oxy-hemoglobin 
as a whole is kind of acting as an acid when it's got oxygen bound, releasing H like that.

You've got tons of other interactions breaking here when oxygen binds, including 
arginine-aspartic acid bonds and lysine-COO- bonds, but these are the main ones 
they've taught me.

Things that affect your hemoglobin's binding: Bohr effect and other curve shifts

Molecules like CO2 and acids that affect hemoglobin's binding are called allosteric 
effectors.

The Bohr effect--Carbon Dioxide decreases hemoglobin affinity for oxygen, promoting 
oxygen release to the tissues. Hemoglobin is elegant because it grabs CO2 and lets go 
of O2 at the same time. CO2 and oxygen have different binding sites on the 
hemoglobin: CO2 on amino group, oxygen at heme group. We have one N terminal 
amino group for each hemoglobin group. Carbamate is CO2 stuck to N terminal. That 
releases an H. When you acidify your local area, you have that histidine 146 that was 
already acidic in the area--but now the pH is so low that histidine gets protonated. It's 
now so positive it becomes attracted to asparate nearby, and the molecule begins to 



Becoming Healers 624
tense again. To summarize, CO2 becomes carbamate, a proton is released, the 
histidine becomes protonated, and the molecule begins to tense again. BPG enters and 
the whole oxygen gets discharged. (We'll get on BPG in a minute) You can imagine that 
you could skip the CO2/carbamate step and just add acid to protonate that histidine,
and that would make the oxygen leave hemoglobin just as well. Overall, both of 
these things shift your oxygen curve to the right, decreasing affinity.

Only a small portion of the CO2 gets transported from the tissues to the lungs via 
hemoglobin, by the way. Some of it moves via isohydric transport. CO2 also enters 
the erythrocytes at other places and becomes bicarbonate. That's the buffer situation 
we talked about earlier. Hyperventilation: all the CO2 leaves via isohydric transport, 
there's no time to form bicarbonate, and you get hemoglobin turning into an oxygen trap
because CO2 isn't sticking to it. You cure this with a bag so the person inhales his/her 
own CO2 so hemoglobin can work again.

The Haldane effect is what we call the reverse, where removing oxygen from 
hemoglobin increases hemoglobin's affinity for carbon dioxide. When you make PO2 go 
down, and the oxygen gets off, CO2 content in the blood goes down as the CO2 gets 
onto the hemoglobins.

BPG--So, remember how p50, or 50% saturation of hemoglobin, happens at about 25 
mmHg? Turns out that while the shape of hemoglobin's oxygen curve is always 
sigmoidal based on its structure and cooperativism, that curve could be way left-shifted. 
What I mean by that is that without a special molecule called BPG, hemoglobin would 
have p50 at a partial pressure of oxygen of 1 mmHg, just like myoglobin; even though 
the shape of the curves are different because of the chemistry of the different 
molecules, hemoglobin would have a hard time releasing oxygen to the tissues. BPG in 
the body solves this by pushing into the hemoglobin and taking oxygen's place, helping 
it get kicked out.

BPG works because the tense form of hemoglobin actually has this big positively-
charged hole in the front of it. (Oxygen fits into a different part of the hemoglobin, 
deeper in the hole, which closes in the relaxed state) BPG fits into that hole--but it 
doesn't fit when oxygen's knocked all the salt bridges out of the way and the molecule's 
collapsed on itself, closing the hole. Now BPG concentrations stay constant in the 
blood--5 mM. In the tissues, partial pressure of oxygen is low and the Bohr effect is 
happening, and besides all that the BPG is super-attracted to the positive charges of the
histidines lining the collapsed hole. Partial pressure of oxygen isn't that high anyway, not
high enough to make the oxygen stay in the hemoglobin, so BPG can muscle its way in 
and force the hole back tense again. So when hemoglobin leaves the tissue and arrives 
at the lungs its's in deoxy form and it's got BPG in it. There, the partial pressure of 
oxygen is so great that cooperativism and sheer bombardment drive you to the relaxed 
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form, and that literally squeezes BPG out of that shrinking middle hole.

When you go up into high altitude, the pressure of oxygen goes down, and your body 
loses affinity for oxygen. Your body realizes that you need the deliver what little oxygen 
you have as efficiently to the tissues as possible, so it senses the hypoxia and makes 
you have more BPG-affinity. BPG decreases your affinity to oxygen. Now it's easier for 
oxygen to be released to your tissues. So altitude, overall, switches your oxygen curve 
to the right.

Hypoxia, obstructive pulmonary emphysema, chronic anemia, high altitudes, flying in 
non-pressurized planes, and smoking all make RBCs increase their BPG production. 
This helps affinity to oxygen decrease--more BPG wants to bind, and more oxygen 
wants to leave. That's worse delivery to tissues, better collection at the lungs. CO2, 
protons, and BPG all bind to different regions of Hb.

A stripped hemoglobin is in saline solution with no other additions--no BPG, no CO2, so 
on and so forth. That's got super-high affinity to oxygen, and like never wants to let it go.
More affinity because it wants stuff on it. There isn't any BPG to promote the tight, non-
oxygen-friendly position. Remember, tight is not right for oxygen. BPG's negative 
charges wants to pull the positive histidines in tight.

Some hemoglobin diseases

 Bethesda hemoglobin--A sense mutation swapped one base pair and turned 
your tyrosine 145 into a histidine. That means you don't go into tense state as 
well--you're missing that valine-tyrosine interaction you had, and you may have 
trouble delivering effectively to tissues. Also it seems to me that you may be 
blocking the Bohr effect because that new histidine is right next to the histidine 
146 that's supposed to accept an H and complex with aspartate. What if this new 
histidine 145 takes that H? You'll certainly be interfering with or at least altering in
some small way the way the molecule tenses in response to acid.

 Ft. Gordon hemoglobins--Replace that same tyrosine 145 with an aspartate. 
Well now you've really messed up oxygen delivery to the tissues--not only will 
aspartate not work with the valine, but it's got a negative charge that will repel 
BPG right where BPG is supposed to sit! And you're not going to respond to the 
Bohr effect right here, whereas maybe you would still have responded with that 
histidine swap.

 Sickle cell anemia--You took a glutamic acid out of the outside of the beta chain 
and put in a valine instead. The nonpolar hydrophobic valine is now pointing 
outside, and doesn't want to be outside in the hydrophilic solution, so the broken 
hemoglobin (HbS) starts sticking one to the other. That means it's less soluble 
and prone to blockage in your tissues. You can get necrosis of tissues because 
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these blobs of weird sickle cells just won't let stuff pass. These people are dizzy 
since they can't get enough oxygen to their tissues, and they're often with 
abnormal hearts because the heart is working overtime to overcome this crazy 
blockage. The body defends itself from this situation with kidneys making 
erythropoetin, which helps your bone marrow make more blood cells, but then 
you're hurting your bones because they're swelling with all that over-working 
production. This is just bad.

 Alpha and beta thalassemias--You're actually missing your alpha or beta chain.
This could be a stop-codon (Nonsense) or a frameshift where you deleted one or 
two bases and screwed up the entire chain. If you fail to splice out and get rid of 
the introns you should, you can cause a frame shift, too. You could also have a 
promoter mutation. 

Hemoglobin synthesis

The enzyme that catalyzes the "rate-limiting" step--the step that requires the most 
energy and makes the big difference in synthesis--is ALA, or aminolevulinate 
synthase. That's hanging out in your bone marrow and your liver. Lead can poison you 
by inhibiting this reaction. It also inhibits ferrochelatase, which puts the iron into your 
heme. This can cause you to have abnormally small red blood cells (microcytic 
anemia) or really pale, un-red cells (hypochromic anemia). These heme-production 
problems are called porphyrias, and understandably they aren't conducive to blood 
delivery.

Heme starts from succinyl CoA, which then reacts with glycine to lose the CoA group 
and a CO2, and then you have a gamma aminolevulinate, which ALA synthase and 
ferrochelatase will transform into heme.

Biological Membranes Structure and Function

Life is, at some level, a number of organized chemical reactions, and we need a barrier 
to make the difference between that and the chaos in the rest of the universe, says my 
professor. So membranes are life.

Each membrane has different components depending on the cell type. Myelin cells
are 79 percent lipid, because that's a membrane that needs to isolate and block polar 
molecules, so that's what they do. More permeable membranes will have more different 
proteins, and myelin needs to be super impermeable. (Cool beans!) Erythrocytes are 
about 50/50 protein and lipid because that cytoskeleton needs to let the erythrocyte 
maintain shape so it can flow efficiently through the vessels, and it's proteins that help 
give it that structure. The inner membrane of the mitochondria need much more protein 
than lipids because of their digestive function. 
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Different factors affecting phospholipid layer permeability (and fluidity):
 Temperature: heat gives kinetic energy making the hydrophobic layers 

beginning to vibrate, and the van der Waals bonds will begin to break. Now it 
may be easier for water to pass through and stuff like that, because it doesn't 
need to fight such rigid van der Waals bonds. If you have colder membranes, 
you'll have less energy, and a less fluid membrane. 

 Degree of saturation, or how many double-bonds you have: remember, 
more saturated is more hydrogen. If you have in-saturation, where you have 
double-bonds, you make kinks in the hydrophobic tails. That means the tails can't
interact nicely with each other, and they can't package next to each other like 
they'd like to. They make a more fluid membrane. You need un-saturation to live, 
otherwise you'd have rigid butter-like membranes, and imagine the clotting you'd 
get in your blood vessels. Lipid bilayers with more unsaturated fatty acids are 
more permeable since they aren't so tightly packed, too.

 The longer your phospholipid chain, the more rigid your membrane 
might be. The melting point rises proportionally to the length of the chain, and 
goes down with double-bonds, so temperature will be less able to create fluidity 
in long chains--it's harder to excite many carbons than to excite just a few--and 
that will result in a less permeable, more rigid membrane.

Phospholipids: Different kinds derived from the basic one (Recognize these structures)
 Phosphoglycerides

◦ one of the most abundant
◦ also called glycerophospholipids
◦ Start with a glycerol parent compound (3 CH2s, each with an OH attached), 

and on two of those OHs add fatty acids. On the last one put a phosphate and
an alcohol or other R group

◦ Your R group can be just H, or an ethanolamine, choline, all kinds of things as
long as its hydrophilic.

◦ If that R is choline (N+(CH3)3) you've made phosphatidylcholine
◦ If R is CH2-CH2-NH3+ you've made phosphatidylethanolamine
◦ R is CH2-CH-NH3+ with COO- on the CH you have phosphatidylserine
◦ You could even put another glycerol there (hey dog, I heard you like glycerol, 

so I put a glycerol in your phosphatidylglycerol, so you can 
phosphatidylglycerolize while you're phosphatidylglyceroling!) Then it's called 
diphosphatidylglycerol or cardiolipin.

 sphingolipids
◦ you need a sphingosine parent compound which has a fatty acid in carbon 3 

(where carbon number 2 has NH2, carbon 1 has an OH)
◦ Now you turn that NH2 into N-(C=O)-R
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◦ Then you replace R with a fatty acid, and now you have a ceramide
◦ Then you add a phospho-R to the OH on carbon 1 (for sphingomyelin, for 

example, you'd add choline)
 glycosphingolipids

◦ No phosphates
◦ Sugar on the C-1 OH of ceramide (so just like a sphingolipid, but with a sugar 

on C-1)
◦ very important for the brain and ganglia
◦ cerebrosides--to identify this you look for the second hydrocarbon chain 

added to sphingosine, and that's a cerebroside. The only difference between 
a cerebroside and a sphingoside is that instead of adding a fatty acid to the 
OH on carbon 3 you add a sugar
▪ it's a ganglioside if you add a second carboxylic acid to that complex--you 

have two sugars added to the OH on carbon 3, and then you have a 
carboxylic acid

 Cholesterol
◦ Predominantly hydrophobic
◦ Has one OH group at the bottom that gives it a weak polarity
◦ So cholesterol accommodates this by putting the whole cholesterol body 

inside, but there's a little tiny polar OH group sticking out the membrane.
◦ This does not contribute to membrane asymmetry--you want to have a lot in 

both membranes.
◦ The rest of the cholesterol is a bunch of hexagons--just steroids attached to 

an alkyl side chain
◦ Cholesterol at low temperatures keeps the fatty acid chains from crystalizing, 

keeping the membrane fluid--it pushes them away from each other because 
of its crooked hexagon shape

◦ At high temperatures cholesterol keeps fatty acid chains together by forming 
hydrophobic van der Waals interactions with them, binding them together--it 
also blocks big motions of fluid acid chains by being in their way, so they can't
make the membrane too fluid.

◦ This helps us to work at many temperatures.
◦ When you've got too many saturated phospholipids--which like to pack 

together really really tightly because of their shape--cholesterol helps push 
them aside because it doesn't pack

◦ So the membranes in our kidney--are their lipid compositions very enriched in
unsaturated phospholipids? So that they're more fluid and water can pass 
back and forth more? Do the water animals have more cholesterol because 
they live in cold water?

So to remember these structures, try to recognize their type by finding phosphate or 
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sugars. If it's got a phosphate, it's a phospholipid, and if it's glycerol derived, its' a 
glycerophospholipid. If it's sphingosine derived, it's a sphingolipid. If instead of a 
phosphate you find a sugar, it's a glycolipid, which are all sphingosine derived. The 
glycosphingolipids are cerebrosides if they've got monosaccarides, and they're 
gangliosides if they've got more than one sugar attached.

Bilayer asymmetry: The outer face usually has more sphingomyelin, phosphatidyl 
choline, and the inner face has more phosphatidylethanolamine and some other thing
dammit too fast. Phosphatidyl serine is more in the inner face. Integral proteins don't 
make "asymmetry" so much since they extend through the membrane, but peripheral 
ones do, and even the integral proteins might have a different head from tail. By the way
integral proteins aren't necessary really "floating" in the lipid bilayer--they're anchored to
the cytoskeleton on the underside. It would be super-inefficient if they were all running 
around; as it is now, you can have similar function grouped together so that products 
from one can go to the next step of whatever chain they're part of. That's kinda cool!

Red blood cell membrane proteins: RBCs are great for studying since they don't have
any protein-secretion mechanism--no Golgi, no ER, etc etc--and they're basically just 
membrane-bags of hemoglobin. So in order to study the cytoskeleton, we study RBCs. 
When we study red blood cells for their membranes, we put them in hypotonic solution, 
because if you put a red blood cell in a hypotonic solution, it will explode (no cell wall to 
protect it) and then you have "cell ghosts" that remain, which are white plasma 
membrane remnants, and those are easy to play with. 

Some of the proteins we've gotten from studying RBCs:
 Spectrin, which hangs out in the inner face of the membrane, is a long rod that 

makes filament networks for other proteins to attach. Each half-spectrin has an 
alpha chain and a beta chain and two pairs of these heterodimers make a 
spectrin. These give RBCs their concave shape!

 Ankyrin, which makes cross-links between spectrin beta chains and the 
cytoplasm part of band 3--so it links spectrin all the way through the membrane

 Glycophorin C, which hangs out on the surface, making a carbohydrate layer of 
16 different oligosaccharide chains. Probably helps in cell recognition, maybe in 
glucose transport. This also helps anchor spectrin to the membrane.

 Band 3 protein is a transporter that exchanges bicarbonate for Cl-. More on this 
next section.

 Actin connects spectrin to glycophorins.
 Band 4.1 protein--links spectrin to actin.
 Adducin
 Band 4.9 protein 
 Tropomyosin
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Membrane proteins and transport

So, lipid membrane components are all well and good, what lipid bilayers will form any 
time you throw enough grease into water. "All biological membranes are fundamentally 
lipid bilayers, but not all lipid bilayers are biological membranes," says Dr. Santiago. 
What really makes our biological membranes special is our membrane proteins. You'll 
never see fatty acids alone in your membrane, because you use them for things--like
making ATP and getting energy, for example. They're connected with membrane 
proteins that want to use them. As you know, we've got integral and peripheral 
membrane proteins, and the line between those types can be blurry. The chemical that 
you need to take a protein out of a membrane is what tells you whether a protein is 
integral or peripheral. To take out an integral protein you need a soap or detergent that's
amphipathic. To take out peripheral proteins you just need ionic force. Normally, if you 
look at the protein and it goes all the way through the membrane it's integral, while if it's 
attached to another protein or kind of sticking out from the fatty acids on top, it's 
peripheral. On a hydropathy plot, if it's got a spike sticking up from the midline, it goes 
all the way through the membrane (it's got enough hydrophobic pieces to do so).

Many of our membrane proteins work in transport. They transport 
 actively when they require ATP, 

◦ direct active transport is when the same carrier is the ATPase, like the Na/K 
pump

 passively when they're materials diffusing through only using the energy of their 
concentration gradient
◦ This can be facilitated by a pore or channel opening, or it can be 
◦ simple, like how gases get through membranes

 uniport when they pass only one kind of molecule through 
 cotransport when one molecule helps another molecule go through 
 symport when two molecules go through in the same direction 
 antiport when one molecule goes one way and the other goes the other

Kinetics of transport

How do you tell the difference, kinetically (so like, in the nitty-gritty of how the chemical 
reaction works), between kinds of transport? When you've got a simple passive 
diffusion, your kinetic rate of transport will be directly proportional to the difference in 
concentrations on each side. You'll have a straight line rate/vs concentration difference, 
going up in a line. 
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This means that the more stuff there is on one side versus the other, the more that stuff 
will pass through. And that's it. Simple, for simple diffusion. (When we talk about 
facilitated passive diffusion--pores and channels--this simplicity breaks down a bit 
because we can say that some pores, even though they're just open passive holes, do 
saturate.)

Carrier proteins or pumps, on the other hand, have the same kinetics as enzymes. The 
rate of transport will increase rapidly at first, until you reach a point where you level off. 
At that point every single carrier is working and has a rider bound to it--they're 
saturated.

At saturation, even if the concentration difference gets really big, the transporter will not 
let any more stuff in. We can describe this with the equation
J(flux) = Vmax[x]0/(Km+[x]0)
The flux or flow across the membrane will depend on Vmax. Vmax is the maximum 
velocity or reaction rate, Km is the concentration of transporters working at half the 
maximum speed, and x is the width of the membrane. Don't worry so much about 
memorizing this equation--worry about the fact that the flow across the membrane will 
depend on the maximum speed with which you can grab all the things that want a ride 
across the membrane. 

General transport mechanisms

But what's going on, at the nitty-gritty molecule level, between channel proteins and 
active transporters (carriers)? It's different for each individual transporter, but let's start 
with pores. 

Most pores or channels 
 have many domains, 
 there's symmetry in the axis of the channel, 
 and they're lined with alpha helixes or beta barrels. (Beta barrels are super-

secondary structures where the beta sheets fold around diagonally around the 
barrel "body.") 

 Even though the pores are just holes, and they theoretically don't saturate, they 
do have specific and complicated structure, so don't look down on them! These 
pores are selective because of diameter and side chains 

 and effectors that make them open them include potential voltage or 
modifications like phosphorylation. (Not all have the same selectivity: some are 
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non-specific) 
◦ Example of voltage-gated: When ACh hits ACh cation channels, the pieces 

actually all rotate to open the pore. Voltage sensors in voltage-gated ion 
channels are little pieces carrying certain charge that stick out into the 
cytoplasm, and then when the voltage changes (the inside becomes too 
positive) they hide inside the protein, creating shape changes that close the 
channel.

 Diffusion isn't just moving from one side to another, either: it often requires 
something to change shape, like the Glut-1 pore. The Glut-1 pore grabs the 
glucose on the "outside-facing" side, and then that binding makes the Glut-1 
open up on its "inside-facing" side to let the glucose through. The shape of the 
pore as a whole doesn't really need to change, just pieces inside to let the 
glucose through.

So what about carriers, how do they work? These are super-hard to simplify since 
they're so diverse, but they: 

 definitely have to change shape as soon as their substrate (the thing they're 
transporting) binds. Their different shapes have different affinities for their 
substrates, 

 and of course their substrates have to fit through whatever holes they've got. 
 The Na/K pump, for example--which we've basically beat like a dead horse with 

repetition--has two alpha subunits that bind potassium or sodium, and two beta 
subunits. It grabs its substrates with the alpha subunits and changes shape to let 
them through as soon as they bind (more on this later). 

 The main thing about these carriers is that they must bind ATP or use it 
indirectly. They can go against a concentration gradient. 

 Their dramatic shape changes make carrier proteins more affected by membrane
fluidity than pores. Look at a picture of the sodium/K pump, and then look at any 
pore, and think about it: sodium has to open and close like a book all over the 
place, while the pore really just has to stay the same size, even if it has to 
change on the inside to open or close. So of course the fluidity of the membrane 
will make a bigger difference to the carrier protein.

Some important transport proteins
 
Glut1: This is a passive, permease pore helping with facilitated diffusion using the 
energy of glucose's concentration gradient in and out of the cell. Insulin interacts with 
receptors on cell surfaces and tells them, via signal transduction, to send the Glut1 
pores to the cell membrane. Little vesicles lined with the Glut1 fuse to the membrane 
and the Glut 1 are open and ready for glucose! This tranporter that has 12 
transmembrane helices and the binding site switches from facing out or in based on 
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whether or not glucose is bound. This is how your cells eat!

Sodium/Glucose transport: Before you can use Glut1 to get glucose into your cells, 
you have to get that glucose from your intestine into the blood so you can share it with 
all those tissues. So you use these carrier proteins in your intestines. They are shaped 
like the Na/K ATPase, but they are usually secondary active symport transport. That's 
because they use the gradient made by Na/K ATPase (which needed ATP to work!). 
Sodium binds the carrier while it's facing outside, and that lets glucose bind, and then 
the carrier changes shape to push them both into the cell. Both sodium and glucose 
bind to EII subunits, but in the bottom corner of one of the EIIs is a little blob called an 
EIII subunit, which you can use to power the pump instead of using the sodium gradient.
(This is weird--you usually should think sodium gradient when you think of this 
transporter) To use the EIII blob, you phosphorylate it, which helps glucose to bind, and 
then when glucose is bound you transfer that phosphate to glucose so now it's too big to
fit in the transporter and get back out of the cell. You tricked the glucose in and now it's 
trapped! But normally you should think of the sodium gradient when you think of this 
molecule. That means when we poison the Na/K ATPase we have prahblem!

Sodium/Amino Acid transport: Your cells take up amino acids the same way your 
intestine passes glucose: using secondary active symport. The sodium gradient powers 
this, just like above: sodium really wants in, and it will bring AAs in with it if it has to!

Band 3: This is kinda different--it's an RBC channel! It's got 12 transmembrane helices, 
and it's a passive antiporter--it passes Cl- into the cell to pass bicarbonate out of the 
cell. That makes the RBC 1 million times more permeable to CO2. It's cool because it 
can change directions. Remember CO2 is a tiny gas, so it can go through the 
membranes no problem (simple diffusion). In the tissues, lots of CO2 is getting into the 
RBC from the tissues, but in the water of the RBC it turns into bicarbonate. The band 3 
channel lets you spit that bicarbonate out into the blood. Why do you want to spit 
bicarbonate into the blood? Well, if you have too much bicarbonate in the RBC, CO2 will
stop wanting to turn into bicarbonate in there (LeChatelier's principle; balance of the 
reaction will drive you the equation back to reactants). Well, that will mean you have a 
bunch of un-bicarbonate-ed CO2 stuck in your RBC. Well now more CO2 will not want 
to get into the RBC from the tissues, because it's already crowded in there. Well now 
how will you get rid of your CO2? RBCs need to be able to get all kinds of CO2 in there 
to carry it to the lungs, even though you can also dissolve CO2 in plasma. Cool thing: 
when you get to the lungs, the whole process shifts--your partial pressure of CO2 went 
down, of course, so now CO2 wants to get all out into the lung tissue and get exhaled--
and band3 lets bicarbonate in. Letting bicarbonate from the blood back into the cell 
encourages the reaction in the cell to proceed from bicarbonate back to CO2, just 
because of LeChatelier's principle. This whole thing is called isohydric transport. Is this
secondary active transport or facilitated diffusion? After all, it's using the energy from the
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Cl- concentration gradient, isn't it? Pearson Higher Ed's website and Oregon State 
University both say it's passive and pore because the actual protein is shaped like a 
pore and doesn't have that major external shape-changing thing going on. Also since Cl-
concentration is sometimes maintained via secondary active transport, it would be kind 
of weird to call something that relies on it secondary active. So this is just facilitated 
diffusion.

Sodium/Potassium Pump: Requires ATP. Is an ATPase. Pretty obviously primary 
active transport. Lots of serine, tyrosine, etc line the inside of this pump. Why? They've 
got OH, which makes them phosphorylatable. (So hydrolysis and ATP function!) When 
it's de-phosphorylated the pump's open to the interior. Then 3 sodiums can couple to it. 
Then ATP comes and adds a phosphate group to those OHs on the bottom (inside the 
cell). You're adding a charge which also has steric effects and that makes the peptide 
have to fold differently to accommodate that. To alleviate this new structural element the
protein opens to the outside. The sodium leaves, 2 potassiums enter the pump. Then 
you take off the phosphate group, and the shape will change to face the inside again 
now. We classify the Na/K ATPase as an electrogenic pump, which means it creates 
an electrical gradient by pushing charges across the membrane in different ratios (3 
positive out for every 2 in makes a negative gradient). As we've seen like three times 
now, this is super-super-super important for secondary active transport, because now 
other things can get through the membrane just by exploiting sodium's desperate desire
to get back into the cell.

So, what does happen if we block the Na/K ATPase? Cardiotonic steroids: ouabain, 
digitalis, digitoxigenin, etc etc. These blockers treat congestive heart disease and 
arrhythmias by blocking the sodium/K pump at E2, so it can't be dephosphorylated. If 
you can't dephosphorylate, you can't open the pump to the inside. That means no more 
sodium can get pumped out (so sodium's accumulating inside). You're also keeping 
potassium from coming in through the pump (so potassium's accumulating outside). 
When you prevent potassium from coming in you end up getting only a Ca2+ gradient. 
This affects the Ca 2+/Na exchanger (which we haven't talked about yet, but it uses the 
sodium gradient to move calcium out). When you get rid of the Na/K pump you get rid of
the antiport cotransport for calcium, so calcium can't get out of the cell, and it 
accumulates inside. That's the key. That's why we'd do something as crazy as 
poisoning the Na/K ATPase pump. With calcium accumulated inside, you get better 
muscle contraction! So this works for heart failures and stuff. They basically produce 
30% inhibition to slow the heart down. At about 60% inhibition you're starting to kill 
yourself, so we're super-careful about dosage. 

So you see calcium's pretty important. It's actually pretty much the main second-
messenger system signal. One reason it's so powerful: one calcium can interact 
ionically with six to eight oxygen atoms--so six to eight amino acids--dramatically 



Becoming Healers 635

changing protein shape. It's in very low intracellular/cytosol concentrations, and that's 
important to maintain response. You can't let it be at high concentrations where it can 
precipitate out of solution or make our second-messenger systems fire all the time, so 
it's super-low in the cytosol compared to in the ER or SR. 

To maintain these low levels, we use the Ca-ATPase pump. Ca-ATPase pump 
reestablishes low calcium levels in the cytoplasm after muscle contraction or other use. 
It binds ATP and changes shape and gets calcium inside the ER or out into the 
extracellular space. Just like Na/K, but moves only 1 ion. Is this a direct active 
transporter? Why yes, yes it is.

We also maintain low calcium concentrations in the cell goop using calmodulin, which 
as you know from physiology binds lots and lots of calcium. Calmodulin's binding 
domain is shaped like an S at first. Calcium binds twice to the top of the S, twice to the 
bottom curve, and then calmodulin is shaped like a boomerang and pulls calcium "into" 
itself. Calmodulin's a dimer, and it's carboxyl end binds calcium most. Calmodulin's not 
a transporter so much as a storehouse. The Na/Ca exchanger mentioned earlier is 
another way to lower intracellular concentrations, of course, and that's a secondary 
active transporter.

Some Final Ways to Get Stuff In and Out of Cells

Ionophores: Cool because they're antibiotics. They dissolve in lipids, but their insides 
have ion-friendly AAs, so they basically make membranes more permeable to ions. You 
can imagine how that could really screw over a bacteria, if you throw off its cellular 
balance like that. They facilitate diffusion, basically, and there are two types: mobile ion 
carriers (which are more mobile in the membrane), and channel formers (which are 
basically become channels). 

Gap junctions: Two connexons or hemichannels stick together from cell to cell (one 
connexon for each cell membrane) and let little molecules pass through freely. You've 
seen these used in the heart for fast electrical stimulation, and they can also help feed 
cells that are far away from blood vessels. You control them with calcium--if calcium 
goes up they close.

Transferrin: Most of the iron in your body isn't bound to transferrin (transferrin's less 
than 0.1 percent) but it's a really important reservoir. It's a glycoprotein that, when it 
binds to iron, shrinks back into the cell, into a vesicle. Pumps in the vesicle change the 
pH, and transferrin has to let go of the iron. Transferrin's made of lots of alpha helices 
and beta sheets.

Hormones and Hormone Receptors
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Chemical signaling mechanisms:
autocrine--signaling itself with chemicals
paracrine--signaling its neighbor by itself (prostaglandins are an example of this)
endocrine--signaling at distance using secretion, usually using blood transport
neural signals--electrical signaling
neuroendocrine signals--electrical signaling triggering endocrine secretion into the blood
pheromones--airborne signals that adjust the environment and signal outside the body

Hormones are any things made by specific cells and sent into the bloodstream to meet 
certain receptors. This is different than neurotransmitters, which are often released just 
to cross a short little synapse instead of into the bloodstream (although some 
neurotransmitters like epinephrine are hormones) and have a specifically neurological 
effect. This hormone signaling is much slower than transduction signaling, even though 
these can enter the membrane and go straight to the nucleus (which transduction 
signals can't). Why? Because generally these kinds of signals start brand new 
synthesis--synthesis de novo--which makes you have to make new enzymes from the 
directions in the genes in the nucleus. Two major kinds of hormones--ones that can 
pass through the membrane (lipophilic) and ones that cannot (peptides, proteins, amino 
acids etc).

Lipid-soluble hormones

Lipid-soluble hormones will go either into the nucleus or cytoplasm to interact with DNA 
promoters and turn on or off the expression of a certain gene. Remember DNA 
promoters are the switch on and off for a gene. Carrier proteins will often grab and carry
these lipid-soluble hormones where they need to go, or the hormones will just bind to 
receptors inside the target cell. These are mediated by the receptor-hormone 
complex (which is the thing that binds to the promotor of the DNA, to make the 
transcription start, to make a whole bunch of mRNA transcripts, amplifying the desired 
signal). 

These hydrophobic steroids include steroid hormones (which are made from cholesterol
in the gonads and adrenal glands), as well as thyroid hormones T3 and T4 (which come
from tyrosines in thyroglobulin). 

Steroid hormones 
 Steroid hormones are carried through the circulation by binding proteins so they 

can dissolve in your water ('cuz remember they're lipid-soluble). When they arrive
at the cell they free themselves, slip through the lipid bilayer, get modified by 
enzymes in target cells maybe, and then bind to their targets which modify DNA 
transcription.
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 Receptors are in the cytoplasm, not the nucleus
◦ Receptors all have similar ligand-binding and DNA-binding domains, but 

different domains to bind their particular steroids
◦ After steroid binds, hormone-receptor complex moves into the nucleus to turn 

off/on a gene
 To make these, you start with cholesterol, and then you add or take away 

different groups. Estrogen, testosterone, etc.

Thyroid hormones
 T3 and T4 (triodotyronines)
 Control your metabolism, heat, oxygen consumption--most tissues (except 

spleen, brain, testes) become hotter and use more oxygen when they get T3/T4
 Receptors are in the nucleus, not the cytoplasm

◦ Some are attached to mitochondria/plasma membrane
◦ Hormone-receptor complex is formed in the nucleus to turn on/off a gene

 They are the only ones with iodine
 Made from the precursor thyroglobulin, which is a really big glycosylated protein

◦ Thyroglobulin's made in the RER of thyroid follicular cells
◦ Thyroglobulin's got lots of tyrosine residues
◦ After secretion, you iodinate those tyrosine rings using peroxidases

▪ That oxidizes iodine
◦ Iodinated thyroglobulin buddies up into couples
◦ Cells pinocytose (liquid-ly eat) the iodinated thyroglobulin couples
◦ The cells use lysosomal enzymes to cleave/digest thyroglobulin into T3 and 

T4
◦ T4 is two dimers, T3 is one dimer and one monomer.
◦ The cells spit T3 and T4 into the bloodstream

 All the iodine in your diet gets accumulated in colloids in your thyroid
◦ You find iodide in seafoods, seaweeds, dairy products, and bananas
◦ The sodium/potassium pump raises the extracellular sodium concentration, 

and in the follicular cells around the colloids, they use this--every sodium that 
comes in from outside lets them do co-transport of iodide to store iodine in 
that colloid

◦ TSH (thyroid-stimulating hormone) controls this iodine-pumping
 Blargh!

Hydrophilic hormones

These guys can't pass the membrane, so their receptors hang out on the membrane. 
They've got three parts: 
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 the glycosylated external binding site for the hormone, 
 an intramembrane domain, 
 and a cytoplasmic domain.

You've got peptide hormones, and catecholamines (like norepinephrine and 
epinephrine). Other hydrophilic transduction signals include oxytocin, vasopressin, 
angiotensin II, follicle stimulating hormone, parathyroid hormone, so on and so forth.

You make them as preproinsertnameofhormonehere in the RER, and then you always 
have a bunch of proteases that modify and finish them. Human pro-insulin is a good 
example of hydrophilic hormone processing. Pre-proinsulin looks kinda like a paperclip. 
When you bind the two "free" ends of the paperclip together with two little bridges you 
make pro-insulin. Those are disulfide bridges, between the A and B chains of the insulin 
peptide. Then you keep only those bound parts, and get rid of the rest of the paperclip, 
and you've got insulin. This is pretty interesting because normally quaternary structure 
comes from more than one gene--you have different segments, like in hemoglobin, that 
come from different directions in your chromosome. But in insulin, the entire thing came 
from one chain, it's just that the chain was doubled up and bound together and then the 
knots were cut off so you just have two chains tied together. The part of the paperclip 
that we got rid of, this part, is called the C-protein, and it's really important for making 
insulin form right, but we get rid of it so insulin can work.

When you're finished making insulin, you keep it with the C-protein together in little 
granules in your cytosol. When you're ready to use it, you exocytose it and make the C-
protein fall off. C-protein will stay in the plasma for a while after you've used the insulin, 
so you can use it to check up on your insulin levels in diabetes and stuff. When you 
want to break down insulin, you use insulinase from the liver and kidneys.

Catecholamines come from tyrosine and are made in cells of the adrenal medulla (the 
inside part, inside the cortex, of the adrenal glands). For the shelf you should probably 
know the biosynthesis. They go from tyrosine, through tyrosine hydroxylase, to L-dopa, 
then to dopamine, then depending on where they're synthesized they can turn into 
norepinephrine, then into epinephrine. (See the whole pathway in physiology section 
page FIXAL)

One cool thing about these signaling molecules: look how many different kinds of 
receptors they can bind to! Ach works with ligand-gated ion channels (which means 
when the ligand, Ach, binds, the ion channels open to let ions like sodium and calcium 
in) to make skeletal muscle fire. That's called a nicotinic receptor. Ach can also bind to 
G-protein-linked receptors to relax cardiac muscle (they make the G-protein start a 
second messenger system that inhibits calcium). That's using muscarinic receptors. 
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You'll just use different receptors in each tissue, depending on what you need that tissue
to do. The awesome thing about this is you can use just a few basic chemicals to 

As you can imagine, since hydrophilic hormones like these can't pass the membrane, 
they can't work by forming the hormone-receptor complex and gluing to DNA 
sequences. So a lot of these work via...

Transduction signaling

Dr. Santiago explains signal transduction like this: if someone outside the classroom 
wants to get a note to someone sitting in the middle of the class, but she's not allowed 
to pass, she'll pass the note to the student by the door and have him or her pass the 
note until it arrives at the intended recipient. That's what this is like. This kind of 
signaling is much faster than lipid-soluble signaling, and these signal using cell surface 
receptors that are integral membrane proteins.

The signal transduction pathways usually have 
 a first messenger, 
 receptor, 
 relay-protein (like the G-protein linked to the receptor), 
 an enzyme that synthesizes a second messenger, 
 then a second messenger, 
 then a protein kinase initiating a phosphorylation cascade, 
 then a phosphorylation cascade, 
 a few off switches somewhere, 
 an effector molecule, 
 and finally a biological response

So for example, epinephrine or adrenaline or glucagon binds to a heterodimeric G-
protein-linked receptor. That activates a G-protein conformational change, which uses 
GTP and promotes a change in adenylyl cyclase, which uses an ATP to make cAMP, 
which is our second messenger. cAMP activates protein kinase A, which starts the 
phosphorylation cascade and then stimulates the effector protein--the thing that 
actually does the work. That breaks down glycogen in your liver and releases a whole 
bunch of glucose into your bloodstream, getting your cells energy to work on overdrive. 
That's how the fight-or-flight response gets made!

In the phosphorylation cascade every single enzyme is also a substrate--each one gets 
activated by a previous one with a phosphate. Then when it's done working, something 
takes the phosphate off of it and turns it off. We have mutations in some of them where 
the protein changes its form and the kinase can phosphorylate it, but it can't be turned 
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off/taken off. That means you have this always on!

Many mitogenic signals come via signal transduction pathways. That's important for 
cancer. These pathways have an on and off switch, lots of off switches all over. If one 
fails you have others. If they all fail, you have uncontrolled division and cancer.

Popular second messengers include cAMP, calcium, cGMP, diacylglycerol, I3P.

Regulation of a G-protein

They're called this because they're working with guanosine nucleotides. They can be bi-
phosphated. When they are bound to GTP G-proteins are active,and that's the only way
they can activate the second-messenger-producing enzyme. Normally they have a 
alpha, beta, and gamma subunit and the GTP lets the alpha subunit escape, move, and 
activate the second-messenger-synthase. The alpha's got a hydrophobic group that 
keeps it stuck in the membrane, so it can move along the bottom of the membrane, but 
can't escape the membrane. When the hormone comes and binds to its receptor, it 
makes the G-protein change shape so the alpha moves to the adenylyl cyclase--it can 
do this active thing as long as GTP is bound. Then, after acting, the alpha sub-unit 
hydrolyzes the GTP to GDP, and shuts itself down. 

So when the receptor gets its hormone, it makes the G protein have GTP, the alpha 
subunit moves to bind to the second-messenger-synthase, and then it automatically 
uses GDP to stop itself.

Sometimes alpha and beta subunits have other functions that don't have anything to do 
with adenylyl cyclase, by the way: sometimes alpha subunits work directly on potassium
channels or inhibit calcium channels or other stuff like that for different cell signaling 
pathways.

You've got different kinds of G proteins. G5 proteins are the ones that work in cAMP 
pathway, and they're activated by the beta-type receptor. But you also have Gi proteins 
that inhibit adenyl cyclase. They're activated by an alpha2 receptor. G-proteins can also 
be monomeric (one subunit) or trimeric (with our alpha, beta, gamma subunits).

Apparently the receptors that work on G proteins have seven transmembrane helices. 
(You know they've got an outside that binds the signal protein, and an inside to make 
the G-protein work)

You've got four main types of signal transduction pathways.

1. Receptors couple to adenyl cyclase (which is what we've seen)
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 Think adenylyl cyclase, cyclic AMP, PKA
 Adenylyl cyclase takes two phosphates away from AMP to force it to 

become cyclic 
 PKA lives as tetrameters with binding sites for cAMP. 
 These tetrameters are curled up on their active sites, hiding their ability to 

phosphorylate things
 cAMP binds (allosteric activation!) and the tetrameters break up and 

become active 
 Their ability to phosphorylate is now free, and they add phosphates (to 

serine and threonine residues) on certain proteins
 That activates those proteins to activate other proteins and there's the 

phosphorylation cascade!
 So, for example, one enzyme regulated by PKA: glycogen breakdown 

(phosphorylase kinase). Glycogen, which you have in your liver, needs to 
be cut so you can get glucose. Your glucose can rise in fractions of a 
second by millions of times, and that's what happens when you've got a 
fight or flight response going on.
◦ Each molecule of epinephrine activates 40 cAMP, 10 PKA, 100 

phosphorylase kinase beta, 1000 glycogen phosphorylase alpha, 
10,000 glucose 1-phosphates which are just glucose, and they get out 
into the blood and you've got 10,000 blood glucose for that 1 
epinephrine molecule. Dang!

 Or you might be activating histone H1--the pKA now goes to the nucleus 
and you add negative charge to histone, breaking the interaction between 
histone and DNA, allowing DNA condensation

 If cAMP has so many effects, how do you make sure you only activate 
one? You do that through cross-talk. Particular pathways will do more than
one thing, and phosphorylate inhibitory enzymes, too, to make sure that 
the body does what you want it to.

 There are also pKA substrates like glycogen synthase, which puts 
excess glucose back into glycogen, or CREB, which works in metabolism 
by going into the nucleus and binding certain genes to activate their 
transcription.

 What about when you want to turn off these pathways?
◦ Phosphodiesterase breaks down cyclic AMP into AMP, that lowers 

cAMP levels and turns it off
◦ You can also include, in your phosphorylation cascade, kinases that go

back up and turn phosphorylate the initial receptor, deactivating it. So 
you have a timed "off-switch" built in.

 Cholera is dangerous because it ADP-ribosylates the alpha subunits of G-
proteins, so they are constantly activated. They can't get the ADP-ribose 
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off (they only know how to hydrolyze, and ribose won't be hydrolyzed), so 
they stay always activating adenylyl cyclase. Now you just have all your 
channels opening, your chlorine and electrolytes and water all get out of 
your intestine because PKA phosphorylates all the anion channels--your 
intestinal mucous is all liquidy and full of all your electrolytes you needed!

 You can also have inhibitory G-proteins which stop adenylyl cyclase when 
an inhibitory hormone hits an inhibitory receptor and activates them. 
Pertussis is dangerous because it ribosylates inhibitory G-proteins. Now 
that G protein can't let go of GDP to get GTP on. So it stays off. It can't re-
set, it stays inactive. What happens if an inhibitory protein stays inactive? 
These Pertussis infectants get into your respiratory track and they may 
also activate some autoimmune response, and maybe some over-action of
dendritic (antigen-presenting cells). But most importantly, if the inhibitory 
protein stays inactive, it won't stop cAMP from being produced.

 Methylxantines block cAMP phosphodiesterase. That stops cAMP from 
getting broken down. That means you get a lot of cAMP floating around 
everywhere. So lots of things are staying activated! Heart rate's up, 
smooth muscle's relaxing, some of your neurons get heightened so you 
seem really alert. That's how caffeine, theobromine (from tea and 
chocolate) and theophylline (from tea) work. (Theophylline also makes 
your bronchial smooth muscle relax, so it's useful in asthma)

 cGMP is another second messenger. 
◦ Comes from GTP. 
◦ Guanylyl cyclase makes it (just like cAMP's made from ATP by adenylyl

cyclase). 
◦ It activates PKG instead of PKA, 
◦ and its targets help in metabolism, ion transport, and some structural 

stuff. In smooth muscle it inhibits Calcium-dependent contraction.

2. Receptors with kinase activity--the same receptor is the same kinase that starts 
the phosphorylation cascade

 EGF, epidermal growth factor
 Platelet-derived growth factor
 Insulin
 No second messenger, no G-protein, the phosphorylating chain starts with the 

receptor
 Two tyrosine kinase receptor proteins are hanging out by themselves in the 

membrane.
 Two signal molecules bind to them.
 The two tyrosine kinase domains come together and phosphorylate themselves
 They start phosphorylating their kinase pathway
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 If these are insulin receptors, the pathway they phosphorylate tells glucose 
transporter channels (Glut4) to get to the membrane, quickly, and start sucking 
glucose into the cell!

 Again in insulin's case, after insulin binds the insulin-receptor complex gets 
sucked into the cell and lysosomes break down the insulin. Most of the receptors 
get recycled back to the membrane, but sometimes your lysosomes eat them, 
too. That happens if you've got just waaaay too much insulin, and your body's 
trying to down-regulated all that insulin activity.

 Insulin and glucagon do cross-talk, where they fight each other with opposite 
effects. Insulin makes your cells eat up glucose, while glucagon makes more 
sugar get spat into your blood. Glucagon uses pathway 1, insulin fights it by 
blocking the g-protein in GDP phase (putting up GTPase levels) and eating up 
cAMP with raising the phosphodiesterase (which is the thing that breaks down 
cAMP)
◦ Glucagon jumps into action when your blood glucose is low or your body 

senses amino acids from food. After you eat, insulin secretion would make 
you suck all the glucose out of your blood, so your body also releases a little 
bit of glucagon to make sure that doesn't happen--that you've got a little 
glucose still in the blood. Lots of epinephrine can also make your glucagon go
up, so you can break down glycogen in your liver and spit all that glucose into
your blood (insulin levels go down when there's tons of epinephrine). 
Glucagon also makes your liver take in lots of amino acids so you can use 
them to make more glucose.

3. Receptors coupled to phosphytidyl inositol hydrolysis (IP3)
 Variation on cAMP pathway, so starts the same way
 First difference is instead of adenylyl cyclase, you use phopholipase C
 Phospholipase C cuts PIP2 (a phospholipid, phosphatidyl inositol biphosphate) 

and makes a diacylglycerol (DAG) and IP3 (inositol triphosphatase)
 The DAG stays in the membrane and activates protein kinase C, 
 and the IP3 will liberate calcium
 There are endoplasmic reticulum receptors for IP3
 IP3 binds to them and calcium is free
 Calcium will act like a "third" messenger. 

◦ Definition of second messenger is something with very low levels in the cell 
that, when the levels rise, raise a biological response--so calcium is also still a
second messenger, according to that definition. But in this pathway the real 
second messengers are IP3 and DAG.

 Calcium binds to calmodulin. (In the case of smooth muscle THIS makes the 
muscle contract)

 Calmodulin activates calcium calmodulin dependent kinase (CaM kinase)
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 It also activates more protein kinase C.
 PKC and CaM kinase do things. By phosphorylating important proteins. Yay 

cascades! That's the pathway.
 Phorbol esters are like glycerol and like DAG they activate the PKC, but they're 

not easily converted to glycerol and deactivated like DAG is, and so they make 
cancer because they hang around acting like DAG and keep activating stuff 
◦ Include TPA (12-O-tetradecanoyl phorbol-13-acetate) and PMA (phorbol 

myristate acetate)
 Seem to regulate cell proliferation, not just metabolism stuff

4. Receptors couple to gated ion channels
 This is like neurotransmitters
 The same receptor is a channel, opens, and lets charges in

Enzyme Kinetics

10,000 reactions in your body get catalyzed by enzymes--that's pretty much 99 percent 
of your body's work that's controlled by enzymes. They're so useful, clinically, that even 
nonfunctional blood plasma enzymes--which don't catalyze any known reaction in our 
blood, which lacks their substrates--can help in diagnosis of diseases. When tissue 
degrades, the level of these plasma enzymes increases (because these enzymes do 
have a role in the tissue) and that level change tells the physician something's going on 
in tissues. An increase in serum phosphatase, for example, may mean cancer of the 
prostate gland, because that particular tissue is releasing those enzymes local to it into 
the blood where they're not useful, raising their levels way above normal. A whole bunch
of other phosphatases can mean anything from bone tumors to bile duct obstructions to 
pregnancy.

Up until about 1980 we said that 100 percent of the enzymes were proteins, but 
Thomas Zech in Colorado discovered RNA molecules that do have catalytic function, so
we don't believe that anymore--and that really changed the genetic dogma of the 
scientific community. (But we won't go into that now.) Ribonuclease P, for example, is a
complex of protein and RNA, but its active site is the RNA. Peptidyl transferase and 
ribozymes also fall under this RNA-catalyst category.

Chemical catalysts like platinum and hydroxide differ from enzymes because they 
catalyze tons of different reactions--they're not specific--while an enzyme will work with 
only one or some other really small, specific number of reactions. Specificity depends 
on two theories, lock-and-key, and induced fit. Glucokinase fits in the first category: 
glucose fits perfectly into it with absolute specificity, just like a lock in a key, and that's all
glucokinase phosphorylates. Hexokinase fits into the second category, with only relative



Becoming Healers 645

specificity, because it can phosphorylate glucose, mannose, and fructose, and while 
they have similar shapes, it has to bend and play a little bit to accommodate each of 
them. Almost all enzymes can catalyze the backwards reaction--so not only the 
substrate, but also the product fits in the keyhole--again making the induced fit theory a 
better fit. Ionic, hydrophobic, hydrogen-bonding, and other reversible forces let the 
enzyme hold on to its prey (if this were covalent bonding, the product wouldn't be able 
to escape after it's finished forming). The different factors that make these bonds work 
include:

 Positioning--is the substrate facing the right way in the keyhole? Is it close 
enough for the bonds to form?

 Strain--how much can the enzyme stretch or move to fit the substrate? What kind
of big groups and stiff bonds does the substrate have?

 Covalent catalysis--When the substrate gets into the active site, are some of its 
bonds becoming open and vulnerable to nucleophilic attack? Does the active site
basically just hold it the right way so serine, cysteine, histidine or lysine can form 
an attachment at a carbonyl?

 Acid-Base catalysis--Do we have carboxyl, amine, sulfhydryl, or imidazole groups
on the enzyme that are acting as acids or bases on the substrate?

 For multiple substrates--Is it a single or double displacement reaction? Does it 
bind one, then bind the other, than make product (single)? Or does one substrate
give a group to the enzyme, leave, and then the enzyme gives that group to the 
second substrate (ping-pong/double displacement)?

All of these factors influence not only an enzyme's specificity, but of course its 
mechanism of action.

Chemical catalysts also don't accelerate reaction rates as much (enzymes reach 10^3 
or 10^10 times the reaction rates), and they usually require high temperatures. All 
catalysts work by lowering activation energy for a reaction--they don't change 
reaction coefficient or Keq or change in entropy or change in heat or the energy for the 
total reaction or anything else--and enzymes do this better by getting the substrate to 
the transitional state40 more efficiently (all the hydrogen bonds or other forces at the 
active site just pull it right where it's supposed to go!). 

Just how much are enzymes affecting the speed of reactions? Well, we know from the 
Arrhenius equation that:

Log(rate constant of a reaction)=ln (a reaction-specific constant) minus ((activation 
energy)/(2.3RT)) where R is gas constant, and t is temperature.

40 Remember this is different from an intermediate state, which has fully formed bonds--transition states are still in 
transition.
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This means that the speed of the reaction will be partly dependent on that activation 
energy, and that if you change the activation energy by a factor of two, you are 
changing the reaction speed by the anti-ln of that--by 7.4 times! That's pretty dramatic.

Some dudes named Michelis and Menten left us another way to talk about how fast 
enzymes work. First, we talk about how changing concentration changes the speed of 
the reaction. First order reactions will have a straight line with a constant diagonal 
slope, in which the concentration of substrate goes up and the rate also goes up (draw 
this). You could also have second order reactions, where concentration of the 
substrate goes up and the rate will go up squared. That's a curved y=X^2 line going up. 
There's also zero order reactions, where the concentration of the substrate goes up, 
but the rate stays the same, because it doesn't care about substrate concentration (this 
makes a straight, flat line). 

In enzymes this kind of concentration-based reaction kinetic (first or second order) can 
happen up to a point, but at some point enzymes saturate, and aren't first order 
anymore. At some point it doesn't matter how much you add--you're at zero order 
kinetics (flat-lining) because there's no more room for substrate to stick. Maximum 
velocity is the specific point after which adding substrate won't increase velocity, so it's 
right before the graph of concentration (x) vs. velocity (y) levels off--the corner between 
the diagonal line and the straight line. Km is the concentration of substrate that you 
need to reach half of that velocity (it's not half the velocity--it's the concentration 
you need to reach half that max velocity). The equation to describe what's going on 
here is 

Velocity= (maximum velocity)*substrate concentration
                Km + substrate concentration.

Michelis-Menton looks like this: 
Vmax

                                          x is substrate concentration, y is speed.

Km is equal to K2 + K3 all over K1. K1 is reaction constant representing the rate of the 
early, reversible, forward part of the reaction that goes from unbound enzyme and 
substrate to bound enzyme and substrate; K3 is the forward, irreversible reaction 
rate (K3) that goes from bound enzyme and substrate to product; and K2 is the 
backwards part of the binding reaction, the version of K1 going from enzyme bound
to substrate to unbound, original reactants. What this means is if K3 is really big, the
enzyme really does a good job catalyzing its reaction once it's bound. If K2 is really big, 
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the enzyme really doesn't like binding to the substrate so much. A high K1 means the 
enzyme really wants to bind the substrate--but that could be a problem, too, because if 
it wants to bind too much it won't want to let the product go! So an overly high Km 
means we have a very small K1, and very weak binding, while a low Km will mean we 
have a very high K1 and very strong binding. If the net change in bound enzyme-
substrate complex concentration is 0, we're in steady state: in that state K3 is always 
reversible, bouncing back and forth between formed product and bound enzyme-
substrate, so the net change in concentration is 0.

It can be a bit inaccurate to try to just point to a graph and estimate where's the rounded
corner to find Vmax, so to solve this more accurately when you have a visual graph we 
can swap this equation into an approximating y=mx +b line. Then, the y-intercept will 
be our 1/V-max. The equation we'll use will be:

1/v=(Km/Vmax)*1/(substrate concentration) + 1/vmax

Looks like this:                          x is 1/substrate concentration, y is 1/speed.

That's the Lineweaver-Burke adaption of the Michelis-Menton kinetics equation. It will 
just be a straight line diagonal. If you find the y-intercept, and follow the slope back 
beyond that to the negative x-axis, you can even find the (-1/Km). (It's the x-intercept) 
We should memorize this! 

Some things will change this graph.
 Competitive inhibition will change what this graph looks like. It means you've 

got an enzyme trying to react with a substrate, but the competitive inhibitor 
rushes in and works with the enzyme instead, competing for the active site 
because of how similar it looks to the substrate. First, the enzyme will get 
"crowded" and saturated earlier, so the concentration of substrate that can bind 
will be less. That means it will take more substrate to reach 1/2 of the maximum 
velocity--in other words, Km will increase. 1/Km will decrease (go closer to Y 
axis). 
◦ This is going to be very concentration dependent. The enzyme prefers the 

natural substrate, so in order for the competitive inhibitor to work it must be at 
higher concentration, or the substrate will get to the enzyme first. 

◦ One way to look at this is to realize that K2 goes up--the reverse of Enzyme-
Substrate complex formation (ES)--because as you're competitively using up 
E, the ES wants to break up to make equilibrium, creating more E and less 
ES-bound complex. K2 going up makes Km go up. The slope of the line will 
increase because Km/Vmax is slope, and Km is bigger. Vmax won't change 
since it's still, by definition, the speed where you have all the enzyme already 
used up binding substrate, the fastest speed the enzyme can work.
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◦ Methanol is a competitive inhibitor of alcohol dehydrogenase. That enzyme 

oxidases it and makes formic acid, which is neurotoxic. The alcohol 
dehydrogenase was supposed to be working with ethanol, oxidizing it and 
making acetaldehyde, but methanol inhibits that from happening by 
competing. So someone suffering from methanol (wood alcohol) poisoning we
help them by doing our own competitive inhibition--we give them ethanol 
(drinking alcohol) in the blood and compete with the methanol-formic acid 
reaction.

◦ Mathematically, the inhibitor multiplies (1+[I]/K1) to the Km/Vmax term in the 
Lineweaver-Burke equation.

 Non-competitive inhibition happens when the inhibitor doesn't look like the 
natural substrate--it binds to another side of the enzyme, not the normal active 
site, keeping the enzyme from doing its job. You don't affect the binding of the 
substrate, so it will still take the same amount of substrate to reach 1/2 maximum
velocity--but you do change the velocity, because you've created an inefficient, 
nonworking IES enzyme-monster complex that will work slower. What happens to
Km mathematically? Looking at it mathematically, K3 (rate of product formation) 
becomes really really small (since you're not going forward into product), so 
you'd think Km would shrink, but K2 grows the same amount that K3 shrinks: with
all that IES monster forming, it's almost like you're building tension. It wants to go
somewhere--it wants to reach an equilibrium--but it can't go forward into product, 
so the reaction reverses back to form E, S, and I. So even though K3 shrinks, K2 
grows, and you just go back to equilibrium. Anyway, K3 is usually much much 
smaller than K2, so its contribution is negligible. What else happens with this 
change? Well, Vmax will decrease (so in the 1/Vmax graph the y intercept will be 
greater). Vmax decreases because even though you can still have all the 
substrates bound, it will take longer to get there--and even when they do, they 
won't form product. The slope will increase because Km/Vmax and Vmax is 
decreasing. 
◦ Mathematically, this multiplies both terms in the Lineweaver-Burke equation 

by (1+[I]/K1).
 Uncompetitive inhibition changes equilibrium by binding to the enzyme after it's

formed complex, changing its shape and creating a new binding site for the 
inhibitor. This raises K1, which makes Km go down. Why? Because you actually 
increase the enzyme's affinity for the substrate. It get stuck there, and it really 
wants to do that, so K1's really big. It's like non-competitive because you make 
an unusable ESI complex--but it's also not like non-competitive because non-
competitive binds the free enzyme and doesn't affect the binding of the substrate.
This uncompetitive does affect the binding of the substrate, and that changes 
Vmax. Vmax goes down. The slope doesn't change because Km and Vmax go 
down at the same rate, so the position of the line just changes. Mathematically, 
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the Lineweaver-Burke equation will have (1+I/K1) multiplied onto its second term.
◦ The anti-manic-depressive drug Lithium works this way in the brain, inhibiting 

the enzyme that recycles inositol to work in the PIP pathways.41

 Irreversible inhibition: This means you've created covalent interactions 
between the inhibitor and the enzyme, and the enzymes won't work anymore. 
This isn't compatible with life, or natural. We use some of these as medicines to 
control uncontrollable enzymes. We subdivide this category in 3 groups:
◦ Specific group reagents. Chemicals that react with specific amino acid chains.

Heavy metals like mercury and ICH2COO- work really well with cysteine 
residues. For example, ICH2COO- will turn cysteine into a S-CH2COO-, 
which can't make the bonds it made before, and will not turn back. This 
destroys the enzyme. Mustard gases are also specific group reagents. DIPF 
(Di-isopropyl phosphorytate) makes covalent bonds between its own 
phosphate and serine Os. Acetyl Choline Esterase needs its serine group free
in order to break down ACh so we can stop our muscle contractions, so DIPF 
will kill it and make you go into permanent contractions. Medications that use 
these kinds of principals tend to have lots of side effects, since the specific 
group reagents don't care what enzyme the group's on--they're just going for 
a particular group!

◦ Affinity labels. These are extremely specific. They are similar to the the 
natural substrate, but when they enter the enzyme they react covalently. So 
you can use them to design very specific enzyme destroyers. (They're like 
irreversible competitive inhibitors)

◦ Suicide inhibitors. These are inactive until an enzyme approaches them, 
converts them, and accidentally turns them into something that kills the 
enzyme. The enzyme kills itself. Aspirin, allopurinol, and COX-1 work this 
way. Allopurinol fixes gout by inhibiting xanthine oxidase.

Don't confuse either of these graphs with graphs of product created over time. Those 
graphs tend to have a similar shape to the original curved-then-flatlining Michelis-
Menton graph. They just means that as time goes on, the reaction eventually goes to 
product, and then product formation won't up up any more. There's a period where as 
time goes on you make more and more product, and that's the diagonal line upwards. 
There's time at which you've finished the reaction, and that's the flat line at the top of the
curve. That flat line's position can tell you the equilibrium concentration of the product. 
That graph looks like this:                        where x is time and y is product formed.

41 http://www.ncbi.nlm.nih.gov/pubmed/1658998 



Becoming Healers 650
How does reaction velocity change with temperature? Up to a certain point, the faster 
the molecules move, the more likely they'll collide to a perfect reaction--the reaction 
velocity raises at a constant rate or slope. At that point, which is on average 40 
degrees Celsius, your enzymes get denaturated and the hydrogen bonds break down 
and they can't work anymore, so the reaction velocity begins to go down with a constant
slope. Now of course, there are some biological enzymes that can work at greater heat 
than that, like the herpes virus enzymes, which can exist and work up to 100 centigrade.
Those are thermoresistant. Those enzymes have a really high concentration of disulfide
bonds that hold them together despite hydrogen bonds breaking. These tend to be 
really compact.

How does reaction velocity change with pH? Each enzyme has a bell curve, where 
optimal activity (highest velocity) is at the top of the bell, its optimal pH. For most of our 
enzymes that falls around 7.3-7.4, but we have lysosomal enzymes like pepsin which 
need a pH of 3-ish to work. That's why they hang out and work inside really acidic areas
like the lysosomes. Alkaline phosphatase works at pHs above 9, and it's located in other
organelles. So the pH where an enzyme works can help us figure out what tissue it 
comes from and what it does. 

Biological enzymes fall under a number of different categories. They include:
 Oxidoreductases (which transfer electrons)
 Transferases (which transfer functional groups), 
 Hydrolases (which break things down using water), 
 Lyases (which add to or take away things from double bonds), 
 Isomerases (which switch a chemical to its isomer), 
 Ligases (which unite/condense substrates, forming C-C and similar bonds

by condensation reactions, using ATP--aldol condensation would be catalyzed by
this)

Each enzyme has a set of four numbers, internationally, that characterize it. 
First number is the family (so for hexokinase, it's transferase, or 2), the second number 
is what it transfers (phosphate, the "group donor"), the third about what is accepting the 
group (so the substrate that's impacted), and finally a serial number to differentiate it 
from enzymes that are almost the same. We're responsible for knowing the first number,
the family or function, and what it means. So my mnemonic is OTHLIL, the great Viking 
warrior who discovered enzymes when his blade seared the lich king's head--

Yeah, um, you don't have to remember it that way. I couldn't find another mnemonic.

Enzyme control 
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1. Allosterism

This means the enzyme has two or more different forms, and it's got a sigmoidal curve 
of substrate binding versus velocity. That means that as the concentration goes up, just 
like with hemoglobin, you have help from subunits of the protein making it easier over 
time for the substrate the bind. 

So, phosphofructokinase, for example, which helps in glycolysis to produce glucose and
ATP. Fructose 6-p becomes fructose 1,6, BP (biphosphate), and then goes on to do stuff
with glucose. But the important part that PFK controls is the change between fructose 6-
p and fructose 1,6 BP. 

ATP is an allosteric effector for this process. It gets turned into AMP during this reaction.
When ATP is very high, 

you are using the sigmoidal curve I have shown here. 
This is much less efficient than the hyperbolic curve 

we use when the ATP is low, like this: 

That hyperbolic curve means everything is just binding right away and carrying the 
reaction on to completion. The sigmoidal curve means there are different binding states,
kind of like what we had with hemoglobin. You have to have really high concentrations 
in order to make this work. 

Why does fructokinase work like this? Well, if you have a lot of ATP in your system, you 
don't need a super-efficient curve. You'd rather keep everything under moderated 
control. Cooperativism is slow, and works using the sequential model: the enzyme 
starts in a tense form and then it goes into a relaxed form, one subunit at a time. ATP is 
a negative allosteric effector. At high levels it raises cooperativity, raises Km, and 
makes things less allosteric and more sigmoidal. It's negative because it makes things 
less efficient.

Fructokinase becomes hyperbolic when there isn't a lot of ATP, when you have lots of 
AMP. The whole purpose of this enzyme is to be part of the ATP-making chain, so if 
you've got lots of AMP floating around, the enzyme knows it should be getting back to 
work! AMP makes the enzyme more efficient by turning off the cooperativism and 
making the enzyme hyperbolic (a lot like myoglobin). Km goes down as you get more 
efficient. So AMP is a positive allosteric effector. A positive effector supports the 
entire relaxed state, and doesn't have things going cooperatively one subunit at a time 
sequentially--it supports the enzyme just hanging out at relaxed, efficient state all the 
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time. That's the concerted model, where your subunits are either all relaxed or all 
tensed.

Remember, AMP and ATP stick to a regulatory subunit to control the enzyme, while 
the enzyme's actual active site is where fructose or substrate is. When the allosteric 
effector is the substrate, the enzyme's a homotropic allosteric enzyme--otherwise it's 
heterotropic.

2. Hormonal control (Induction)

In your body the "fed state" happens when you have lots of glucose in your blood. 
Hepatocytes express glucokinase to break it down when you're in this state. When 
you're in starvation, or under 80 mg of Glucose for deciliter, your hepatocytes will stop 
expressing glucokinase. Glucokinase is controlled by insulin. When you're in starvation, 
insulin isn't working--instead glucagon is, asking your body to make glucose 
(gluconeogenesis) and put it into the blood stream and repress glucokinase. That 
glucokinase repression is called induction.

Hormones work at the chromosomal level, turning on or off the gene for the enzyme 
they're regulating. Insulin promotes glucokinase mRNA and tRNA expression. 

3. Covalent modification 

Chemical reactions that change amino acid residues and side chains will change how 
an enzyme works. The most frequent version of this is phosphorylation. You can 
phosphorylate serine, threonine, and tyrosine because they have OHs. Signal 
transduction uses this to turn enzymes on and off. Serine/threonine kinases include 
protein kinase A that we talked about in signal transduction. Insulin receptors are 
tyrosine kinases. 

Other covalent modifications include acetylations, carboxylations, glycosylations, 
hydroxylations, methylations, so on and so forth. Many transferases control other 
enzymes using these kinds of things.

4. Proteolytic activation 

Zymogen activation is another name for this. Basically you have to cut a part of the 
enzyme in order for it to work. For example, trypsin usually hangs out as trypsinogen. 
Chymotrypsin often hangs out as chymotrypsinogen. The zymogen is the inactive form, 
the trypsinogen or chymotrypsinogen. There isn't an active site on a zymogen. 
Trypsinogen in your pancreas is inactive, and you have to use enteropeptidase to cut a 
piece in the middle so it can open up, have an active site, become trypsin and start 
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working. How do you turn off trypsin again? It turns itself off by itself. So this is the only 
reversible activation. Proteases work like this.

5. Protein-protein interaction 

Your proteins don't operate in a vacuum. Sure, one enzyme may have one function, but 
what happens when it runs into everything around it? Protein kinase A, for example, 
responds to protein-protein interactions. It's got two regulatory subunits and two 
catalytic site. The cyclic AMP activates it by binding to those regulatory subunits and 
making the subunits come apart so the catalytic parts are free to work. This is not 
hormonal, because cAMP isn't a hormone, and this isn't directly proteolytic activation, 
because cAMP isn't a cleaving enzyme. It's just another protein activating the pkA.

6. Isoenzymes

These are enzymes that catalyze the same reactions, but in different ways. They've got 
different primary structure, so their kinetic abilities and measurements like Vmax and 
Km are different, too. You can therefore control the speed of a reaction by releasing the 
faster version of an isoenzyme, or slow it down by releasing the slow version. For 
example, lactate dehydrogenases break down lactate into pyruvate or vice versa by 
replacing a COH group and its H with a C=O. There are two tetrameters in this family, 
one that's in heart and one that's in skeletal muscle. In the heart you need more energy 
constantly than in the skeletal, so the heart version has a super-low Km and is super-
efficient and hyperbolic. It doesn't take long for it to reach maximum velocity, even at 
low concentrations. The Km of the skeletal muscle version is a lot higher, and the 
muscle isoenzyme goes slow. Some tissues will mix and match the four subunits of 
these two isoenzymes to get an average effect between the two extremes. That's how 
the different tissues control the metabolic rate: they put together different "quality" 
subunits for the same enzyme function.

7. Feedback Inhibition happens when, in a series of enzymes, the first enzyme is 
regulated by one of the later products. This product is almost always a negative 
allosteric effector, or some kind of competitive binder. 

Cofactors

A lot of enzymes need help with their work, and the complexes they form with cofactors 
(metals) or coenzymes (vitamins) are called holoenzymes. It takes an apoenzyme (the
base-level enzyme that's asking for help) and a cofactor to make a holoenzyme that 
works. DNA polymerase needs zinc to do its work copying DNA; hexokinase needs 
magnesium to do its transferase work on sugars. By themselves, the cofactors and 
coenzymes can't catalyze the reaction because they don't have anything to hold them in
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place around the desired reaction site (no specificity/orientation/active site function). 
Several co-enzymes have special functions that they always perform, such as:

 Thiamine pyrophosphate, which helps transfer carbonyl groups
 Flavin adenine dinucleotide, which helps transfer hydrogen atoms
 Nicotinamide adenine dinucleotide (NAD) which helps transfer H-
 Coenzyme A helps transfer acyl groups
 Pyridoxal phsphate helps transfer amino groups
 5'-deoxyadenosylcabalamide helps transfer H atoms and alkyl groups
 Biotinamide helps transfer CO2
 Tetrahydrofolate helps transfer one-carbon units

There are some vitamins, like niacin, that we can make in our bodies in small amounts, 
but not many, and even niacin's synthesis is really inefficient (you need 60 mg of 
tryptophan to make 1 mg of niacin, and you need much more niacin than that!).

Vitamins are split into lipid-soluble and water-soluble. We make most of our co-enzymes
from water soluble enzymes. When the vitamins enter our bodies, they have to be 
modified to make the requisite co-enzymes. Some water-soluble vitamins we should 
know that make the above co-enzymes:

 Riboflavin helps make the FAD coenzyme to catalyze redox reactions.
 Niacin which makes the NAD cofactor which helps transfer H- (redox 

reactions).
 Thiamine makes coenzyme thiamine pyrophosphate for decarboxylations.
 Panthothenic acid makes coenzyme A which does acylations.
 Pyridoxine makes pyrodoxal pyrophosphate which transfers amino groups 

and helps in decarboxylation and isomerizations of amino acids. This is B-6.
 Biotin helps make biotinamide for carboxylations.
 Lipoic acid helps make lipoamide which helps with acylation.
 Folic acid makes coenzyme tetrahydrofolate which transfers one-carbon at 

different oxidization states.
 Vitamin B12 makes cyanocobalamin which only does two reactions (unlike the 

others which help with groups of reactions), both of which are very specific 
isomerizations.

 Ascorbic acid or vitamin C is used directly as a coenzyme, with no chemical 
changes. It helps with hydroxylations like in collagen formation.

We also need lipid-soluble enzymes, like vitamin A (works in eye function), vitamin E 
(antioxidant), vitamin D (hormone regulating phosphatases), and vitamin K. I made a 
little ditty for you to remember the water-soluble vitamins versus fat soluble. You can 
download it here: linky link

Vitamin K is the only liposoluble vitamin that works as a coenzyme: the others work as
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hormones. It forms a coenzyme for gamma glutanyl carboxylase. That is important in 
maintaining coagulation: vitamin K deficiencies can lead to hemorrhages. The 
coagulation factors, near their N terminal, have lots of Glu amino acids. On one of 
those, there's a chain of CH2-CH2-COO-. The gamma position (the second CH2 in this 
chain) gets carboxylated by gamma glutanyl carboxylase--you add a new COO-. That is
activating the coagulation factor so it can aggregate with other coagulation factors. That
new COO- grabs metals like calcium which form complexes with phospholipids from 
membranes in the area where you're bleeding. Our intestinal flora actually knows how 
to make all the vitamin K we need, even if we don't, so when you have a deficiency it's 
usually because your antibiotics have killed all your helpful flora. Also if you have 
digestive problems like Crohn's disease, the chronic inflammation can be causing 
absorption problems so even if the flora can make the vitamin K, you can't absorb it.

Here's a table one of our upperclassmen made. I can't find the person who did it to 
attribute properly, so if you made this, lemme know--I'll cite you! I made a few changes.

Vitamin Alternate 
name
(Look for:)

What coenzyme 
does the 
vitamin 
become? How 
to convert it?

What's the enzyme's
functional group?

What type of 
reaction is the 
coenzyme 
involved in?

Misc

B1 Thiamin

(1 6C ring 
w/ 2 Ns, 
NH3+, 1 
ring of 5 w/
S, ethanol)

Thiamin 
Pyrophosphate 
(TPP)

Add 
pyrophosphate 
and acidic H to 
thiazolium ring to 
make coenzyme

Acidic H on thiazolium
ring; - charges on 
pyrophosphate= 
"chemical handle" so 
+ pyruvate 
dehydrogenase can 
hold on, & so TPP 
can't escape cell; 
resonance via 
thiazolium ring

Decarboxylase
s (loss of CO2) 

eg, of 
pyruvates via 
pyruvate 
dehydrogenase
(for glucose  
metabolism)

Associated with eating polished rice and raw or 
lightly cooked fish. 
Deficiency - Beriberi

B2 Riboflavin 1) FMN Flavin 
Mononucleotide

Double bond on the 
alloxine. (Flavin ring 

Dehydrogenase
s – remove 2 

Deficiency – Cheliosis and angular stamatitus
(Lesions of the mouth) dermatitis. 
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(1 5C 
ribose on a
3ring 
flavin, N 
everywher
e)

(add phosphate 
to ribose)
2) FAD Flavin 
adenine 
nucleotide (most 
abundant; add 
AMP to ribose)

system)

AMP is chemical 
handle, keeps FAD in 
cell.

es/2 Hs; e- 
transfer, redox 
reactions

eg., fatty acyl-
CoA 
desaturase to 
make unsat fat

Niacin Nicotinic 
Acid
(simple 
pyridine 
ring, 
COOH 2Cs
away from 
N)

1)NAD 
(add ribose & 
ADP to ring's N 
group; COOH--
>amide)
2) NADP (same 
as NAD but 
phosphate on 
OH)

The double bond in 
the pyridine ring 
system. 

Have to be re-set (re-
oxidized for re-use)

Dehydrogenase
s- 
(remove/transfe
r 2 Hs; redox), 
eg Liver alcohol
dehydrogenase
.

Deficiency – Pellagra presents with the 3D’s. 
(Dermatitis, dementia, diarrhea)

Pantho-
thenic 
Acid

B5 

(look for a 
7C chain 
with N, 
OH, and 
C=O)

Coenzyme A 
(CoA)
(add ADP; add 
acetyl to make it 
active)

The S in thioester 
bond 

Has to be re-set (re-
acetyl'd for reuse)

Acetyl group 
transfers. 

(eg., makes 
acetylcholine)

Deficiencies rare

Lipoic 
Acid (5-member

ring 
(3C,2S) 
with 4C 
chain and 
carbonyl)

Lipoyilysine  
(No real 
modification, OH 
& enzyme's 
lysine form 
covalent amide 
bond)

Lipoamide
S-S bond on ring 
accepts/gives acetyl 
groups. 
Re-set/re-oxidized by 
FAD

Acetyl transfers
(helps pyruvate
dehydrogenase
by passing 
acetyl from TPP
to CoA)

Deficiencies rare

B6 Pyridoxine

(6-ring with
5C, 1N; 
two 
methanols,
1 OH, 1 
methyl)

Pyridoxal 
Phosphate (PLP)
(replace 
methanols by 
phosphorylate, 
add aldehyde; 
then attach PLP 
to enzyme via 
alde-hyde w/ 
covalent 
reversible Schiff 
base lysine bond)

Aldehyde (accepts 
amino group for 
transaminase)
Pyridine ring 
(resonance stabilizes 
decarboxylation while 
weakness of Schiff 
bond lets pyridoxine 
come on and off the 
enzyme)

Transaminase 
(convert one aa
into another, 
eg. assist ALT), 
AA 
decarboxylation
(eg. convert 
DOPA to 
dopamine), AA 
isomerization

***High levels of alanine transaminase (ALT) and
other transaminases in serum is a key indication 
of liver and cardiac damage. 

Biotin
(two 5-
rings 
joined at 

Biotinyllysine 
(biotinamide, 
bicytin)

NH in far corner of top
ring accepts/gives 
CO2

Carboxylations 
and carboxyl-
group transfers.
(add carboxyl 
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the base; 
top ring 
2Ns, 
bottom ring
S, 5C 
chain with 
COO-)

Like lipoic acid, is
converted by 
formation of 
covalent amide 
bond to the 
nitrogen of a 
lysine 

groups)

(eg. fatty acid 
synthesis)

B12 “corin ring”

(if you see 
a big 
cluster-
frick of 
crazy 
callin' itself 
a vitamin, 
that's 
probably 
B12. GG, 
bro.)

R group near
cobalt changes
Cyanocobalamin
(found in 

vitamins,
R is CN)
Methylcobalamin

e
(intermediate in
methyl transfer, R
is methyl)
adenosylocobala-
mine (cofactor, R
is adenosine)

Cobalamin on the 
corin ring. 

Only one that 
contains a metal ion 
(cobalt)

1) Methyl 
transfer 
reactions (most
important 
homocysteine 
to methionine 
catalyzed by 
methionine 
synthase)
2) Mutase  rxns
(methylmalonyl
CoA to 
succinylCoA, 
fatty acid 
metabolism)

-Largest of all soluble
-mutase reaction can not be carried out in the 
lab. 
-Deficiencies – anemia, pernicious anemia, 
methyl malonic acidosis. 

Folic 
Acid

Folate

(look for 3 
aromatic 
rings and a
glutamate)

Tetrahydrofolate 
(THF)

Add glutamic 
acid to folic's 
glutamic acid; 
reduce pterin ring
system (DHFR 
does this)

The two nitrogens 
near each other. 1 N 
dangling 
             off ring 
without  

the COO-, and its 
neighbor. 

-Amino acid 
metabolism and
nucleotide 
metabolism.
-Transfer one-
carbon unit at 
different 
oxidation 
stages except 
CO2 
Can transfer
-Formate (eg., 
to make 
purines)
-Methyl 
(convert 
homocysteine 
to methionine 
for heart health)
-Methylene 
(eg., to make 
thymidine)

Important in cancer--drug methotrexate blocks 
DHFR, you get no THF, you can't make purine 
bases.  Cancer cells can't keep dividing. Use 
trimethoprim to stop bacteria DHFR,antibiotic.
-Inhibition will cause you to loose control of cell 
growth. 
-Proper levels may help prevent heart disease. 

Vitamin 
C

Vitamin C (it does
not have to be 
converted to be 

-OH on the chain off 
the 5 member ring. 

Hydroxylations Strongest natural anti-oxidant in the world (good 
reducing agent)
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used as an 
enzyme.)

Vitamin 
K (fat 
soluble)

Helps 
carboxylate 
glutamate on 
prothrombin,  
helps 
gammacarboxy
glutamase

-The only fat soluble vitamin that is used as an 
enzyme cofactor. 
-Help activate the protease prothrombin in 
clotting. 

Zinc ACE, angiontensin 
converting enzyme, 
uses zinc in a 
triangular complex

ACE uses 
zinc's positive 
charge to 
attract the OH 
group in water 
to the enzyme; 
that makes OH 
more 
electronegative;
then OH 
attacks the 
desired peptide
bond 
nucleophilically 
to cleave it

Important in anti-hypertensive and anti-
congestive agents.

Proteases

These are enzymes from group 3 which break peptide bonds with water. That's tough, 
because peptide bonds have good resonance and partial-double-bond character, so 
they're some of the strongest bonds we've got. 

What happens so this can work? A nucleophile has to attack the carbonyl carbon, which
has a partial positive charge. Then you break the double-bond character, and an 
electron pair goes up to the O, and meanwhile the N-C bond is susceptible to 
hydrolysis. If you wanted to do this in the lab, you'd have to dissolve it in 6 N 
hydrochloric acid at 100 degrees Celsius and leave it overnight! But the proteases can 
do it all the time.

You've got a few types. Most of these are the same, and what varies is the nucleophile.
 Metaloproteases like carboxypeptidase contain a zinc or some other metal as 

the nucleophile.
◦ Carboxypeptidase breaks the last peptide bond at the C-terminal. You can 

have carboxypeptidase A or B which just means they tend to separate 
different amino acids. 
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◦ The metal polarizes water and converts it into an HO-, and that's a good 
nucleophile.

 Aspartyl proteases include pepsin and use an aspartate group as a nucleophile.
 Thioproteases use cysteine and are also called cysteyl proteases. Papain is a 

good example.
 Serine proteases use serine and are the most common. 

◦ Digestive enzymes like trypsin, chymotrypsin, proelastase, elastase, and 
several coagulation factors all fall under this category. 

◦ It's very common to have a catalytic pocket, like a hollow or a half circle. 
Serine is on the top inner part of the pocket, histidine is on the side, and 
aspartate is on the bottom. Serine will be the nucleophile, while aspartic acid 
takes an H from the histidine. The histidine polarizes the H of the serine, 
making the O very nucleophilic and ready to attack the C=O. This is called a 
charge relay, where the aspartate's negative charge basically got transferred
or relayed to the serine. 

◦ Each serine protease acts at a slightly different place on peptide chains.
▪ Trypsin hydrolyzes peptide bonds on the C-side of arginine and lysine. 

(So basic except for not so much histidine) So if you have something ala, 
leu, pro, lys, arg, asp (remember left side is always N terminal, right is C, 
in reverse alphabetic order) it will break between the lys and the arg. The 
trypsin usually has an aspartic acid or something like that in its pocket in 
order to work on those positively charged amino acids.

▪ Chymotrypsin hydrolyzes peptide bonds on the C side of phe, trp, tyr--
the aromatic amino acids. This means chymotrypsin is hydrophobic itself.

▪ Elastase hydrolyzes peptide bonds small amino acids like glycine. The 
elastase binding site is pretty small and restricted by lateral amino acid 
chains that are really big. Only small things fit in there.

Most of your protease precursors are made in your pancreas: chymotrypsinogen, 
trypsinogen, procarboxypeptidase, proelastase...but pepsinogen is made in the 
stomach. Remember, -ogen is the name they have before they're in active form. These 
zymogens are rigid and don't have a good active site yet.You have to cut off some 
peptide bonds to give them a good active site. The only zymogen that's not activated by 
another protease is pepsinogen, which activates itself, with HCL as a catalyst. Without 
the HCl in your stomach, pepsin couldn't activate itself and you wouldn't be able to 
digest some fats! 

All the zymogens made by the pancreas have to be shipped through the pancreatic duct
into the duodenum so they can turn into active digestive enzymes. To activate your 
digestive enzymes, first you activate trypsinogen, using enteropeptidase to turn it 
into trypsin. Then trypsin activates chymotrypsinogen (and re-activates trypsinogen) and



Becoming Healers 660
activates everything else. Activating trypsinogen is the master step. Sometimes, 
trypsin activates prematurely, and starts working in the pancreas before it can get into 
the duodenum. That's really bad--it'll digest the pancreas! To keep that from happening, 
you've got pancreatic trypsin inhibitor. It binds to trypsin so well it can stay bound for 
months, even if you put it in 8M urea, which would break down almost any other protein 
complex in your body. It's basically a covalent bond, with a dissociation constant so low 
it's 10 to the -13 M. Why is it so strong? Because the shape matches almost perfectly. 
Part of the inhibitor has a lysine at position 15, which bonds to the Asp 189 of trypsin--
which, as you know, is a perfect match.

alpha-antitrypsin is another protective inhibitor--but it's got a whack name. It should be
antielastase, since it keeps your lungs from getting eaten by elastase. Neutrophils 
release elastase to the blood, which, wow, that's kinda hardcore--this is a digestive 
enzyme they're shooting everywhere. Elastase likes to break down collagen and elastin 
because they have little glycines and stuff--so wow, you could ruin everything without 
your alpha-antitrypsin! alpha-antitrypsin works by binding to the active sites of elastase. 
You know how some people smoke and don't get emphysema (destructive lung 
disease)? They've got some awesome alpha-antitrypsin. And other people get it really 
easy, even if they don't smoke? They, unfortunately, don't have as good alpha-
antitrypsin. alpha-antitrypsin is made in your liver as alpha-antityrosin. Mutant Z 
happens when you switch a lysine for glutamate at alpha-antitrypsin's position 53. This 
makes secretion and packaging more difficult, so less alpha-antitrypsin makes it to the 
blood. Lots of people are heterozygotes for this trait, which isn't great, but means at 
least 50 percent of our inhibitor is Mutant Z. For normal lifestyles, this is okay, but if you 
smoke, or you have to deal with other lung problems/oxidants (or infections that trigger 
neutrophils), you're just not going to have enough alpha-antitrypsin to help you. 
Smoking really sucks because the alpha-antitrypsin has a methionine it needs to bind to
elastase, but if you smoke, you oxidize that methionine! Now it's gonna be harder to 
bind to elastase. It's much worse if you're homozygous, and you only have 15% of your 
alpha-antitrypsin working. That's just not enough, and you'll get emphysema in 
childhood. 

You can secrete proteins constitutively or regulated. Constitutive means your cells 
spit the protein out all the time no matter what; regulated means they only spit the 
protein out if a hormone or something tells them to. Constitutive secretion's still under 
control, though--you could constitutively secrete an inactive protein, or zymogen, and 
still need to modify it to make it work.

Proteases manage the blood coagulation factors with a whole bunch of zymogen 
activations. Part of this pathway is intrinsic, which means all the enzymes and proteins 
can dissolve in the plasma, and they're triggered when blood vessel endothelium's 
broken and shows its anionic areas; another part is extrinsic, which gets triggered by 
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outside tissue damage releasing TF (tissue factor) and involves factors attached to 
membranes, like Factor III and thromboplastin. In most (like 70 percent-ish) of the 
people with hemophilia, the problem comes from missing Factor VIII, which is a really 
important coenzyme of Factor IX (a trypsin-like protease right in the middle of the 
coagulation sequence!). That's called Hemophilia A. In like another 25 percent-ish 
they're straight up missing Factor IX. This is Hemophilia B, or Christmas Disease 
(because the first patient's name was Christmas). Both of these losses, VIII and IX, 
block the chain upstream from prothrombin, which was supposed to protease thrombin, 
which was supposed to protease fibrinogen, which would become fibrin, which was 
ultimately supposed to form the clot. We can check the grade of these hemophilias--or 
how much protease we're missing--by making an antibody to the protease and 
evaluating in a lab how much it shows up. That antibody's called CRM, cross-reacting-
material, and if it's positive we say there's some protease there, negative there's none, 
and r means there's reduced. It's easier to solve a reduced hemophilia, because the 
body's at least used to seeing a little of the protease, so if you inject some, there won't 
be an immune response--but if the body's never seen the missing protease before, and 
you inject it, you've created an immune-system monster. The mutation in these two 
hemophilias, as you may know, is X-linked, so they only affect men--if a woman has 
hemophilia, it's not because of one of these two factors. 

Anti-thrombin III inhibits cofactors IX, I, IX, and XII. This is a spaceship! (Spaeeship 
weeeee) See, look
     I
IX    XI
    XII
It's got two extra guns on the back. So anti-thrombin III is a spaceship inhibitor.

What other factors are there in blood clotting? Well, if we start with the intrinsic pathway,
we start when:

 Endothelium's injured, and its anionic surface activates Factor XII
◦ Alternatively, prekalllkrein becomes kalllkrein and activates Factor XII

 HMK and the anionic surface makes Factor XII become Factor XIIa
 HMK helps Factor XIIa become Factor XIa

◦ XIIa can also start the extrinsic pathway by getting factor VII going
 HMK and Factor XI, and maybe Calcium, help Factor XIa activate
 Factor XIa helps Factor IX become IXa

◦ Calcium and PL help
 Factor IXa helps Factor X become Factor Xa

◦ It's helped by Calcium and PL
◦ This can't happen without Factor VIIIa helping

▪ That's turned off by thrombin, btw
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 Factor Xa, helped by Factor Va, helps prothrombin become thrombin
 At the end, thrombin cleaves fibrinogen, and the fibrin molecules have lots of 

glutamate and aspartate residues. Those residues all stick to each other making 
a big messy complex that precipitates out of solution to make clots. 

 Glutamine and lysine bonds in different monomers start to form, stabilizing the 
clot and making it stronger. Factor XIIIa also helps the soft fibrin clot become 
harder.

The extrinsic pathway starts because of tissue injury and tissue factor. Then,
 Factor VII becomes Factor VIIa

◦ helped by calcium and PL
 Factor III and Factor VIIa turn Factor X into Factor Xa
 The pathway continues from Xa to Fibrin.

Why so many factors? We have to be able to careful regulate clotting so we don't form 
thrombosis. When thrombin's activated, it turns on Protein C, which digests factors Va 
and VIIIa, turning off the cascade. Thing like that keep us from getting all clotted all the 
time.

I have made a song to help you remember the clotting pathway! Get it here: FIXAL

How do you make a factor? After you translate it, you take off signal peptides in the ER, 
beta hydroxylate some aspartate residues, N-glycosylate your stuff, and then gama 
carboxylate your glutamates. That's what vitamin K helps with. Vitamin K works with 
gamma glutanyl carboxylase. Glutanyl carboxylase helps put glutamate residues at 
the N terminus of some blood clotting factors. This is important for clotting, since 
gamma carboxyglutamates are really good for binding to calcium at all kinds of angles 
and tangling up. During the process, the enzyme used vitamin K as an oxygen receiver, 
oxidizing it. You made a double bond in one of the rings and added an epoxide over it. 
Vitamin K reductase makes Vitamin K go back to the reduced state so you can use it 
again. Both warfarin and dicoumarol, anti-coagulants, work by inhibiting enzyme Vit K 
Reductase, so Vitamin K can't be recycled, and you can't coagulate.

Nucleic Acids and DNA Structure

DNA, as you probably know, is made up of adenine, cytosine, guanine, thymine, and 
uracil. These nucleotides are a base, pentose sugar, and phosphate, while a nucleoside
is a base and a sugar. 

Sugar: The pentose sugar is a support or structure part of the nucleic acid, and there 
are two kinds of sugars. One is 2-deoxyribose, and one is ribose. Deoxyribose is 
missing an OH group on the second carbon. When we talk about 5 prime and 3 prime 
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positions, we're talking about the third and fifth carbon (The 5th carbon isn't on the ring, 
but is in the HOCH2 group hanging off the 4th carbon). RNA has the ribose version. 
These sugars are uncharged. Sugars help determine the direction of reading.

What the phosphate does: The polarity and the charge comes from the phosphate. 
One of the phosphate O- is involved in bonding, but one is always free, giving 
nucleotides a very negative charge. This is great, because histones, enzymes which 
bind to DNA to condense it for mitosis, have a very positive charge. So if you're running 
an electrophoresis, all DNA has the same charge density: 1 negative charge per 
nucleotide. (So you separate DNA by size)

Base structure: The bases are either purines or pyrimidines. They're all flat, and that's 
important because it makes the helix structurally stable. This flatness and the stability of
the sugars is what makes the bases able to stack, so even if you were to change your 
guanosine from keto to enol form, for example, you'd still have helix stability--you'll just 
change the base pairing interaction and specificity for proteins trying to bind to DNA. All 
these bases are aromatic and they've got nitrogen. They attach to the 1st carbon of the 
pentose. The bases are important because they provide the H-bond donors and 
acceptors. They make the diversity and function of the DNA and RNA, the language, 
while the sugars are pretty much just whatever--pretty much the same as in any other 
carbohydrate. The pyrimidines (cytosine and thymine) have just one ring, while 
purines (adenine and guanine) have two rings. Uracil, which is just thymine missing the
methyl group on the 5th carbon, is a pyrimidine, too. To remember these, remember that
purines are pure as gold, or pure: adenine, guanine. You can also remember that 
structurally they're bigger because "purines" is a short word for long structure, while the 
jealous pyrimidines, with small structure, need a bigger word--"pyrimidine"--to 
compensate for their small size in you-know-what. At physiological pH the bases are 
uncharged and mostly in keto form (they can switch to OH/enol form sometimes).

That missing methyl group from the uracil is important. When you're working with 
your DNA, some of your your enzymes accidentally deaminate cytosine. That means 
you actually changed it to uracil--that could totally change the directions you were giving
the cell! So how does your body tell if that was supposed to be a uracil, or if it was 
supposed to be a cytosine? Your body knows that if it's DNA, and it's thymine, there 
should be a methyl group on the 5th. So when your body meets the deaminated 
cytosine masquerading as uracil, it recognizes that there's no methyl, and it changes it 
back to cytosine. Because in DNA, you either have a methyl group and it's thymine, or 
it's cytosine which should have an amino group on it.

Pairing: I used to remember that the round-looking letters went together, and the pointy
letters went together: A and T, C and G. The round-looking things make three hydrogen 
bonds when they pair, while the pointy ones only make two. This makes the C-G pairing
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stronger. I remember this because the letter C fits better around the letter G than the A 
and T do (I mean, how you gonna fit A and T together, anyway?). Local pH changes can
make non-traditional base pairs form, especially for non-normal-double helix structures 
like ribosomes.

Specificity: The bases help enzymes that work with DNA know where to bind. Like 
RNA polymerase, which binds to origins, or enzymes that just bind to the TATA box. But 
some enzymes don't care. Histones, for example, which condense your DNA, they don't
care where they bind, they're just gonna bind! And so non-specific binders don't 
necessarily bind to bases, but anything that needs specificity binds to bases. Now all 
proteins do have to bind to the backbone, because that's stronger than hydrogen 
bonding, but for specificity they bind to the bases. Transcription factors, for example, 
usually have at least a contact in two grooves, one strong contact to the sugar-
phosphate backbone to hold it in, and other specific contacts to base pairs to tell it 
where to bind.

Adenosine is cool: Adenosine can treat tachycardia because it blocks electric current. 
Adenosine is also a wakefulness hormone, and caffeine works by blocking adenosine 
receptors in your brain and making you sleepy.

Putting nucleotides together: 5 prime to 3 prime phosphodiester bonds hold 
nucleotides together. DNA polymerase builds DNA copies from the 5 prime to 3 prime 
end. The bases form with hydrogen bonding from the amines and other "sticking out" 
pieces. The hydrogen bonds determine the melting point of DNA. On one side of the 
DNA it's really open, and on the other side it's kind of closed. The "major groove" is the 
open side, and the "minor" groove is the smaller side. When you look at the DNA, do 
you kind of notice that the DNA isn't exactly uniform?           This is an awful picture, but 
see how some of the angles are bigger?                                In DNA, you have a regular
pattern of a bigger grove, and a smaller groove, and that's what major/minor means. 
10.5 bases make one turn! Basically because the base pair angles aren't at 180 
degrees perfectly, we get different size grooves.

DNA/RNA shape and their jobs: DNA molecules are super-super long because they 
have to hold the entire genetic memory for a species, while RNA molecules can vary 
from tens to thousands because they have all kinds of different jobs. DNA is more stable
and forms a nicer helix, while RNA tends to fold over itself and even mRNA doesn't 
hang out in long strands, but rather in clumps. DNA is a bit more specific than RNA--
remember that thymine methyl group I mentioned above? Well you can't do that with 
RNA. If you accidentally deaminate your cytosine and turn it into a uracil, in RNA you 
have no way to tell if that was supposed to be a cytosine or uracil. That's why we use 
our DNA as a genome, and not RNA, because you gotta store your information 
accurately--it's okay if you make RNA mistakes since you have so many RNA transcripts
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floating around. Also, the ribose of RNA (that free OH group on the sugar) is reactive in 
solutions of light base. It will nucleophilically attack the phosphate holding it to the base 
and split the base from the backbone! We need more stability than that in our DNA, so 
we don't have an OH group there. What a pretty provision to protect us (thanks God!)!

Using nucleotides in investigative medicine: Nucleotide analogs are really good for 
poisoning virus DNA or cancer DNA. If you can poison certain cells by giving them 
nucleotides that suck or participate in deadly mutations, and those nucleotides don't 
screw your patient up, you've helped! You can also use nucleotides in PCR and 
sequencing to find out what specific bacteria you have, and what specific antibiotics you
need--which avoids broad-spectrum treatment which can kill your "good bacteria" and 
help develop antibiotic-resistant strains.

DNA storage: The amount of information the cell must hold is enormous, and 
everything needs to be accessible. Prokaryotes handle this problem by supercoiling, 
which is essentially grabbing two ends and twisting twisting twisting until the DNA folds 
into a little super-tight bunch. Those ends have to be free to make the supercoils--so the
enzymes will have to cut the DNA to let that happen--and fixed to keep them tight. 
Supercoiled things will go faster through an agaros gel because they're so streamlined 
and compact, compared to their nonsupercoiled form. Topoisomerases are the 
enzymes that control supercoiling. The energy that's stored in this tight supercoil--think 
of the tension in a telephone cord when it's all tangled up really tight, and yanks you 
back when you pull on it--needs to be dealt with by the cell, too. Supercoiling isn't 
enough for eukaryotes. That's why we have chromatin. Chromatin is held together with 
histones. Each little histone forms an octamer and packages 146 base pairs of DNA 
into little nucleosomes. This is a really small stretch of DNA, so it's pretty impressive 
that the cell can bend it! Nucleosomes and the histone protein make 30 nm in thickness 
chromatin fibers. Histones are generally the same through all the animals, but there are 
five basic types: 1, 2a, 2b, 3, and 4, which go into 2 types. The types are H1 and 
everything else. H1 doesn't form an octamer. It's the biggest one, and it links the 
nucleosomes into the 30 nm chromatin fiber. Everything else forms the histone core 
and makes up the nucleosomes. Visually, we can imagine the chromatin before H1 like 
beads on a string in one of those hemp bracelets that are all woven, where the beads 
are in fixed places with string woven around them. The beads would be the histones, 
and the string the DNA. Then H1 draws the beads closer together by collecting and 
clumping the string between them, connecting each bead to another one nearby, so it's 
like you've bundled up the hemp bracelet into a much tighter string. Then you take that 
30nm-thick fiber you made--and realize there is no way you are ever gonna sequence 
any RNA or replicate any DNA from this since you can't read most of the string--wrap it 
into 300 nm-thick folds (each fold is 300 nm high) and keep wrapping and coiling until 
you build a chromosome. Since you have to be able to access some of your DNA during
interphase, you keep some of your DNA uncoiled and not in this form, and that's your 
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euchromatin, while your tightly-coiled DNA is your stored heterochromatin. 
Heterochromatin tends to be more repetitive, which is why you're allowed to keep it 
coiled. The densest part, the part in the middle, or the centromere or telomere, holds the
chromosome together. You only see this euchromatin/heterochromatin difference during
interphase: in mitosis everything's heterochromatin and you can distinguish individual 
chromosomes. 

Centromere: You don't have any of your coding genes at your centromere, just in the 
middle of the chromosome arms. Your centromere has a kinetochore that lets the 
spindle fibers attach during mitosis, It's made of both DNA and proteins, and some 
special histones that bind CEN DNA. That's the name of the kind of DNA here.42

Telomerase: At the end of the chromosomes, because you can only build 3' to 5', when
you're replicating there's a little gap at the end that doesn't get copied (gets chopped 
off!). So telomerase actually adds a bunch of bases at the end so that the part that 
doesn't get copied is nonsense, not important stuff. Theoretically, there's a limit to how 
many times you can divide a cell because these chromosomes get shorter and shorter, 
especially without telomerase. If you could turn off cancer cell telomerases, at some 
point maybe they can't divide anymore because they'd be eating up their DNA ends. 
(This isn't 100 percent proven yet, but it makes sense) Telomerase enzymes are made 
of hTERT and dyskerin proteins. They've also got a part that's RNA.

DNA structure-changes that are weird: DNA "breathes"--it opens and closes the 
distance between the strands so it's easier for proteins to get in and separate the 
strands. It's actually really dynamic. Well, unfortunately, when DNA is coming back 
together, it can re-form wrong, where for example a G that was bound to a C at one 
point is suddenly bound to a different C, folding up part of the DNA. So basically DNA 
repeats make it easier to have mutations and errors, because a similar segment can 
bind another similar segment. Sometimes this doesn't directly cause a disease, but 
people with these repeats and this potential instability have the tendency to develop 
certain diseases. You can get crosses (cruciform), triplexes, slipped hairpins (the folds 
in the CG example just mentioned), quadruplexes where a single strand folds into fours,
and left-handed Z-DNA (where DNA turns the wrong way instead of being right-handed).

DNA replication: Replication is semiconservative, where you keep the original 
strands, but they don't get back together--you pair them to the new strands. This is 
different than dispersive, where you break up both the old and new strands into tiny 
pieces and mosaic them all together, or conservative where you put the old strands 
back together after you're done copying them. How did they test this? I mean, the two 
strands, old and new, look the same, with the same nucleotides. The original 

42 http://www.ndsu.edu/pubweb/~mcclean/plsc431/eukarychrom/eukaryo3.htm North Dakota State University Web
Resources
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experimenters (Meselson and Stahl) put heavy radioactive N15 in for several 
generations to saturate the chromosomes with heavy N, so all the parent DNA would be
heavy. Then they put these radioactive bacteria in with normal, light N, so the new 
strands would all be light. Then they put the completed, replicated strands into Cesium 
chloride to see where the strands would float. If replication was conservative, the re-
formed parent DNA should have sunk, and the new DNA should have floated in the 
middle, but here all of it floated in the middle--not quite with the light DNA, and not quite 
with the heavy DNA. So we knew it had to be either semiconservative or dispersive. 
Over several generations, some of the DNA became completely light, and some of it 
was intermediate. That meant it couldn't be dispersive, because the new light strands 
were getting copied by even newer light strands, and not getting cut up with old ones to 
maintain the same density. 

Replication goes in two directions, bidirectionally. When you open the strands, you 
open at many origins to speed things up, and you copy the DNA from both ends of the 
opening. Because we only go 5' to 3', one strand can be copied all in one go, but the 
lagging strand can only be copied piece by piece, since it has to go a space, roll back 
and start over to copy another piece, and so on and so forth. Repeats can slow down 
the process because the polymerase (the base-copying protein) slips and slides where 
it's located--gets confused--and they sometimes fold back over on each other. Origins 
are repeats, though--the fact that you have multiple origins means multiple repeats. 
Having multiple origins makes replication go faster.

So to replicate first we have to open the two strands. We do this with a protein that 
loves to melt AT-rich segments of DNA (because they only have 2 hydrogen bonds 
they're easier to melt), forming a v-shaped replication fork. DNA helicase unwinds the 
DNA at the replication fork, which takes ATP, since you're making tension in front of the 
helicase. Helicases are shaped like Stars of David with a big hole in the middle. That 
shape matches their function, so they can unwind the strands before the replication. 
This creates tension since things that like to coil are being forced to hang straight.

That supercoiling tension needs to be relieved as you continue the process of 
replication. So you have...

Topoisomerases actually break one strand of the DNA backbone, which is kind of risky.
Then it takes another loop and passes the DNA through so it doesn't let go--it gets a 
strong grip, cleaves the strand's backbone from both sides like scissors, passes loop 
through that break, and re-seals the break so relieve the tension that was build by the 
helicase. That's how topoisomerase 1 relieves tension. Topoisomerase II says "screw
that!" and just breaks both strands. 

 There's a drug called etoposide that inhibits topoisomerase II, forcing DNA to 
degrade since it can't relieve its tension. That drug works against testicular 
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cancer and oat/small cell carcinoma in your lungs. Unfortunately, because you 
need topoisomerase II, it also suppresses your myelin production, irritates your 
GI tract, makes your hair fall out (alopecia), and can even poison your peripheral 
nervous system.

You need something to hold the strands separate. Single stranded binding protein, 
once the helicase unwinds the DNA but before new DNA is synthesized, binds to the 
DNA and holds it separate.

Now primases can start the actual replication by making a little RNA segment that the 
DNA polymerase can work with. So primases are a kind of RNA polymerase. 
Remember that you have to work 5' to 3', and you need some 3' to start and bond to, so
the primase makes that possible. These go slow so you don't add two many RNAs, 
since you just have to rip them out later after you're done so you can put DNA pieces in 
there. That ripping out is done by a 5' to 3' exonuclease. It goes a few bases too far 
always, to make sure it did its job. Why do you want to take the whole RNA primer out? I
mean, couldn't you just take the uracil of it out, and you'd have DNA? Well, the sugar 
part of the RNA also matters. It's got that 2' hydroxyl group which makes it more likely to
react at basic conditions--and makes the folding a little different and makes the whole 
strand just a little bit more unstable. That's why you rip out the whole primer. 

DNA polymerases--These are the actual copying proteins. They gotta put in the new 
bases, hold on to the DNA and separate the strands. To anchor your polymerase onto 
the DNA you've got a clamp protein that forms a circle around the DNA. It's got a space 
in it so the new strands have room to grow. The polymerase needs Mg2+ in it to 
anchor it to the negatively-charged phosphates. When you're adding to the 
backbone, you add a nucleotide--a base and a phosphate from a triphosphate--and 
that's lots of negative charges, so the Mg2+ kind of balances it out. (A trisphosphate has
4 negative charges 'cuz the last oxygen has 2) The polymerase reads the parent strand 
3' to 5', creating a new strand antiparallel, or opposite: 5' to 3'. We call the working 
direction 5' to 3' because we add our new 5' triphosphate to the 3' OH of the sugar, 
basically on the "bottom" of the pentagon. (Then we drop two phosphates so the final 
product just has one phosphate in its backbone) Why add to the 3' OH, and not the 2'? 
The 2' hydroxyl group in RNA is useful for splicing, but you can't use it to create new 
strands of RNA copied from DNA. It is too cramped. 

DNA polymerases have a really high processivity (they go really fast). We differentiate 
types of DNA polymerases by their processivity and how specific they are (error rate). 
Prokaryotes only have one kind of DNA polymerase, DNAP III. Eukaryotes have three 
kinds, alpha, beta, epsilon, and delta.

 Alpha copies the lagging strand
 Beta and epsilon make copies to repair broken things
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◦ DNA can get broken by endogenous stuff, inside the cell...
▪ Base mismatches (which will be fixed by exonucleases)
▪ Base oxidation
▪ Accidental alkylation of bases
▪ Hydrolysis

◦ Or by exogenous stuff, from outside.
▪ UV light cross-links cytosine and thymine bases, making pyrimidine 

dimers
▪ Ionizing radiation will screw up hydrogen bonds
▪ Extreme heat will melt AT segments
▪ High pH
▪ Other stuff

 Delta replicates the leading strand.
Cytarabine, a drug against leukemia and non-Hodgkin's lymphoma, inhibits DNA 
polymerase to keep cells from dividing all crazy. Because it interferes with normal DNA 
replication, possible toxicities include lowered leukocytes (leukopenia), megaloblastic 
anemia (low RBC count, where you have lots of immature and giant RBCs), and 
thrombocytopenia (not enough thrombocytes or clotting factors).

We check our mistakes by checking the strength of bonding and the diameter of the 
helix. A mistake gets made and not corrected only once for every 9 billion bases copied.
That's a really great error rate! If your bonds aren't very strong, you know you've 
probably got a mismatched base pair. If your diameter is too big or to small, you've 
probably matched a pyrimidine to a pyrimidine or a purine to a purine. 3' to 5' 
exonuclease and 5' to 3' exonuclease take care of fixing those mistakes. They move a
lot slower than the polymerases that first throw the bases down. That means they have 
low processivity, and that's to avoid mistakes, and it's okay since they work just a little 
piece at a time. They can't work without a nick or a cut in the chain, so something else 
has to cut the bits of the chain for them if they want to fix things. They can be 3' to 5' 
because they are cutting out nucleotides in that direction--they can't actually build those 
nucleotides in the backwards direction, something else has to build them (like the 
epsilon and beta polymerases I mentioned earlier). Here are some editing and repair 
mechanisms exonucleases (and their friends endonucleases) get involved in:

 Nucleotide swapping, or nucleotide excision--
 Sugar-base replacement

Ligases join the backbone together by linking the 3' OH to the 5' phosphate. They put 
an AMP on an existing monophosphate to make the high-energy bond, taking the 
energy from ATP and transfers that tot he DNA at the 5' end, giving the nucelotide a 
diphosphate structure, and now the DNA 3' OH can attack the phosphate 
nucleophilically and join with it. This is not a polymerase. It just repairs nicks.
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http://www.youtube.com/watch?v=yqESR7E4b_8 

This link should help you see replication!

So short summary, helicase unwinds the replication fork which requires energy, SSB 
binds to keep DNA unwound, primase makes little RNA primers, DNA polymerase 
extends the new primer (with Okazaki fragments on the lagging strand, where you have 
to keep making little primers over and over again, and then ligase joins the little 
fragments but can't fill in a nucleotide gap), exonuclease edits and takes out primases. 

The RNA at the very end has no 3' hydroxyl before it so you can add a base to it and fill 
in the gap, so you're always going to have a mismatched, sticking out end. So those 
overhanging ends get chopped off. Telomerase adds lots of repeats of the ends so 
when your ends are chopped off they aren't losing anything important. Stem cells have 
more telomerase. Every time you replicate a cell you're losing ends, but cells with 
telomerase can mitigate this and extend their replication potential. Those repeat ends 
are telomeres. So if we could create a chemical that could make those overhanging 
ends match, so you don't need telomere repeats and you don't cut off your ends, could 
we keep dividing forever?

Cancer cells and stem cells both have lots of telomerase. Some cells aren't supposed to
have telomerase, and so it's bad. Low telomerase can be bad, too, because you don't 
make extra ends and your cells that are supposed to grow can't grow because they 
keep chopping off their telomeres and dying. This is basically premature aging, like 
dyskeratosis congenita, aplastic anemia...

Making RNA Using DNA, Transcription: Sometimes you don't need to go all the way 
to protein to have function. Sometimes the RNA molecule has function, like with the 
ribosome molecule. But usually, as you know, you use DNA to tell RNA to make proteins
for function. Cool way Dr. Noel told us to remember transcription versus translation, 
which I've always had trouble keeping straight:

DNA-->DNA-->ADN

First you're transcribing it or rewriting it in cursive. Then you're translating it into 
Spanish, a totally different language. 

Now in language you can go from Spanish back to English, but here the redundancy of 
the code (the fact that glycine can come from 3 different combinations of base pairs) 
means you can't go back to the DNA reliably ('cuz you won't know what the third base 
pair is, since it could be one of several things).
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Also in transcription, direction does matter. When you make AGCTAGC into RNA, it 
becomes GCUAGCU, but if you make it from the other way, TCGATCG, into an RNA 
you'll get AGCUAGC. And AGC codes a different amino acid than GCU does. So you 
aren't just changing the order of the peptides by reading the wrong way, you're actually 
making a different peptide. This means you have to make sure you read the right strand,
since you make RNA from only one DNA strand. You determine based on polarity where
to hook.

Replication isn't selective like transcription is. You have all the genes in all your cells, 
but only a few of the genes get expressed. Because, yannow, your liver doesn't need to 
be able to see. 

RNA polymerases. For your RNA polymerases, you can't have a primer--you can only 
start de novo, from new. You need some Mg2+ to hold on to the negative charge, and 
you need a free 3' OH to grow 5' to 3' from. Most RNA polymerases can't proofread. 

To start RNA polymerase finds the promoter, binds, checks its orientation, opens the two
strands, chooses one as a template (based on orientation), and begins to synthesize. In
order to actually get stuff done it has to escape the promoter.

Let's talk about promoters. By convention, +1 is the first base of RNA you get. 
Everything before that, the stuff in the promoter, is called negative (like before 0). When 
your polymerase comes you actually wrap the DNA around the polymerase and that 
helps open up the start site by bending and straining the bonds, eventually melting the 
hydrogen bonds there. AT rich DNA is the easiest to melt (because only two hydrogen
bonds, not three) and so lots of promoters have AT-rich DNA. You have different 
promoters for different genes so you can control which genes you're activating when. To
make a promoter, you'll have several sequences of DNA next to each other, and the 
space of non-promoter DNA between them also helps polymerases differentiate.

If you're a polymerase that has to come in through the minor groove, you'll attach to 
totally different molecules in the nucleotide. If you have a bigger space of base pairs 
between parts of the promoter, you'll actually be forcing the polymerase to stretch 
around the DNA to the other side, which it can't do (5 bases is a turn! So in 5 bases 
you'll be at the other side of the DNA!). So the distance between your promoter 
sites, if its too close or too far away, really matters as to whether your 
polymerase can fit there.

Our typical promoter is a TATA box, with upstream promoter parts (UAS) and upstream 
from that (more negative) silencers, and sometimes some downstream regulators, too.
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Transcription factor 2d binds to the TATA box. There are so many proteins they 
actually assemble on the promoter, and transcription factors call those proteins to the 
promoter so you can get transcription started. The things that bind to TATA sites isn't the
same thing that actually does the hydrolysis and catalysis of RNA synthesis.

We then have three different RNA polymerases build onto the promoter. 1, 2, and 3. 
One makes rRNA, two mRNA, three tRNA and 5SRNA (for the small ribosomal 
subunits RNAP 1 doesn't make). (Remember the small subunit is for binding to DNA, 
the big one is for doin' ribosome stuff like matching tRNAs to mRNA to make proteins) 
You can't poison RNAP I with amanitin toxin (mushroom), but amanitin toxin totally stops
RNAP II from releasing nucleotides and that poisons it and sucks! RNAP II is only 
moderately sensitive to amanitin, not like RNAP II. Having multiple promoters lets us 
control regulation. This is different than prokaryotes, which have five pre-assembled 
polymerases (which differ just by a subunit) and have big ready-made complexes before
transcription begins. 

So now we've initiated and gotten our RNAP ready, and it's time for elongation. 
Initiation factors drop off. Unlike in replication we don't need single-stranded binding 
proteins to hold it open because the non-template DNA strand is kinda floating there 
riding along the back of the enzyme and so it's not getting involved. If this system falls 
apart, the same RNA polymerase can't go back where it left off and keep going. It has to
start over again with a promoter, partly because the extra DNA strand is in the way. 

Transcription is less accurate than replication, and it's okay, because you're only 
making the destiny of one protein, not the hundreds and hundreds of proteins forever 
produced by that segment of gene. You've also got redundancy, so it's less likely that a 
mistake will carry through, and you're transcribing new mRNA all the time, so you can 
always just throw away a mistaken protein and use the other mRNAs that don't have 
mistakes to make proteins for that function.

Prokaryotes terminate because the RNA starts forming a weird secondary structure so it
can't keep going. What I mean is, for example, there will be some inverted repeats. So 
like a sequence reads one way, and then just downstream there will be the backwards 
version of the same sequence. Well, as soon as those sequences are copied, they will 
stick to each other (remember RNA's flexible like that). They're now making a hairpin 
looking thing and the polymerase can't work with them anymore so it stops and slows 
down. There's also a bacterial protein called rho which chases the polymerase the 
whole time, and binds the RNA when it pauses (at one of these hairpin structures) and 
pulls the RNA out of the polymerase. Something UA rich will happen just after the 
hairpin and because they're relatively weak, and likely to melt, they help the hairpin to 
snap off when that pull happens. The polymerase can also be slowed down by using the
same nucleotide over and over again until there isn't enough of that kind of nucleotide in
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the vicinity, and it takes a bit for the nucleotides to diffuse to that area. Then the rho can 
catch it without a hairpin. Most genes have multiple termination sequences. 

Our eukaryotic termination isn't as well-defined, and it's different for each RNAP. RNAP-
1 stops because of a termination fctor, TTF-1. For RNAP II, there's a polyA tail you add 
to the mRNA that you use for signaling. Once you get to the place where the polyA tail's 
supposed to connect, the RNA Polymerase realizes it's already passed everything the 
gene needs to be functional, and it builds in a little sequence that tells you to degrade 
everything it's made after that point. (We're not really sure how that works) RNAP III 
stops at a sequence of repeated Ts found in the middle of a GC-rich area. These things 
aren't so well understood, partly because initiation easier to study, and because 
initiation's precision's more clinically relevant. It makes sense if you think about it: f you 
terminate badly—like too late or too early—you may or may not have messed up post-
sequence regulatory elements, but if you initiate badly you've definitely messed 
something up.

Transcription factors. These encourage or inhibit transcription. A positive transcription 
factor could bind in a place where the RNA polymerase just can't attach to the gene. 
The area's just got a crappy promoter, with wrong distances and stuff, but the 
transcription factor will hook the RNA polymerase to the spot so it can work. A negative 
transcription factor will block RNAP from binding.

Good example of repression is the lac operon. When you have glucose, or you don't 
have lactose, you don't want this to work. The repressor normally binds to the DNA, a 
little downstream of the promoter and a little upstream, making a block so RNA 
polymerase can't bind to the promoter. If there's lactose present, E Coli can sense that, 
and then it will make an inducer which binds to the repressor protein, changing its 
shape, making it let go, and exposing the promoter. Even if you unmask this promoter, 
it's still kinda crappy and the RNA Polymerase can't bind. As long as you can use 
glucose, E Coli doesn't want to use anything else, so even though you have lactose 
present, you still want the operon to be weak, since you don't want to bother if you've 
got glucose. Now, metabolism of glucose uses cyclic AMP, and since it's being used, 
cAMP is very low. But if glucose metabolism goes down, cAMP will not be used, so it'll 
bind to the CRP protein and then that will be a promoter that binds to DNA and helps 
connect the polymerase to the DNA. That's an example of repression and activation.

Types of transcription factors: Enhancers and silencers don't necessarily have to cling 
to a particular binding site to work. They live more up or downstream from the site 
they're promoting. Repressors and activators work by either blocking or connecting 
the polymerase to a site, while enhancers might add a phosphate to a polymerase, or 
do something else to the polymerase on its way to the site--the enhancers and silencers
don't need to be at the binding site because their work affects the polymerase from a 
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distance. It's like a gun versus a knife. They can maybe phosphorylate it or kinase it or 
alter it some other way to make it want to bind or not. Enhancers and silencers can help
call other transcription factors to the promoter.

Some enhancers and silencers like SWI and SNF remodel chromatin--meaning you're 
moving around the histones to expose new areas of DNA. They recruit HAT and HDAC 
to move the nucleosomes (histone-complexes) around. HAT promotes transcription, 
while HDAC impedes it. You need ATP to move those histones around.

Histone remodeling is important for HIV becoming latent or un-latent. Right now we can 
make HIV so latent people can't transmit. We're thinking of trying to reactivate the latent 
pool of HIV while someone's on a really effective retroviral, and then killing it all, but it's 
not super-likely that will work because of all the terrible inflammation it would cause. 

HIV has a really powerful promoter. That makes sense because the HIV wants to make 
lots and lots of copies of itself. But that very strong promoter is only good for initiation, 
not so good for elongation. HIV doesn't have a cyclin-independent kinase 2 that would 
have helped it elongate better. If you phosphorylate the polymerase, it can keep going 
forever, but if you don't, and you don't have that kinase binding site, the whole complex 
is really unstable and elongation will just stop. So HIV has a different kind of way to 
make this work, it gets a Tat protein that attaches to the polymerase and adds a spot 
where you can put a phosphate, and that holds the complex together. We're not just 
worried about assembling at a promoter, but also we want to assemble something that 
will do its whole job and not fall apart, and that's what HIV's concerned with.

You can also control transcription with epigenetics, which means putting something on 
top of the DNA, like a methyl. Methyl transferase adds methyl to cytosine. Now it looks 
kinda like T, but it also prevents proteins from behind able to bind. With aging you have 
hypermethylation which silences genes. With cancer, it seems you may be methylating 
tumor-suppressor genes you needed.

Cell Cycle Regulation

This is super-important stuff to understand in the normally-functioning body, since lots of
these pathways will be natural targets for cancer. And cancer sucks. The majority of 
human cancers happen because of p53 problems and retinoblast suppression, and 
those regulate our cell cycle.

Remember, the normal cycle is G1 (where the cell spends half its time), S phase (where
you synthesize DNA), G2 (you make factors like the spindle for M phase), and then M 
for mitosis. (Think about 6-12 hours for G1, 6-8 hours for S, 3-4 hours for G2, and 1 
hour for M, for an "average" human fibroblast) You have several checkpoints in the 
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cycle where you stop, and you can move on with the cycle, or you can go back to 
another state. One checkpoint happens at G2, where you're not allowed to move 
forward until your DNA's successfully replicated. There's another "checkpoint" when you
get through G1--because once you've "decided" to go from G1 to S, you can't reverse 
that decision. You just can't go back to G0 until you've finished the cycle. That's normal: 
non-normally, or in aging and some cancer-related insults, or when you've got those 
cells in vitro and they hate it, you get stuck in G1 and they don't continue with the cycle, 
and that's called senescence. This is how your cell stops itself from becoming cancer. 
It's irreversible--so different from quiescence, which is reversible, and means staying in 
G0. Normally, we've got a molecule called pRB that helps decide whether or not we're 
gonna divide our cells. It basically controls how we go between G1, and G0 (the 
quiescence, not-cycling stage outside of the cycle). 

Neurons like to hang out in G0--not only that, once they know they're neurons they 
undergo terminal differentiation, which means they're never going back to G1 ever. 
They're done, and the way your neurons are once they develop is the way they want to 
stay. Stuff like simple squamous epithelial tissue in our skin, which is growing all the 
time, loves making the decision to continue through G1 to the whole cycle. Hepatocytes 
are also interesting, because they don't go into terminal differentiation--you could push 
them back towards the cycle--but they don't like going into G1. They're pretty in-
between in G0. 

So anyway, pRB (retinoblast protein). It's the balance between mitogenic and anti-
mitogenic signals that control pRB. Mitogenic signals include human growth factor, 
insulin, steroids, some interleukins, epidermal growth factor, and things like that. A lot of 
them are soluble in the extracellular matrix, like EGF, FGF, insulin, and PDGF. pRB, 
when activated, is part of a signal transduction pathway that puts the cell in G0--in NOT 
growing stage. Active pRB stops growth. When you've got more mitogenic signals 
coming into the cell, pRB is phosphorylated. That's inactivating pRB so pRB can't push 
you towards G0. It's the "on" switch for going into G1. When you have more anti-
mitogenic signals, pRB is de-phosphorylated, and you're going to G0. In a large-scale 
tissue, you'll have gradients of growth a distance away from mitogenic signals, so for 
example if you've got a layer of stem cells near some growth-factor-producing cells, the 
cells closest to the GF will have a whole bunch of phosphorylated pRB, and they'll be 
growing and growing. But as they divide, the top parts of their layer are moving away 
from GF--it's like with rising bread, the top of the bread as "tissue" divides is moving 
away from the base--and so the cells at the far or top end of the tissue won't be able to 
phosphorylate their pRB since all the GF gets used by the cells under them before they 
get a chance to have any. 

How does pRB work? E2F binds to and activates promoters of S-phase genes. All your 
S-phase genes that get you through to mitosis get activated by E2F. When pRB isn't 
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phosphorylated, it will stick to E2F and keep E2F from turning on S-phase related 
genes. When you phosphorylate pRB, it can't stick to E2F, and E2F runs free to do its 
job and make the S-phase genes push you through to mitosis.

How does pRB get activated? In short, 
 a mitogenic ligand from outside the cell binds to RTK, receptor tyrosine kinase, in

the cell membrane.
 RTK activates RAS 
 which activates the MAPkinase pathway (phosphorylation chain). 
 That activates cyclins, and once they express themselves, 
 they form complexes of cyclins and CDKs (cyclin-dependent kinases), 
 and they dephosphorylate pRB.

Dr. Santiago recommends, for everyone who wants to become an oncologist, the 
Hallmarks of Cancer by Hanahan and Weinberg, year 2000. They'll put these pathways 
in tight detail. Let's go into a little more detail ourselves.

So, most growth factor receptors are kinases, like the tyrosine kinases that work with 
insulin. (Let's call them RTKs, receptor tyrosine kinases, for short) The two complexes 
of receptor will phosphorylate each other on a serine/threonine, or a tyrosine. Then they
become super-attractive to signaling proteins, that get phosphorylated, and you start the
chain. Receptor proteins that don't have the ability to phosphorylate themselves will use 
Src, which is a kinase, as an adaptor protein to start the cascade. So when this kind of 
receptor gets a growth factor, it changes enough for Src to attach to it. Src will 
phosphorylate it and make SH2 and SH3 proteins bind to the whole complex. SH2 will 
bind to phosphorylated tyrosine on the receptor, while SH3 will bind to other adaptor 
proteins that have lots of prolines in their helices. This whole mega-monster complex is 
now able to act as a kinase.

One kind of SH2/SH3 protein is Grb2. It will attach to the RTK, and when it does, its 
SH3 domain will open and be hungry for proline-rich helix regions. A molecule called 
GEF now comes along, with all its proline-rich helix regions, and satisfies that hunger. 
When it binds to Grb, GEF suddenly becomes really hungry for a molecule called Ras.

Ras is a little GTPase that acts basically just like a G-protein when its activated, 
hanging out in the cell membrane and everything. When it's inactive, it's floating in the 
cytosol with GDP stuck on it. When GEF binds Ras, it takes GDP off of Ras and allows 
GTP to bind. That activates Ras. Ras also has to be in the plasma membrane like a G 
to be active, so a protease will also take a tetrapeptide off of and add a methyl group to 
its C-terminal. Then you'll get a fatty acid group added onto Ras's cysteine, and now it 
can hang out in the membrane. You can shut down Ras again with Ras GTPase, which 
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hydrolyzes GTP on Ras to GDP, inactivating it.

Ras's job, when it's active, is to start the MAP kinase phosphorylation cascade. The 
goal of this cascade is to phosphorylate MAPK, and you have an MAPK-kinase that 
does that, and an MAPK-kinase-kinase that does that, and so on back to Ras. Basically,

 Ras activates Raf (MAPKKK) 
 which activates Mek (MAPKK) 
 which activates Erk, or the last MAPK. 

Now that last MAPK works on Fos and Jun transcription factors, which are inactive in 
the nucleus. As soon as MAPK phosphorylates them, they activate and become a fos 
and jun heterodimer called AP1. AP1 makes a whole bunch of genes get transcribed, 
and most importantly, they make Cyclin D1 get expressed. You've got all kinds of 
cyclins that, when they're expressed, pair with a Cdk to phosphorylate pRB--cyclins for 
every stage to keep mitosis going. These cyclins are:

 Cyclin D1, pairing with Cdk 4 and 6 for early G1
 Cyclin E and Cdk2, for late G1 (just before DNA synthesis)
 Cyclin A and Cdk2 for S and G2
 Cyclin B and Cdk1 for M phase--these are called the M-phase promoting 

factor, MPPF, and they were first discovered with CDC2 instead of CDK1 
in yeast. The MPPF also is a kinase for histones and lamins, which we 
think initiates the condensation of DNA into chromosomes, and also 
disintegrate the nuclear lamina, driving mitosis forward.

All these cyclins bind with a Cdk to phosphorylate pRB.

Cyclins have a "cyclin-destruction-box" domain on them that lets other proteins bind to 
and degrade them really fast, so cyclins don't stay around very long. Since Cdks don't 
work without cyclins, you have to keep adding new cyclins for each phase of the cycle if 
you want to cell cycle to keep going. This is kind of a safeguard against un-inhibited 
growth.

We have special regulations for the crazy M-phase. Remember that G2 was another 
checkpoint. One reason it's a checkpoint is that Cyclin B, which we need to make 
MPPF, isn't made until the end of the G2 phase. (We break it down right after the end of 
the M phase) Another "check" is the Wee1 molecule. Wee1 blocks Cyclin B and Cdk1 
from working until the cells have gotten big enough. It works by phosphorylating Cdk1. 
When the cell's finished replicating all its DNA, without errors, and it's grown big 
enough, then M-Cdc25, a protein phosphatase, takes that phosphate group off of Cdk1,
and another kinase M-CAK, adds a phosphate at a different place, and that activates 
the Cyclin B/Cdk1 complex. So to activate the Cyclin B/Cdk1 complex for mitosis, you 
have to take off the phosphate that Wee1 put on, and you have to add a new phosphate
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at the right spot. When you're done with the Cyclin B, the Anaphase-Promoting 
Complex gives Cyclin B the "kiss of death" (ubiquitination), which means you add a tag 
to the Cyclin B that tell other proteins to break it down. You have to stop Cyclin B/Cdk1 
activity before you can have sister chromatid separation of anaphase. 

All the other phases have steps similar to the M-phase regulation process, where 
kinases are tagging and un-tagging cyclins and Cdks to make them work. In these other
phases of the cycle, the inactivating phosphate group is on a Tyrosine of the CDK, and 
the activating phosphate group is on a Threonine. It's a molecule called DBRP that 
triggers ubiquitin. The whole G1/S phase cyclin complex system is called the SCF 
complex.

So these are your normal mitogenic pathways, but you can also use EGF (epidermal 
growth factor) to start an inositide or PIP2 signaling pathway, which can also promote 
cell growth.

Quick summary, courtesy of my friend Giancarlo:

1. Ligand binding to receptor. 
2. Receptor autophosphorylation or, in the case of receptors that do not have intrinsic kinase 
activity, recruitment of proteins such as Src that will phosphorylate the receptor. 
3. Assembly of a protein complex that includes adaptor proteins such as Grb2 and others. 
4. Recruitment of GEFRas (or Sos) and Ras into the complex, anchoring of active Ras to the 
membrane 
5. Release of GDP in exchange for GTP in Ras leading to Ras activation 
6. Activation (by phosphorylation) of MAPKKK by Ras 
7. Activation (by phosphorylation) of MAPKK by MAPKKK 
8. Activation (by phosphorylation) of MAPK by MAPKK 
9. Activation (by phosphorylation) of transcription factors by MAPK 10. Transcription factors 
induce expression of genes involved in S-phase, among others, genes coding for cyclins and 
Cdks 
11. Elevation in expression of Cyclin D and Cdks 
12. Formation of cyclin D/Cdk4-6 complex and initial phosphorylation of pRb by this complex 
13.Formation of other cyclin/cdk complexes and subsequent hyperphosphorylation of pRb in 
other phases of the cell cycle 
14. pRb releases E2F, which is now free to bind to promoter of genes coding for proteins 
needed for DNA synthesis 
15. Expression of genes coding for proteins needed for DNA synthesis and production of their 
protein products 
16. Cell enters S phase

It's a lot easier for anti-mitogenic signals to work. You've got inhibitory RTKs waiting to
get their signals. Once they do, they activate and phosphorylate Smads, which SMASH 
the cell cycle. (so you can remember) When they're inactive, they're all folded up on 
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themselves, alone, but when they're phosphorylated, they spread out and hug each 
other, dimerized. They activate p15, p16, p27, and p21. Those are CKIs, cyclin-
dependent kinase inhibitors. They block cyclin-Cdk complexes. That means Cyclin-
Cdk complexes can't phosphorylate pRB, and pRB can bind to E2F all it wants.

So basically pRb and its buddy, p53, are the "guardians of the genome," the guys who 
stop division. p53 can activate the CKI p21, which as I said, will inhibit the cyclin-CDK 
complexes so pRB can inhibit E2F. p53 and its friends also help by detecting DNA 
damage. If there's minimal damage, p19 will activate p53, which will activate gat45 
which will stimulate repair. If there's so much damage you can't fix it, the p53 will tell the 
cell to kill itself. In cancer p53 is almost always suppressed.

Mobility of DNA

Once upon a time, a long time ago, a lady named Barbara wanted to study genetics, but
only men studied genetics. So she got into school studying horticulture. This didn't 
bother her--she just went ahead and studied the DNA of corn. That counted as 
horticulture, right? But her studies found something strange: the genetic map of corn 
moved! "This lady is crazy," said the men. "Genetic maps can't change--DNA can't be 
recombined." But 20 years later, someone else--a man--found a moving genetic map. "I 
told you so," said Barbara, and to make her stop saying I told you so, they gave her a 
Nobel prize.

Oh, sexism in science. Anyway, so DNA changes.

Homologous recombination--This depends on sequences that complement each 
other--on homology, or similar sequences crossing over. This usually happens during 
meiosis in eukaryotes and conjugation in prokaryotes. This is also called general or 
recA-dependent recombination, and it almost never changes gene order, only what 
allele goes with what allele. A dude named Holliday came up with 4 steps for this:

 Two homologous DNA line up as close together as they can, in the same 
order/direction

 The strands break to allow the cross-over. This is random.
 Heteroduplex gets formed and grows by branch migration.

◦ A heteroduplex is the X made by the cross-over. The extension happens 
because sometimes the genes upstream from this X will grow and the X will 
move downstream, allowing more cross-overs upstream.

◦ But now we have to twist the gene and fix its shape, 'cuz we can't have Xs 
just sitting in the middle of our genes. So we imagine, in our heads, rotating 
the whole complex of 4 strands by 180 degrees to make a cross. This is a 
Holliday complex.
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 Both strands get cut and the gaps get filled

◦ We can either cut our Holliday cross horizontally (from corner to corner) 
through the right corner, or vertically through the left corner. If we cut 
horizontally, we get strands with original gene, a tiny bit of nonoriginal gene, 
and original gene again. If we cut vertically we get strands with a bit of the 
nonoriginal/crossed over gene, and then a long strand of original gene.

Bacteria need RecA (we use Rad51, 'cuz we're more rad than bacteria) for this kind of 
cross-over. 

 The RecA uses ATP to make a D-loop so it can open the strands so they can be 
cut. It binds to single-strand DNA, and each 1 monomer binds to 4 nucelotides. 

 Then it can bind to duplex DNA, 
 always looking for homology to it can put the strands back in a way that matches 

and makes sense. 
 It will burn ATP to move/cross over the DNA.

RecA's also a largely reparative protein, detecting damaged DNA. How does it do that? 
It binds to single-strand DNA, so if there's a whole bunch of single-strand DNA, it will 
bind a lot, and it will know something is wrong--there shouldn't be so much single-
strand--and it will turn on the SOS response. The SOS proteins are inhibited by LexA. 
RecA binds to LexA when it detects damage, and that induces LexA to commit suicide 
and get eaten by proteases. (So RecA is a co-protease, since it doesn't actually break 
down LexA itself) When RecA detects damage, it will also start its own synthesis. When 
there's damage you always almost have new fabrication of DNA--that's the difference 
between homologous recombination and the recombination during repair fixing.

Here's the order of other proteins involved in cross-over or double-strand repair:
 RecBCD has three proteins that make single strand DNA. RecBCD will look for 

Chi sites, which tell you when a recombination zone begins or ends. The RecC of
the three proteins will recognize the Chi site, which has GCTGGTGG sequence. 
The B and D will hydrolyze ATP to unwind the DNA. Rec B is a 3-5 helicase and 
nuclease, and it sticks to one strand of the double-stranded, while the RecD is a 
5-3, to work on the opposite strand. They moves at about 1000 bp/sec until it 
reaches the chi site, where it stops for 10 seconds and then moves at 1/2 speed 
from there. They keep unwinding the DNA, leaving a RecA protein sheath around
the DNA behind them. The RecA can now do its work looking for homology and 
repairing and making D-loops to allow cuts at the right places.

 Resolvase cuts the symmetrical Holliday intermediate.
 SSB, single-strand binding protein, stabilizes ssDNA so RecA can make its 

filament.
 Ligase mends the missing bits after these other guys.
 RecX breaks down RecA.
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Gene conversion: Here we do something similar to normal homologous crossing over, 
where we have the 3 prime of one broken strand extend into the space of another 
double-stranded DNA. (The 3 prime is always the most important because it accepts 
new nucleotides.) The second duplex will cross over with the first one in another spot 
and you pretty much have two cross-overs, two heteroduplexes. This was used to heal 
Boy-In-a-Bubble syndrome in France a few decades ago, and it was highly successful. 
Unfortunately a few of the subjects developed blood cancer because the cross-overs 
weren't closely homologous--they weren't perfectly matched.

Recombinations have some consequences. 
 You can sometimes recombine some circles into multimers called concatemers. 
 It's also possible to accidentally recombine in the same molecule (instead of 

across two molecules) if you've got two homologous sequences on the same 
strand. Then, because the strand is all pointing in the same direction, which 
means it can double on itself, turn backwards, and make a circle that binds to 
itself at the two homologous sites. This circle will get the middle section deleted 
out of the genome.

 What if the homologous strands, on the same molecule, are pointing opposite 
directions? Like one strand is the inverse of the other? Then the genes might 
bind to each other like a hairpin. After recombination is cut and everything, the 
part in the middle, between the two homologous strands, will be reversed.

 You can also have duplications where you get an unequal cross-over, where the 
wrong homologous sequence binds to another homologous sequence at a 
different length/place. In Chromosome 16 there's a cross-over like this 
associated with autism spectrum disorders.43 This explains less than 4 percent of 
autisms, but it's one possible cause for some children. 

 Turner syndrome happens because of a recombination error in your Y 
chromosome. These women were going to be men, but their Y has eight 
stretches of DNA that read the same backwards and forward. When you're 
making copies of your Y, those palindromes can sometimes cross over in a loop 
around themselves and make one copy have two ends the same--so the top end 
and the lower end of the Y are the same. That means you'll have two 
centromeres, instead of one, which during division will rip one Y copy apart, 
making a gamete without the Y it was supposed to have. So these women will 
only have an X.

 Chronic myelogenous leukemia (in about 85% of cases that were studied) 
comes from a messed-up recombination between the long arms of chromosome 
22 and chromosome 9. A piece from 22 gets misplaced that coded for a tyrosine 
kinase. As you know, tyrosine kinases activate signal transduction pathways, and

43Eichler E and Zimmerman A. N Engl J Med 2008; 10.1056/NEJMe0708756
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this particular mistake means tyrosine kinase never stops signaling cell division.

Site-specific recombination--You use this to express only certain genes. There's 
almost no homology, and you don't need recA. You're looking for an asymmetric, 
specific sequence which always goes in only one orientation or direction. It's only about 
20-200 bases involved. You have a phosphotyrosine (sometimes a phosphoserine) 
bond formed between the DNa and the recombinase.

For example, Lambda. This is a circle of DNA you can invade E Coli with. The DNA 
looks for attB site, and then a lambda prophage cuts the circle inserts the whole thing 
into the spot right between attB. So this isn't cross-over, this is just straight up 
insertion.44 This is how Herpes virus works. Herpes virus can often stay dormant inside 
you without any problems, but then if you get unhealthy, or you're under stress, like rats 
leaving a ship they want to bust out of you and contaminate someone else, so they 
insert their DNA into your cells via site-specific recombination and then rupture your 
cells and bust out of your face (or genitals) in multiples. Kind of like in Alien. 

This is also how our antigen diversity works. The V, D, and J segments are always 
inserted and spliced by this method. Think 250 V genes, 15 D genes, and 4 J genes, 
says this teacher. (V stands for variable and J for joint, btw) After we randomly make our
cuts and insertions of these segments, then, again, at the RNA level we can edit the 
sequence. Then again with the almost-finished polypeptide, we'll sometimes add sugars
or cut off a piece. Think how many combinations this can make!
Bacteria Mobile Genetic Elements--These are things in bacteria that can screw up our
chromosomes with their random DNA recombination. 

Transposition--These small segments of DNA reproduce themselves, and then that 
copy inserts into the DNA at other parts--they're jumping around from the spot they're 
supposed to be to another spot. This is how transposons work. Simple transposons 
are about 1 kb, and they only code for the transposase that makes them jump. 
Transposones insert into DNA like this

44By the way, the doctor says not to fall into the trap of thinking that a parasite that 
affects bacteria will be simpler than a parasite affecting people. Lambda's DNA is 5 
times bigger than that of HIV, and because it has to do so much in the bacteria with so 
little, it plays all kinds of tricks with overlap and recombination that makes it very difficult 
to use as a study subject. 
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which makes us have to insert a whole bunch of bases into that overlap space. When 
they get into the DNA (into the recipient DNA, we say) they duplicate it. We have some 
jumping genes like this--actually 1/3 of our genome is jumping around like this--but they 
actually don't end up causing spontaneous mutations like you think they would. Maybe 
that's because we methylate them, or we keep them bound up in heterochromatin, or 
we stop mRNA polymerase using the polyA-tail recognition site. (Not sure)

Retrotransposition--uses retroposons. Retro uses RNA and reverse transcriptase, but 
otherwise work like transposons. HIV is a lot like a retroposon. It has 10 thousand 
nucleotides. These transposons and retrotransposons insert randomly, not based on 
specificity.

Plasmids are circles of DNA with their own replicon, between two kb and several 
hundreds of kb in length. They inactivate antibiotics, eat stuff, and make toxins. They 
discovered plasmids when they found that bacteria kept getting resistant to antibiotics, 
and eventually they found that bacteria used these plasmids somehow to build that 
resistance. That's because plasmids help them recombine their DNA, not because 
they're dealing with mutations all the time. R-factor plasmids are these normal 
plasmids. Plasmids can be in a relaxed state, or in a stringent state. Relaxed means 
they replicate whenever they want, while stringent means they only replicate when the 
chromosome does. Papiloma virus acts like a plasmid in us. It lives in a little circle of 
DNA in our cells. 80 percent of people, fortunately, have antibodies against these 
plasmids.

Conjugation is when a circle of DNA (plasmid) replicates itself and passes into another 
bacterial cell and gets into its chromosomes. Fertility factor plasmids (F-factor) are 
the big plasmids in "male" bacteria that make conjugation work. The male bacteria will 
go to the female bacteria and shoot simple strand DNA into "her" using the sex pilus 
"he" sticks out. These F factors replicate themselves in there (that's called rolling 
circle) using "her" cellular mechanisms. Then they integrate themselves into her 
chromosomes (where they're called Hfr, because with high frequency they transfer DNA 
to her) and they can transfer the whole DNA chromosomes into her within 90 minutes. 
Sometimes these F factors have a piece of the chromosome already attached to them.

Restricting Foreign DNA from entering the cell--Now, there's a downside to 
restricting foreign DNA too much. If you're a bacteria, and your buddy has 
invented/mutated an awesome way to do something, you want that information. You'll let
that different DNA enter the cell, and you want to use it, not eat it!
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But normally, as soon as your45 native DNA is made, a methylase adds methyl groups to
a special palindrome (sequence of DNA that reads the same way backwards and 
forwards). This palindrome is usually 6 nucleotides long (could be 4 or 8). The shorter 
the palindrome, the more often you might see it in DNA. The methyl groups attached to 
your palindrome tells your restriction endonucleases not to break down that DNA. But
foreign DNA won't have those palindromes methylated, and the endonuclease will eat 
them. Some intruders like HIV change their DNA all the time to keep this from 
happening, mutating like crazy.

The methylases work faster than the endonucleases, but you actually only need a little 
bit of methyl in order to save your DNA from being eaten.

What's the probability that you'll find a particular palindrome? It's 1 in 4 chance that a 
particular base will be in one position (because you have 4 bases). It's a 1 in 4 chance 
that a particular base will be in the position next to it. And in the third position. And so 
on. So for a palindrome of 4 nucleotides long, the probability of finding it will be 
1/4*1/4*1/4*1/4, or 1/4 to the 4th. Continuity doesn't matter, by the way--if you have 1/4 
chance for position 156, you still have 1/4 chance for position 3, and it's still a 1/16 
chance that these will be found in the same DNA.

Sometimes you can have several restriction enzymes (endonucleases) that recognize 
the same palindrome sequence. You'd call those isoschizomers. Each restriction 
enzyme will make regular cuts of regular sizes (not of the same pattern of bases, 
though). We name restriction enzymes based on the creature we found them in (Eco, 
for E-coli, or Hsa, for homo sapiens), then a capital letter for the strain of the creature 
(so no letter for humans), then a number for the order in which the enzyme was 
discovered. So EcoR1. 

The restriction enzymes can cut right in the middle, cutting both strands of the double-
stranded DNA at the same length, but they can also cut at different places. So you can 
have pieces that have one strand that's six bases and another that's two or three. Well, 
those pieces have sticky ends--they have bases hanging out into space that want pairs. 
Well, you could put those sticky ends together with sticky ends of other fragments, as 
long as they match, right? Your enzyme DNA ligase could help hold them together 
while they bind. And that would be recombinant DNA--DNA fragments from two 
different molecules that you can glue together with a ligase by matching the sticky ends.

We often put this recombinant DNA in plasmids when we want to study it. Sometimes 

45When I say "your" here, I'm really generalizing and assuming you might be a bacteria,
since these are general systems for the majority of biological systems. You, my human 
reader, work a similar way, but I needed to just add that disclaimer.
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we make artificial plasmids, which have multiple cloning sites (MCS), a place to start 
replication, and a marker you can use to select them (usually a resistance to a particular
antibiotic, so you can kill all the bacteria that haven't taken up the plasmid you want 
them to). When you're studying DNA, you have to check for two things in your bacteria: 
first, did the bacteria take up your plasmid? Second, did your plasmid take up the gene 
you wanted to insert into it? For years we could screen for the first just by killing bacteria
that didn't take up the plasmid (only the plasmid made them antibiotic resistant). But in 
order to find out if the plasmid had our gene we had to compare sizes of all the plasmids
and run tons of electrophoresis to see which ones had the longest/heaviest plasmids 
(which ones had "extra gene" in them) and it was a real pain. Then along came 
pBR322. 

The folks who found pBR322 at first had to work on it secretly at night, since they 
couldn't get funding because their idea seemed so radical--but they believed in it so 
hard that they didn't care their institution had forbidden them. Why was pBR322 
important? It has two selectable markers, one that makes bacteria with the plasmid 
immune to ampicillin, and one that makes it extremely sensitive to tetracycline. You can 
use the ampicillin section to screen for transformation (if your bacteria took up your 
plasmid). Then, you can apply tetracycline, and all the bacteria will die unless they have
the gene you're studying inserted into the tetracycline Tc domain, interrupting it. 

Plasmid pUC makes bacteria with your insert white, and ones without it blue (alpha-
complementation). pGFP makes bacteria without your insert fluorescent--your insert 
interrupts this fluorescent activity. 

We're also using viruses to insert DNA into bacteria to clone DNA. We also use the 
retroviral enzyme reverse transcriptase to make cDNA libraries (different from 
genomic libraries, which have the whole genome, because cDNA just have specific DNA
we want). Reverse transcriptase turns the mRNA that does the function we're interested
in into double-stranded DNA that we can clone in bacteria.

Chromosome Tests and Abnormalities

Tests

When should you order a chromosome analysis for your patient? If they have
 Problems with growth/development
 Stillbirths
 Pregnancy of older women
 Fertility problems
 Family history of genetic disorders
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To take a karyotype, (chromosome read-out) you usually take a blood test (with white 
blood cell), but you can also take fibroblast, fetal cells, and bone marrow. You stain your
DNA samples with:

 G-banding (Giemsa stain to see certain areas of interest), 
 Q banding (quinacrine mustard to find heteromorphisms), 
 R banding (which you just do by heating before staining), and 
 C-banding (centromere staining).  
 Chromosome painting, which colors the whole chromosome 
 FISH, which helps you see certain telomeres, chromosome multiples, and 

diagnose microdeletions
 You might do spectral karyotyping if you wanted to check if the chromosomes 

were all individual, or if they were missing pieces, and you'd get one color for 
each chromosome. 

Comparative Genomic Hybridization is another technique that lets you find a DNA 
copy number all throughout the genome. You can use it to look at cancer cells and to 
find mutations that lead to developmental delays, dysmorphic features, mental 
retardation, autism, etc etc. You can do a triple screening to check for certain 
chromosome conditions in the developing baby. These methods are sometimes used 
less than compassionately: some fertility specialists check if a zygote they're going to 
implant is healthy or not, and she has mutations that may possibly maybe lead to these 
conditions developing, they kill her. 

Abnormalities

Heteroploid means you have a chromosome number that's not a whole number 
multiple of the normal number for your species. Euploid means you do have a 
chromosome number that's a whole number multiple of that. Aneuploid just means 
you've got a strange number. 

A balanced abnormality means you didn't lose genetic material. This can mean the 
gene moved and inserted itself into another piece of the genome, or it swapped 
reciprocally with another chromosome, kind of like in homologous recombination, only 
this wasn't homologous. Robertsonian is the worst, where you'll have the short arms of 
two chromosomes swap and live together, while the long arms of the chromosomes live 
together. You often end up losing the short arms all together because of this. You can 
have inversions that move the centromere, which lead to duplications and deficiencies--
that's called pericentric. If the centromere's not affected you're usually normal 
phenotype (You just have your gene sitting in kind of a weird place, but it still works). 

 The trisomy that most often causes abortions is trisomy 16. Turner (not a 
trisomy--you have 45X) also causes abortions.
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 Kids with Down Syndrome (trisomy 21) often have hypothyroidism, leukemia, 
vision problems, and they have earlier Alzheimer's. But these things have 
become extremely treatable, and kids like my sister (who has Down syndrome) 
can live very happy and fulfilling lives, often happier than the rest of the 
population. It always pisses me off when people pity Down syndrome kids and 
act like they're "lesser"--chromosome discrimination--when they often have better
perspectives on life than anyone around them.

 Trisomy 13 is polydactily, cleft lip, cardiac problems, sometimes missing eyes, 
most of these children die in the first year. Mental and motor problems.

 Trisomy 18 produces very little children, small of gestational age, very clenched 
hands, big heads and small faces with clenched fists and rocker-bottom feet. It's 
very easy to look at a premature baby in the womb and think they may have this 
if you don't do the test. The usually die in the first month or first year. They 
usually die of cardiac problems, but there are a portion of them that we don't 
know how they die.

 Syndrome DiGeorge has cleft palate and congenital heart disease and 
hypotonia

 Smith-Magenis is behavior problems, learning disability, eye problems, sleeping 
problems, brachycephaly, prominent forehead, similar phenotype

 Angelman Syndrome presents with mental retardation and a happy face. This is
the maternal deletion version of Prader-Willi (paternal, chromosome 15)

 Williams syndrome usually have stars in their iris and "cocktail personality"--the 
family and everyone who knows them don't think they have developmental delay 
because socially they're doing well. Usually attractive but with heart problems 
and defect in elastin.

 Cat eye syndrome--the pupil is elongated like a cat eye. You can be missing 
your anus, and may present with mental retardation, kidney problems, 
micrognathia (small jaw)

 Women have two Xs, as you know, and they've randomly chosen one to activate.
Activating the other would make a totally different person! What if you had a 
superhero who could activate or inactivate hers at will? Oh man that would be 
cool...

 20-40 percent of male mental retardation is X-linked
 Folks with Turner syndrome stay looking adolescent without many secondary 

sex characteristics. Sometimes they can't have kids. They're vary variable, short, 
with edema of the feet and neck when they're little. May be born with big hands. 

 Children with Klinefelters have minor facial variations, expressive language 
delay, small testes. They're 47 XXY.

 Congenital adrena hyperplasia--this is a hydroxylase deficiency from 
chromosome 21. In girls they have hypertrophy of the clitoris so they look a little 
like a boy down under. It doesn't really affect guys much.
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 Androgen insensitivity syndrome--phenotypically female but they're 46 XY and

they can go from full female phenotype to someone with just simple problems 
with spermatogenesis. They have testis in the abdomen, but they look totally 
female.

 There are two genes, SRY/TDF that give testes. Some XY folks end up missing 
the Y and develop ovaries instead. It helps to think that the default setting for 
humans is female, and only by adding a Y do you trigger male.

RNA Processing

RNA processing means we change RNA between transcription and before translation, 
changing its function. Because RNA is functional like proteins—and not just an 
intermediate—we've got lots of ways to control it, in case we decide to use our RNA for 
something besides translation, or in case we just want to edit what's going to be 
translated for special purposes. In prokaryotes, the fact that transcription and translation
happen in the same compartment (the cytoplasm) means there's not a whole lot of time 
for mRNA processing, but even prokaryotes have to modify and process their tRNA and 
rRNA. As for the rest of us, we've got a whole lot of possible modifications, like:

PolyA tail—Not all mRNAs, but most, use this. It's just a whole bunch of 200 As added 
to the mRNA to tell the cell "this mRNA needs to be translated over here." It's kind of like
the signal tag telling you whether to process your protein in the ribosome or the Golgi. In
order to make the polyA tail, the DNA template for your mRNA codes a special 
sequence. This sequence could be anything, and it won't be the actual TTTTTTX200 
that complements the polyA tail itself—it'll be a special kind of binding site that says “put
a polyA-tail here.” As soon as the mRNA copies that “put a polyA-tail here” sequence, 
polyA-polymerase sees that sequence on mRNA and binds to it, tagging the mRNA with
a polyA-tail—again, basically just a tail of 150-200 As. If you remember, this was also 
how the RNA polymerase realizes it's done: that other protein's already added a polyA 
tail to it, so RNA polymerase adds a message telling everything after the polyA tail to 
degrade. Now please remember, this is NOT the universal termination strategy! Plenty 
of mRNAs terminate without a polyA tail. We actually don't know a lot about how you 
terminate yet.

You can regulate your polyadenylation, if you're an HIV virus. HIV has a little problem, 
because it has repeats at both ends—with identical 3' and 5' ends. That's useful for 
some things—like being a retroposon and inserting your DNA into host DNA backwards 
or forwards wherever you want—but having repeats at both ends can also get you 
polyadenylated at both sides, and that means our enzymes will cleave both ends of that 
thing. That will make HIV lose some of the information it was trying to force on our cells. 
HIV avoids that cleavage loss by splicing out one of those “put-polyA-here” sequences 
during mRNA editing.
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Polyadenylation may possibly help us eukaryotes regulate our transcription. It could 
maybe happen that mRNA with longer polyA tails survive longer, while mRNa with 
shorter polyA tails survive for shorter periods of time; it may also happen that the cell 
uses polyA tails to “time” when the mRNA gets translated. For example, the mRNA 
might have a short-short tail so that it gets stored somewhere, but not degraded or 
translated, and then when it's time to translate it something lengthens the polyA tail so 
the mRNA can travel to wherever it needs to get translated. 

Splicing—Cutting and re-joining. Not like cleaving, where you throw away one of the 
pieces and don't re-join. In splicing, you may throw away the middle, but you retie the 
pieces you cut afterwards instead of just leaving it cut. Remember exons are expressed,
introns are not. You splice out your introns and just put your exons next to each other. 
There's information in the introns, actually, that tells you "hey, cut me out here" and so 
on. You splice between a donor and an acceptor. Between the donor and the acceptor 
you've got intron. Before the donor you've got exon, and after the acceptor you've got 
exon. The donor (at the end of exon 1) donates the oxygen that's going to break the 
phosphodiester bond over at the acceptor (which is at the beginning of exon 2). So if 
you break the donor site by putting a different base in there, you could keep your intron 
from getting spliced out right, and you'd make some freak DNA with intron and exon all 
mixed up in it—so this process is carefully regulated and it's super-precise.

The whole complex of little proteins that remove introns are called spliceosomes. Part 
of the spliceosomes are super-short RNAs called SNRPs (hee so cute—small nuclear 
ribonucleoprotein particles) which are only about 100some base pairs long. They all 
have names like U4 and U2 and U1. The small RNA sequences--the SNRPS--actually 
base pair to the introns that they target to fold them over into the right shapes for little 
proteins to cut. You create a loop or lariat intermediate in the intron, folding it over out of
the exon and attaching it to itself by transesterification—that's swapping an alcohol and 
an ester to make a different alcohol and ester. Basically your donor site's 2' OH, on its 
ribose, loops over to attack the acceptor site's 5' phosphate. When that happens, you 
weakened the bond between the donor site and the exon before it, so they just let go of 
each other. So now you've got a loop, where the donor site's stuck to the acceptor site, 
and a free exon 1 with a 3'OH all sticking out. That 3'OH attacks the beginning of Exon 
2, right next to the acceptor site. So now both exons are stuck together in a line just like 
you want, and exon 2 releases the acceptor site, so the whole loop of intron just falls off 
into space. 

Putting a spliceosome together requires ATP.

Capping—The cap's made of 7-methylguanosine. To make it, you put a guanosine 
triphosphate onto the 5' end backwards, with the 3' facing up. That makes the mature 
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message look like it has two 3' ends, protecting the 5' end from stuff reacting with it. All 
eukaryotic mRNA is capped to protect it from nucleases, and make transportation and 
translation easier.

You need four enzymes to make this happen. The first thing that happens is you take off
one of the phosphates from the triphosphate at the 5' end. Phosphohydrolase does 
that. Why did the 5' end have that extra phosphate—in other words, why is it 
triphosphate, when normally your bases don't have three phosphates on them? 
Because the 5' end never had anything attack its phosphate to add stuff to it—
remember we build 5' to 3'. After you take off that extra phosphate, then you need a 
guanyltransferase that adds Gppp and takes off the two phosphates that were there. 
Then with guanine-7-methyltransferase you methylate that guanine on its C7. Then 
you methylate the 2' oxygen with 2'O'methyltransferase so nothing can 
nucleophillically attack that area and make you lose the cap you just made. 

Capping happens right away as soon as transcription begins. 

Cleavage—Breaking the phosphodiester backbone. Happens to every RNA. You cut 
and throw away extra, post-polyA stuff.

Epigenetic silencing—Small interfering RNA (in the lab) or microRNA (not lab) are little
double-stranded pieces of RNA that can tell you to turn off major parts of other genes. 
To make small, silencing RNAs like this you process double-stranded RNA into relatively
short piece with linear ends, and then let those linear ends binds to the message and 
either cause degradation or translational repression. The microRNAs and short 
interfering RNAs (siRNA) both lead to degradation, but micro RNAs can also just 
prevent translation by sitting there and blocking ribosome movement. If you get perfect 
binding, like between the siRNA and the mRNA, that causes cleavage and degradation 
of the message. RISC proteins follow the siRNA around, and when the siRNA bind, the 
RISC proteins bind, and that calls—dun dun dun—the argonauts, which make sure the 
RNA gets degraded.

If, like your microRNAs, they don't bind perfectly, then you'll just prevent translation. 
microRNAs just bind loosely with some of their bits bulging out and not base-pairing, 
and that little bulge doesn't target the mRNA for cleavage, but does summon a whole 
bunch of proteins to come sit on the bulge and create a giant blockade so the ribosome 
can't translate anything. Here miRNP proteins help with that. It would be great if we 
could use this for a therapy for cancer—post-transcriptional silencing of bad genes! We 
could just block all the RNA that the bad genes made, and they wouldn't even matter.

We first found these little microRNAs in plants, but then we found out humans also have
the enzymes, like dicer, that process these microRNAs to block translation. Dicer cuts 



Becoming Healers 691

double-stranded RNA into the little interfering pieces we use. Finding dicer was our first 
evidence that we might do this microRNA thing too. If we have the enzymes, we must 
use them, right? Because we don't assume that things are "evolutionary remnants" or 
useless crap right off the bat (because, like, that never happens...any high school 
teacher ever tell you the sacrum was a useless evolutionary remnant, completely 
ignoring its muscle attachment function?). Anyway, later, we found the actual little 
miRNAs that do this, so we know we do this too, just like plants. These little pieces are 
why when you cleave you don't leave pieces of complete sequences lying around—you 
break everything into nucleotides so the cleaved pieces don't become silencers. I love 
the picture from “An Abundance of RNA Regulators,” G. Storgz, et al Ann. Rev. Biochem
74 (2005) p. 199-217 that shows how RNA works at every level—even at the genetic 
code level, you're using small RNA molecules to regulate chromatin folding.

We also use these miRNA to turn off some parasitic RNA like transposons and viruses. 
Dicer will also automatically chop up their RNA because that's what it does to double-
stranded RNA. 

To make these little guys, we start with pri-miRNA, turn it into stem-loops called pre-
miRNA, and then make grown-up miRNA.

Alternative splicing—The same transcript, even in the same cell, might get processed 
different ways. It means you might take out some exons, and sometimes only use some
exons, and other times use others. You can do all kinds of stuff, but you don't splice in 
the middle of an exon, and you still use donors and acceptors. You also never change 
the orders of exons. You just change which exons you splice into your final protein 
template. This affects 75 percent to 90 percent of your genes, says Dr. Noel!

Why would use use alternative splicing? Maybe you want to send the protein to a 
different organelle, so you put in a different trafficking signal. You use this for 
immunoglobulins: you could use this to make an immunoglobulin into a membrane 
sensor, or you could make it secreted instead by splicing out the intramembrane 
domain. Brain-derived neurotrophin factor is a huge gene, with introns that are over 18 
thousand bases alone. You can splice it all kinds of ways, usually one exon with a long 
end, and in different cells you want different forms of BDNF. BDNF needs to be variable 
like this, because it tells neurons to grow different ways in different places, and it needs 
to bind different receptors in different kinds of cells. If you have splicing errors you can 
impact or increase the risk of tons of diseases—it sometimes even has a role in 
Parkinson's Disease. 

You also use alternative splicing to create all the different kinds of tropomyosin you have
in your different cells. You need alpha-tropomyosin in muscle to keep actin and myosin 
apart til your muscles contract (page FIXAL), and it's less complicated. The beta iso-
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form isn't muscular, and helps regulate the cytoskeleton of the cell. That's much more 
complicated. So you use the same tropomyosin gene, but splice it differently for each 
tissue.46

Oooh, ooh, what if introns are just alternatively spliced exons that we never use, 
because we're humans? After all, we share a whole bunch of our genome with other 
animals, right? Like what if we alternatively spliced in introns, and we could turn into 
different animals and stuff? What if we could control transcription factors that would 
splice us differently, with different exons, and become something totally different? Ooh I 
love what ifs.

ARE sequences and selective degradation—mRNA molecules don't have a super-
long half-life, and that's because they have AU-rich-elements—or parts of them that are 
AUAUAU and so on—that don't get translated. Instead, those elements say, “eat me!” 
You can keep the mRNA around longer so you can keep translating it over and over if 
you hide those sequences with masking proteins. So that's a way you inherently control 
which mRNA makes the most proteins, since once those masking proteins are gone, 
something comes along to take off the poly-A tail and the cap so it's totally exposed to 
getting eaten. When we eat it because of AREs it's called ARE-mediated-degradation or
AMD.

Editing—This is when you have your transcript and you change its sequence. The DNA
stays the same, but the RNA ends up different. It's a cellular antiviral defense 
mechanism. Editing means you actually changed the sequence by swapping out a base
pair. This isn't changing the splicing, but it makes you maybe skip a donor site—say you
swap a base and turn an acceptor site into nothing, which would make you skip to the 
end of the next exon, which will have another acceptor site—and then you'd have things
spliced in differently than before. This happens in human lipoprotein Apo-B, where you 
have no alternative splicing—you have the same transcript in liver and in intestine—but 
in intestine it's apo-B 14 while in liver it's apoB100. They're almost the same sequence 
except for a simple cytosine-to-uracil deamination. That makes a CAA (Gln) codon turn 
into a UAA codon, which cuts the intestine apoB in half. Because UAA is a stop codon! 
So the ribosome in the intestine stops early and cuts the apoB RNA in half! You control 
this RNA editing by creating deaminases in some cells, but not in others—so you'd have
the deaminase in your intestine, to change and cut your intestinal apoB, but you 
wouldn't have that deaminase in your liver, since in your liver you want to keep CAA and
code the whole protein.

You could do other editing by turning an A to an I (inosine). Changing an A to an I 
actually can create a new splicing donor site because it looks like AG. 5-HT (serotonin, 

46 This comes from the Textbook of Biochemistry with Clinical Correlations, Sixth Edition, Edited by Thomas M. 
Devlin, 2006 John Wiley & Sons, Inc.
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5-hydroxytryptophan) has lots of targets for A deaminase in its exons to edit where or 
how it's processed this way, creating new donor sites all over the place. If that regulation
messes up, you can have schizophrenia. Sometimes in schizophrenia injured cells have
healthy genes, but they don't produce the enzymes to edit the 5-HT transcripts right. A 
lot of times they deaminate stuff they're not supposed to and you lose messages.

Some cells can use these deaminases and their RNA-editing superpowers to fight bad 
guys. People were studying why sometimes when HIV infects a cell, the HIV can't 
achieve a proper infection because its genome starts mutating wrong all of a sudden. 
Most of those mutations are G to A transitions. That's because if the cell expresses 
cytosine deaminase in its cytoplasm, that will turn all HIV Cs to uracils, totally screwing
up the HIV DNA (in this case you're editing DNA, not RNA, but it screws up the HIV's 
final RNA product). The protein APOBEC3G, which works a lot like the apolipoproteins 
in your liver and your intestine, is a cytosine deaminase like this found in certain non-
human cells. It doesn't save the first cell that HIV infects, but the first cell HIV infects 
will, with its dying breath, send APOBEC3G to attach to the HIV virus's proteins, 
packaging it inside the HIV capsule. Now, when the HIV virus bursts out and gets into 
the new cell, that APOBEC3G gets activated and starts mutating the HIV all over the 
place and killing it. (Not sure why it doesn't activate in the first cell—Dr. Noel says it may
be because it can't bind to the RNA which is still in the nucleocapsid protein) The HIV 
can only prevent this if it can bring in a Vif protein to degrade the APOBEC3G.

RNA editing is pretty much the only transcript alteration that happens in the cytoplasm 
instead of the nucleus.

Since your genome's made of DNA, RNA edits you do won't pass on to your kids. But 
what if you're some kind of virus or something with a genome made of RNA? Then you 
would pass on RNA edits to your kids.

Speaking of non-eukaryotes...

Prokaryotic vs. Eukaryotic RNA processing—Ribosomal and transfer RNA 
processing work similarly in eukaryotes and prokaryotes. Our tRNA fold into pretty 
similar shapes compared to bacteria and stuff, and we've got the same basic cleavage; 
our sequences are really different, but how they complement each other is pretty similar.
What's different is mRNAs. They're different because in bacteria, the whole process 
from DNA to protein happens in one compartment—no nucleus—while in eukaryotes we
segregate our mRNA processing from the translation of our tRNA. This allows us to 
keep mRNA separate and do some things to it before it meets the tRNA. 

So in prokaryotes, there really isn't mRNA modification: there's no capping, for example.
We (the bacteria) don't need caps since we're not really exporting it very far—everything
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is happening in the same compartment. Prokaryotes still have to manage RNA 
turnover, though—how do you control stability, degradation, and RNA half-life? In 
prokaryotes, instead of caps, stem-loop structures at the end of RNA help control 
stability, giving each mRNA a half-life of roughly under fifteen minutes. In prokaryotic 
RNA when you want to degrade the mRNA you cut off the stem-loop structure near the 
3' end with an endonuclease. Then an exonuclease (3' to 5') can eat the rest of the 
RNA. When we eukaryotes want to get rid of our RNA, we de-cap the 5' end, take off 
the poly-A tail from the 3' end, and then depending on which happens first we degrade it
in that direction. So if you took off the cap first, you'd degrade from 5' to 3'.

tRNA processing—To make tRNA, you need to cut code out of a longer transcript. We 
have to cleave off the 5' end. We need to cleave off the 3' end, too, and turn everything 
we cut out into little nucleotides. Why do we turn it into little nucleotides? We don't just 
leave that trash piece floating around, where it could code stuff by accident or base pair 
to things we don't want it to or have function in any way. 

Your tRNA needs to be able to carry an amino acid around. An aminoacyltransferase 
adds that amino acid to the 3' end of the tRNA. When you're making the tRNA, you ask 
a terminal nucleotidyl transferase to add CCA to that 3' end so you have a place to 
stick that amino acid onto. The nucleotidyl transferase does this without any template or
anything: you don't have that CCA in your DNA, and it's not encoded in your gene. That 
is, unless you're E. Coli. In that case you've got the CCA encoded into your DNA, and 
you just copy it, and it's just there.

When people show you tRNA that looks like a cloverleaf, they are showing you a lie. 
tRNAs fold in three dimensions, and so they look more like a weird-blobbity-L. You 
modify a whole bunch of bases from the original transcript so you can control the way 
the tRNA molecule binds to itself and folds into this specific blobbity-L. You also 
methylate the ribose or the base of various nucleotides, and sometimes you change 
their ring structure by adding Hs. You would want to methylate the 2' carbon on the 
sugar (remember how there's an extra, reactive OH there) so it can't become a 
nucleophile and attack the phosphate bond near it. You can add lots of other things to 
reactive parts of nucleotides to stabilize them or make the RNA fold differently. (Add a 
ribose, etc) 

rRNA processing—All ribosomes have pretty similar original pre-rRNA transcripts, and 
then to make the final rRNA subunits you basically cleave the big pre-rRNA polymers of 
bases into smaller, active monomers. That's pretty much it.

 Cool things about DNA language

The fact that we have three letter combinations of bases to make each amino acid isn't 
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random. If we had 1 letter words, we would have only 3 combinations. If we had two 
letter words, we would have 16 dinucleotide combinations, which isn't enough for our 
twenty amino acids. But if we have three letter words, we can make 64 trinucleotide 
combinations, which gives us way more than enough combinations to code 20 amino 
acids. Plus, it gives us enough to make several combinations make those 20 amino 
acids, allowing us to allow mistakes and misspellings and still get the right words. That's
cool. Only Met and Trp only need 1 word—most have 2 or four different combinations, 
and Arg, Leu, and Ser have 6 different codons that make them.

Another cool thing: you don't need punctuation to tell you "this is the end of the first 
word." That's because all the words (codons) are the same length! 

It's called a codon on the mRNA, an anticodon on tRNA. 

It's also super-cool that similar codons make related amino acids. So if you've got a 
base swap, if it doesn't give you the exact same amino acid at least it's usually more 
likely to give you an amino acid with the same polarity or even the same R groups. 
That's really protective!

There isn't overlap in your DNA language. You read AUA, then you read the GCG after 
it. You can't read a UAG in the middle of that. That's why frameshift mutations are so 
bad—if you did have overlap, inserting a base would only mess up the closest ones, 
since you could read overlap and find the correct "way" to read the sequence by 
chance. But that would also make an impossibly confusing number of possible ways to 
read your string. Viruses make their polymerases really loose so they can have overlap 
sometimes, just to make sure they get the right number of proteins. Because their DNA 
is so short, and they want more possibilities. And you'll get way more possibilities if you 
have overlap. HIV does this. They need more “gag”-type proteins than “pol”-type 
proteins, so they have a programmed translational frameshift that makes the 
polymerase jump forward on the message—reading the message one way makes pol, 
and reading it just shifted by one frame makes gag instead. How does the HIV make 
polymerase shift? The long string of As in the middle. So many As makes it stable only 
19 out of 20 times, so 95 percent of the time you make gag, but that last 5 percent of 
the time, because of thermodynamics you can shift and you make pol instead.

It matters where you shift your reading frame. If you're reading at the end, and you've 
had a shift, maybe you'll be okay. Maybe you'll just miss a bend that doesn't matter 
much.

Once upon a time, dudes named Nirenberg and Heinrich Matthaei wanted to decode 
the genome and find out which codons made which amino acids. So they made really 
long DNA strings of just uracil, and they mixed that with E. coli ribosomes and a single, 
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radioactively labeled amino acid. They had 20 tubes, each with a different labeled amino
acid. They did a synthesis reaction to see which amino acid would stick to the uracil—
which amino acid could get coded into long peptide strings by UUU. Only the tube with 
amino acid phenylalanine made radioactive product. 

They checked it. When they don't have a template, they get no reactivity. When they 
use PolyA, they get only a tiny bit of polymer, and same with PolyC—only polyU made 
the amino acids get all strung together like that. That meant that UUU codon means 
phenylalanine. Yay science! After these guys, people knew how to decode the genome, 
and they all raced to do it. Other important discoveries that led to cracking the code 
include:

• Zamecnik finding out the protein synthesis happens on ribosomes, 
• Hoagland and Zamecnik finding out that something ATP-related in the cytosol 

activates amino acids (they don't just line up by themselves into proteins)
• Francis Crick guessing tRNA molecules translated the code into Aas

AUG is a start codon for methionine. Anything with the ATG followed by 50 non-stop 
codons is termed an open reading frame. Chances are by the 21st you'll get a stop, so if
there isn't a stop, it's really not random sequence, it's a gene by design.

Your stop codons are UAA, UAG, and UGA.

Genetic code isn't universal. Our mitochondria actually use slightly different codes to 
mean different amino acids and stuff. And because of that mitochondria have to make 
their own tRNAs.

The parts of the genetic code—the words, if you will—that we like to use aren't universal
either. Codon preferences exist, which means that some species really like to use 
codons that end in A, or G, or maybe your favorite letter's C, which is totally the best 
letter because it starts the word cookie. But wait, if you prefer certain codons, does that 
interfere with your ability to use the codon's you're supposed to use to transcribe the 
right sequence and make a protein? Nah, it's okay because our wobbly tRNA and 
redundant genetic code ensures we still match the slightly-botched codons with the right
amino acids (pg. FIXAL), and even better it may help protect us from some parasitic 
DNA elements. Parasitic DNA elements are the things HIV or other viruses insert into 
you to force your cells transcribe and translate not-you genetic material, and they're 
bad. Here's the thing: maybe your transcription factors like binding to your favorite letter.
Maybe your transcription factors love it, and it makes them work better, like when you 
give Donkey Kong bananas. But maybe the virus doesn't know your favorite letter, and 
his favorite letter is something stupid, like G or whatever. Well then, your transcription 
factors may not bind as well to his, and so his stuff won't get made that readily. That's 
kind of cool! So we know we have codon preferences, and we're not totally sure how or 
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why they work, but that should give you kind of a general idea, and hopefully get you 
curious about genetics so you start pubmed'ing it and stuff. 

Because, yannow, you totally have time for that.

Translation in Detail

Fidelity of Translation: Making sure the Amino Acid gets Activated

When we're translating codons into proteins, we need to make sure we put the right 
amino acid on our tRNA. This is almost more important than the ribosome binding to the
right tRNA, says Dr. Noel, and you'll see why in a bit. If you would like to participate in 
this step of translation, you will need: 

• activated amino acids, 
• an adaptor molecule (tRNA), 
• and the ribosome. 

Let's talk about that ribosome first.

The ribosome's made of proteins and RNAs, with most of the mass coming from 
RNAs. Now, the number of proteins making up a ribosome is higher than the number of 
RNA subunits—you have more protein subunits in your ribosome than RNA subunits—
but the RNA subunits are more mass-y. 1/3 of the mass is protein and 2/3 is RNA. 

Ribosomes can hang out by themselves, or hang out all united like in a polysome or 
working in multiples on an endoplasmic reticulum. Ribosomes are cool because they 
can form themselves without catalysis. They've got two main parts, and that's so you 
can have two segments that open and separate so you can get the mRNA in there, and 
then close while you're working, and then can separate again and let the mRNA back 
out. Some ribosomes are different from another, and that's because of the number of 
proteins (not RNA) can vary. Some proteins are always there, but then there are 
accessory and regulatory ones that are on some ribosomes and not others. We 
eukaryotes have bigger subunits than you prokaryotes do,47 mostly because we need 
different recognition function and so on. Ribosomes are not a static thing.

Ribosome numbers will vary in cells depending on what the cell needs. An activated 
immune cell will have more ribosomes than a chillin' immune cell, and ribosomes will 
make up a whole ton of the cell's dry weight. 

47 Just kidding--I know you're probably eukaryotic, but just in case you're not, I wanted to gloat. But, uh, if you are 
prokaryotic, don't be angry at me! It's just a joke, I'm not a nucleus supremacist I don't think...I have friends who 
don't have nuclei, totally.
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You have lots of really complex folding of the RNAs to make the ribosomes, and it's 
cray-cray—look at a picture at http://rna.ucsc.edu/rnacenter/images/figs/ecoli_16s.jpg. 
The wild thing is that ribosomes assemble by themselves, if you just mix the 
components in the right proportion! They make a perfect ribosome just by themselves. 
You make sure, of course, to methylate the backbone of those RNAs so they don't get 
digested. All this folding happens in the cytoplasm. It's ridiculous, too, that each little 
segment knows to fold in the right order, just because each segment has a different rate
constant of reaction. WOW. That specificity is nothing short of miraculous to me—
imagine if just one segment had a different rate constant than what it has, and how that 
would alter the entire folding order of the protein and screw it up. Wow! Thanks, God.

You also need tRNAs. 

So, a tRNA is a long sequence of RNA that folded up funny. The "important" end of that 
RNA sequence is the 3' end, where you have the sequence CCA—where your amino 
acid attaches. And of course, the anti-codon part, at the bottom leg of the blobbity-L-
looking thing, gets all the attention since that's where you match with the codon. But all 
the extra structure, between these two special places, matters too. The rest of the tRNA 
has a shape fitted for the enzyme that puts the tRNA and the amino acid together, and 
that shape helps the enzyme know its putting the right AA on the right tRNA.

That matching enzyme's an aminoacyl-tRNA synthetase. Usually we've got just one of
those synthetase enzymes for each amino acid. Since we've got 40 different tRNAs for 
our twenty amino acids, each aminoacyl-tRNA synthetase recognizes multiple tRNAs. I 
think the synthetase looks like a kidney. It works in two steps: first prepping the amino 
acid with ATP, and then bonding the tRNA to the amino acid. In the first step, the amino 
acid comes in at the top of the kidney, just under the curve. Below that, at the hilum of 
the kidney, the ATP comes to give you energy and get turned to AMP. The synthetase 
adds that AMP directly to the AA's carboxylate end. Then the tRNA comes in where the 
AMP is bound, gets recognized as the right tRNA, and binds with the amino acid. The 
amino acid attaches to the 3' OH of the tRNA's CCA. You've got two ways this can 
happen:

• Class I synthetase adds the amino acid to the 2'OH first, and then lets 
transesterification switch the AA to the 3'OH. 
◦ Arginine, cysteine, glutamine, glutamic acid, isoleucine, leucine, methionine, 

tryptophan, tyrosine, and valine all use class 1 synthetases for their tRNA 
match-making service.

• Class II synthetase doesn't need this transesterification—it just adds the AA 
directly to the tRNA. Either way, a whole lot of specificity is already determined 
right here: this is where we're putting the right amino acid with the right anti-
codon. 
◦ Alanine, asparagine, aspartic acid, glycine, histamine, lysine, phenylalanine, 
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proline, serine, and threonine all use class II synethetases to find their tRNA.

You make a mistake about 1 every 10,000 amino acids, either because you matched 
the wrong AA on the wrong tRNA, or the tRNA makes a mistake with the mRNA at the 
codon end. The ribosome can't check the amino acid addition, only the codon part, so 
you need to have checks built into the tRNA synthetase enzyme:

• At the tRNA end, the synthetase makes cognate contacts to the tRNA's 
nucleotides. That means the synthetase has little tendrils that stick into the tRNA 
looking for certain bases to hold on to, and it won't hold on if it doesn't find the 
right bases. Usually these specific contacts are more towards the top of the 
tRNA, but of course you've got spaces for specific contacts all over the tRNA.
◦ The synthetase may recognize the anti-codon loop of the tRNA.
◦ Many synthetases recognize protein complexes or loopy bumps of RNA at all 

the extra, “in-between,” non-anti-codon, not-CCA parts.
◦ You can kind of call it a “second genetic code”, trying to understand how the 

synthetase recognizes tRNA. We can name different positions on the tRNA as
different “letters” the synthetase uses to recognize its buddy.

• At the amino acid end, the synthetase needs to tell the difference between really 
similar R groups. You either keep the mistake from happening in the first place by
building shapes into the active site that push the wrong R group out, or you 
check it after its added to see if you can remove it because it's wrong. But 
proofreading really wastes energy.
◦ It's harder to tell the difference between amino acids than between tRNAs, 

just because tRNAs have more differences than just an R group.
◦ Synthetases use amino acid size to tell the difference first.
◦ The Isoleucine-tRNA synthetase uses a second active site to check between

valine and isoleucine—which are different only by one methyl group—before 
the tRNA-AA complex is even made. The first active site on isoleucine-tRNA 
synthetase adds the AMP to the amino acid just like normal, and either 
isoleucine or valine can fit. But this second editing site doesn't let the 
isoleucine-AMP fit. So the isoleucine-AMP—the correct amino acid—just falls 
out and moves on to get a tRNA. Valine-AMP—the wrong amino acid—fits in 
this second site because it's just a wee bit smaller. But the second site is 
actually an active site that hydrolyzes stuff! Oh SNAP! Anything that fits gets
—dun dun dun—stripped of its AMP and rejected into the cytosol. So valine 
and AMP fall off and valine doesn't get any tRNA.

◦ The Threonine-tRNA synthetase solves its serine-valine-threonine problem by
having an editing site built directly into the synthetase. After the tRNA-AA 
complex is done, it just moves to the editing site. If you've put the wrong AA 
on the wrong tRNA, you can just hydrolyze the bond between the 3'OH and 
try again.
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◦ Not all tRNA synthetases can proofread. Some of them don't need to 'cuz 

their amino acids don't have any imposter-wanna-bes or look-a-likes.

Now that you've put the right AA on the right tRNA, tRNA just needs to match its anti-
codon to the codons of the mRNA, and you can stack your protein. We get a little funky 
here, though. One tRNA can actually recognize more than one codon—the anti-codon's 
not always the exact codon for that amino acid. We've got something called wobble, 
where even though the first two bases of the anti-codon bind perfectly to the codon, the 
third base can bind incorrectly and it's still okay. So a tRNA with G in its position 3 might 
actually bind to an mRNA with either C OR U there, instead of just C like it's supposed 
to. Wobble base pairs are often inosine base pairing. Inosine can bond to cytosine, 
uracil, or adenine. Remember, because we're anti-parallel, the codon's wobble is on 
position 3, but the anticodon's wobble is on the 5' side, at position 1. 

Will wobble make me add the wrong amino acid? Probably not, since the last base of 
the codon is usually the one that's different for codons that make the same amino acid. 
This wobbly tRNA isn't an accident. It's for you to be able to make less tRNAs. You don't
need 4 tRNAs for every AA that has four codons—you can use less, since that third 
space is wobbly. Instead of having 61 tRNAs, one for each codon, we just have about 
40. We could theoretically just make 20—1 for each AA—but we'd like to have a little 
more codon/anti-codon matching than that, so that we at least have several codon 
possibilities for each AA. Redundancy, remember. So we balance between perfect 
accuracy, and efficiency. 

Translation initiation

So, when you want to start translation, you start by making the N terminus. It's reverse 
alphabetical order, N before C, because the genetic code is better than the alphabet 
and so it's backwards. Or whatever. So anyway, you start at the N, and you read the 
mRNA 5' to 3'. You go through these initiation steps:

• Before you can read your mRNA, you have to open the ribosome—kind of like 
opening pacman's mouth—by separating the big and the small subunits. Protein 
factors called IF1 and IF3 separate the ribosome. IF3 is the major worker, 
binding to the 30S subunit so the 30S subunit kicks off the 50S, and IF1 helps.

• Next, you look for the place for the ribosome to bind. In prokaryotes, that 
place is called the Shine-Delgarno sequence, and it's near the 5' end. A little 
rRNA piece of the 16s subunit on the ribosome sticks its 3' end there to bind. 
That little rRNA sequence is often something like UCCA and UCCU or 
something, at least in prokaryotes. 

• Next, you look for the first AUG you can find. That's the start codon. The area
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between the ribosome's binding site and AUG is the 5' untranslated area.
• Now you just have to put your tRNA on the sequence and start working.

As you start working, your big ribosome subunit works in three frames or docking sites:
• Initiator tRNA binds to the P site. 

◦ Peptidyl site
• The A site is where the new charged tRNA enters.

◦ Aminoacyl site 
• Then stuff escapes at the E site, E for exit. 

◦ This is where the uncharged, empty tRNA goes as it's leaving

So your first P site is on AUG after the ribosomal binding site. There's actually 
nothing in the P-site that recognizes the AUG—only the bond between the Shine-
delgarno sequence and 16s subunit lines up the ribosome's 30s subunit's P-site 
correctly. You want to make sure you start at the AUG. If you do it wrong, and bind to 
UGX instead, you won't recognize the second codon properly and all the other codons 
will be screwed over one nucleotide (basically frame shift). The ribosome can't fix that if 
that happens! Remember, the ribosome's just a big dumb thing that doesn't know what 
it's reading—it's like a bureaucrat, it doesn't make the rules, it just spits them out without
concern for who they affect—and it's the message that knows the reading frame. The 
message has the Shine-delgarno sequence. So you like having initiation factors help—
specifically IF2 helps this process.

Now, positioning of messages is a little different in eukaryotes and prokaryotes, 
because eukaryotes like you have more initiation factors. Remember IF2? (You should, 
'cuz I just mentioned it) You've got other helpful protein factors, too, like eEF, eRF, and 
eIF, and so on. You put an e before the names of your protein factors because you're 
eukaryotic. Prokaryotes translate everything many times simultaneously with a 
conglomeration of ribosomes called polysomes. Remember, in eukaryotes the mRNA 
has to get to the cytoplasm first—but in prokaryotes you can run transcription and 
translation really simultaneously right by your polysomes. The Shine-delgarno sequence
is also only in prokaryotes—eukaryotes more on initiation factors to recognize the 5' 
Cap, line up the ribosome, and put the first AUG in the P site. In eukaryotes, it's eIF2 
that lines up the mRNA, based entirely on where the 5' cap is. Eukaryotes also 
have a different initiator tRNA (more in a second).

Once you've positioned your message—lined up your ribosome with the Shine-delgarno
sequence and docked your P-site at the AUG—you need to place the proper special 
initiator tRNA in that p-site. In prokaryotes and mitochondria, this special initiator tRNA 
is carrying a Methionine, which proudly displays a formyl group that its friend 
formyltetrahydrofolate gave it. There's a different kind of tRNA that adds the other 
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methionines in the protein's main message—this is a special formyl-Met-tRNA that only
does start sequences. In eukaryotes, you also use a special initiator tRNA, but it's not 
formyl-Met. No formyltetrahydrofolate giving no formyls to no Mets in eukaryotes. IF2 
helps put your initiator tRNA in the P-site. Met-tRNA just kind of rides the IF2 right on 
over, and the IF2 has GTP bound. When you get to the right site, IF2 hydrolyzes GTP 
into GDP and phosphate, and uses that energy to put the tRNA in the right spot.

Now that the ribosome's all docked and in position, and IF2 did its job, IF2 will move out 
of the way and you can close the ribosome again. So you see this sequence you have
—you opened the ribosome, you lined it up, you put the tRNA on the AUG, and now you
can shut the trap and really get working.

An Extra Step for Eukaryotes: Exporting RNA from the Nucleus to the Cytoplasm

So I don't know if you noticed, but throughout this whole genetics process, from 
charging the tRNA to translation, we've had several sections here that require energy 
either in the form of ATP or GTP. Actually in the end, you use 4 GTPs and an ATP for 
each protein: two GTPs for elongation, one for initiation, and one for termination, and 
then an ATP to charge the aminoacyl tRNA. If there's a mistake, your proofreading will 
take another ATP while you reactivate (re-charge) an amino acid.

For eukaryotes, there's an additional energy cost because you gotta get mRNA from the
nucleus to the cytoplasm. To do this:

• Proteins like Yra1 bind to the mRNA, wrapping themselves around it like beads 
on a string and help extrude it through the nuclear pore, and that's what allows 
exit to occur. 

• RAN GTPase hydrolyzes ATP—it's active transport.
• After everything's done the export proteins that left with the mRNA recycle back 

into the nucleus.

The 5' cap is really important here again. It's not just for protecting RNA from 
degradation; in addition to the specific recognition site for positioning the ribosome, it's 
got a specific recognition site for export, too. If you want to know more about export you 
can read mRNA export: the Long and Winding Road, by Charles N. Cole in Nature Cell 
Biology, 2, E55-E58 (2000). 

One more thing: even though this costs more energy for us as eukaryotes, it gives us an
additional way to regulate RNA after we make it—if it can't get out of the nucleus, no 
one can translate it, can they? So we can modulate that.

Translation Elongation



Becoming Healers 703

You've got two major things happening during translation: first, you're making peptide 
bonds with chemistry powers, and two, the ribosome's moving along the mRNA. That 
last part's important: the tRNA in the p-site doesn't move, and the tRNA in the a-site 
doesn't move. They stay bound to the message. It's the ribosome that shifts forward, 
moving its p-site and a-site and e-site as the reactions occur. To help the ribosome shift 
forward these three positions you have a protein called EF-G. EF-G does hydrolysis and
uses energy to cause that translocation. EF-G and tRNA are very similar, but tRNA is 
made out of RNA while EF-G is made out of proteins. It just folds super similarly and 
mimics the tRNA to force the translocation. EF-G has a tiny little part of it that's sugar-y 
looking. 

Think of each elongation in three steps:
• Get the in-coming tRNA  into the a-site
• Make a peptide bond (by putting the peptide in the a-site)
• Move the grown peptide back to the p-site.

Remember that.

Okay, now the elongation cycle in a little more detail: 
• You have a peptide in the p-site, sitting on a tRNA

◦ Remember E is exit, P is in the middle, and A is the entry site (like afferent)
• a new, charged (aminoacyl) tRNA comes in and tries to get in the a-site

◦ Factor EF-Tu binds GTP and the new aminoacyl-tRNA
◦ If the codons do not match, you don't use GTP, and just let tRNA go
◦ If the base-pairing's right you'll hydrolyze it and use that energy to lock the 

tRNA into the a-site
◦ EFTs helps release and recycle EF-Tu-GDP so you can do this again

• and the whole peptide goes from p-site to a-site.
◦ This happens 'cuz on the new a-site tRNA that just locked into place, the 

amino acid is reaching over to bond with the carbonyl of the peptide hanging 
out in the p-site from the first step
▪ The large subunit catalyzes this

◦ That interrupts the bond between the p-site tRNA and an oxygen molecule of 
the peptide, so the original, p-site tRNA basically lets go and hands the whole
peptide to the a-site tRNA

• Then you have an empty tRNA in your p-site, 
• and then EF-G will push the whole thing forward one codon (three spaces!)

◦ again using GTP
• so now the original p-site tRNA isn't in the p-site anymore—it's in the e-site, and 

it's uncharged
• the peptide is in the p-site, on the “new” tRNA from the a-site
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• and the uncharged tRNA can fall out of the e-site and escape while you start all 

over again.
This ribosome movement's fairly accurate—in order for it to slip you really need at least 
5 repeating nucleotides, preferably more.

Translation termination...

...is mediated by release factors, not termination factors, which are for transcription 
regulation. These allow the peptide to get released from the ribosome. 

Release factors recognize the stop codons UAG, UAA, and UGA. Prokaryotes have two
release factors:

• RF1 recognizes UAG and UAA
• RF2 recognizes UGA and UAA.

In us, we've got just one eRF to recognize all the stop codons.

There are no tRNAs that will recognize these sequences in natural non-mutant cells. 
That's good! You won't continue past a stop codon. These release factors basically bind 
to the stop codon and block the ribosome from moving, and their binding makes the 
peptide fall off and escape.

We also all have one more release factor, RF3 in them and eRF3 in us, that uses GTP 
hydrolysis to take apart the machinery and re-set for the next protein.

Why you need to know translation as a doctor

We and prokaryotes regulate translation differently, and that allows us to make 
interesting drug targets for antibiotics and also gives us different diseases.

Regulation-wise in prokaryotes the ribosome just kind of moves down the message at a 
pretty continuous rate, and there's not a whole lot that's known to regulate prokaryote 
synthesis. They maintain a polypeptide formation rate of 15 aa /sec to keep up with their
transcription rate of 50 nts/sec and that's because the bacteria is growing all the time, 
so it has to keep up. Its messages take minutes, while ours take hours or even days! 
Any real regulation for prokaryotes happens where ribosome binds to the shine-
delgarno sequence. 

Eukaryotic regulation is bigger. We alter our elongation and release factors to make 
things work—often by blocking them with other proteins (especially when we're 
embryos!). We also use antisense RNA or microRNAs to block parts of our RNA from 
getting translated. A good example of translation inhibition: your red blood cell doesn't 
do much besides carry oxygen, and if there's a heme deficiency we might as well not 
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even make hemoglobin for them at all—spend that energy elsewhere, maybe collecting 
iron or something! So you interfere with initiation by accumulating an inhibitor that 
phosphorylates eIF2. This stops translation globally. 

Your cells use factor regulation to fight viruses. HIV has an RNA genome but it's not 
double-stranded. But there are some viruses that are double-stranded RNA viruses. And
when that double-stranded RNA is detected in the cytoplasm you know there's a 
possible viral infection—you don't use double-stranded RNA. A cellular defense 
mechanism: activate a PKR kinase that phosphorylates and inactivates the eIF2, turning
off ALL translation so the cell dies without replicating the virus. You can also start an 
RNA-ase L, which eats all cytoplasmic RNA, but I think that's just not as cool as 
translation inhibition.

Antibiotics often work by selectively interfering with prokaryotic translation.
• Chloramphenicol inhibits peptidyl transferase or the catalytic action of 50s, 
• erythromycin inhibits 50 S movement along the mRNA, 
• puromycin is aminoacyl-tRNA analog, so it pretends to be tRNA but doesn't bring 

along any amino acid, and that causes premature chain termination,
• streptomycin causes mRNA misreading, (30s inhibition)
• tetracycline keeps aminoacyl-tRNA from binding to your A-site. (30s inhibition)
• Clindamycin and lincomycin also inhibit the 50S subunit somehow, while
• Spectinomycin and kanamycon inhibit the 30s.

But the problem is puromycin and tetracycline also poison eukaryotic ribosomes, since 
we use tRNA the same way. 

Invaders use translation against us, too. 
• Diphtheria toxin inactivates eEF2 by ADP ribosylation, and that can stop your 

translation elongation.
• Cycloheximide stops your peptidyl transferase so your 60S subunit can't catalyze

those peptide bond formations. It's like chloramphenicol for people.

Post-translational modifications of Proteins

The major complexity of the organism doesn't mean you have more complex genomes
—that's the C-value paradox. So, for example, our genome is incredibly similar in 
number and volume to that of an onion. But we have proteosome expansion: 
alternative splicing and hundreds of other post-translational modifications (over a 100) 
that make our resulting proteosome much, much more diverse than that of an onion.

A modification can be co or post-translational. In collagen, for example, the cutting of 
the globular ends is post-translational; the hydroxylation, which happens at the same 
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time as the protein's coming out of the ribosome, is co-translational. 

Post-translational modification has to involve breaking/forming covalent bonds. 
So while some books say adding a heme group to hemoglobin could be post-
translational, it's not, because, and that's an ionic attraction. Without that covalent-bond 
restriction, our list of 100 modifications can become a thousand, says Dr. Santiago. 
Some of these modifications are reversible, some are not, some are disease 
associated...

What post-translational modification affects:

• On/off switch: phosphorylating pRB, for example
• Efficiency modifications: for example allosteric modifiers—which add a phosphate

to change the binding curve from sigmoidal to the more efficient one. Or the 
carboxylation that makes blood clotting factors work better (catalyzed by gamma 
glutamine-carboxylase).

• Stability: hydroxylating proline makes the collagen chain more stable.
• Targeting: like signal peptides that tell you where to send the protein
• Folding: Post-translational modifications don't affect folding, but co-translational 

modifications can.
And much more...

Some types of post-translational modifications:

Protein phosphorylation adds negative charge. (Check the pics at 
http://www.piercenet.com/method/phosphorylation) That completely changes the 
surface of the protein in that area, changing its function and relationship with its binding 
partners. Most proteins get activated this way; some shut off when you add a 
phosphate. OH groups always receive this kind of modification, so like Tyrosine, Serine,
and Threonine. You need to do this to your sodium potassium pump and your insulin 
receptor, among tons of other proteins.

Protein farnesylation--Farnesyl disphosphate is two phosphates with a long chain of 
nonpolar, kinked carbons that allows a protein to hang out in the membrane. A lot of the 
proteins like RAS that are involved in cell cycle control or other signal transduction need
to work at the membrane, but they're not membrane proteins. You want to make them 
be able to stick to the membrane when you need them. So RAS, for example, doesn't 
have a transmembrane domain encoded in its gene. But you farnesylate it so it can stick
inside the membrane, and now it can work there. Because of this effect on RAS, 
farnesyl transferase inhibitors may inhibit RAS as anti-cancer drugs, according to 
Stephen RD Johnston et al, says Dr. Santiago. Remember in almost 90 percent of 
cancers, especially pancreatic cancer, we find RAS mutations. You can also call 
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farnesylation prenylation.

Prolyl and lysyl hydroxylation--unique to Collagen, but again, obvious. Requires 
vitamin C and iron. If you hydroxylate a lysine you can now perform...

O-linked or N-linked glycosylation—Add that sugar! You know, from page FIXAL. 
Most proteins get glycosylated in the RER and then sent to the Golgi, but proteins you 
secrete (like albumin and insulin) don't get glycosylated.

Acetylation of proteins--Histones! Notice the lysines on histone proteins. They're 
positive so they can stick to DNA. You want them to stick really hard to heterochromatin 
or chromatin you're not using. But if you acetylate those lysines, now they won't stick to 
the DNA, and now you can work with it if you want. A lot of transcription factors work by 
attracting protein acetylases so you can make those histones let go so you can work 
with your DNA. Almost 80 percent of all your proteins get acetylated, and they degrade 
fast if they're not. You acetylate the N terminal.

Methylation—straightforward, also for histones

Carboxylation—Obviously adds a carboxyl group. Remember blood clotting, and how 
gamma-carboxyglutamate gets made by a carboxylating enzyme, and how the new 
carboxyglutamate can bind to calcium to do blood clotting. Remember how the enzyme 
needed vitamin K as a co-enzyme.

All these we've talked about have been reversible. Proteolytic processing isn't. 
Zymogens, and the cleavage of insulin, and the cleavage of the globular ends of 
collagen--all that can't go back once it happens. So remember that next time you want 
to cleave a protein--you can't go back! (Dun dun dun) Ubiquitinization (the kiss of death)
is a kind of proteosome-mediated proteolytic processing. In cyclin degeneration, you 
basically use three ligases to add the ubiquitization tag to the target so it will go to a 
proteosome and get eaten. This is also useful for misfolded or mutant proteins.

When you do proteolytic cleavage—or any modification, for that matter—you're often 
working with the N-terminal. Remember that's the starting terminal. So you might cleave
the methionine start-AA off, and then acetylate what's left, for example. So proteolysis 
can prepare a protein for a reversible modification.

You also use proteolysis to take off signal peptides after you're done with them. Signal 
peptides are usually a positively-charged N-terminus and an alpha helix of 8-12 
hydrophobic amino acids. They work by binding a signal recognition particle as they 
come out of the ribosome. That SRP—a ribonucleoproteic particle—is made of six 
proteins and a small, 7S RNA molecule. It actually stops translation and drags the 
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ribosome to the ER membrane, where the ribosome finds a translocon to help open 
the membrane for the protein. The SRP binds to an SRP receptor, the ribosome binds to
a ribosome receptor, and then the ribosome finishes translation, spitting the protein 
through the translocon. (That membrane-crossing requires another GTP) So signal 
peptides actually help move the entire ribosome, not just the protein itself, before it's 
cleaved off by proteolysis.

You also use proteolysis for apoptosis. Caspases—cystein/aspartyl proteases—live in 
your ER and Golgi, and when stress makes your mitochondria release cytochrome C, 
that triggers a caspase cascade. They just start digesting everything. (Wow, apoptosis 
sounds painful).

So errors in cleavage cause disease. In hyperproinsulemia, you make equal amounts of
insulin and not-cleaved, pro-insulin. Apparently these folks can still process glucose 
okay, but the stress on their systems can make them develop diabetes. We believe the 
autosomal dominant disease comes from errors in the three proteases that cut pro-
insulin into insulin, either the carboxypeptidase, or the endopeptidase that cuts between 
Arg31 and Arg32, or the endopeptidase that cuts between Lys64 and Arg65. In some 
families, it's an error in the insulin itself that makes that second endopeptidase not able 
to work: instead of Arg65 you get His or Leu, and that's not cut-able. 

Another cleavage disease happens if you don't have enough sulfatases. This is one of 
those GAG-related, lysosomal storage diseases: you can't cleave keratan sulfate and 
other connective tissue GAGs, and you don't even sulfate things properly either, which 
leads to physical deformities in your cartilage and bone. The build-up of un-brokendown
stuff leads to neurological deficiencies, and these folks die before age 10. Multiple 
sulfatase deficiency happens because of post-translational error: you were supposed to 
convert a cysteine of the sulfatase enzymes into formylglycine, and you didn't.

Glycoprotein synthesis

This is an extremely common, specific post-translational modification. Almost all of the 
proteins you secrete or put in your membrane are actually glycoproteins, so the ability to
add sugars really matters!

Before we dive into it, know the distinction between glycoproteins and 
proteoglycans. Technically, they're the same thing, with proteins and sugar. Sometimes
things like mucins act as hybrids, and it's hard to group them as glycoproteins and 
proteoglycans, but generally, 

• glycoprotein have very short carbohydrates--20 or less units--while proteoglycans
have really long chains of 100+ dissacharide units. 
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• Glycoproteins tend to be branched while proteoglycans have linear GAGs. 
• Only some glycoproteins have negative charge, but almost all proteoglycans 

have negative charges, except for hyaluronic acid. 
• Glycoproteins are only 4-60% carbs by weight, while proteoglycans are over 60%

carbohydrate by dry weight—although that's not a hard and fast rule, since 
human gastric glycoprotein can have as much as 82 percent sugars by weight. 

• Glycoproteins don't have those disaccharide unit repeats you see in 
proteoglycans.

• Proteoglycans tend to act as lubricants and shock absorbers while glycoproteins 
do all kinds of other things, with signaling and less homogeneity and as much 
diversity as proteins themselves. 

Glycosylating proteins...
 changes their properties (folding, solubility, size, stability)
 protects some proteins from degradation via steric hindrance (like sugar armor!)
 tags proteins to send them to the right place (go to the Golgi! You, mannose-6-

phosphate says you should go to the lysosome!)
 gives you new cellular adhesion-attachment recognition sites
 Give you new sites where you can anchor to ECM
 Gives you receptors you can use to tell cells what to do (if a cell isn't tied to its 

substrate where it should live, it usually undergoes anoichis which is a kind of 
apoptosis where it dies because it can't receive instructions. Your cells need 
instructions! Unless they're cancer cells, in which case they don't care)

 makes them into lubricants and protective agents (like mucins)
 controls protein folding when you glycosylate stuff at the same time as it's coming

out of the ribosome (N-linked, co-translational glycosylation)
 creates a glycocalyx mesh that can trap growth factors
 lets some proteins act as hormones (follicle stimulating hormone, thyroid 

stimulating, leutenizing, erythropoietein, human chorionic gonadotropin 
hormone...)

 usually involves a D-sugar, but can involve a L-fucose, L-arabinose, or L-iduronic
acid

Glycosylating proteins is great!

Mucins act kind of like proteoglycans. They've got protective properties, and they've got
a core string and sugars coming off it, but they're branched and stuff, and smaller. They 
have lots of N-acetylglucosamine and sialic acid, but they're mostly O-linked, with O-
glycan chains clustered near repeats of serine, threonine and proline. They're stiff and 
negatively charged and hold water well because of steric hindrance between their 
GalNacs and amino acids, so they're very similar to proteoglycans. Mucous is about 94 
percent water and only a bit of mucins, and mucins live on cell membranes and lots of 
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other places. They're in your mucous, in your tears and saliva, in the airway epithelium--
in all those places they lubricate and protect against pathogens. In your GI they protect 
from proteases and low pH. There are too many mucins in cystic fibrosis, asthma, 
COPD, and some kinds of cancer. 

Why mucin in cancer? Cancer cells are in such flux with their DNA that they actually 
start producing all kinds of weird proteins that your immune system starts to recognize 
as not-self. Cancer cells then try to trick or escape from the immune system by making 
a whole bunch of mucin molecules to line themselves and "cover up" their weird 
cancerous proteins. These cancer cells, under their layer of mucous, can now hide from
the immune system without their cancer-specific antibodies noticing.

Uncontrolled strands of Heliocobacter pylori actually hurt your stomach and cause 
gastritis by changing your gastric mucin expression. It inhibits mucin synthesis in some 
cases, and in others it changes its viscosity. 

So mucin is cool.

So how do we make N-linked glycosylation? Remember, this is the kind of 
glycosylation that happens co-translationally, or at the same time as the protein's 
coming out of the ribosome. N-linked glycosylation attaches to Asn.

First you make a core oligosaccharide. This is the same in all glycoproteins, but then 
you modify it. That's more efficient than using different pathways for making a whole 
bunch of different glycoproteins. You start this in the cytoplasmic face of the ER 
membrane, and finish this inside the ER hollow or lumen. As you're passing the 
oligosaccharide through the ER membrane, around fourth or fifth step in its creation it 
attaches to the protein, which is being spat out of the ribosome at the same time. 
Finally, when you get with the protein to the Golgi, the Golgi starts editing your core 
oligosaccharide and fine-tuning it. 

Let's go in a little more detail. Dolichol is a lipid in the ER lumen that's a substrate for 
an enzyme called dolichol kinase. Dolichol can be phosphated. Dolichol phosphate 
tells your machinery, "here we're going to build a carbohydrate." It's a flag marking this 
territory for carbs, a ring declaring your intent to solidify a relationship that will eventually
become a glycoprotein. From here, we're going to add sugars to dolichol phosphate 
until we pass it through the membrane, and at the end dolichol phosphate will give the 
sugar away to the protein. It's like a father taking care of and growing up a child, and 
then on her wedding day giving her away. The addition of sugars to the dolichol 
phosphate is catalyzed by glucosyltransferases. The first sugar's an UDP-GlucNAc, 
which changes to UMP and leaves a phosphate and a GlucNac on the dolichol 
phosphate, so now the dolichol has two phosphates. Then a second UDP-sugar adds 
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another sugar. This second step is different than the first step because we didn't add 
another phosphate. Then GDP ads a mannose. That happens five times, so now we 
have a dolichol with two phosphates, two GlcNacs, and five mannose sugars. Then you 
use energy to grab the entire dolichol complex and dunk it through the membrane into 
the ER lumen. You need a carrier protein to do this, since the sugars are polar and don't
like passing through lipids. Remember, it's pretty easy for lipids to rotate, or to move 
within their layer, but for them to flip over and get into the other layer--that's hard. So 
you need a flipase which grabs the dolichol and flips it from facing outside into the 
cytoplasm, to facing inside. Now that we're inside, the donors to keep building the 
oligosaccharide are other dolichols, not glucosyltransferases. The first thing that 
happens is dolichols add more mannose sugars to our main Dolichol dude. This 
happens four times, so now we have 5 mannoses from the outside, 4 from the inside. 
Now other dolichols add three glucoses. So our starting dolichol now has two 
phosphates, two GlcNac sugars, nine mannoses, and three glucoses on it. Now the 
main Dolichol man is ready to give up his daughter to the protein. He won't give his 
daughter to just any protein. Not all proteins get glycosylated. It has to have the best 
sequence, one that fits with the right glucosyl transferase (you have to fall in love with 
the right complementarity, or the sugar-girl won't go the protein-boy). Usually that 
sequence is something like Asn-X-Thr/Ser (X cant be proline or Asp), and it's preferred 
near a beta turn. We will only glycosylate proteins with the correct sequence and 
enough maturity (enough partial folding) that the correct sequence is on the surface 
(think otherwise the Dolichol can't see the value in his future son-in-law). It's fair, too: 
the sugar-girl also has to live up to some requirements. While the transferase will 
transfer most structures with dolichol, pyrophosphate, and two GlcNacs, it strongly 
prefers prefer her to have the nine mannoses and three glucoses. All requirements met, 
the dolichol will release the sugar-thing to the transferase (which is like the pastor or 
something) and onto the protein. Yay!

But the story's not over yet. If you take off some of the mannosyl and glucosyl residues, 
you signal sugar-girl and protein-boy to go to the Golgi, through the Cis Golgi first. 
There, every time they move, if they fit together in a glucosylase, they'll get edited. 
Sometimes things will get chopped off. Sometimes things will get added. Each section 
of the Golgi does something different: Golgi alpha mannosidase I is in the cis, GlcNAc 
transferase in the middle Golgi, and fucosyl, galactosyl, and sialyl transferases in the 
trans. But at the end of their married journey, through the trans Golgi, they're something 
great and useful for the cell and the world at large.

O-linked glycosylation is much easier. It's not context-dependent (you don't need the 
right sequence around the amino acid)--you can just stick O-sugars on any OH, so on 
serine or threonine or hydroxylysine (which happens only in collagen). This 
glycosylation happens in the Golgi. It's totally post-translational. 

• UDP-GalNAc donates, through enzyme GalNAc-transferase, a GalNac to a 
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serine or threonine.

• Then you move down an assembly line of other membrane-bound Golgi glycosyl 
transferases, which take other sugars from other nucleotide-linked donors, and 
add them to our growin' glycoprotein. These donors could include:
◦ UDP-GalNAc, again
◦ UDP-Gal 
◦ CMP-NeuAc
◦ And others

• You control this post-translational modification with the amount of each 
transferase—the more of a certain transferase there is, the more of that kind of 
sugar it will add.

Types of glycosylated proteins and their linkage

• One glycoprotein could have both O and N-linked glycosylation in it. 
• Some glycoproteins even have another kind of glycosylation, where their 

carboxyl terminal amino acid links to phosphoryl-ethanolamine and then to a 
sugar. 

• A lot of your extracellular signaling stuff—like the ABO blood group stuff on the 
surface of your RBCs—comes from O-linked oligosaccharides, while your serum 
proteins are mostly N-linked.

• You've got two types of N-linked: complex, and high mannose.
◦ Complex have extra sugars like N-acetylglucosamine and L-fucose and 

NANA, instead of just mannose.
◦ You also have hybrids of the two types.
◦ This differences are made in the Golgi.
◦ We often classify them by the “antennae” that they have—they could be bi or 

even tetra-atennary structures if they're complex.
• The type of glycoprotein changes what antibiotics react with it. Tunicamycin 

inhibits N, but not O-linked glycoprotein synthesis, specifically by stopping 
GlcNac transferase from putting a GlcNac on the dolichol phosphate in the very 
first step. The bacteria Streptomycis lysosuperficus makes this poison.

• GalNac-benzyl is a poison that can compete with the protein substrates in O-
linked glycoprotein synthesis, which keeps the enzymes from adding sugars to 
the protein and basically just wastes their time.

• Both types of glycosylation require those nucleotide donors we've mentioned, like
UDP-Gal and so on. Those nucleotide donors are kind of like ATPs, and the 
energy in their bonds with their sugars actually helps power the transition. 
They're very generous—not only do they give you a sugar, but they give you 
energy to give that sugar to someone else! I want to be like a nucleotide donor. 
◦ These guys are made in the cytosol, but they have to work inside the ER and 
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Golgi, so you have special antiport transporters to get the nucleotide-bound 
sugars in. They pull in one nucleotide-bound sugar for each emptied, used 
nucleotide they spit out.

Clinically, we talk a lot about the rare diseases caused by failure of glycoproteins to 
degrade. We need both exoglycosidases and endoglycosidases, which cut at the ends 
and the middle of proteins respectably, to break down our used glycoproteins. Each 
exoglycosidase takes off a particular functional group, and deficiency in each causes its 
own special disease. So 

• mannosidosis you can't take off mannose groups because you're lackin alpha 
mannosidase

• and fucosidosis you don't have alpha fucosidase
• sialidosis you're missing alpha-neuraminidase
• aspartylglycosaminuria you're missing aspartylglucosaminidase
• Schindler disease you're missing alpha-N-acetyl-galactosaminidase

These are all similar clinically to the diseases we talked about on pg. FIXAL with failure 
of proteoglycans to degrade.

How does a protein know where to go? 
Protein targeting

When RB wants to find E2F, does it just bump around the cell by diffusion trying to find 
it? Do your proteins hang out in bags of water bouncing til they find their job?

No. Your cell is so much more organized than that. You've got a cytoskeleton, organized
by microtubule organizing centers into polarities—highways with directions of travel! To 
your proteins, the cell looks very crowded and organized, not at all the watery primordial
goo of random evolution or hastily-tossed-together-creation you may see. There's a 
reason your Golgi sits facing your ER, and reasons for connecting filaments between 
them. The polarization and organization even extends to the cell itself, giving epithelial 
cells a more positive or negative face so they know in which direction to secrete, and in 
which direction to hold on tight to the surface underneath. That polarization gives 
migratory cells a leading edge and a trailing edge, something that lets them hold to the 
surface under them and the ability to pull forward along it. The cytoskeleton keeps 
everything in its place. Nothing's random.

So if the microtubules form the highways, what are the wheels of the cars? By that I 
mean, what carries vesicles along microtubules? Molecular motors called dynein and 
kinesin actually use ATP to walk along the microtubules, one molecular leg at a time, 
dragging giant vesicles along with them. Dynein and kinesin go in opposite directions: 
kinesin to the positive end, and dynein to the microtubule's negative end. You can 
remember this because dying is generally a negative thing.
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You also tag proteins, as we've talked about before, so the transport molecules and 
microtubules and everything else in the cell around the proteins know where they 
should go. 

 Mannose-6-phosphate says go to lysosome
◦ That's not to get broken down, that's to BE the down-breaker! These are the 

hardcore proteins.
◦ Mutations in enzymes that tag your lysosomal enzymes with mannose-6-

phosphate-->your lysosomal enzymes won't get to your lysosomes-->you'll 
have automatic secretion into your blood or something, and either way you'll 
have useless lysosomal enzymes that won't break down/remodel your body's 
GAGs-->terrible lysosomal enzyme deficiencies that will kill you

 Short, basic amino acid sequences say go to nucleus 
◦ For example, 2 prolines, 4 lysines, ala-lys-val <---lots of lysines!

 N-terminal sequence (70-residue positive region) say go to mitochondrion
 KDEL sequence (Lys-Asp-glu-Leu) says go to luminal surface of ER

◦ These kinds of proteins work in the ER, but actually they go to the Golgi first
◦ BiP, a chaperone, has this sequence
◦ A special receptor in the Golgi brings KDEL proteins back to the ER and 

drops them off
 Signal peptide sequence says go to membrane of ER and maybe secreted

◦ These kinds of proteins are going to get worked on in the ER and then sent 
somewhere else for work. We talked about these already, with the whole 
ribosome-spitting thing.

◦ The default, no signal-sequence path is secretion, but sometimes things 
with signal peptides get processed through ER and Golgi and then secreted.

 Ser-Lys-Phe on the COOH terminal says go to peroxisome
 One hydrophobic alpha helix (stop or halt sequence) says go become a 

transmembrane protein in the cell membrane
Some kinds of tags are motifs, not specific sequences. KDEL is a sequence, but the 
"signal peptide" doesn't give you a particular sequence, just some motifs in certain 
positions.

Destinies of proteins will depend on those tags. The decisions of a cell will work kind
of like this:
Does the protein have a signal peptide?
Yes-->Go to RER
No-->stay in cytosol.
If staying in the cytosol, does the protein have a N-terminal sequence (70-residue 
positive region) tag? Go to mitochondria. Does it have a Ser-Lys-Phe on the COOH 
terminal? To the peroxisomes. Nothing? Hang out in the cytosol. (That's the default)
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From the RER, does the protein have a KDEL sequence? It'll stay in the RER. 
Nothing? It'll get secreted. (That's the default)

So let's talk about that default excretion. The bulk flow of membranes, vesicles, and 
traffic in general grabs proteins up in it the same way humans get caught up in crowds 
and trends. On the one hand, you have a continuous infolding and consumption of the 
membrane, sucking it back into vesicles for remodeling in the Golgi. On the other hand 
you've got a continuous secretion, a continuous meeting and union between vesicles 
and membrane, shipping proteins out and creating new membrane in the process. That 
bulk turnover of membrane flows like daily commuter traffic in certain directions along 
the same microtubules, powered every second by the dynein and kinesin going in 
different directions. I saw a picture where the plus end is to the outside, so that would 
indicate that kinesin's always carrying vesicles to the membrane, while dynein carries 
them away from it towards the Golgi. This is as busy as Tokyo, as vibrant as an Amazon
sunset--this is what goes on in your cells. Golgi's job is to sort all this non-selective 
bulk flow. 

Some stuff gets to the Golgi from the ER via non-clathrin coated transport vesicles. 
While all of the glycosylations and stuff happen in both cis and trans Golgi, the sorting 
for transport happens in the trans Golgi.

So what about when it's not all lovely and perfect? Well, if you've made a mistake in 
making the protein, you tag it right away, without giving it the chance to get through 
this normal pathway to any kind of default or anything—you send it straight from the 
ribosome to a proteosome to get eaten. That's for safety! 

Sometimes you also just want to eat a protein 'cuz it's old: stuff with basic AA on the N-
terminus lives only like 2-3 minutes, while stuff with glycine, alanine, and serine live like 
20 hours, and there's all kinds of variation in between. Proteins with PEST sequences 
tend to live less (that's proline, glycine, serine, threonine residues), and you can shorten
the lifespan by using a charged tRNA to add something to the N-terminus.

When you tell a protein to go get eaten, you first:
• Tag it with ubiquitin at least 4 times. 

◦ Just one kiss of death (ubiquitin) means export from the nucleus, while four or
more means death (When you cheat on your first ubiquitin at least three 
times, you die...). Death-targeted proteins will get kissed so much they get 
kisses on their kisses!

◦ You gotta get that ubiquitin ready for its night out—lipstick and everything.
▪ Ubiquitin gets made as a 76AA protein
▪ E1 activates it with a thioester bond, formed via ATP
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▪ E2 takes it
▪ E3 puts the ubiquitin on the protein

• Ubiquitin's glycine C-terminal loves lysine residues. It makes 
isopeptide bonds with one!

• Send the ubiquitin-tagged protein to the proteosome
◦ The proteosome is a 28-polypeptide hollow stack of four rings (7 subunits) 

with two big V-shaped ends, kind of like a weird dumbbell.
▪ The V-shaped ends unfold polypeptides using ATP 
▪ The rings have three proteases inside them that chop up proteins
▪ Proteins go in, aminoacids come out: it's like a car-wash tunnel only you 

come out dead.
▪ These guys help with antigen-presentation in macrophages.

So that's how you destroy your mistakes.

So, it gets more complicated if I'm shipping my protein to the ER. Remember pg. 
FIXAL—I've got some extra steps here.

• When you send hydrophobic proteins to organelle membranes, you need special 
carriers to keep them safe. You partly keep them safe by keeping them from 
being made until they get there.

• Signal recognition particles carry the ribosomes where they need to go. They 
recognize the signal tag on the protein, and translation stops. 

• Then the signal recognition particles drag the protein, ribosome and all, to the 
signal recognition particle receptor at the protein's appropriate destination. 
◦ This is actually the whole reason you have ribosomes on your endoplasmic 

reticulum! Every protein made in your “default,” cytosol pathway is made in a 
free-floating ribosome that's not stuck to your ER—the protein sticks the 
ribosomes TO the ER!
▪ The signal recognition particle receptor has two subunits.

• Alpha—binds GDP. When the signal recognition particle comes by, that
GDP turns into GTP, and the GTP-bound receptor binds the signal 
recognition particle SUPERTIGHT. Now the signal recognition particle 
(SRP) doesn't have time for the ribosome anymore—it's found a new 
love—and it releases the ribosome. The ribosome, relieved, binds to its
own receptor and starts spitting stuff its new protein through the 
translocon like I mentioned before. It basically just got out of an 
abusive, dominating relationship where the SRP dragged it 
everywhere, and now it's productive again.

• Beta—anchors the receptor to the membrane
• Then the ribosome continues making the protein, spitting it into the 

membrane/ER lumen/Golgi membrane/whatever. 
◦ The translocon is made of three proteins, the Sec61 brothers. It's 
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only open when the signal peptide's around. 
◦ You've also got chaperone proteins around that can help keep the 

growing protein from folding before it's gotten through the 
translocon.

◦ It appears the misfolded proteins can get pushed out of the ER 
back into the cytoplasm for destruction through the translocons.

◦ The signal peptide helps you insert into the ER membrane. If you 
mutate the signal peptide, your protein won't stay in the ER 
membrane. If you add a signal peptide to a protein that didn't have 
it, that protein may stay in the ER membrane.

• Then you cut off the signal peptide with a peptidase. If you don't cut off the signal
peptide--not all proteins have a cleavage site--it will become an anchor to keep 
that protein in that membrane. 

• If we get to a hydrophobic alpha helix, the ribosome won't be able to spit the 
peptide through the membrane--that piece will love the membrane and get stuck 
in the membrane, and that's how a transmembrane protein's formed. We can 
cleave off the signal peptide, but the alpha helix won't leave. Where that stop-
helix is will determine how much of the protein is sticking out or into the cell, and 
what area of it's in the membrane. If you have multiple stop-helices, each section 
will get stuck, so the protein will grow and grow, and then stop and stick in the 
membrane, and then grow and grow, and then the next part's stuck in the 
membrane, so you end up getting pieces outside and inside of the membrane.
◦ The LDL-receptor and asialoglycoprotein receptors both do this. The LDL-

receptor does it as you'd expect, where its amino-terminal (remember N is 
made first) sticks into the ER, while the C terminal sticks outside. The 
asialoglycoprotein has a weird sequence so its C terminal ends up bending 
into the membrane, too.

Mitochondrial proteins have a special destiny. The mitochondria makes it's own 
proteins with its own DNA, but most of its proteins come from nuclear DNA. It's like the 
targeting to the ER: 

• the amphipathic N-terminal alpha helix of 20-50 amino acids acts like the signal 
peptide, and it gets the ribosome attached to the mitochondrial membrane's 
receptors. 

• There are chaperones there
◦ You really need those chaperones, 'cuz the TOM (translocase of outer 

membrane) and TIM (translocase of inner membrane) complexes—which 
both recognize the proteins and act as pores—only let unfolded proteins 
through. 

◦ Chaperone mt-Hsp70 helps import, keeps folding from happening 
◦ Chaperones mt-Hsp60 and 10 help proper folding
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◦ Chaperones are usually ATP-ases: with ADP on them, they cling to the 

protein, with ATP, they let go.
• Moving the proteins across the membrane costs ATP.
• You don't move the proteins until you've made them (so that's different from ER). 
• To get across the two mitochondrial membranes, you need:

◦ a pH gradient 
◦ the electrical gradient 
◦ It seems the positively charged leader protein's attracted to the negative 

matrix 
• Once you're across, MPP—mitochondrial protein peptidase—cuts off the leader 

sequence.

Most proteins arrive at the matrix first, and then get sorted based on different 
sequences that tell them where to go within the organelle: like cytochrome b2, which 
goes backwards from the matrix of the mitochrondria, where it gets clipped, and 
proteolysed to go back into the intermembrane space, where it lives. But cytochrome c 
apoprotein just goes directly to the intermembrane space from the outset—everyone's 
got their own path, and whether or not it takes us to the same place in the end, the 
modifications along the journey make us who we are.

Nuclear proteins have a special destiny, too. The nuclear pores are only 9 nm wide, 
and even if they can stretch to 28 nm pretty much the only stuff that gets through them 
by diffusion are 40 kDa itty-bitties. To get your big proteins through, you need:

• Importins
◦ these guys actually import the stuff and pull it from the cytoplasm into the 

nucleus (they're originally from the cytoplasm, but they commute)
◦ These guys need ATP 
◦ They recycle back to the cytoplasm when they're done
◦ They're the opposite of exportins

• Ran
◦ Remember in exporting mRNA? Yeah those guys
◦ These regulate the Importins. 
◦ They're usually GTP-bound in the nucleus, and active 
◦ Usually GDP-bound in the cytoplasm, and inactive 
◦ That imbalance in GDP or GTP bound concentrations seems to be important 

in getting stuff across—like there's more active regulators inside, and 
importins are insecure so they really want to get inside to get advice from 
those active regulators

• GEFs
◦ regulate Ran
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◦ example: Rccl in you-karyotes
• GAPs

◦ regulate Ran—do you see the trend
◦ from the cytosol

Lysosomal proteins also have a kind of special destiny. When they get tagged, 
they'll often get tagged with both a GlcNac sugar and a phosphate, and then another 
protein will take the GlcNAc off to leave them with just a mannose-6-phosphate ending 
('cuz remember they had all those mannoses on them). This is happening in the cis 
Golgi. Well, once the Golgi reads the tag, it's not gonna let these proteins go--it 
recognizes that having this very dangerous, hardcore protein just floating around the 
cytosol could be bad. Instead, it forms a lysosome right there around these proteins, 
and then spits off the lysosome. You've got two kinds of mannose-6-phosphate 
receptors which sort the lysosomal enzymes into clathrin-coated vesicles. Those 
vesicles float around and fuse with other pre-lysosomal vesicles, the ones that carry 
acid. The acid makes the lysosomal enzymes come off their receptors so now they can 
work, and that's pretty much how you fill a lysosome!

You can get I Cell Disease if your protein targeting's off. In that disease, you don't send 
your lysosomal enzymes to your lysosomes—they get secreted into your blood—but 
your cells think the enzymes are in your lysosomes, so they send all this work, all this 
stuff that needs to get broken down to those lysosomes, and that stuff just kind of sits 
there in vesicles. (The I in I cell stands for these inclusions) The GlcNac 
phosphotransferase in your Cis Golgi isn't working, so it doesn't put the mannose-6-
phosphate marker onto your enzymes to send them the right place. These patients die 
before eight years old. = ( A milder form of the disease, Pseudo-Hurler polydystrophy,
has GlcNac-transferase's recognition domain broken, but the catalytic domain still 
works, so while the enzyme's not very good at recognizing the proteins it's supposed to 
work with, it can still do its job blind.

Kay, Peroxisomes need proteins too. If you don't get proteins to your peroxisomes, like
maybe you can't build them or import them, then you will have less or no peroxisomes, 
and you will die of brain damage and weird lipid build-up in your brain within a year. This
is Zellweger—it's called neonatal adrenoleukodystrophy if it's a bit less severe, and 
infantile Refsum if you've got only one or two proteins missing.

Normally you've got like 50 enzymes like catalase and urate oxidase in your 
peroxisomes. You make these things on your cytosolic ribosomes, and they have to fold
first, before they go to the peroxisomes. Sequences that send stuff to the peroxisomes 
that have come up in Zellweger research (most proteins don't have these):

• N-terminal nonapeptides
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• PTSs (peroxisome matrix targeting sequences)

◦ PTS1: Ser-lys-leu, or SKL on the carboxy terminal 
▪ catalase uses a variation of this

◦ PTS2: 26-36 Aas
▪ thiolase uses this 
▪ This is cleaved off after you get into the matrix (PTS1 isn't)

◦ Both of these bind their own soluble receptor protein in the cytoplasm 
◦ Then that carries them to where they bind a receptor, Pex14p on the 

peroxisome 
And yeah, those are examples of how stuff gets into the peroxisome. Matrix proteins 
need ATP, while membrane ones don't.

Regulation of Gene Expression in Prokaryotes

It doesn't convene the cell to make certain enzymes all the time. The ones you need all 
the time, the constitutive genes, sure, you keep them on all the time. But other genes 
are inducible, and you don't need them on always all the time forever. It's an 
enormous, even deadly waste of energy to make enzymes you're not going to use.

In prokaryotes, we call sections of genes operons. An operon is all the structural genes 
that code a particular enzyme or set of enzymes under the control of an operator. 
They're all turned on and off by the same process, in other words. 

Good example: lac operon. B galactosidase, lactose permease, and transacetylase all 
metabolize lactose. Those get turned off if there's glucose present, because you, the 
bacteria, would rather work with glucose than with lactose. These enzymes are all part 
of the same operon. They all sit next to each other on the genome as lacZ (for beta 
galactosidase), lacY (for permease), and lacA (for transacetylase). Right before lacZ 
you've got your operator, lacO, before that's your promoter, lacP, and right before that at
lacI you've got the regulatory gene. LacI codes for the repressor proteins that attach
to the lacO Operator and turn it off. It does that all the time. The lacO and lacP, the 
promoter, actually overlap a bit, and when the lacO's turned off, the RNAP can bind to 
the promoter but can't work. So lacO's pretty much turned off all the time, because lacI 
is coding repressor proteins all the time.

How do you turn off the repressor so you can eat lactose?

Beta galactosidase breaks lactose into glucose and galactose. This makes an 
intermediate byproduct which is a galactose united to a glucose by an alpha 1,6 bond 
(instead of the normal alpha 1,4 bond). That intermediate's called allolactose, and it's 
basically an isomer of lactose. Allolactose binds to the repressor proteins and 
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inactivates them. So when you've got a lot of lactose, you can repress the repressor and
RNAPolymerase can stick and work. Well wait, how can the beta galactosidase make 
allolactose before it's expressed? Well, it's present in little tiny not 100% amounts. 

What we described above is what happens when there is lactose present, glucose or no
glucose. But because we want to use glucose first, we make sure that even when the 
repressor's not there, the process isn't very efficient. So by design the RNAP just isn't 
very good at binding to that promoter. So you're still using glucose more than lactose. 
Now what happens when we take away glucose? That's when we get into the process 
Dr. Noel told us about last block. The lack of glucose frees up cAMP, which is usually 
tied up in glycolysis. cAMP is an activator. It will help the RNAP bind to the promoter 
better. Now lactose can really be effectively metabolized. How does cAMP help RNAP 
bind to the promoter better? There's a protein called CAP (catabolite activator protein) 
which binds to the promoter site. When CAP has cAMP on it, it can bind to the promoter
site and help RNAP bind by destabilizing that segment of DNA. When CAP does not 
have cAMP on it, it cannot do that. That's how cAMP helps you make cells effectively 
metabolized. 

By the way, in our bodies also, high cAMP levels means we're starving. It means cAMP 
isn't tied up in glycolysis. And unfortunately, cAMP doesn't bind to a lac operon for us.

Now what if we had a partially diploid bacteria, and in one copy (copy 1) we had a 
mutation of lacZ, and in the other (copy 2) we have a broken lacO and a mutant lacY? 
Well, the repressor can bind to copy 1, keeping mutant Z and the other enzymes from 
getting made. But the repressor can't bind to copy 2, so you'll always express lacZ, a 
broken lacY, and lacA. That means you'll have normal beta galactosidase and 
transacetylase floating around all the time with a broken lactose permease. You have 
changed these three enzymes from being inducible to being constitutive. Now what 
happens if you have lactose? Well copy 2 was expressed anyway, but now copy 1 is 
expressed, too, with its broken lacZ. This only works if the mutation was missense, 
swapping out just one base for another. If the mutation was nonsense, and you're 
missing or adding a base, you would have shifted all the frames over and killed all the 
enzymes after the mutations. You wouldn't have the permease or the transacetylase 
after lacZ in copy 1, and you wouldn't have the transacetylase after copy 2, so the only 
normal one you'd make ever would be beta galactosidase, and that's not enough for 
metabolism of lactose, so this cell would starve if you left it only in lactose.

Tryptophan operon. We need 5 enzymes, and 5 different genes, for E. coli to make 
tryptophan. The genes are trpE, trpD, trpC, trpB, and trpA. You only want these genes 
to express when you need tryptophan, because good golly this is a long set of genes--
like 7000 nucleotides--and that's gonna be a huge waste of energy to work with. E. coli's
lazy, and it's not going to work its little ass off synthesizing something unless it 
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absolutely must. So just like with the lac operon, you've got a segment of gene before 
the promoter that makes a repressor. This repressor is called an aporepressor. In order
to stick to the operator, the aporepressor needs tryptophan. So if you've got tons of 
tryptophan, the aporepressor will stick to the operator, and basically tryptophan is 
turning off its own synthesis. If you don't have lots of tryptophan, you're basically 
missing your co-repressor, and the aporepressor won't be able to stick to the operator, 
and you'll make tryptophan. 

What if we have intermediate concentrations, not super-high or super-low? The system 
will make two kinds of messages. You'll have a huge mRNA with 7000 nucleotides. 
That'll be the one that's coding the whole thing, the un-repressed mRNA, to make 
tryptophan. Then you'll have another mRNA that is only 142 nucleotides long. That's the
little beginning site, a trpL, called a leader region: the entire rest of the message was 
blocked by the repressor, and it's unable to make tryptophan. So if you raise tryptophan 
concentration, you'll get less of the giant mRNA. If you lower it, you'll have more giant 
mRNA, less little mRNA. So you can have relative and attenuated values of tryptophan--
you can control this like a scale instead of just having an on and off. 

How does the RNAP know to make little or big mRNA? After the first 142 nucleotides 
(your leader region), the RNAP will see a UGGUGG, which are called Trp codons. If 
there's lots of tryptophan, the RNAP will continue really fast without stopping through 
the leader region. If there's not lots of tryptophan, the ribosome will pause. After the 
pause region, the leader peptide has some coding regions that will tell you whether or 
not to make the complete mRNA. If there's not lots of tryptophan, when the RNAP 
pauses at the pause site, the two sites after it will fold over into a hairpin, blocking the 
termination site in the leader. That lets the RNAP make the whole 7000 nucleotide 
tryptophan copy. If there is lots of tryptophan, RNAP doesn't pause, and it goes really 
fast, and those two sites don't have time to fold into a hairpin. Instead, you fold two 
different sites into a hairpin, and then they act as a termination site, and stop the RNAP. 
Then you do not make the full tryptophan.

That hairpin stuff is attenuation. It has nothing to do with the apoprotein we talked about
earlier--that only happens at the extremes of very high tryptophan concentrations, and is
another way to shut off and control the gene. So here we see we have two different 
ways that tryptophan helps control its own synthesis.

Regulation of Eukaryotic Gene Expression

So we kinda just threw the most classical prokaryotic gene expression/regulation 
examples into one section there, while we've been dealing with eukaryotic regulation 
every step of the way. To put everything into a big-picture perspective, let's talk about 
eukaryotic regulation in a package of categories.
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As we get older, our expression of DNA methyltransferase and histone de-acetylase 
goes up. That increased methylation and decteased acetylation actually impacts 
mutations and may alter aging-related diseases like pancreatic cancer.48 This makes 
understanding eukaryotic gene expression incredibly important. As you know, all our 
cells have identical genetics, but they can differentiate by shutting off certain genes and 
activating others. The ability to control that differentiation and multiplication plays roles 
in cancer, Alzheimer's, and many, many other diseases. Let's go over how those 
enzymes affect our gene expression.

Unlike prokaryotes, eukaryotes like us have multi-level regulation, not just via 
promoters and operons during transcription. We can regulate genes at transcription, 
translation, and before and after, while prokaryotic regulation primarily occurs during 
transcription. We can control epigenetically, before transcription, regulate during 
transcription, after transcription, during translation, and after translation. During each 
step we've talked about, from transcription through translation up to now, we've talked 
about regulation, but there are a few more regulatory things we need to mention. 

Epigenetic alteration works via changing the structure of the DNA. This is what 
happens when you compact your DNA around histones or control its heterochromatin or
euchromatin state. You can also run covalent modifications like acetylation of your 
histones or methylation of DNA bases. These kind of alterations don't obey an alteration
in the sequence of the DNA, but they are inherited. 

• Acetylation—These covalent modifications can affect your compactation or 
descompactation of your DNA. We do these modifications to lysines. HAT 
(histone acetyl transferase) adds acetyl groups to the ends of NH3 groups (like 
Lysine). This makes the histone not positively-charged anymore! And the 
histone's positive charge was what held it to the DNA. So now chromatin 
decompacts and activates (like this song: youtube.com/watch?v=sb3oW9a19kQ).
If you take the acetyl groups back off, you're inactivating the DNA again, because
the histones have more positive charge again. Histone deacetylase does that. 
HDAC goes up in age. So basically a number of our genes decrease in 
expression as we age. The most acetyl-able histones are H3, H4, 1A, and 2B. 
◦ Thyroid hormones work by increasing transcription of genes by driving up 

acetylation!
▪ They enter the nucleus, bind to RXR and TR receptors
▪ ARN polymerase, a coactivator, and CBP P300 make a complex to help
▪ Drive up HAT, down HDAC==> Yay make proteins!

◦ Glucocorticoid hormone works by decreasing gene transcription by driving 

48 Zhang JJ, et al. “Association of increased DNA methyltransferase expression with carcinogenesis and poor 
prognosis in pancreatic ductal adenocarcinoma.” 2012 Feb;14(2):116-24. doi: 10.1007/s12094-012-0770-x. Clin 
Transl Oncol.  http://www.ncbi.nlm.nih.gov/pubmed/22301400 
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down acetylation!
▪ It binds to a protein called RG, and then that little blob binds to a CBP 

P300 and HAT complex
▪ Now HAT doesn't do acetylate, so more deacetylation than acetylation 

happens, which means==> Yay don't make proteins!
• Methylation can occur to the C2 of a cytosine on a CpG island (a place where 

there is a G, also). Methylation inactivates genes. If you don't methylate the CpG 
island you just go ahead and the polymerase runs along the island transcribing 
stuff. But if you methylate the CpG island you call a whole bunch of 
methylcytosine binding proteins to stick all over the gene, and now the 
polymerase can't stick there anymore, and won't work there. Remember, 
euchromatin—the stuff we can transcribe—isn't histone-less, we just unwrap it 
from the histone a bit while we're using it.
◦ We need a balance. Throwing off that balance can result in hyper or 

hypomethylation. In cancer, we often see a hypermethylation of CpG islands 
of anti-cancer genes, which seems to have tumor suppressor abilities. So 
you're suppressing the tumor suppressors.

◦ Atherosclerosis and neural tube defects are also affected by poor 
methylation.

Other modifications of histones include methylations not just of the histone or modifying 
the lysines but hitting arginines and all kinds of other things. We also see ubiquitization 
of regions of genes. 

Cancers can happen when your cell decides to turn off anti-cancer genes by 
methylating them. Epigenetic therapy could include giving a patient HDAC or HMT or 
DNMT inhibitors, depending on the effect we want, to let us turn back on the tumor 
suppressors. We're still running tests for these therapies in animals, and it's tough 
because these enzymes come in different classes for each family, and with their broad-
ranged effects we're not sure how to manage them yet.

Transcriptional regulation

Most transcriptional regulation focuses on initiators and operons and stuff like we've 
talked about. This is really our primary regulation. We divide regulation into cis and trans
regulators. Cis means the regulator's part of the chain where the gene lives, so like a 
promoter or enhancer living upstream.49 Trans means it's from somewhere else, like 
proteins that regulate how the polymerase sticks to the DNA—general transcription 
factors that are working there in the nucleus but not part of the original chain. HMGI is 
an example of a protein that changes polymerase's zinc fingers' ability to bind to DNA.

49 Find more on these guys at Richard J. et al. Nature reviews Molecular cell biology 11, 113-127 (2010)
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Post-transcriptional regulation is all that RNA editing we talked about earlier. (Page 
FIXAL)

For example, Calcitonin's a 32-aa thyroid hormone that regulates phosphorus and 
makes calcium levels in the blood go down by telling osteoclasts to stop eating so much
bone (Page FIXAL). CGRP, or calcitonin-gene-related-peptide, is a 37-aa pain-
transmission vasodilator that works with headaches in your brain. Alternative splicing 
makes totally different proteins. That's post-transcriptional regulation!

During translation—See page FIXAL.

Sometimes, creatures have the same RNA floatin' around in fertilized and unfertilized 
eggs, and they don't make new RNA when the egg gets fertilized. Even though they 
don't make new RNA, though, after fertilization protein synthesis goes through the roof! 
It was so slow before—how is that? We think it's because you regulate translation and 
change how it's happening, and that makes more proteins get formed.

Severe lack of nutrition, hyperosmolarity, shock, or viral infection drive translation down 
by changing initiation factors. Phosphorylation activates initiation factors so they can 
help the 40S ribosome subunit bind to the DNA. Stress deactivates proteinkinases that 
phosphorylate the initiation factors. 

Post-translational modification—See page FIXAL.
Just remember that each modification prefers certain bases. Sulfation prefers tyrosines, 
methylation happens to things with nitrogens (lysine and arginine) and some oxygens. 
Glycine, Alanine, Serine, and Threonine like to be acetylated. 

Sp1 sounds important—sumo-ilation? FIXAL

Mutations and Mutagenesis

A mutation isn't the same thing as damage to the DNA: it's something that's inherited. 
For a mutation to be a mutation, it has to stay through a round of replication and mitosis 
and beyond, forever, so it can pass itself on, a permanent change to DNA structure. 
These are extremely, extremely rare: even species adaptation primarily works based on 
genes we already have, without mutation, with only the occasional mutation occurring to
accelerate change--usually in deleterious ways.

This stability depends partly on the nature of DNA polymerase. In E. coli, DNA 
polymerase III is so strict that not only will it avoid mutations, but about 10% of correct 
nucleotides get removed, and in us, several proofreading enzymes go over our DNA to 
make sure we haven't erred. Despite DNA pol's high processivity, it's got an initial error 
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rate of 1/10,000, but only 1/1000 of those errors stay, and of those 99.9% get corrected 
later by other mechanisms. Out of those errors, most of them are somatic, and don't get 
passed on, and only 3% of the DNA codes for genes anyway. The redundant 
translations of codons to amino acids and tRNA wobble further reduces the impact of 
mutations. I know in high school evolutionary biology they made it sound like this stuff's 
happening all the time, but as you can see now, it's almost impossible for a mutation to 
work positively for a species, because as the entire last block of genetic disease shows,
the mutations that do get through hurt us. They do not magically turn us into a more 
powerful species of superhumans.50

Types of mutations:
• Points (most common): 

◦ Transitions: Pur-->Pur, Pyr-->Pyr
◦ Transversions: Pur-->Pyrimidine, vice versa
◦ Tautomerism: your bases can switch from keto to enol (alcohol) form in their 

natural environment, and if that happens at the moment of replication, it might
cause the polymerase to make a mistake or mispair.

◦ Point mutations cause SNPs, single nucleotide polymorphisms, where we 
differ from each other within a species, and in most cases they do nothing, 
but in some they make us predisposed to disease.

◦ These only have effect if they fall in very important spots, like stop codons or 
promoters.

• Deletions: 
◦ If you don't delete a multiple of 3, you'll get a frameshift mutation, where all or 

most of the AAs after the deletion will read wrong.
◦ If you delete a multiple of 3, you can still read the other AAs (they're not 

changed) and you'll still have the same protein mostly.
• Insertion:

◦ Frame shift happens if you don't insert a multiple of 3.
• Make non-sense codons:

◦ Somehow you put a stop codon where you shouldn't have. Could be point or 
insertion mutation.

◦ Can be overridden by a suppressor mutation.
▪ Example of suppressor mutation: you make a tRNA that ignores stop 

50 Remember, also, that any beneficial mutation will only prove so over the course of generations--that's 
why HIV can mutate so fast. It's got tons and tons of generations going on in your body, so plenty of 
“time,” relatively, to change and survive, and with the high mutagenic pressure in your body (your body is 
mean and trying to kill HIV all the time) weak HIV dies fast, leaving only the strongest mutations around. 
Yet it always remains a virus, never anything else, despite generations and generations. Your species, on 
the other hand, will not breed at that rate, and will not evolve as quickly. Even if you did, it's doubtful your 
species would ever evolve into another.
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codons. So it will keep making the protein, despite the incorrect stop 
codon, and you'll survive.

What kind of things poison us and trigger mutation?
Chemical mutagens:

• Base analogs: things that look like bases, and get put into our DNA by 
polymerase when it's building replication. On top of being wrong, they also make 
our future replication more error prone
◦ 5-Bromo Uracil and 2 amino purine

• Alkylating agents
◦ This happens about 10,000 times per day. We have mechanisms to de-

alkylate our stuff, cuz we don't like that.
◦ Dimethyl sulfate, dimethyl nitrosamine, and nitrogen mustard do this
◦ Benzopyrene in cigarette smoke and flamed meats, after getting oxidized can 

attach itself to guanine. It's an important mutagen, but not by itself. It needs to
get into epoxide form via oxidation. Cytochrome P4-70 oxidizes it, and that's 
part of our body! A lot of mutagens need our body to become mutagens.
▪ Anti-oxidants keep our bodies from oxidizing things like that, (yay!) but in 

very high concentrations some of them have a pro-oxygen effect. = (
◦ Funny advice from Dr. Hernandez: If the substance is yellow, don't put it near 

your body. Yellow means nitrogens, nitrogens means reactive and maybe 
alkylating. That's why you pee yellow out!

• Deaminating substances
◦ 100 deaminations happen to us PER CELL daily. DANG that's a lot.
◦ This includes nitrous acid, which turns cytosine into uracil, which as you know

we deal with easily by keeping uracil only in RNA.
• Methylating reagents
• Intercalating molecules

◦ Flat aromatic molecules insert between two bases and make them stack 
wrong, lengthening the DNA. While these intercalating molecules won't get 
read as bases, they will confuse the polymerase so it'll end up inserting or 
deleting a ton of stuff.
▪ Ethidium bromide and acridine orange

Cancer comes 10-30% from heredity and 70-90% from our environment, from 
epigenetic alterations and mutations, with the immense majority coming from mutation. 
Tobacco, cigarettes, occupational hazards, and diet make up the majority of cancer risk,
and that's all chemical mutagenesis. In addition, anything you do to your body that 
increases mitosis increases the opportunity for mutations. 

So, in 1958, to protect us from chemical mutations the government passed a resolution 
that included something called “The Delaney Clause,” which automatically suggests a 
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ban for everything that causes mutations in animals. From that date up to 1986 only 9 
chemicals were banned, and while it's been a helpful basis for legal action against 
abuse and occupational hazards, some folks argue that it's outlived its usefulness. After 
all, almost everything useful in our bodies has traces of mutagens we couldn't detect 
back in 1958, and when we do test mutagens on animals we often use ridiculously high 
levels of the chemical. So that's a debate we're still having: what's an effective way to 
avoid dangerous chemicals without banning useful materials, and to what extent will 
regulation happen on the government level? In the meantime, the GRAS (generally 
recognized as safe) list has all the chemicals that, before 1958, we thought safe.

But other things can trigger mutations in your patients.

Physical mutagens
• UV radiation crosslinks thymine dimers into cyclobutanes. It also makes them 

form a link called the 6-4 photo product (between the 6 carbon of one base and 4
carbon of another). It doesn't penetrate very far into your body (but as we'll see 
later, penetration's not necessarily proportional to danger). UV radiation ranges 
from 200 to 400 nm, but only UV rays of 260 nm will hurt your DNA.

• Ionizing radiation
◦ X-rays really aren't good for your patients. I've had dentists try to radiate little 

kids over and over and over again every single check-up because they don't 
believe this, but please only do an X-ray on your patient if they absolutely 
need it. These produce free radicals by taking an electron from your 
molecules so they bounce around and cause DNA strand break.
▪ One whole mouth X-ray produces 1 rem, 1 chest X-ray produces 22mrem,

and an abdominal X-ray produces 0.5 rem. After about 50 rem you start 
seeing possible effects, so while one little X-ray won't hurt, cumulative 
dental X-rays WILL TURN YOU INTO WONDERWOMAN
• No, but seriously. Back off, dentists.

◦ Alpha radiation: 2 protons and 2 neutrons
◦ Beta radiation: electrons
◦ Gamma radiation: electromagnetic wave. Penetrates further than the other 

two. Turns you into the Hulk.
◦ LED: Linear energy deposition. If you're a wave (or a PC gamer), this is like 

your headshot count or kill meter. This measures how many hits you've 
landed on your DNA per the distance you've travelled. High LED means all 
energy gets dropped and shot immediately when you enter the skin or body—
that wave's just going crazy shooting everything! That's why penetration's not 
proportional to danger.

◦ Radiation exposure and danger depends very much on location. In the 
Appalachian mountains, for example, we've linked the radon in the earth to an
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incidence of lung cancer.
So, on the one hand, exposures to radiation have doubled through human activity: our 
average exposure is 230 mrem, with 130 mrem natural and 100 mrem man-made. On 
the other hand, we're a bit irrational with our fear of everything radiation. We get about 
100 mrem/year from the sky and the rocks, and there isn't much we can do about that. 
0.1 rad of radiation, according to the National Council on Radiation Protection, causes 
about 2 alterations (not mutations, more general than that) per cell, but normally, per 
cell, we suffer about 70 million alterations per cell just because of our metabolism. So 
we should fear our food more than we fear radiation. Ionizing radiation causes about 1%
of all cancers and 6% of genetic mutations, and Dr. Hernandez even quoted a radiation 
expert who thinks we need more radiation for our health.51 While that may not be the 
standard belief, it's important to find a careful balance between a very real and justified 
fear, and an irrational distraction from more important health concerns.

Biological entities causing mutation
• Insertion sequences
• Retroviruses (retroposons, which can be LINEs—long jumping sequences--or 

SINEs—small jumping sequences)
• Transposons make up 1/3 of the genome, but even though they're jumping all 

around they're only 0.2% of our mutations. We methylate them and bury them in 
our heterochromatin so they can't jump so much.
◦ The abl oncogene is a jumping gene. It's translocated in myelogenous 

leukemia. (But you need at least 2 mutations in the same cell to start cancer)
• Trinucleotide repeats—get polymerase to form loops. If the polymerase makes a 

mistake, and repeats them an extra time, you can get mutations. Huntington's 
disease comes from a triplet repeated too many times. Huntington's is when 
between about 35 and 55 your brain starts deteriorating because the protein 
affected is trying to do extra jobs it shouldn't. The patient goes through a slow 
dementia, twitching a lot, and finally dies. = (

As the law is now, victims of occupational hazard-produced cancer don't have to prove 
that their workplace caused cancer. What do I mean by this? The burden of proof isn't 
on the victim, because we know based on the kind of cancer they have where it would 
have come from. We can also quickly test for mutations now via the Ames Test, which 
checks for substances that will revert a mutant strain of Salmonella. This kind of 
Salmonella can't make histidine, but if it runs into a mutation that histidine-death-gene 
will shut off, and the Salmonella will survive. So you put this Salmonella with the test 
compound and check if it lives or not. If it lives, you've got a mutagen on your hands. 
You'll always see at least a few colonies of bacteria, even if you don't have a mutagen 

51 Our Radiation Protection Policy Is A Hazard To Public Health. 1997. Theodore Rockwell in The Scientist, March 3, 1997, p. 9 
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on your hands, because bacteria will mutate on their own, but the plate that's got TONS 
AND TONS of mutated bacteria on it tells you where your mutagen is. This test has no 
baseline for safety—it tells you there's a mutagen, but doesn't tell you about whether or 
not that mutagen will hurt you and in what concentrations. Ames is one of the opponents
of the Delaney Cause, just because he doesn't believe it's effective.

Single Gene Disorders

So those mutations we're talking about—what kind of diseases do they cause?

First, mutations caused by individual mutant genes—which can be present in one 
chromosome or both—take the name single-gene disorders. These include 
mitochondrial disorders, and they can be autosomal dominant, recessive, or X-linked. 
Single gene or Mendelian disorders cause about 6-8 percent of cases of childhood 
hospitalizations, but they're only about 0.36 percent of live births. So...you probably 
don't need to know them.

Okay, that's not true. Seriously, that one patient out of your three hundred and so who 
ends up having something like this? The fact that you can recognize it and maybe do 
something with it instead of treating it just like a stigma—that will matter. So for that one 
patient, know this stuff.

To track single gene disorders we construct family trees in pedigree analysis. Now, a 
pedigree isn't for finding someone to blame--”who caused the child's disease”--but for 
tracing how the mutation's passed on (whether or not the disorder's X-linked and such) 
so we can warn carriers who still have the mutation. How do you read a pedigree?

• A square is male
• A circle is female
• A diamond is someone whose gender we don't know (the family doesn't 

remember if that relative, way far back, was Grandma or Grandpa)
• A number in the middle of the circle or square is shorthand for how many of that 

gender child the parents had
• A filled-in shape means they're affected by the trait
• A line in the middle means they may or may not have the trait, and they're a 

carrier
• A circle in the middle means they are just a carrier, with none of that trait
• A diagonal line across the person means they're dead; a diagonal line across a 

tiny shape means they were a stillbirth. = (
• Lines between shapes mean relation; one horizontal line means marriage, two 

horizontal lines means these people were married and also consanguineous, or 
related by blood somehow (incestuous relationships or relationships between 
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closely-related people strongly influence genetic disorders).
• A triangle around two twins means they're monozygotic, while a triangle without 

the base (so just an angle, I guess) means they're dizygotic

Factors affecting pedigree:
• Incomplete dominance—you still have the trait or disease if you are 

heterozygous, but it's not the same as it would have been if you were 
homozygous.

• Codominance—Sickle Cell Trait—think striped flowers, where both traits show 
from both allelles

• Haploinsufficiency—you lose protein activity because of transcription factors
• Dominant negative effect—common in collagen disorders, where even if you get 

just one bad allele you'll have the bad protein
• Simple gain of function—Huntington's Disease, where proteins do extra things 

you don't want them to. “No, no that's fine, just do your job please”
• Age of onset—this determines the difference between congenital and genetic 

defects. Congenital means the disease came from the womb or some fetal 
condition, and the child cannot pass it on. You know what genetic means.

• Contiguous gene syndromes—2 or more genes next to each-other on the same 
chromosome cause the disorder.

• Gender
• Penetrance—how far the genetic disorder affects the patient. We have times 

when the disorder will only get into one body part or two, rather than affecting the
child throughout. 

• “Variable expression” means folks with the same genotype can have different 
severities of phenotype, either because of other editing or genetic processing in 
their bodies or because of lifestyle stuff. 

Sometimes mutated genes at different chromosome locations can cause the same 
clinical disease. This happens in kinds of Ehlers Danlos. That's called locus 
heterogeneity. Allelic heterogeneity happens when different mutations at the same 
locus (different alleles, same location) can cause the same disease. 

Phenylketouria—This is an autosomal recessive disease where you don't metabolize 
phenylalanine right, so you excrete it in your urine while it damages your brain, causing 
really bad mental retardation. The enzyme phenylalanine hydroxylase got its amino acid
swapped at position 408 (or 451) because of a mutation in Chromosome 12. 1/12,000 
newborns has this, so it's common enough that it's tested for a lot.

Sickle Cell Anemia—This is another autosomal recessive disease, which most often 
hits folks with ancestors from the tropics or Mediterranean, because sickle cells actually 
protect against malaria. So the allele got conserved and passed on through 
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generations, because having cells that malaria can't live in is more important than 
having perfect blood delivery and avoiding nasty blood clots: malaria's a lot more likely 
to kill you. 1/675 African-Americans have this. We've talked about the amino-acid 
substitution already on page FIXAL that makes HbS.

Cystic Fibrosis—see page FIXAL and FIXAL and FIXAL, we've talked about this so 
much. This is the most frequent autosomal recessive disease, with 1/2000 live births, 
mostly Caucasians.

Bardet-Biedl Syndrome may give kids more than five fingers or toes.

Neurofibromatosis is a really variable disease, where some folks just have a few 
spots, and others are covered with giant neurofibromas and lesion that are really awful. 
Really variable expression usually comes with dominant disease, where you're 
heterozygous and still have the disease because the allele’s dominant. We diagnose 
this if you have 

• at least six or more coffee-with-milk-colored spots bigger than 5mm in diameter 
(15 mm if you're past puberty). They can manifest as freckles in your armpits or 
groin.

• Two or more neurofibromas 
• Two or more Lisch nodules. Lisch nodules are these really dark brown dots that'll 

appear on the surface of your iris. It means melanocytes are goin' crazy.
• Eye-tumors (optic gliomas)
• Bone problems
• A relative with neurofibromatosis from your nuclear family.

So X-linked things. The idea that you inactivate one of your Xs if you're a woman is 
called the Lyon Hypothesis. The choice of which X to use happens really early in 
embryo, and it's permanent afterwards. I still think it would be super-awesome to 
choose between the Xs! Anyway, inactivation isn't 100 percent complete, and there are 
some segments that might still get translated or expressed, which can lead to 
mosaicism of traits. Remember, X-linked recessive means the disorder passes from a 
father to his daughters as carriers and then to his grandsons as actually affected 
patients. X-linked dominant means girls will be affected too, just usually not as severely 
since we have two Xs. Muscular dystrophy is X-linked recessive.

Hypophosphatemic Rickets
In this X-linked dominant disease renal tubes don't respond to PTH, which makes you 
pee out too much phosphate. These kids get bowed legs and shorter stature because of
lack of phosphate for their bone structure.

Fragile X Syndrome
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These kids get language and developmental delays. Some folks say they've got big 
foreheads and prominent jaws with a long face and large ears, and I guess that can be 
a helpful clinical sign, but when I look at pictures they really don't all look the same. 
They also present with large genitalia because the protein that's affected is both in the 
brain and in the genitalia. What happened was CGG repeats got mistranscribed—the 
polymerase slipped and reads these repeats over and over and over in a parent's X 
chromosome. These slips are often down-regulated in women, but unaffected carriers 
will make more of these repeats, which is a pretty bad sign for their kids. They're 
passing on an even worse gene than they inherited because the gene segment is so 
slippery with repeats. It's almost a threshold: if you've got more than a certain number of
CGG repeats on this gene, you'll be affected. If you don't, you may be okay, even if 
you're male. Fathers do not add as many repeats as female carriers do, but again, men 
only have one X, so once you reach the threshold of repeats a grandson will definitely 
have the syndrome, while a daughter, who has two X chromosomes, might not be so 
severely impacted. Remember, father's can't pass this to their sons.

Myotonic Dystrophy
Also autosomal dominant. Presents with an “expressionless” face, and usually clinical 
manifestations harm the boys more than the girls.

Incontinentia Pigmenti
Normally, boys die while the girls live--this disorder's X-linked with male death. But all 
genetic disorders present with variation, and Dr. Carlo's seen a boy who had the 
disorder but somehow survived with only a little oddly-colored mark to show for it. 
Usually you have hyperpigmented makres all over, your teeth don't develop or you have
cone-shaped teeth, you may be born without eyes or your retina will detach and you 
have cataracts, and finally you have neurologic seizures.

Urea Cycle Disorder
X-linked hyperammonemia. You've got developmental delays and problems processing 
urea (page FIXAL) because of ornithine transcarbamylase.

Dyschondrosteosis
Disproportionate dwarfism with Madelung deformities. Parents pass this on via 
pseudoautosomal inheritance, which means the disorder behaves X-linked at first, 
but then fathers can pass it to sons, too. That's because the allele swaps between X 
and Y chromosomes.

Osteogenesis Imperfecta is a germline mosaic disorder, which means it's not strict 
“Does your parent have this allele to give you or not.” The parent had some normal 
cells, and a patch of mutant cells in their gonads (so they're not somatically affected, 
and the mutation may have started with them). This is how someone can have kids who
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are autosomal dominant for something that doesn't affect the parent.

Beckwith-Wiedemann Syndrome
These folks have low blood sugar, larger tongues (macroglossia), and large bodies for 
their age (macrosomia). This is a disomy for just a part of chromosome 11p15 (instead 
of a disomy of the whole chromosome!). They may have interesting wrinkles under their 
ears.

Achondroplasia
This is the short-limb dwarfism you're accustomed to seeing. It's autosomal 

dominant, with alterations in the FGFR-3 gene on chromosome 4. Folks with 
achondroplasia sometimes have to worry about spinal cord compression or 
hydrocephalus, but usually the only problem is weak musculature (hypotonia) and a 
tougher motor progress during development. Nevertheless, a 1990 study by psychiatrist
Dr. Dorothy Wertz from the Eunice Shrice Kennedy Center found that out of 2000 
people, among genetics professionals 57 percent would choose abortion if they 
discovered dwarfism in a child, with 29 percent of physicians and 24 percent of patients 
agreeing. Dr. Carlo says that stigma's changed a lot due to work of advocacy groups 
like Little People for America, but unfortunately, even into the 1990s we saw 
discrimination and fear of dwarfism—as if a little person's less valuable than a tall one.

That leads me to a bit of a concern. 
Okay, actually, a serious concern. As we go through this disease list, I'm 

extremely afraid we'll start looking at people as pre-determined packages of disorders 
rather than as human beings. I worry this because we had a conversation in class today
about aborting kids, not for the mother's health or safety, but because the child has a 
non-fatal disorder and therefore inherently deserves to die. This isn't about whether or 
not the fetus is a child or anything like that—that's a debate for another day—it's about 
the fascist philosophy that regards a child with Down Syndrome or dwarfism as 
somehow not worth having like a “normal” child. So maybe the word fascist's offensive. 
But I've got two siblings with genetically-influenced or inherited neurological disorders, 
and several friends along those lines, and honestly I can't say their lives matter less 
than the lives of hundreds of perfectly “developed” people who waste away in front of 
the TV, delaying their dreams until they never make a difference in the world beyond 
buying a house and a dog and making babies and finally feeding worms. 

If you think your life matters more than someone else's, I'd invite you to look up 
the Achievements of People with Down Syndrome, and maybe watch a documentary or 
two about amazing folks with genetic disorders who've influenced our world for the 
better. Let me remind you that none of our great dictators and mass murderers like 
Hitler, Stalin, Mao, or Idi Amin presented with genetic disorders—they all presented 
normal, functional phenotypes, the kind some people would choose above my little 
sister. Racism, sexism, and discrimination against folks with disabilities come from the 
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same root—an idea that someone matters more than someone else—and society 
cannot afford to have doctors who promote any anti-human “isms.” If you can't have 
compassion and respect for folks with chronic handicaps—and if you really believe sick 
people's lives lack value—why are you a doctor in the first place? It's not really your 
decision whether or not someone's life matters: it's theirs to decide to make it matter. 

DNA Repair Mechanisms

My teacher recommends 
• An Introduction to Genetic Analysis. 7th Edition. NCBI Bookshelf ID: NBK22004

We believe high levels of mutations lead to high levels of cancer. That's one of the 
many, many reasons your body works so hard to avoid mutations, and one of the 
reasons anti-oxidants improve health. A lab animal under high oxidative stress urinates 
a high level of oxidized nucleotides, indicating a high level of DNA repair—showing you 
that the more oxidative stress you've got, the more the body wants to fix stuff, to avoid 
problems. Anti-oxidants help prevent DNA damage, thereby preventing the root of 
cancer—mutations and errors in DNA.

So, we've got four types of DNA repair we've mentioned before. We'll go into detail with 
them now:

Mismatch repair
• When two strands don't match, how do you know which strand was right? In E. 

Coli, Dam methylase runs around methylating everything. The old, original, 
correct strand of DNA was methylated on all its GA(M)TC sequences. Now, the 
new strand hasn't had time to get methylated, so the repair mechanism looks and
recognizes, “hey, that strand's methylated, that must be the original one, since 
we just made this one.”

• The repair complex includes MutS, Mut L, and Mut H. MutS binds the 
mismatched base pairs. MutH binds GA(M)TC methylated sequences on the 
other strand, the correct strand, to kind of “read” the correct pair. MutL kind of 
connects them together. This results in a bending of the whole two strands—
they're kind of held together like a paperclip—while MutH cuts the incorrect 
strand right after the G. So MutH is holding on to the old strand at GA(M)TC, and 
it cuts the new strand right there, acting like an endonuclease, cutting away 
everything up to the point MutS indicates. Then they put everything in brand new.

• Why take out so many bases when you've just got one mismatch? Just in case.
• The colorectal cancer we get without polyps happens because our human 

versions of mutL and mutS don't work. We can't fix our mismatch errors.
Base-excision repair

• This is for if you've got a base that's broken, not mis-matched.
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• If your nitrogen base has got deaminated, that's broken. So DNA glycosylases 

will take the broken base out by cutting its glycosyl bonds. Each one recognizes 
a particular base.

• Then there's a hole called an AP site. 
• AP sites happen also over time just because the water starts dissolving the DNA 

glycosyl bonds.
• AP nuclease looks for AP sites and then cuts out the phosphate backbone next 

to it so the hole is big enough for DNA polymerase to come put new bases back 
in.

• Then DNA ligase fixes any nicks left.
Nucleotide-excision repair

• This is for distortions that bend the helix or something—like when two 
neighboring bases bind to each other rather than to their pairs across the street 
on the other strand.

• ABC exinuclease cuts around the distortion eight nucleotides below it (towards 
the 5') and four nucleotides above it (towards the 3').

• DNA polymerase 1 and ligase fill in the big hole.
• ABC exinuclease has three subunits, uvrA, uvrB, and uvrC.
• In mammals, before putting exinuclease to work, you detect the damage with 

XPC-HR23B and R23B, which call TFIH, which calls XPB and XPD to double-
check. They unwind the helix using ATP and then find out where the error is 
before getting proteins to make the cuts you need.

• Redundant. Our cells have many ways of repairing DNA, not just the simple ones
we learn for bacteria. We have mechanisms for repair, and if the first one won't 
catch an error, we've got other mechanisms.

• Xeroderma pigmentosa happens when your nucleotide excision repair doesn't 
work. We've got about 8 problematic genes identified, and not all of them are 
involved in the excision repair mechanism, but many of them are. In this disease,
you're super-sensitive to the light, and you get skin lesions and skin cancer.

• “The Others” is a movie about folks with Xeroderma, who have to live in a super-
dark house. In the end there's a featurette that you can watch about it. It's a very 
dramatic disease: the moment you take a picture of the baby or otherwise put 
them in the light of the sun, they turn bright red and begin to scream. 
Unfortunately, because there are so few of these kinds of folks, it's really hard to 
find support groups. But every now and then, in the night-time, an amusement 
park will open so these kids can enjoy themselves like anyone else.

Direct repair
• Here you don't take out bases or nucleotides.
• When you run experiments on this, they have to happen in the dark. Why? 

Because the DNA uses light to repair nucleotides. The enzymes that do this are 
called:
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• DNA photolyases. These bind to T:T dimers (cyclobutane pyrimidine dimers) 
and absorb light between the 300 and 500 nm wavelengths. Then, with that burst
of power, the photolyases break the dimers. That's great, because those dimers 
are the most common kind of DNA damage! Photolyases use FADH2 and Folate 
(chromophores) to help them do this. All life forms and all cell types have this, 
even though we don't always use it (since not all our body parts see the light, 
like, ever).

• O6-Methylguanine DNA methyltransferase is a kind of non-light using direct 
repair that transfers a methyl group off a damaged DNA to a Cys amino acid. 
Then the methylgaunine transferase dies (so it's not really an enzyme). This is a 
pretty expensive reaction—think of all the energy to make and code that protein, 
which just discarded itself!

Error Prone Mechanisms: “Better mutated than dead,” says Hernandez
• Too much damage won't just be mutations—it will be in the way of polymerases, 

keeping them from being able to continue down the strand and do their job!
• After heavy, heavy damage you just try to stay alive. This is called your SOS 

response. 
• That heavy damage turns on RecA (remember, it sticks to single strand DNA and 

sees that bad stuff's going down)
• RecA activates LexA. LexA commits suicide. “It's gotten that bad, huh. Good-bye,

Rec—I'm outta here. I'm just slowing you down.” 
• LexA was a good soldier. He normally kept you from mutating by repressing in-a-

hurry genes. But he knows that now, with full-on war, he's slowing you down. “Go
on without me, Rec!”

• Once LexA dies, the SOS genes he repressed can express themselves. 
• Those SOS genes, umuC and umuD, start laying down bases at random so that 

at least the polymerase can continue copying things. At this fast rate, you're 
probably making a whole bunch of mutations. But at the very least your 
polymerases can work! All because of the sacrifice of LexA.

Transcription coupled repair
• Because you're using your transcribed DNA, you find mistakes and injury in it 

more easily. The RNA polymerase kinda pauses and says “hey dudes, we got a 
mistake here” and the stuff we talked about comes and fixes it.

• In many breast and ovarian cancers, this transcription-coupled-repair (TCR) is 
broken. Normally, BRCA1 helps RAD51 do TCR, but BRCA1 is mutated.

• Zinc finger means interaction with DNA. A zinc finger's a long peptide bend with 
one or two zinc molecules in the “tip” that fits nicely into one of the grooves in the
DNA strand. It's a zinc finger protein that BRCA1 makes to responde to DNA 
damage.

Apoptosis
• Worst comes to worst. 
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• Extreme DNA damage triggers the intrinsic pathway from the mitochondria, which

tells the cell to die. DNA cuts itself in specific sites—it's programmed cell death, a
planned explosion. If the DNA forms bands, you know it's apoptosis. If it's just a 
nebulous mess of broken crap, it's not apoptosis—the cell is being necrosed.

• What if the cell can't explode itself? Other cells can trigger the extrinsic pathway 
to help it die.

• Tumor suppressor p53 helps you decide to induce apoptosis. 
• Mitochondria, cytocrome C, caspases, and Bcl-2 all obey and make your cell 

explode.
• P53 is mutated in most cancers.

Double strand breaks
• Werner's syndrome is premature aging. It's caused by constant DNA damage. 

The overly-high DNA repair level makes lots of mutations happen (the more 
you're laying down DNA, the more likely you may make a mistake). 

• You can use recombination or end joining (when you stick broken strands back 
together by the ends) to fix double strand breaks. This kind of recombination 
uses two Holliday intermediates. 

• End-joining is a more common double-stranded repair mechanism in humans 
than recombination. But when you put the ends of the double strand back 
together, you may make a mistake. 

Molecular basis of Genetic Diseases

For this section, Dr. Dutil says you can try reading Thompson & Thompson, Genetics in 
Medicine, Nussbaum RL McInnes RR and Willard HF Seventh Edition, Saunders 
Elsevier Inc. 2007.

In genetics when things do go wrong, we want to know where they went wrong, and 
predict where they will go wrong in the future. But unfortunately, because of 
heterogeneity that's not always easy. Heterogeneity simply means that a lot of times the
same disease isn't caused by the same mutation. Biochemically, because the pathways 
working to keep us alive are so long and complex, it's possible to make mistakes at 
many different parts of the enzyme chains to shut down the same process. 

Allelic heterogeneity means we could have different mutations within the same gene 
locus that's causing our disease.

Locus heterogeneity means we have two different genes that can cause the same 
disease.

Phenotypic heterogeneity means we can have one gene mutation, but two different 
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phenotypes. That's heterogeneity in the clinical manifestation of the disease.

Mutations will have deeper effects depending on whether they're hurting a specialty or 
housekeeping protein. Housekeeping proteins run general functions in all our cells, 
while specialty proteins run particular functions on a few cells. To think about that 
experimentally, say we've run a northern blot to check how much a gene's expressed in 
given tissue (how much particular mRNA there is in each tissue). We would run bands 
of our particular mRNA sequence in a gel for a bunch of columns, where each column 
represents a different tissue. A housekeeping protein like beta-actin would show bands 
across all kinds of tissue, since it's something you need everywhere, while a specialty 
protein like the PSAT in your testes will only show bands in the columns related to the 
tissues where they live. Depending on the housekeeping mutation you've got, you could
actually be okay with a mutation in your housekeeping genes. What, why? Well, your 
body knows it REALLY needs those housekeeping proteins, so it's got redundant genes 
and redundant proteins to do their job. For example, we've got Casphase genes that 
help trigger apoptosis in our cells, and if you get a mutation in Casphase 12 you won't 
have any disease, since this is such an important function that we've got multiple genes 
taking care of this.

Because it's so hard to predict protein folding, it's super-hard to predict whether or not a 
sense mutation or single-base-pair swap will hurt you. Mutations that cause hereditary
breast cancers occur in about 2 genes that give you up to 80 percent chance of breast 
cancers and up to 40 percent of ovarian cancers. We know that in exon 6, if we insert 
some bases, it's clinically important. We know that a T to A change turns Leucine into a 
Stop, and that's bad. But there are a whole bunch of other base changes that we have 
no idea whether or not they affect your function. Is it bad if you change histidine to 
tyrosine? Is that histidine important or not? How differently will the protein fold? We 
don't know.

We do know that mutations in a promoter will probably change how much transcript you 
make, mutations in introns can break your splicing, and mutations in that UTR 
(untranslated region) before the AUG can affect translation. Other mutations might 
change bases that you needed to stick post-translational modifications to. So when 
you're studying a disease, you need to know the step of the protein-making process 
when things went wrong, and you also need to know which functional part of the 
protein's affected. Is it an enzymatic active site? Receptor? Structural stuff?

Mutations in dominant alleles can be either gain of function disorders—where your 
protein's doing more work than you want it to do--or loss of function disorders—
where your protein can't do the work it needs to do. Recessive diseases usually only 
represent loss of function, just because if you have one allele that's still working you 
won't really have the disease, and that's basically the criteria for a recessive allele: it 
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doesn't do anything if the dominant one's around, and it's gotta be homozygous to really
take effect. However, a dominant allele mutation can also produce loss of function via 
the dominant-negative effect, which means that if you have four genes working 
together in a protein, and one of those genes is affected, that gene will now mess up the
work of all the other genes. 

If you need a lot of a given protein, or a protein for which the quantity of that protein is 
important, than losing one allele is going to be very catastrophic, and that's going to be 
passed on dominantly. If it's one where you need just a little of it, then that's going to be 
a recessive phenotype. Haploinsufficiency happens when 50 percent of the normal 
product is not enough for a normal phenotype, and that's the only time when your loss 
of function is dominant—you really, REALLY need both alleles you get from your 
parents to be perfect, or any mutation in one of them will result in loss of function.

Cystic Fibrosis 

You already know much of the clinical significance of this: these babies will taste very 
salty when their parents kiss them, they're very very hungry, they suffer lots of weight 
loss and mucous build-up, and so on and so forth. An X-ray of an affected child will look 
like you've got webs growing in the lung area, and because of respiratory infections and 
so on these kids used to die during kindergarten. Growth failure happens partly because
mucous in the pancreatic duct stops pancreatic enzyme secretion, and so you don't get 
enough nutrition. About a fifth of new-borns with C have meconium ileus, where the 
colon's stiff and plugged up because of mucous.

It's prevalent in about 1/3,200 Americans (only 1/90,000 for Hawaiians, and 1/900 for an
Amish-like society in Canada, so way more prevalent in Caucasians). It's important 
when you're giving genetic counseling to a family that you take into account prevalence 
within that specific population and race, not over some worldwide average. Of course, 
when counseling you'd go beyond just general prevalence and use a Punnett Square 
and actual Mendelian calculations to see a known carrier's chance of having more 
children with CF.

Chromosome 7q31 has 190 base pairs, and it codes for CFTR channel. It's got 27 
exons. The CF mutation causes loss of function, as mentioned on page FIXAL. One 
interesting thing about the channel in the lungs is that we believe without the CFTR 
channel working to excrete Cl, you gain too much function of an ENaC channel that 
sucks up and absorbs all the sodium in the airway surfaces. This, combined with the 
lack of Cl being excreted, means not a lot of salt on the airway surfaces—and that 
means not a lot of water there, so the mucous isn't normal. 

So, mutations in CFTR are good predictors of the severity of pancreatic phenotype, but 
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poorly predict pulmonary phenotype. Why? Because even though CF is a single-gene 
disease, other genes will be trying to fight the severity in the lungs or other parts of the 
body, and depending on other mutations in other functions your body may regulate and 
modify the phenotype you get. There are folks who've got a CF-type phenotype but NO 
CFTR mutation. By just getting gain of function on the ENAC channel (without losing 
CFTR) you get a similar phenotype due to a totally different gene. That's locus 
heterogeneity—it's a genocopy, where you're kind of copying the CFTR mutation with a 
mutation in a different gene. As I said, it's way easier to predict the pancreatic 
phenotype: if you're homozygous for the delta508 mutation, chances are you have 
pancreatic failure.

Life expectancy for these patients is up to 30 or 40 years, but patients usually die from 
respiratory failure. You can help the lungs with antibiotics, physical therapy, exercise, 
medication to deal with obstructions and even lung transplants. You help the digestive 
system with vitamin supplements and pancreatic enzyme supplements. 

What about gene therapy? Well, gene therapy for this kind of disease lost popularity 
when a young guy Jessie Gelsinger had a metabolic disease, and the gene therapy 
killed his lungs. They didn't report monkeys that had died during the experiment, or 
patients who'd had bad side effects during the initial human trials, and so they gave this 
kid the gene therapy and he died. Still, they're working right now on something that 
might deliver new genes for CF patients, but they're having trouble getting something to 
penetrate the mucous in the airways.

If you're interested in more mendelian-type diseases, check the OMIM—online 
mendelian inheritance in man—database by NCBI! It's at 
http://www.ncbi.nlm.nih.gov/omim, if you have this thing in hardcopy. That's a great 
place to check if you're researching or just trying to understand something a patient's 
dealing with.

Hemoglobin Diseases

Humans, chickens, and turtles have a lot of similarity in our hemoglobin sequences, 
especially in the beta-chain, because hemoglobin is pretty great. It's software that 
works, so to speak, so pretty much everyone uses it. 

For the alpha chains, the genes you use live on chromosome 16 in the order in which 
they're going to be expressed in life—first, you have gamma chain, and then down 
stream towards 3' you've got a2, and then below that a1. That coincides nicely with the 
fact that you start using alpha2 at about 6 weeks of life. 

In beta's chromosome 11, you've got the embryonic epsilon, and then the fetal Gy and 
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Ay, and then later towards the 3' you've got the delta and beta types that adults express.
Transcription factors made by your liver, spleen, and bone marrow at different times 
during development help make the switch from one kind of hemoglobin to another.

You have two copies of alpha gene, alpha 1 and 2, per chromosome but only one copy 
of beta. Now remember, you also got two versions of this gene from your parents. This 
means from your parents you'll have four alpha genes and two beta genes. So if there's 
a mutation in one beta, you will effect changes in 50 percent of the beta chains you 
make. If there's a mutation in one alpha, you'll only have ¼ of your alpha proteins 
affected.

So there are pretty much three kinds of hemoglobinopathies we can get. Structural 
variants will change your polypeptide structure—the way the protein folds, so like sickle
cell anemia. Thalassemias will change how much globin molecule you have, or the rate
of synthesis, where we can have either missing or lower levels of beta or alpha 
subunits. Persistence of fetal hemoglobin happens if you're bad at switching from the 
fetal gene on-state to fetal gene off-state.

So, structural variants.

As mentioned on page FIXAL, sickle cell disease happens when you change glutamic 
acid to a valine, changing a hydrophilic amino acid for a hydrophobic amino acid, and 
making the deoxygenated form of hemoglobin tend to form stiff fibers. (It wants to hide 
that valine!) That will make your RBCs stiff and unable to change state, and kind of have
them be tied into that crescent shape because these weird fibers are pulling on them 
inside. It's sometimes classified as autosomal recessive, other times autosomal 
dominant. If you're homozygous for the mutation, you'll have the phenotype. Some 
people say that folks who are heterozygous may have a mild phenotype, or sickle cell 
trait, and that's why those people way it's autosomal dominant. Most of the time, they 
won't have that phenotype, not unless they're pushed to their limit, and what they have 
isn't really sickle cell disease, just a slight weakness. That's why Dr. Dutil calls it 
autosomal recessive. The mutated hemoglobin is called hemoglobin S.

Hemoglobin C happens when your beta chain amino acid 6 changes from that glutamic
acid to a lysine. That's changing an acidic AA to a basic AA. When this is oxygenated, it 
will tend to crystalize, but at least it's not making these big strong stiff fibers. 

A person who is compound heterozygous is someone who's affected by both 
hemoglobin S and hemoglobin C—two different mutations in the same gene. This 
person will be better off than someone who has both mutations in hemoglobin S, but still
have anemia. These are all gain of function mutations, since normally your hemoglobin 
doesn't form fibers or crystals.
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Unstable hemoglobin will make hemoglobin tend to precipitate out of solution, which 
makes it likely for you to get blood clots, and you've also got low oxygen affinity. That's 
the Hammersmith hemoglobin, where your phenylalanine on 42 turned into a serine.

Next, the thalassemias, where you're missing either an alpha or beta part of your 
hemoglobin. We may call these inclusions. If it's an alpha inclusion, it means you're 
missing beta chain—you replace the one you're missing with its opposite.

Homozygous alpha thalassemia can cause hydrops fetalis because your heart is 
working so hard. These children will die probably in utero or shortly after. where you 
have no alpha globins, only gamma. That's bart's hemoglobin. They have zero alpha 
chains. Taht's because their parents have one chromosome that has absolutely zero 
alpha, and one chromosome that does have enough alpha to keep the parents alive. 
These parents probably have at least 50 percent alpha-thalassemia.
HbH disease is what we call it where you're only making 25 percent of your alpha 
chains.

A gene makred with a psi marks a pseudo-gene. It could have been functional, but it's 
got small mutations that make it not expressed anymore. It's still there, but can't do 
anything. Your psi-alpha1 gene is really close to your normal alphas. Alpha-thalassemia 
happens with homologous crossover and gene deletion. You can end up missing 
locuses and keeping the pseudo-gene instead, and that's not cool. Because all the gene
copies are so close together, they can be switched out. Because you have two copies of
the alpha, your cells will sometimes do chrossover between chromosomes during 
mitosis. A messed-up crossover can mean deletion.

In beta thalassemisa wer'e not talking about whole gene mutations, because we don't 
have any cross over messes—you only have one copy of beta, so you're not going to do
homologous crossover during mitosis or meiosis. If two chromosomes end up next to 
each other, and exchange betas, it's not going to make any difference. It's like trading 
wheat for wheat in settlers of Catan. “Here, have my beta, I'll take yours.” The two sites 
are going to be the same. So usually here we're talking about small gene mutations. 
You can get it minor where you have only a few mutated alleles, and major where you 
have ltos of mutated alleles, and if you have beta plus you have different from beta 
minus. (?)
A promoter mutation will change your transcription level of the gene. A splicing after the 
promoter but still in the beginning mutation will change your cap site for RNA stability. 
You could get a nonsense codon and a stop, or you could get frame shift mutations. 
Our splicing machinery normally splices out our exons based on a donor site at intron 2 
at GT. The acceptor sequence is AG. If you've got a beta 0 mutation in your intron 
acceptor site, you will get no splicing from the mutant site, and so your splice thing will 
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machinery will look for the next best thing, a splice site similar to the original one, and 
we'll end up replicating from a different, non-normal beta gene. This person will not 
splice out the right exon at all and you'll get the Beta 0 mutation.

One mutation creates a new splicing acceptor site in your intron, so you still splice your 
normal message, but then you also create splicing from the new site your mutation 
created. Depending on how good that consensus acceptor site is—how close it is to the 
normal thing you're looking at, you will make that bad beta hemoglobin. Here we don't 
have a problem splicing our normal chain, so we're still making some of that, but we're 
also making some bad chain.
Thalassemias are really frequent around the Mediterranean Sea, in East Asia, and in 
lots of parts of Africa except for a bit blotch in northern africa. There's a lot of carrier 
screening there. If it's done in a way that people are free to choose these kinds of 
programs can lower thalassemia. You can't impose this—if these are imposed, and 
you're not allowed to have children because you're a carrier, that's obviously an asshole
thing to do.

More mutation diseases

5,000 of our genes make enzymes (22,000 make all the proteins we use, so that's a 
pretty decent chunk). Hyperphenylalanemia is an enzyme disease. Too much 
phenylalanine. The enzyme that turns phenylalanine into tyrosine has problems 
(phenylalanine hydroxylase or PAH isn't hydroxylating!) and you get hyper 
phenylalanine in the blood. That enzyme uses the cofactor BH4. Once it's used in the 
reaction it gets recycled by other enzymes. We have loss of function in that enzyme 
process or in genes required for the synthesis or recycling of the cofactor. Without 
tyrosine to help you make serotonin and other really important neurotransmitters you're 
in trouble, and you'll have mental retardation and microcephaly. You're lacking tyrosine, 
and you've got too much phenylalanine. This is autosomal recessive, so if you have one
good copy you're okay. We usually produce these enzymes in excess, to be safe, so it's 
easy to be okay.

Classic phenylketoneuria (PKU) happens if there's a PAH mutation directly. Same with 
variant PKU and non-PKU hyperphenylalanemia. Less severe is the last one of those 
three. BH4 mutations can be errors in recycling or synthesis. More than 1 MM of 
phenylalanine is disease.

We have several genes that will give us the same phenotype. BH4 recycling and 
synthesis and PAH problems will have the same phenotype but different genotype. This 
is locus heterogeneity.

There are also more than 400 different mutations in PAH worldwide (allelic 
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heterogeneity). So most PKU patients are compound heterozygotes.

In BH4 mutations are 1-3 percent of all hyperphenylalanemias. You need the BH4 
cofactor also to with other enzymes that do things to tyrosine to make 
neurotransmitters. So like to change tyrosine to L-dopa and stuff also in your serotonin 
pathawy and stuff like that you need BH4. 

these folks have to avoid proteins. They eat lots of low protein beds and pastas and 
vegetables and fruits and juices and stuff. Basically they gotta be vegetarians. 

To monitor them you have to check their level weekly until 1 year, twice monthly from 1-
12, twice weekly for pregnant women, monthly after 12 years. Consensus.nih.gov
As the child gets older the toxic effect of phenylalanine isn't such a big deal, that's 
mostly early on. Low phenylalanine diet until you get older. Patients who have PAH 
enzyme maybe be helped with BH4, and they may not need the restricted diet. They 
may need L-dopa and 5-hydroxytryptophan. 

First days of life are critical to avoiding mental retardation. Before 4 weeks of age you 
may prevent mental retardation completely. Systematic newborn screening is done 
widely less than 24 hours of age. This is pretty common 1/2900 so screening is good. If 
treatment is effective, and it's a common disease, we try to do newborn screening. You 
don't want to spend as much money screening something that you're not going to be 
able to treat anyway, not with limited resources anyway.

Allelic, clinical, and locus heterogeneity.

Inborn errors of metabolism—each error different enzymatic defect. It's a good book 
about enzymopathies.

These are almost always recessive, substracte accumulation or product deficiencies, 
you can have simultaneous loss of multiple enzymes because they share a common 
subuni they needed, and you can have pathological and clinical features shared by 
diseases if the defective enymes are in the same pathway (pathological homology)

Familial hypercholesteremia is a receptor protein disease.
Plasma cholesterol levels above 95th percentile. These aren't just folks with bad diet, 
these are folks that just have really weird extreme cholesterol build ups. They usually 
die prematurely of heart disease. You can see accumulation of cholesterol in their eyes 
(a white line called a corneal arcus around the colored part of the eye) and xanthomatas
of cholesterol deposited in the skin. This is 1/500, autosomal semi-dominant disease. 
Semi-dominant is not like co-dominant, where both share dominance and you'll express 
both traits like both white and red petals on a flower. This is like hving pink petals, 
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because one is dominant but can't completely win over the other. This is super-severe 
disease and if you have less copies of it (heterozygote) it's not as bad but if you're 
homozygous for hypercholesterolemia you'll get hurt. 

Mutations causing hypercholesterolemia are in your LDL receptor itself usually. Some of
them are in the Apoprotein B-100 that carries cholesterol around and binds to the 
receptor, and then sometimes an error in your PCSK9 that breaks down the LDL 
receptor, and then there's an ARH adaptor protein that clusters the LDL receptor in the 
coated pit. Without the LDL receptor cholesterol stays in circulation and isn't taken up by
the cell. If you don't surround your protein with apoprotein it won't bind either, and same 
with mutations in these other things. Mutation in the adaptor protein means your LDL 
receptor won't manifest on the cell membrane. PCSK9 grain of function mutation where 
you degrade the receptors too much will also have the same effect as not producing 
receptors. 

Most cases happen on the LDL receptor. The ARH one is autosomal recessive while the
other ones are autosomal dominant.

Within that LDL receptor synthesis, there are many pathways that could go wrong. You 
could just not have a recpetor, or you could be bad a transporting it from the ER to the 
Golgi to the surface, or you could be bad at clustering it in coated pits, or you could be 
bad at ligand binding, or you could be bad at recycling. 

Duchenne and Becker muscular dystrophies are fibrous protein diseases. These 
children cannot stand up normally. They have to help themselves with their arms since 
they cannot just bend and straigthen—they have ot push themsevles to stnding by 
stbilizing their hands on their knees. They have hypertrophy on their calves but no 
muscle tone down there. If you look at their cells, they've got a lot less divisions 
between the cells. It looks normally all cell-divided, and you can see the dystrophen 
around the surrounding of the cell, and distinct features. Becker dystrophy the cells start
looking all blobular and mushing into each other, with less distinct cell separation, and 
DMD, real muscular dystrophy, you just don't see any dystrophen and the cells don't 
look well divided and instead you've got fibrous tissue growing through it. Dystrophin is 
in all of our tissues, but there's a specific isoform that's affected by the mutations in 
dystrophy. This gene is X-linked recessive, so no father to son transmission and 
daughters unaffected. This is called genetic lethal, which means these kids are going to 
be ina wheelchair by 12 years of age and die by 20. 1/3 of the cases are new mutations,
so there's a high new mutation rate. Boys don't usually have children if they're affected, 
so it doesn't pass on from sick people—instead, we get totally new mutations causing 
DMD, so it won't even have anything to do with the parents. BMD will give you normal 
reproductive fitness most of the time (70 percent) and only 10 percent of cases come 
from a new mutation. Bigger gene means bigger mutation rate—2,300 kb exons to 
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make dystrophin gene. This is one of the biggest genomes out of any species that we 
know. 

My favorite neurotransmitter is Sonic. Favorite muscle is the digiti minimi.

A carrier half her sons would have it, a Becker female her sons would definitely have it, 
but that's super unlikely to see a Becker female unless there's cosanguinity going on.

Fibrous protein mutations

Yay back to collagen. Let's talk about the specific mutations that cause osteogenesis 
imperfecta, which we talked about only briefly before.

First off, even though this disease is super-rare—6-7/100,000 worldwide—it's a 
dominant gene. I probably shouldn't say even though—actually, the fact that it's 
dominant makes it obvious (it can't hide in the gene line through carriers)--and the fact 
that it's quite debilitating makes it harder for people to pass it on.

So, the COL1A1 and COL1A2 genes mutate. Normally, we need two A1 chains and one
A2 chain to make our triple-helix. That means you need to always make twice as much 
gene product from COL1A1 than from the other gene. Remember, we have two copies 
of each gene. If we trigger A2 twice, we'll get four A2 chains. The A1 gene needs to 
make twice that many in order to keep up in order to have the right amount 
proportionally of alpha 1 and alpha 2 helices, so when A2 triggers twice, A1 will trigger 
four times and make eight A1 chains. 

Pause and draw this.

Now let's say we have a frameshift or stop codon mutation in one of your A1 copies that 
results in no expression of alpha 1 gene. This is actually better phenotypically than to 
have a mutation that results in wrong expression! Why? Well, with the null mutation, 
when you triggered your A1 genes twice, instead of getting those eight copies of alpha 1
you get just four (one of the A1 genes isn't making anything). That's “okay,” they can still
match up with two of your four alpha 2 chains. You won't have enough chains, and there
will be weakness, but you will still have functional, good chains about 50% of the time.

What happens if you have a point mutation in A1 that causes you to make a broken 
alpha 1 chain? Out of those eight alpha chains you've made by triggering A1 twice, you 
will be making 4 good ones and 4 bad ones. As they match up with A2 chains, you've 
got four possibilities. You can match 2 of those good 1 chains with A2 (good chain! 
Yay!), you can match 1 good, 1 bad, and an A2 (bad chain—this can happen two ways, 
so it's a ½ chance), and you can match 2 bad with an A2 (bad chain, ¼ chance). That 
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means you'll only have a ¼ chance of getting an actually good chain! The other chains 
will be degraded, and it will be bad. That's the collagen suicide we talked about before—
the bad A1 chains, matching up with good A2 chains, cause the whole chain to get 
degraded. Of course, collagen suicide depends on how ugly the ugly A1 is (where on 
the chain the A1 mutation is), because if it's not SO ugly maybe the triple-helix won't 
commit suicide, but if it's really, really ugly—well, the triple-helix just doesn't know how 
to look past that A1 to its good A2, and the ugly A1 makes the whole triple-helix commit 
suicide.

What about mutations in the A2 chain? A null mutation means you'll have only 50% of 
product, since one of your A2 genes isn't making any chains. But a point mutation in A2 
will also result in only 50% of product, since you only match up one A2 chain with two 
A1 chains. Draw this out if you don't believe me, lol, but there are only two possibilities, 
two ways you can match up your A2 chains—you can add a bad A2, or add a good A2. 
So this mutation can also cause collagen suicide—a bad A2 chain could bind to two 
good A1s and be degraded—again, depending on how “ugly” the mutation is. But it's not
as bad as the mutation in the A1.

So that's osteogenesis imperfecta.

Complex mutations

These mutations are controlled by many loci. Running a punnet square for height, for 
example, would require more than just getting one allele from each parent. You'll run it 
more like this, where you allow more than one factor to add:

           Aa      AA       aa
Bb  AaBb   AABb   Bbaa
BB  BBAa   AABB   BBaa
bb   bbAa    AAbb   aabb

Now you have more possibilities than when you added just one trait from each parent. 
We imagine, in this example, that the more big letters you have the taller you are, and 
as you can see there will be a scale of height. If you wanted to run a square with more 
alleles, you would just have to add symbols—so like your parental gametes could be A-
a-alpha or A-A-alpha, alpha-alpha-alpha, and so on, and your final phenotypes could be 
A-a-alpha-B-b-beta and so on.

Things like tendencies to have high blood pressure, greater height, more cholesterol 
build-up, and weight problems work based on complex mutations. Now, the mutations 
you have at birth don't determine these diseases during life—you actually build up 
mutations during life that result in certain phenotypical changes. The disease isn't 
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inherited, but rather you inherit your susceptibility to it. 

So how do we tell if something's running in the family, or just environment? We look at 
prevalence of the disease in the relatives of an affected individual and divide by the 
prevalence of the disease in the general population, and that gives us our relative risk 
ratio. If this ratio is really high, the disease is more genetic—it's not so likely, statistically 
speaking, that you'll have such a high percent of this disease in the family without some 
genetic something going on. Or maybe like, if you're talking cholesterol, that family just 
has REALLY bad diet compared to the general population. If the ratio's low, you're 
basically seeing that disease a lot in the population anyway, and it may not have 
anything to do with that particular family's habits or genetics. So if your risk ratio is 
higher than 1, it may be familial, and if it's equal to 1, you have the same prevalence as 
the general population and it's not familial. If it's less than 1, your family has more 
protection from the disease than the general population does, and so that's genetic or 
familial, but good.

This ratio really only tells us whether something's family or not, because of course kids 
in the same family usually share the same environment, eating habits, maternal 
environment in utero, etc etc. To separate genetic and family environment factors, you 
can do adoption studies where you compare siblings who grew up with the same 
genetics in different environments. It's even better if you can do twin studies, where 
you've got monozygotic identical twins who grew up differently. Or you can just raise 
your two kids differently and check the variables from that.

I'm kidding, don't do experiments on your kids. That's really bad. Instead, you could just 
sneak into the hospital and look for pairs of twins, and then steal one and give it to a 
different family, and do your study that way.

I'm kidding. Seriously.

One ethical way we can use twin studies where twins grew up in the same family: we 
can compare monozygotic twins to dizygotic twins. If monozygotic concordance (the 
incidence of a disease or trait) is greater than dizygotic concordance you have a high 
genetic contribution. Of course, you could just compare identical twins to siblings, but 
only dizygotic twins had the same maternal environment, so that's more acurate. These 
studies tend to also overestimate genetic contribution because monozygotic twins 
actually have more similar environment to each other than dizygotic twins, since their 
parents are more likely to dress them alike, treat them similarly, and expose them to the 
same activities and environments together than with dizygotic twins. If something is 
perfectly genetic, you'd expect 100 percent incidence in monozygotic twins, compared 
to 50 percent incidence in dizygotic twins. That percentage will go down based on 
environment.
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So, basically, you can have single gene disorders with no environmental factors, single 
gene disorders with genetic modifiers like epigenetics etc, environmental diseases,  
multiple gene disorders like polygenic diseases, and complex diseases that have 
multiple genes and environment. So, for example:

• Cystic fibrosis was a single gene mutation with genetic modifiers that changed 
the severity of your pulmonary phenotype. 

• Vein thrombosis is a single gene with environmental modifier. The risk of cerebral
vein thrombosis is increased by both a missense mutation in factor V, where you 
swapped an arginine for a glycine, and the use of oral contraceptives. Oral 
contraceptives increase your factor X, which is why after a certain age you don't 
want to use them anymore. The pro-thrombin mutation will raise your risk of 
cerebral thrombosis 3-6 times, and the oral contraceptive raises your risk 14-20 
times. If you combine both factors, you're 30 to 150 times more at risk. So check 
your patient's family history, because contraceptives that are safe for everyone 
else might not be safe for her.

• Polygenic retinitis pigmentosa is a multigenetic disorder. It presents with night 
blindness, attenuation of retinal vessels, progressive reduction in peripheral 
visual field and eventually total vision loss, and the optic disk is pale. Basically 
progressive blindness. This comes from mutations in ROM1 and peripherin 
genes—you have to get both mutations to develop this disease.

• Hirschprung's disease is a great example of complex inheritance. When it comes 
to missing ganlgions, you cold have hypoganglionosis, you could miss ganglion 
only in your colon (Hirschprung's), and you could have no ganglion in your entire 
intestine. The extent of the phenotype—the size of the affected section of colon—
will depend on the combination of mutations you inherit. 

• Diabetes is an example of complex inheritance with many environmental factors. 
You have to inherit a certain number of complex alleles to be susceptible. Type II 
has a stronger environmental component than type I, since you need to be 
around many years before you develop insulin resistance. There are more than 
30 genes implicated.

It would be cool to be able to identify all the possible genes affected for a complex 
disease, then identify which ones were affected in your patient so that you could target 
the correct chemicals in their pathways that are broken. If you know of any foundation 
that tries to collect money for genetic testing for high-risk poor people, I would love to 
know about it so I can recommend it to my patients.

Oh wait, look, I found something for breast cancer gene testing!

• Myriad Financial Assistance Program (sponsored by the company that makes 
BRCAnalysis) 
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• and the Cancer Resource Foundation offer financial assistance to people who 
qualify.

There's got to be some resources for other kinds of disease, too.

Apoptosis, Oncogenes, Tumor Suppressor Genes, and Cancer

You don't really stop growing as you get older—you just start growing out of control. It's 
a little awful to say, but since the number one risk factor for cancer's age, it's kind of 
true. But right now, in this room? Some of us are probably forming some tumors. Loeb, 
in 1991, said that you'll probably develop about 2.8 times 10^15 mutations in your 
lifetime, so you're probably working on a few right now. Fortunately, our immune 
systems and gene regulation systems have that under control, for the most part. 

Yet it doesn't stop there. In addition to your normal error rate, oxidative stress and 
photon injury also hurt your DNA by causing pyrimidine dimers to form—you've added 
an O to at least one pyrimidine, and it's now able to undergo carbon-carbon bond 
formation with its neighbor. Viral infections can also injure your p53 and your pRB, 
which as you know are your most important tumor suppressors. What plays a bigger 
role, though? We know that as you get older, you're losing DNA repair function, and 
that's your major age problem. But is our tendency to mutate 2-10 times per night 
enough to damn us to cancer? Or do you have to have a higher genetic susceptibility 
than our basic mutator rate, or a higher exposure to carcinogenic substances?

This isn't settled, but many people say the background mutation rate just isn't enough 
because we've got so many safety nets. First, the cell will often kill itself when it sees 
something's going wrong (apoptosis). Second, the immune system T-cells might kill the 
cell. Third, neighboring cells can release death ligands that will kill the cancerous cell. If 
none of this works, it's probably because the tumor's covering itself with a protective 
mucous to hide its antigens, or otherwise participating in immune evasion. 

Dr. Santiago's part of the thought group that says the background mutation rate's not 
normally enough. He says to have cancer you have to age so much that DNA repair's 
not working anymore, and you have to have genetic pre-dispositions or oncogenic 
insults—so don't worry. “There's a lot of things you can do to make sure you die of 
something other than cancer,” he says. We all laugh because it's awful, and then he 
goes on: “And if you've got a good diet, you can avoid heart disease too and die of 
Alzheimer's instead.”

He makes a good point, and there's hope in here, for our patients, and for us.

Normally, P53 gets P16 to turns on p21 to turn on Rb so we can turn off the cell cycle. 
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P53 makes sure that if there's damage, pRb will cling to E2F and stop replication. 
Normally, you want a low p53 level in the cell, so just a slight increase in concentration 
causes either repair or death. If p53 can't fix the error, it decides to have the cell die. 
Mdm2 helps keep p53 levels low, but oncogenic stuff can make you have too much 
mdm2 so p53 doesn't work at all. So that's a weak point.

Telomere loss is another weak point. We've talked about this before, but I liked how Dr. 
Santiago compared chromosomes to shoelaces with that little plastic tip to keep them 
from unravelling. The plastic tip is like the telomere protecting the DNA. But every time 
you replicate, of course, you lose some telomeres. Your body only has telomerase to 
add telomeres in its stem cells, germ cells, and like one or two other cell types, so its 
very possible and easy for you to completely erode your telomeres away after a number
of divisions. Now, remember the chromatid pairs, that look like little Xs? The two 
chromosome ends that have lost telomeres may actually fuse. When the cell divides, 
you have no guarantee that you're going to split those fused ends in the right place. One
new cell might get more DNA, one might get less, and it all depends on how the little Xs 
split and stick to each other. In cancer cells, you can actually see a messy, tangling 
karyotype that looks like nasty spaghetti, instead of segregated X chromosomes each 
on its own with its pair. A lot of this kind of chromosome translocation or mis-match will 
straight up kill the cell, but over time, there's always the chance one cell will survive to 
replicate its vile dispensation.

In Philadelphia chromosome, BCR from one chromosome gets translocated into the 
ABL region of another chromosome (chromosomes 9 and 22 trade material because 
they get sticky). BCR gets stuck in the regulatory region of ABL, so now ABL is always 
on. Well, ABL turns RAS on! Forever! So now you'll have forever division.

In another mutation, the myc proto-oncogene normally lives in chromosome 8 without 
any problem. It's got a normal on and off switch to help regulate duplication. But when it 
becomes an oncogene, it gets translocated into the chromosome that codes your IgH. 
Well you always code your IgH! There isn't an off switch for that—making 
immunoglobulins is the whole reason that cell exists. So now you're going to always 
code myc, too, and have unstoppable changes in cell proliferation.

Point mutations, instead of major translocations, can also cause terrible out-of-control 
things. You can break the on-off switch in RAS with a point mutation just by switching a 
CCG for a CAG, which turns a glycine into a valine. That glycine was supposed to 
contact the phosphate of ATP, so it could get turned on and off via phosphorylation. But 
with the valine there instead, the stuff won't fit, and now your active site doesn't work, so
your RAS will always be on!

Your mutations can either work as gain-of-function or loss-of-function mutations. Gain of
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function is unregulated activity in proto-oncogenes turning into oncogenes, where 
you're stimulating proliferation, inhibiting differentiation, and inhibition apoptosis through 
genes meddling where they weren't supposed to. Loss of function involves lazy genes 
or injured genes NOT during what they were supposed to: tumor suppressor genes 
that don't inhibit proliferation, don't promote differentiation, and don't stimulate apoptosis
like you want. 

While each cancer may end up different, you'll find some common culprits that end up in
almost all cancers. Ras, cyclins, CDK, and erb end up in almost all the oncogene-
related cancers; prb and p53 end up injured in almost all tumor-suppressor related 
cancers.

So if you're born with one already-mutated rb allele, from your parents, and then over 
time your lifestyle or an atomic bomb or something gives you a mutation in the second 
allele of pRB, you will have cancer. This two-hit hypothesis applies only to the tumor-
suppressors (with the exception of p53, which is weird and different), where as long as 
you have one tumor-suppressor impeding growth, you've got enough. In an oncogene, 
you just need one hit to have cancer, because with just one gene telling the cell to grow 
out of control the cell will obey.

You can also have problems in your spindling, where pulling the cell nicely into two 
cells, there's one part of the spindle that's pulling you to another direction. So you're 
going to divide weirdly, and have aneuploidy, weird numbers of chromosomes, instead 
of diploidy like you're supposed to.

There's also epigenetic modification going wrong. What if you methylate the RB gene, 
and silence it? Or what if you don't methylate proto-oncogene cyclin D2, when it's 
supposed to be methylated (answer: you get gastric cancer)? What if you acetylate, 
methylate, or phosphorylate your histones in such a way that they won't open up and let
you use a gene you need? Or what if you open histones that were supposed to stay 
shut?

But when we say, “this cell is cancerous,” are we just saying it's growing really fast? 
What's the actual, detailed criteria for becoming a tumor?

You have to have unlimited replicative potential. To be a malignant cancer, you have to 
go through EMT, break the basal membrane, lose cadherin mediated adhesion, and 
abandon the tumor. Then you need to intravase (you invade blood or lymph vessels) 
and extravase (get out of the blood to somewhere else). At that point, you have to have 
anchorage-independent growth—be able to replicate without being stiting in one place.

Self-sufficiency in growth signals (autocrine)
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Insensitivity of anti-growth signals (Rb inactivation, ignoring cell cycle checkpoints)
Limitless replicative potential
________________________up to this point you're benign
three more steps what are they help

Hanahan and Weinberg, The Hallmarks of Cancer, 2008

Alteration #1 autocrine signaling
The 

Alteration #2: insensitivity to anti-growth signals

To go from normal to cancer, you don't just have to activate the MAP kinase pathway, 
but you also have to break the car's brakes, so to speak—losing control of the steering 
wheel won't necessarily smash you into the wall. Our most important brake, of course, is
Rb. Retinoblastomas, osteocarcomas, small cell carcinomas all mutate Rb. But you've 
got other ways to hurt Rb besides mutating it. You can get mutations in Smad 
molecules, which means you won't obey anti-growth factors that come from the TGF 
receptors. That means you'll hyperphosphorylate rB. You could delete the locus 
encoding the p15 gene, or make CDK4 not respond to p15, or viral proteins could 
inactiavate rb, or you coud down-regulate integrins and other cell adhesion molecules 
that send anti-growth signal through the Rb pathway.

Alteration #3: Limitless Replicative Potential

All normal cells only divide 

Anoikis is a type of apoptosis that's when you've lost contact with the substrate. The 
word anoikis means homelessness—normal cells, when that happens, start to die. But 
cancer cells don't care. They just go ahead and grow wherever they're floating.

Alteration #5 angiogenesis
They have to get blood to feed the tumor, or the tumor can't really grow and 
metastasize.

Loss of contact-dependent growth arrest. You don't stop growing because there's 
another cell next to you. You just keep going.

Alteration #6: Tissue invasion and metastasis—

First, you need the transition from being epithelium, to becoming mesenchyme. You 
start making matrix metalloproteases so you can degrade the basal lamina nad escape. 
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You need to downregulate MMP inhibitors, and upregulated MMP. You also spend a lot 
of time converting MMP zymogen precursors to actual active enzymes.

You need to migrate, so you make new kinds of feet os you can move—lamellopodia, 
philopodia, whatever you can do. You start losing the rigid structure of your 
cystoskeleton and changing. 

You try to reactivate embryonic pathways so you can get rid of E-cadnerins and gain N-
cadherins. You basically try to turn into a migrating neural crest cell, using the EMT 
(epithelial-to-mesenchyme transition) so you can get places. The little embryo makes 
sure to control everything she does with cell signaling, but the tumor is out of control, 
chaotic, and organization-less, trying to go back to embryonic programming with none of
the responsibility associated. 

Three more hallmarks of cancer:
Metabolic reprogramming (Warburg effect)--for every molecule of glucose, there's an 
organized process powering energy for ATP. The cancer cells change metabolism into 
an excess of glycolysis. It wants more nucleotides so it can divide more, so it doesn't 
want to use nucleotides like ATP as energy. It wants to put transporters on its 
membrane so it can take in the maximum number of glucose, and it'll use that for 
energy so it can focus on replicating its crazy nucleotides everywhere.
Evasion of the immune system
Recruitment of normal stroma or connective tissue to work for the evil tumor (usually to 
evade the immune system by hiding)

Every tissue has “preferred” tumors and preferred routes of transmission. Sometimes its
because of anatomy—the colon cancers love to go to the liver because of the portal 
vein. The prostate tends to send cancer to bone marrow because of the pelvis all 
around it. 

No matter what you do, if you're cancer (in which case I don't know why you're reading 
this, you can figure it out yourself) you have to turn off Rb. The mutations in colorectal 
cancer are APC. APC degrades beta catenin. If you mutate APC, B-catenin doesn't 
degrade, and it makes a transcriptor factor complex with TCF that targets Cyclin D1 and
makes you stick stick to Cdk and hyperphosphorylate Rb so it turns off and can't turn off
replication. 

If your colon's totally covered with polyps, you know you're going to get colorectal 
cancer at some point. You have to take out the whole colon

Cancer Genetics and Genomics Part 1
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Hereditary, familial, and sporadic cancers have different genetic components. Sporadic 
cancers aren't inherited, and they appear via mutations in a somatic cell. They're more 
like a complex trait if they're inherited at all. The about fifty known hereditary cancers 
come based on germ-line mutations from birth, and you can track them with Mendelian 
inheritance, almost like you track other genetic diseases. Hereditary cancers are what 
you're talking about based on the two-hit hypothesis, and they usually have earlier onset
and more tumors than sporadic cancers. (So bilateral breast cancer instead of unilateral
breast cancer, because they have such a high risk that they're actually getting two 
difference cancers) These mutations act autosomal dominant. P53 mutations tend to hit 
early like this.

Cancer incidence lower 
The tumor needs to be able to grow independent of external growth signals, insensitive 
to external anti-growth signals, able to avoid apoptosis, able to divide indefinitely, able 
to feed itself with blood vessels, and able to invade tissues around it. 

Retinoblastoma
Studying this gave rise to the two-hit hypothesis. This hereditary cancer is about 
1/20,000 and it shows up with multiple tumors in both eyes. It's autosomal dominant 
with incomplete penetrance, because not everyone will get it. Its not really autosomal 
dominant 'cuz if you don't get that second mutation you won't get the cancer, but 
because so many people get that second mutation we still call it autosomal dominant. 
It's due to mutation in locus RB1 which codes for retinoblastoma protein. This protein's a
housekeeper protein.

Hereditary breast and ovarian cancer
This is autosomal dominant with incomplete penetrance. You really could call these 
hormonal cancer, since breast cancer associates with ovarian, prostate, and melanoma 
cancers—just things that have to do with hormones. But prostate cancer is so high in 
the general population that it's not enough to suggest breast cancer in a descendent. 
These are mutations on BRC1 and BRC2 genes. If a person has a relative that had 
breast cancer in her 20s, the cumulative risk for that person becomes extremely high for
all groups. The earlier age the relative had breast cancer, the strong risk for relatives at 
all age groups. The general population already has ten percent chance of getting breast
cancer by the 80s. 

Up until last spring a company in Utah had a patent in the BRC gene. That was also the 
only company in the US allowed to do BRC testing. That patent went in court for several
years—with people complaining that a company shouldn't be able to own a gene. The 
company still owns the process for testing—because they did actually invent that, and 
that's fair—but they no longer own the BRC gene itself. That company in Utah had a 
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monopoly on testing, so they charged $3,400 just to test those two genes, but now that 
they no longer own the BRC gene, other companies can compete with them to design 
new and cheaper tests. There's now a company that will run 60 genes, including BRC, 
for around $1000. So competition is good, it drives prices down. 

Ovarian cancer's a bit harder to detect than breast cancer, so patients at risk are told 
that even if they don't have cancer, once they're done with their families it's a good idea 
to go ahead and remove those.

When you do genetic testing, you don't always test your patient. Sometimes you test 
someone else. That's because she never has had cancer, so you don't know if she 
never had the cancer because she doesn't have the mutation, or because the mutations
in the family and she just happened not to inherit it. (?) IF you test her and it comes 
back negative. We think there are more genes for hereditary breast cancer that we don't
know now. So if your pateitn comes back negative, you don't know if she's carrying BRC
mutation or mutation in other gene. If she comes back negative, and her sister with 
cancer is also negative, it means some other genes are carrying the cancer. If she's 
negative in a BRC-positive family, her risk is low, but if she's negative and her family is 
negative 

So for women who have BRCA mutations that put them at risk for both ovarian and 
breast cancer should take oral contraceptives to use that 60 percent reduction in 
ovarian cancer risk—even though contraceptives put them at higher chance for breast 
cancer, because you'd rather have breast than ovarian cancer.

Ovary removal at about age 35 protects from both breast and ovarian cancer.

It's important to explain the limitations of the test to the patient. If it's positive, it's 
positive and you can rely on that. If it's negative, you don't know about regulatory 
mutations, or intron mutations, or about mutations in non-BRC genes, so a negative test
doesn't mean safety. 

Li-Fraumeni syndrome
P53 mutation that's autosomal dominant. These are various breast, bone, sarcoma, 
other cancers. They appear really early—childhood brain cancer, for example. Here 
you'd want to test p53 instead of BRC, so if there's lots of breast cancer combined with 
other non-hormonal cancers in the body.

Familial adenomatous polyposis
1/10,000,
Hereditary cancer syndrome with thousands and thousands of polyps in the colon. Less 
than one percent of all colorectal cancers. Each poplyp has a relatively high chance of 
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turning into a cancer, but because they have so many it can turn into a cancer. The 
mutated gene is APC which controls beta catetin. It's a serotonin kinase that 
phosphorylates beta catenin so you can degrade it. Without APC the beta catenin hangs
around and activates myc transcription (which myc is an oncogene). 

There's also HNCC
Hereditary nonpolyposis colon cancer
This is different than FAP above because you don't have that high number of polyps. 
This is 2 to 4 percent of all colon cancers, again autosomal dominant, mutations in the 
mismatch repair genes. 90 percent of men and 70 percent of women with an HNPCC 
mutation will get colon cancer during their lifetime. You will look for families with really 
early ages of onest of endometrial, lung, ovarian cancers and lots of colorectal cancer 
that's really early on. Multiple primary tumors, so someone dies early with both 
endometrial and colon cancer. Not everyone with colon cancer or breast cancer should 
be tested for these specific genes, not unless there's a particular family history.

Those mismatch repair genes fix insertions, deletions, and repeats, and also single-
base-pair mismatches. The problem with HNPCC is there are so many genes that it's 
really hard to test—you've got a whole bunch of management of repeats. One cheap 
test is microsatellite instability—before you go sequencing ALL the mismatch repair 
genes—is you look for evidence that they're having trouble sequencing repeats. You 
see pairs of different microsatellite markers. You have CACACA for n number of times. 
Normally those repeats are polymorphic in the population, which means some folks with
have 30 copies, someone else 30, etc etc, just because these are kind of hard to 
repeat. But one person in normal tissue should have only two genotypes—homozygous 
30 copies, or heterozygous with 30 or 34 copies or something. You do a PCR to amplify 
the repeats and then you run something like an electrophoresis. Folks with more 
repeats, their repeats will move less (since they're heavier and longer fragments) so 
you'll have these little stripes. In normal tissue you'll see two different alleles, one bigger
fragment and one smaller fragment, but in the tumor you see a whole bunch of alleles, 
big and small fragments all over the place, so you have repeats replicating with strange 
fidelity (not 

You use this for the cancer patient's children or to evaluate whether or not the patient 
will have greater risk for other cancers and so you can adjust your screening for that 
patient (increase frequency) so that you can protect them in the future.

Genetics of cancer...

Only about 10 percent come from germ line, 90 percent of mutations are somatic. Point 
mutations are the bulk variation among human genomes, so they're the most cancer.
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Inheritance is 10-30 percent of cancer while environment is 70 to 90 percent. But where 
do you draw the line to determine a hereditary or environmental cancer? It's usually 
propensity, not cancer that you inherit. Diet's related to 1/3 of all cancers, cigarettes to 
another 1/3, tobacco to 1/5 of all deaths, and occupational hazards to another 5 to 20 
percent. Women who work night shift tend to have more breast cancer—the circadian 
and hormonal rhythms of the body and other things we adjust with our occupations 
actually have something to do with cancer.

There's a phenotype of mouse called “agouti” that's yellow and tends towards obesity 
and cancer incidence. If a mother mouse genetically inclined towards making agouti 
babies eats a normal diet, her babies tend to be born agouti. A lot of them! If you modify 
her diet and give her vitamin B12, folic acid, choline and betaine, you get methyl groups 
from food that silence the agouti gene. Her babies mostly end up not agouti now, with 
the vast majority normal. There's a transposon close to the agouti gene that normally 
keeps the agouti gene on, but you methylate that with all the food and now the babies 
aren't prone towards cancer and diabetes.

HIV cancer in the gums is called Kaposi's sarcoma.

The Warburg effect is that cancer cells consume glucose at a higher rate than normal 
cells but don't use as much oxygen, taking energy from glycolysis instead of the TCA 
cycle. So energy comes from the cytoplasm. If you're cancer, you use phosphotyrosine 
to inhibit pyruvate kinase, and that's part of the metabolic chain.

There are about 250 known miRNA that help regulate like 200 of your genes. About 25 
of these we call oncomirs because their incidence changes in cancer—one of them 
increases by at least double-fold in cancer. 

You can have epigentic silencing of cancer by EZH2, a mammalian histone 
methyltransferase called enhancer of zeste homolog 2. That’s overexpressed in cancer. 
But miR-101 tries to inhibit it. In cancer, you lose some miR-101 and you just have too 
much EZH2 going on. In about 37.5 percent of prostate cancers you can see loci of mir-
101 are lost.

In neuroblastoma you amplify N-Myc, nuclear myc, about 200 times. That kills children 
so that only 30 percent of them survive to three years of age. That's awful, because 
usually childhood cancers are more curable than adult cancers.

Another name for the two-hit hypothesis is the loss of heterozygosity. You'll compare 
normal tissue to the cancerous tissue and you'll see the normal tissue is heterozygous, 
with a healthy gene and a bad gene. That's usually the name for your second hit to the 
RB1 gene.
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The cure for cancer is the immune system, says Dr. Hernandez. Your immune system 
could kill the tumors if not for FAP, fibroblast activation protein, and other stuff that 
shields cancer cells. Any time your body wants to suppress your immunology—like in 
your placenta, uterus, chronic inflammation sites, etc etc—it makes FAP. In mice, 
Draman, M., et all managed to get rid of 80 to 90 percent of tumors just by shutting 
down FAP cells—in 48 hours the mice immune system had eaten all the tumors! That 
was in 2008, and we may be already doing clinical trials on this kind of stuff. Dr. 
Hernandez says these are terrible days to die of cancer because we're so, so close.

High levels of OGG1 help you get resistance to cigarette smoke, so folks with that 
glycosilase to repair their DNA can just smoke forever. On the other hand, folks with an 
easily motivated of CYP1 encoding AHH (a hydroxylase in the family of P450), tend to 
have more cancer of throat and lung. AHH converts cyclic hydrocarbons by adding 
oxygen to them (making them epoxides) so you can eliminate them easier, but that also 
makes them really easy to mutate.

Quantitive diseases have a threshold and are numerical. Like for example hypertension.
Qualitative does not.

MLH1, MSH2, MSH6 are colon cancer genes

Class III is serum proteins and other immune response signal stuff
Class II is lymphocytes and macrophages
Class I is plasma membrane of nucleated cells

Genetic drift was explained to me using marbles. If you think about it, if you've got only 
two or three yellow marbles in a whole bunch of blue, the chance that you'll pick a 
yellow marble is higher if there's less blue. But what if the yellow marbles are trying to 
pick a mate? It's going to be easier for them to find a mate in a larger population than in 
a small. So in a small population, you're more likely to have really big variations over 
generations than in a large, just because of bad probability: big populations show closer
to ideal probabilities, so you're more likely to work just based on natural selection, and 
all kinds of combinations can happen. In a small population, where it's harder for things 
to find a mate, you can have wild fluctuation in allele expression over time. In other 
words, a small population will drift more than a big population just because it's more 
unstable.

Mutation rate is n over 2 N, which means number of affected patients (with unaffected 
parents, since the mutation has to start with them) and 2N is 2 times the number of 
births. You use two because you've got two possible alleles that can cause the mutation,
so you take the mutation rate out of all of them; if it's recessive, you need a mutation in 
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both in order to have the disease, so I suppose you take mutation rate out of N, just 
number of births, understanding that they're doubly mutated. A recessive disease has to
have a much higher mutation rate in order to arrive spontaneously in someone.

P squared plus 2qp plus q squared is 1.
P squared is frequency of autosomal dominant, q squared is autosomal recessive, and 
2qp is heterozygous genotype. So 
P is the frequency of the allele itself, while p squared is frequency of having two of that 
allele (which makes sense why it's p squared) and having dominant genotype.

P+Q=1

Molecular Genetics Techniques

As a researcher studying DNA, you want to get genetic material from the patient in the 
least traumatic manner possible. RNA, on the other hand, will require more selective 
tissue because you need cells that are active enough to 

PCR helps you extract the one piece of DNA you're interested in. You basically do an 
amplification reaction where you copy that region of specific interest in the genome and 
filter out everything else. 

In a genetic library you're cutting your genomic DNA into small pieces, and then putting 
those into what you call a vector. That's a bacteria or yeast that you get to multiply so 
you can have large quantities of your “clone.” You can use the library to keep your entire
genome fresh all the time and not keep having to make new batches, but Dr. Dutil says 
people are working more and more with PCR and less and less with libraries because 
PCR's less time consuming and more specific. 

In the first cycle of pcR you melt the DNA molecules to get them separate. Once they're 
separated you put your primers in. Each primer binds your target sequence. To get your 
selective segment for PCR you need a primer. If your primer has between 18-22 base 
pairs it should be the right length to get your segment. So PCR is really just heating and
cooling DNA over and over—not something so fancy, but so useful! You then use TAQ 
polymerase to make new strands from free nucleotides you put into your mixture. TAQ 
polymerase comes from thermophile bacteria, and that's how they work at such high 
temperature. The taq can only copy molecules with a primer attached, so on each side 
of your You get two partially double-stranded pieces which have your sequence, plus 
some other stuff. Then you do it again, and you get two more partially double stranded 
sequences with even less of the next strand. Cyclte 3 makes 2 molecules with only your
sequence, and 6 slightly longer ones. Over time you get more and more of the 
seuqnece syou want, and less and less of the longer ones, and that's because the 
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primer can only start at the primer. So by the end of cycle 5, you've got 22 target 
molecules compared to only 10 longer ones, so by the end of cycle 30 you've got over a
billion target molecules, and only 60 coupies of the longer molecules. That means you 
really don't have to purify anything! You can always run a gel to make it pure pure pure, 
and what'll migrate slower is your longer fragments and you get pure bands in your gel 
that give only your fragments of interest.

Google video on PCR

Now if your fragment of intereest is more than 1,000 or 2,000 base pairs this 
amplification becomes really difficult. So you use the molecular cloning and DNA library 
for larger pieces. First you use a restriction enzyme to cut the DNA. You've got two 
kinds you use, one that leaves sticky ends, where you've got some single-stranded DNA
sticking out wanting to stick to things, and one that leaves blunt ends, where 
everything's perfectly double-stranded. Each restriction enzyme cuts a specific 
sequence in the genome. If you've got sticky ends, you can easily fit the little DNA piece
into a cut vector that's got matching sticky ends. You can basically put a different DNA 
piece into each bacteria you've got, and you can get a whole bunch of colonies that 
each has a specific fragment that you want. It's a nicely organized library! 

But how do you know which vector has which fragment of interest? You screen with 
probes, so you take a small primer or probe that's complementary to your DNA of 
interest and then look in your petri dish which bacteria is carrying your fragment of 
interest, and then you copy that colony and make it grow in a separate pitri dish. Your 
DNA probe is basically a radioactive thing that will hybridize with the complementary 
sequence, and then X-ray film can detect the right colony. 

You can use this same process for a messenger RNA library. You'll convert your 
messenger RNA sequence into cDNA, which is more stable and also ouble-stranded 
(you need double stranded foryour restriction enzymes to work and insert into yoru 
bacteria). You don't even make these libraries for yourself in the lab anymore, you just 
order it online and get hundreds and hundreds of the colonies you want. This was the 
method that was used for sequencing the human genome.

In a patient, you might be using this to check for mutations. Once you've got your 
segment of interest, you can analyze it at specific sites.

Southern blotting is a technique that we use to see if there's more or less of a given 
DNA of interest. It's quantitative. You start with your genomic DNA of interest and then 
digest it with different restriction enzymes. The restriction enzymes will cut in different 
places so you can be sure that at least one enzyme leaves your fragment of interest 
intact—often you don't actually necessarily know beforehand how well your enzymes 
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will cut. You run a gel to compare the size of the fragments, and you'll get a smear of 
fragments of different sizes. Problem is if you want to hybridize a probe it's not gonna 
work 'cuz your DNA is stuck in a gel. So next you put a membrane on your gel—that's 
really old and a lot of work so people don't do it as much anymore—and that membrane 
has characteristics that let your DNA move out of the gel and stick onto the membrane. 
Now you can hybridize things by putting a signle-stranded probe onto the membrane 
and it'll stick to the fragment of interest and out of all the genomic bands you'll see only 
the bands that correspond to your fragment of interest. 

You can use this, for example, to detect X-linked androgen insensitiviy syndrome. 
You've got a family where the mother carries the deletion, and you've got an affected XY
daughter. Once you've transferred the gel to the membrane and run your probe, you'll 
see the three bands that corrspond to your androgen receptor gene, and you'll see that 
while the mother and father have a copy of that gene, the daughter doesn't have a copy
—it's totally deleted. 

But the mutation you're looking for isn't always a mutation of the whole gene, it could be
a more subtle base pair switch or something. So you'd rather have the real DNA 
sequence and be able to compare that sequence to what you know's normal or wild 
type.

That's where direct sequencing comes in.

You use template DNA, the free bases, short primers, and DNA polymerase. In your free
bases you've got some flourescent dyes. When the dye-bearing thing attaches, it ends 
the strand. So you get sequence, and then A. Or sequence, and then T. You use a 
different colored dye for each base.This is a random process; you've got the right 
proportion of labelled nucleotides to non-labelled nucleotides and basically you 
randomly create a whole bunch of colored DNA fragments of different lengths. The 
shortest ones are the primer, plus one colored base. So you get a color for each 
position, 1, 2, 3, 4, etc, and you get a read of every position in your sequence. You use 
electrophoresis to organize all the DNA by length, so you get piece with position 1 
marked, piece with position 2, marked, etc...and a computer camera can now see the 
lights and record each DNA fragment's color, so in order you know the sequence! That 
gives you the order of several hundred DNA bases! For a longer genome region you'll 
have to do this over and over with different fragments you sequence independently. You 
can run 384 samples at a time, so it took a really long time to sequence the human 
genome this way.

Video from ncbi

Now if you're looking just for one SNiP, it's not cost-effective to sequnce a whole region. 



Becoming Healers 764
So you'll run a PCR with a probe and run a PCR reaction with two primers, but you 
wont' sequence. You'll have a probe that recognizes that region of interest. One probe 
will recognize one of the alleles, and the other probe will recognieze the other allele—so
a probe for your A, and probe for your G. Each probe has a flourescent dye of a 
differeent color. So the wild type probe, maybe with A, is blue, and if you've got wild type
allele the blue flourescent dye will atach at that site. The mutana allele, a different color 
allele, maybe red for the G in a n A-gg swap, well now the other probe will attach and 
tell you this one is a mutant. So in PCR you just have forward and reverse primer and 
just amplifying, here between forward and reverse when the reaction reches that special
probe the flouresecent dye is released and it gives off a sequence blue o red depending
on what annealed to your sequence. So if you have an A you'll have a blue signal, if you
have red, you'll have G, and you'll see both colors if the person is heterozygous. So 
instead of sequencing the whole area you're just querying the information of a specific 
snp that you're interested in getting. That's way faster and cheaper!

You have in yoru probe a quencher that keeps the flourescence from being seen unless 
that sequence is cut off, so you need cleavage before the seuqence becomes visible. 
That cleavage happens during the copying onto the DNA seuqnece.

That's if you're interested in inherited mutation.

Sometimes yo uwant to see what's the effect of a gene on the expression level. DNA is 
stable—you can leave it on the bench, go for lunc, come back and it's still the sam.e It's 
the same form any tissue in the body, too. But mRNA degrades really rapidly and is 
hard to take care of. IT's also organ and tissue and time dependent. So if you're looking 
at patterns of gene expression it's gonna change in a child or a n older person or heart 
or kidney or whatever. So if you're tryign to study the heart, it's difficult to get something 
like, well, a heart biopsy.

To chest mRNA you're trying to quantify it and seeif there's more or less of a sequence 
from a given gene. People do sequence it, but that's a more recent development.

Northern blotting 
Compare to a housekeeping gene so you can check base levels
If you have differnce in housekeeping levels from normal and affected you know thats's 
a pipetting error. Housekeeping should be the same so you can telli fyou r gene of 
interest is more or less expressed. Same as Southern blotting but RNA 
Very time consuming 

Real-time RT PCR
This is the more common thing now. A reaction PCR is actually 
Once you've use up all your PCR stuff the reaction will slow down and plateau. So how 
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early you reach plateau phase will depend on how mch template you have. 
Mixture of mRNA from given individual, affected and unaffected, you would convert 
mRNA to cDNA to stabilize it and you would double strand it so PCR reaction would 
work and then you have primer specific for the specific messenger RNA of the gnee 
you're interested in. IF this gene is really common in affected individuals you'll get an 
amplification cycle that will start earlier—that exponential part will come earlier than if 
the mRNA is rare. If this mRNA is rare in the unaffected, for example, it will tamke more 
time for you to reach that exponential phase. So you're not looking at the amount in the 
end, you're looking for that time in the cycle when they show. Your affected individual 
will show before the unaffectd where it's rare. You're looking for how early that 
exponential phase is appearing. You also normalize for a housekeeping gene just like 
you'd do for northern blot. This is a relative comparison. 

Microarrays

You can use microarrays to look at gene expression levels for thousands of genes in 
just one experiment. People are replacing this with sequencing technology, but it's still 
useful. For example say you want to find a gene for congestive heart failure. You'll start 
with two animal models, one with heart failure and one non-affected and isolate mRNA 
from both. You label mRNA from each animal with a different flourescent light after you 
convert it to cDNA—like green for failure and red for healthy. Each part of the microarray
slide represents a different part of the whole genome. You take your labelled mRNAs 
and hybridize them to the probes—the more of a given mRNA there is in your mixture, 
the more it will bind to its complementary gene and basically you can see which genes 
are MOST expressed in this condition. So if the gene's more expressed in the sick 
animal, you'll see like a real big green light on that gene, because lots of labelled mRNA
are sticking to it. That's pretty powerful, since you can compare hundreds of genes at 
once! Computer programs will then show you out of all the genes that are expressed 
which ones work in the same pathways based on known data.

This is the base for clinical assays done on tumor samples now. Certain genes will 
predict recurrent risk and response to cancer treatment and you can try to predict if the 
tumor is more likely to recur or what treatment it would most likely benefit from. 

Animal models
Knock-out cells...

Mutation that converts arginine to stop makes ob mouse mutation where they tend to 
store more fat than a normal mouse because their leptin receptor gene is knocked out 
and there is no appetite regulation. 
Jackson laboratory site keeps all common strains of mice in the US and you can order 
the OB mouse if you want. 
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You can do transgenics, too. That's when you insert genes into them from other species 
and you can get colorful green flourescent mice. 

Right now peope are interested in next-gen sequencing. That will give you more 
sequences for lower costs so that they're able to do sequencing in the clinic. Right now 
capillary sequencing Sanger sequencing is about 50 cents per 1 base pair, which is very
expensive. Some second-gen stuff like heliscope are down to $1 per megabase. They 
want to get $1000-dollar genome, almost feasible. 

Dol ike a PCR but on a slide--> polony 

Each DNA fragment will attach to a slide and you'll pcr on th drop on the slide, really 
small pcr, and that's gonna amplify. So on that slide your'e sequencing each base and 
each point on your slide is a different sequence. You're basically trading your capillary 
plate for a little glass slide. We were able to identify causes of mendelian diseases that 
weren't known so far. 

You can find sequence data from around the world on the 1000 genome project.

People are also now trying to sequence single molecules, but that's not quite there yet (I
think that's what Heliscope does actually) 

Proteomics

Tougher than genomics because ove alternative splicing and editing and post-
trnaslational modifications and other things that make us have way so many proteins—
at least 10 times our genes.
SDS-page compare ph going down and SDS-page going up

Protein-protein interactions to study use affinity chromatropgray, immunoaffinity 
chromatography, the yeast two-hybrid system, protein chips, phage display.

Yeast two-hybrid system is you regularly transcribe the reprorter gene and then with just
one protein, there's no transcription, but if both proteins fuse, there's a reporter gene, 
and that's who you can see if those two proteins stick together. The bait has to stick 
itself to the prey before you can report. Bait and prey! Use gal-4 BD as a binding protien
to uAS and the bait; use gal 4 AD for the prey, but the big deal is that the bait and prety 
have to work together. 

Using 3D structure—you find 3D structure with X-ray chrystallography (crystallize them, 
very hard, really hard for complexes of two or more proteins); nuclear magnetic 
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resonance is good for 3d images when they can't be crystallized but it's not as high 
resolution as X-ray crystollagoraphy

Knowing 3d structure is a big deal for knowing how to design drugs to stick where 

HIV protease—cleaves big HIV protein into functional proteins, HIV dies without it 
Gene mapping & disease gene identification 

So we've seen that we can look at specific genes and see what's more or less 
expressed, but we have to have some basic information before we do that so we can 
decide “these are the genes I'm going to study for a given disease.” We kind of think of 
genes as little time bombs in our patients, waiting to manifest predispositions for 
different diseases, and we'd like to be able to give them more preventative advice. 

A genetic marker's a known locus that you can easily detect, like the recognizable 
landmarks when you're trying to find your way around a new town. We don't really care 
if they're expressed genes or not; we just want to use them to get around. We normally 
use single nucleotide polymorphisms, but you can also use microsatellites and RFLP 
RFLP isn't relaly used as much anymore.

You use markers to track how the DNA's passed in a family or population. Say you've 
got a patient When markers are different, we can tell which copy of the chromosome 
comes from each parent, so we like polymorphisms. For example, if it's A it came from 
Dad, if it's a it came from mom, so that helps us see which family member's carrying 
which chromosome. We can then use that for informatio nabout whatever gene we're 
actually studying. An informative marker, then, is one you can track, where both 
individuals have different alleles—it's noninformative if they both have the same one. 

We like to use microsatellites as markers—naturally occurring repeats which are easy to
find. They're multiallelic, codominant, and you can detect them with PCR and 
electrophoresis. On a gel if the PCR product of the big A alelele for example you would 
see it higher in your gel and smaller allele like a would be lower band in your gel 
(because it's smaller, less repeats) and you can see that the son has both bands, A and 
a, and yo ucan see both bands in electrophoresis.

RFLP is a variation in the Dna sequence that alters whether or not you have a 
restriction site. Imagine you have a sequence that BamH1 can recognize—GGATCC—
and so BamH1, the restriction enzyme, can cut the DNA there. Now imagine on another 
allele it's GTATCC and now the restriction enzyme can't cut the DNA. So you can do 
restriction and PCR and the first allele will cut at the restriction sites, while the other 
allele will not, so you'l lsee more fragments on electrophoresis for allele 1. So you can 
look at a child and compare to parents for the markers and see which marker matches 
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which parent. This is used a lot for paternity tests where you run markers on all the 
possible parents involved and the child will have patterns that match certain people. In 
that case you have to make sure to do enough markers to be sure. 

SNP we can use as markers. It's nice because we don't have to use electrophoresis and
it's faster. They're also codominant, but they're bi-allelic, not like microsatellite where 
there could be a different number of copies. You use allel-specific oligonucleotides to 
detect it—that's where you have the marked probes with flourescent colors that will bind
and make colors to tell you which allele is at a specific site and it's pretty fast.

You can do many SNPs on one slide. I took a picture, look!

Recombination

You can use markers to measure whether or not recombination is happening. You can 
also use markers to make a genetic map so you can see where the stuff lives on the 
chromosome (centiMorgans are the units) and you can also make a physical map, 
which is different from a genetic map because it uses base pairs instead of 
centimorgans and so is more real. A genetic map is also different because genetic map 
is based on recombination—you will have more recombination events than what the 
distance is between spots and in genetic markers the distance will be farther apart...The
general principle is true that the farther markers are the more they'll recombine...but a 
physical map is still more precise because it comes from actual sequencing.

Genetic mapping is much less reliable and people don't use them as much anymore. 

We can still use recombination for linkage studies. Which marker is located close to our 
gene for our disease. Linkage studies look whether a marker is transmitted with our 
disease phenotype. Two genes are really far apart and so we know we can get both 
recombinant and nonrecombinant DNA, while if they're really close we only get like one 
type...? it's unlikely that they'll recombine (they're neighboring base paris and not likely 
to be split apart, for example). So you can tell your disease gene is close to one locus 
by comparing what it recombines with. You can count how many meisosis produce 
recombination and get a recombination fraction which helps tell the distance between 
the two loci. Out of 7 meiosis, for exmaple, you get one meiosis has a recombination 
and the idstance is 14 centimorgans (1/7). So you do a whole bunch of markers and you
can locate where the gene is actually. A LOD or Z score is the statistical assessment to 
see if the linkage is valid like a p value or something. 3.0 means that it's very likely 100 
to 1 odds that the loci are linked; LOD of -2.0 means 100 to 1 chance that the loci are 
just inherited together by chance. So Higher LOD is good.

Linkage for Mendelian diseases...is pretty good (3.0) but complex ones we accept 1.9 
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and 2.3 because it's really hard to get good LOD scores so we accept lower ones as 
significant or suggestive. So where your highest LOD score is, that's where the disease 
gene is probably. 

Association studies
Control for sex, age, other factors and try to match them with disease of 
interestedCompare frequency of different markers between cases and controls 
When they're the same, you know the marker is not associated with the disease of 
interest. But if the cases have a different frequency of an allele than the controls you 
can see that allele is more closely related to your disease gene. You can then put a 
number on that and compare the frequency of carriers that have the disease verses the 
ones that don't have the disease and give that an odds rario which is similar to the 
relative risk ratio (Biochemistry pg. FIXAL). If it's 1 it means having that marker doens't 
increase your disaese risk, if it's 3 or more it means it does. 

You can identify your diseased gene based on known facts about your disease. “I'm 
looking at kidney disease, so I'm going to assess markers close to kidney diseases.” But
that hypothesis could be wrong—it could be a brain or pituitary or something expressed 
gene and you could miss your gene. So that's the problem with functional cloning. 
Positional cloning is identifying a gene only based on position. Instead of selecting a 
panel of markers around genes you've hypothesized are important, you select around 
markers that cover the whole genome without knowing what they're markers for and 
you're making no hypothesis as to what the molecular basis of your disease is. Thsi is 
more expensive but you can be sure to not miss something. So you can target your 
linkage or association study around certain gene areas.

 Linkage looks at families, needs extended families, isn't as good when you've got 
complex inheritance. Association studies look at compareing cases and controls looking
at recombination events since founder mutation has occurred, but doesn't require 
extended families. But it's important how you select who's affected and unaffected, 
especially if you've got other risk factors confounded with the disease. Your cases could 
be older than the controls—do your controls just not have the disease because they 
haven't reached age of onset yet? Linkage has a resolution of about 10-20 cM—it's 
going to depend on how many gnerations of families you have so you can have higher 
recombination and higher resolution. If you need to cover the whole genome you don't 
need to do so many markers if you're not looking at so many generatiosn, so that's kind 
of nice. So you can get a lot of info, but it's not going to be very high resolution. 
Because in association studies it's like 20 or more generations, each segment that's 
linked is very small, which means you're going to have to do a lot of markers to really 
cover the whole genome (more heterogeneity) but once you find the spot it'll be really 
localized, within a few kb. 
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Which is pricier, association or linkage studies? How do you differentiate between your 
disease gene and your marker once you've found the region? What if one of the 
markers you were using was the disease gene all along? How would you know?

Genetics and Development

In 2002, says Dr. Carlo, birth defects caused more than 20 percent of infant deaths—
and a number of those come from genetic as well as environmental problems. About 
half of those defects come from complex inheritance, and five percent from environment
alone, so you can't usually rule out lifestyle and things in the world around us, but we'd 
really like to know more about genetic influence on early development so we can warn 
families and possibly counsel them to adopt instead of conceiving naturally.

It's hard to study early development, says Dr. Carlo, because of technical and ethical 
reasons. Technically, we can't inject and poke and study a pregnant woman and her 
baby without possibly altering the very, very sensitive environment we're trying to 
inspect; ethically, he says, while using spontaneously-aborted, already dead and 
miscarried babies isn't a problem, destroying a developing human being on purpose 
definitely is. 

Gene BOR1 causes defects with the kidney. You can sometimes predict this in a child 
who hasn't developed kidney problems yet via an ear tag—this same gene can cause a 
little protruding fleshy-thing to grow on the baby's ear.

HOX A and HOX D gene clusters dtermine whether a body region ends up distally or 
proximally. When you've got gain of function mutation in HOXD13, for example, you will 
get extra divisions in the bone leading to extra fingers (polydactyly) or extra fingers 
fused together (polysyndactyly).

In Wargenberg syndrome patients may have eyes of different color, set a little wider 
apart, and streaks of hair different color from the rest. This isn't really a problem—those 
are all kinda cool things!--but they may come with hearing loss, which in our modern 
society isn't difficult to live with.

Achondroplasia comes from a gain-of-function mutation in fibroblast growth factor 
receptor 3 (FGFR3) which encodes a transmembrane tyrosine kinase receptor. Usually 
that inhibits chondrocyte proliferation, which control and coordinate the differentiation of 
bone progenitor cells. Different mutations in different areas of this gene will cause 
differing levels of chondroplasia—hypochondroplasia, thanatophoric dysplasia, and 
achondroplasia. Achondroplasia comes from an over-active FGFR3 gene, over-
inhibiting chondrocyte proliferation. Some of these patients have motor development 
problems, but they don't have intellectual problems. 
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If your body accidentally inactivates the morphogen Sonic Hedgehog you can get eyes 
too close together (with cleft-like lip or high or cleft palate) or no eyes at all at worst. 
This gene helps differentiate the extremities and your head, but the head was too small 
and didn't spread out all the way. This condition is called holoprosencephaly. 

If cell migration cells like L1S1 don't develop, you can get lissencephaly. The loss of 
function mutation makes the migration and corticol development go all wrong—
everything migrates out all smoothly—and you get bad mental retardation. Now some 
doctors will say “hey your child will definitely become a permanent vegetable” on 
genetic counseling, but Dr. Carlo in his genetic practice has found a number of patients 
with lissencephaly who can still perform in school—not at their grade level, but a 12 
year old at an eight year old level, for example, which really isn't all that awful (lots of 
normally-developed people don't perform at their age level!). So be careful before 
casting aspersions; give best and worst-case scenarios.

Genes for programmed cell death also need to work properly. Your anal membrane 
needs to perforate; your fingers need to separate; your uterus and vagina need to 
connect. If the programmed cell death genes aren't working, or some cell signaling is 
off, well—you can have problems.

A teratogen is anything that messes with normal embryonic development. Be aware of 
anti-convulsants, alcohol, methyl mercury, and always check medication labels before 
prescribing.

Genetic Risk Assessment

Remember some basic rules of probability.
• You add when the events are mutually exclusive: probability of having a boy or a 

girl is ½ + ½ =1
• You multiply when the events are independent: probability of having a boy first, 

and then another boy, is ½ * ½=1/4.
◦ It's always important to explain independent events when you're counseling 

patients—you could have, by chance alone, four children with the same 
disease even if the chance of them having the disease was only ¼.

When you know the genotype, you use Mendellian laws and calculate based on these 
rules. What about if you don't know the genotype? Sometimes you can guess. 
Hemophilia A, for example, is usually an X-linked recessive mutation. You may not know
if a patient's mother is a carrier, but you may know that the mother's father is affected, 
so the mother must be a carrier, and you can use that info to figure out what will happen
with her children. You know now she has one good copy, and one mutated copy, so 
there's 50 percent chance her daughters will be carriers. Similarly, if you know the 
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prevalence of carriers of some disease in a population, but you don't know anything 
about a particular patient's spouse, you can try to calculate risk for their children based 
on what you know about the patient and what you guess about the spouse. So for cystic
fibrosis, for example, if you have a carrier woman with a ¼ risk of transmitting the 
mutation, and she marries some random dude, you know that if he's a Caucasian his 
general risk in the population of being a carrier is 1/22. If he's a carrier, he'll have a ½ 
chance of passing his defective gene. So he's got a 1/22*1/2 chance of passing on a 
gene, or 1/44. So then for the child to have the disease, you've got the ½ chance from 
the mother, and 1/44 chance from the father, and that's 1/88. If this disease were X-
linked, we wouldn't do that calculation for the father, because we'd be able to tell if he 
was affected or not, but since it's not, we don't know.

Just using Mendel's laws usually tend to over-estimate the probability of the disease. 
For example, suppose we have a grandma who was a carrier of hemophilia, which is X-
linked. We know she is a carrier because she has two affected sons. Now, she has a 
daughter who has four unaffected sons. Just because this daughter has four unaffected 
sons doesn't mean she's not a carrier. So she's having a daughter, and she's not sure if 
the daughter will be a carrier or not. Mendelian inheritance says that she has ½ chance 
of getting the carrier gene from grandma, and if she is a carrier, ½ chance of passing it 
on, so that's ¼ chance that her daughter would be a carrier. But in real life, that's very 
unlikely, because the fact that she had four boys without the disease actually means 
she probably doesn't have the carrier gene. If she did, we would have expected ½ of her
boys to be affected. Now probability is independent, so we can't say her daughter isn't a
carrier, but it's not nearly as likely as Mendel would have us say. 

Dr. Dutil said to think about it like the probability of a car or a truck arriving at your house
for a party. ½ of your friends have cars, ½ have trucks, so for each vehicle you have a 
½ chance either way. But if you hear a loud, roaring sound in your driveway, even 
though straight probability says it's ½ chance of being a car, you know it's probably a 
truck, because you know about trucks and that they have loud noises. So that's where 
Bayesian probability comes into play: you're adding new information to your probability 
calculation.

So back to our hemophilia family. 
• The first possibility is that grandma didn't pass the mutation. Then there's no way 

that the granddaughter with four brothers would get it. 
• The second possibility is that daughter/mom is a carrier, and passes a mutation 

to granddaughter. 
• The third possibility is that she is a carrier, and doesn't pass the mutation. 

In only one of these three scenarios, the daughter is a carrier, so which scenario is most
likely? We need to know the probability of being a carrier in each scenario, the 
probability of having those boys unaffected, and the probability of each scenario 
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happening compared to the others.

So first we look for the prior probability, or the probability of being a carrier in each 
scenario. In the first scenario, it's ½ chance grandma didn't pass the mutation, times 
100% chance daughter doesn't pass (she can't), and that's ½. In the second scenario, 
there's ½ chance the grandma passes it, and ½ chance the daughter passes it, and so 
in second scenario granddaughter has ¼ chance of being a carrier. The third scenario is
the same.

So now let's take into account the boys. In the first scenario, you've have a 1*1*1*1 
chance that the boys would be unaffected—it's just impossible that a boy would be 
affected. In the second scenario, every time she has a boy, she has a ½ chance of 
having an unaffected boy. So that/s ½ times ½ times ½ times ½ is the chance that you'd
have four unaffected boys from a carrier woman. That's low! In the third scenario, 
similarly, you'd have a ½ times ½ times ½ times ½ chance that all four boys wouldn't be 
affected. These are your conditional probabilities.

Your joint probabilities are your prior times your conditional probabilities. Here you're 
looking at two independent events—the mom being a carrier, and the boys being 
unaffected—and putting together the chances of them happening. So if you do the math
you get joint probabilities of 1/2*1= ½ in the first scenario, 1/4*1/16=1/64 in the second 
scenario, and also 1/64 in the third scenario. In the last two scenarios, it's only 1/64 
chance that a carrier woman would have four boys who are unaffected and a carrier 
daughter, and it's also only 1/64 chance that a carrier woman would have four boys who
are unaffected and a non-carrier daughter.

Finally, you count the posterior probabilities. That's pretty much the probability of each 
scenario happening, out of all the possible probabilities we have. So that's ½ divided by 
(1/64 + 1/64 +1/2) for the first scenario, or 16/17 or 93% for the first scenario. For the 
second, you've got 1/64 divided by (1/64 + 1/64 +1/2), or 1/34, and it's the same for the 
last. In both the first and the third scenario she's not a carrier, so the chance of her not 
being a carrier is those two scenarios added together, or 94% + 3% which is 97%. It's 
much less likely probability-wise that she'd actually be a carrier, knowing what we know 
about her family!

Of course if Mom suddenly has another boy, and he's got hemophilia, you know she's a 
carrier and you go back to Mendelian probability because you know the genotype.

We use these Bayesian calculations for disorders with incomplete penetrance. If the 
penetrance is 70 percent, then as a carrier she has 30 percent chance of not expressing
the phenotype. You now have two scenarios: she's a carrier, and she's not a carrier. 
Prior probability is ½ in each case. In the first scenario if mom is not a carrier than you 
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have 1 in 1 chance of the daughter not having phenotype and not having the mutation 
and not being a carrier. In the second scneario where Mom is a carrier and does pass it 
on, you have 30 prcent chance of not expressing the phenotype. Joint is... Many 
autosomal dominant diseases have incomplete penetrance.

This also helps with disorders with late onset. Every time you live ten years without 
Huntington disease, you lower your chance of having it. If the father's 40, we don't know
if he has the phenotype of the disease yet, and so we don't know if his child will have it. 
But when he's 60, and he still doesn't have the phenotype, we begin to suspect that he 
really doesn't have it and his children will be safe. Or let's talk Parkinson's. Say the 
grandmother had it. There's a ½ chance that she passed it to her son, and there's a ½ 
chance that if he has the mutation he'll pass it to his son. Father is 60, and doesn't have
Parkinson's, so what's the risk that his 35-year-old son will get Parkinson's from his 
father? 1/3 of the people who would have the mutation and not show the phenotype at 
60 years. Only 5 percent of mutation carriers would show a phenotype at 35 years, so 
the grandson's kind of not helpful. But we have three scenarios: in the first, it wasn't 
passed to the Father, so it can't go to Grandson. In second the Father did inherit it, but 
hasn't shown it yet and didn't pass it to Grandson. In the third the Father did inherit and 
pass the disease on to his son. So our prior probabilities are:
In the first scenario, it's ½, because once he doens't have the mutation, he can't pass it.
In the second scenario, it's ½ times ½, and in the third it's ½ times ½.
Conditional probabilities:
If that person doesn't have that mutation, what's the chance he doesn't express the 
phenotype? 1 in the first times 1 makes 1.
In the second scenario, it's 1/3 chance that the 60 year old father wouldn't show a 
phenotype. If he doesn't pass the mutation, and doesn't show a phenotype the 
probability of passing the not-mutation is 1, so that's 1/3.
In the third scenario, it's 1/3 chance that the father won't show, and 0.95 that an affected
35-year-old son wouldn't show.
Joint probabilities are these multiplied together.
½ times 1 is ½ for the first scenario.
1/3 times 1in the second scenario 
And 0.008 in the second scenario.
So sum up the probabilities of the three scenarios, make your posterior probabilities, 
and you get 75 percent chance that the father didn't get the disease and won't pass it. 
The difference between the second and third scenarios are like 0.13 and 0.12—the 
information about the 35 year old doesn't change much, and either way the chance of 
the father being a carrier at this age and passing it on to his 35 year old son is very low 
comparatively. 

How do we solve complex traits? We use empirical risk based on large populations. 
Basically look it up in a table. That's all you can do.
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Treating Genetic Disease

In the disease homocystineuria you can give pyridoxine, and about 50 percent of 
pateitns respond well. You basically give them the protein's cofactor to increase enzyme
activity.

Sometimes you can modify or replace a protein. People do this by using enzymes that 
already exist, but it's very expensive—like $5,000 a week! Guacher Disease, Fabry 
Disease, and Mucopolysaccharidosis I and II all respond to replacement of enzymes.

Dr. Carlo knew a patient with Hunter's Disease of 15 years old. This means he's 
probably going to die soon. But Dr. Carlo says if we can improve someone's quality of 
life for the last 5 months of life, we should. So Dr. Carlo wrote a letter to the insurance 
company, explaining about the medication approved by the FDA, and that the approval 
now lay legally in their hands, and in like a hundred places it got approved. He says the 
child only lived eight months later, but the gratefulness of the mother and the 
improvement in his quality of life made it worth it.

That's the kind of doctor I'd like you to be, and I'd like to be. Someone who doesn't stop 
at “it's not covered by insurance.”

Morquio 

Gaucher's the most common lysosomal storage disorder. You'll see three kinds: a non-
neurologic, and two neurologic types, acute and chronic. Because Gaucher's affects the
macrophages it affects your liver, bones, lungs, etc.

Fabry Disease
These patients almost lways have less than 1 percent of normal enzyme activity. Some 
have the cardiac variant, where they can die because of cardiac failure at early ages. 
Regardless of the type in the end they always have kidney failure, heart failure, or brain 
failure. They don't have another phenotype that affects their quality of life. Because 
phenotypically they look normal, many times they're not properly diagnosed. They do 
often have angiokeratomas (tiny little capillary ruptures), which you'll find either around 
their umbilical cord, or around the bathing trunk-covered areas. They'll often have 
corneal opacity.

Mucopolysaccharidosis I/Hurler
In Morquio, the folks look just like this but without mental disorders. These patients have
GAGs accumulating, as you know from pg. FIXAL. 
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Hurler is the most severe, then Hurler-Scheie, and then Scheie is the least.

Isolate bacterial plasmid
You give the enzyme 

Bone marrow transplate can either replace tissue macrophages by donor cells through 
the bdy, or you release donor cells release enzymes, and those enzymes get uptaken 
into recipient cells. Patients of bone marrow transplant will often still have some 
phenotype of the disease physically.

Prenatal Diagnosis

Ultrasonography 

Non-invasive
Often you can see spinal defects or other stuff like that. People with a lot of experience 
can see the nuchal area of the baby's skull and diagnose Down Syndrome.

amniocentesis, 
This is normally done transabdominally, directly into the amniotic cavity to take out 
amniotic fluid. The risk is that you could break the placenta, hurt the umbilical cord, or 
stab the baby, but because it's done with a sonogram you can be careful and lower that 
risk. You often want to do this in women over 35 years old, especially if they've had 
children with chromosome anamolies or if they themselves have a chromosomal 
anomaly that might come with a neural tube defect or other genetic disorder. 

chroinoic villis sampling, 
You can do this transabdominally, or transvaginally. This is usually done between 9.5 
and 12.5 weeks. You're trying to take a piece of the placenta out. Often you can find 
mosaicism this way, and you have to be careful in your counseling because the 
mosaicism might not be in the fetus, too, as well as the placenta. 

You can also run various hormone tests on the maternal blood, looking for things like 
fetal blood cells in maternal blood, maternal serum alpha-fetoprotein, maternaal serum 
beta-HCG, maternal serum estriol, or inhibin A. The fetal blood cells technique is pretty 
new, and it's usually because only a very few fetal cells enter the mternal circulation—
the whole point of the barrier between the two is to keep that from happening—but you 
can sometimes test fetal cells that way. The alpha-fetoprotein is useful to find some 
chromosomal disorders and in CNS problems. Generally in trisomies it's lowered. But in 
Dr. Carlo's personal experience sometimes instead of telling you “based on the values 
there's a possiblity that your child has a child that has this trisomy,” they tell you “your 
child has this trisomy,” which isn't always accurate, and out of all the tests that he's 
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received and then done an amniocentesis, only one of those people actually had 
trisomy. If maternal serum beta-HCG is high it could mean there isn't...? Estriol tends to 
be lower when there's a trisomy. Inhibin-A is made by the placenta and a higher amount 
can mean trisomy 21 and premature birth. PAPP-a (pregnancy-associated plasma 
protein A) can 

A triple screen is MSAFP, uE3, and HCG. 

A molar pregnancy means tissue begins to grow, starting as a fertilization, but it 
becomes hollow and doesn't grow as a fetus. This happens a lot of times when a sperm 
fertilizes an actually empty egg.

Metabolism

Delta G tells us if a reaction is spontaneous or not
Delta G is Delta H minus T times Delta S
That's what tells you if a reaction is spontaneous
Endergonic is positive delta G (which means you need energy inputted to move forward 
with the reaaction)
Exergonic is negative delta G (which means it's spontaneous)
If delta G is 0 you have equilibrium.
Delta Gcircle thing plus RtlnKeq equals Delta G
Delta G circle thing is the standard Delta G. If it says 01 Delta G01 then you know you're 
in a biological system

Coupling Reactions makes them more spontaneous sometimes
You can see this as adding delta G.

ATP synthesis happens through two processes. Substrate level phosphorylation, and 
oxidative phosphorylation. 

Phosphenol pyruvate to pyruvate makes ATP because you transfer a phosphate from 
the substrate to ATP. A kinase does that. That's substrate-level phosphorylation. This 
kind of phosphorylation makes about 10 percent of your ATP. 

Oxidative phosphorylation makes about 90 percent of your ATP. That's the electron 
transport chain. The electron transport chain makes hydrogen-pump activate and pump 
hydrogens against their concentration gradient, and when the hydrogens re-enter they 
enter down their concentration gradient through the ATP synthetase hole and make a 
whole bunch of ATP! This is the hypothesis of Peter Mitchell, the Chemiosmotic Law. 
This is to substrate-level phosphorylation what a water-wheel factory or a hydro-electric 
dam is to a blacksmith. Just like a dam uses the water's desire to flow down its gravity 
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gradient, this system uses hydrogen's desire to go back down its concentration gradient.
And it's awesome.

Glycogen is stored in the liver and you use it to break down into glucose. It solves 
hypoglycemia. Cholesterol goes up when there's glycogen being broken down...
Fatty liver is when you have too much storage in your liver...
Glucose and the hexomonophosphate shunt which produces 
phosphoribosilepyrophosphate and that creates an excess...
Sickness in biochemistry Von Gierkes Disease...

PEP and delta G01 is -14.4 or -61.9 KJ/mol
Phosphocreatine – 10.0  or -49.4 KJ/mol
ATP is -7.3  or -32.2 KJ/mol
Glucose is -5.0  -13.8 KJ/mol
Glucose 1-P is -4.0
Apparently they ask that sometimes on the Shelf, about which is the most negative.

According to Hans Krebs, we have three stages of metabolic catabolism. First, we have 
digestion, second, the glycolysis stage that makes some ATP and Acetyl CoA, and then 
the Krebs Cycle and oxidative phosphorylation, which makes 90 percent of our ATP. 

Biosynthesis consumes a lot of ATP. Cellular movements, signal transduction, 
thermogenesis, and active transport also take up ATP. The average person at rest 
consumes and regenerates ATP at 1.5 Kg/hour. It can get as high as 0.5 Kg of ATP per 
minute when you're working super-hard!

You can calculate the energy charge or pool of energy available to a cell. It's put in a 
fraction between 0 and 1—if you're at 0, you are completely out of ATP, and ADP, and 
you're all the way at AMP and you've got no energy left. If you're at 1, 100% of the 
adenosine-phosphate molecules you have are ATP, tri-phosphate, and you've got lots of
energy available for use. Here's the equation for the calculation:

blargh

Metabolic pathways are irreversible, with a negative delta G01. This doesn't mean, of 
course, that every metabolic reaction is irreversible—a large number of them aren't—
simply that once you've gone through the process overall you're not going back. The 
rate limiting step of each part of the pathway kind of commits you to the next, and that's 
what really makes this whole process irreversible. That part is always irreversible, and 
each metabolic pathway has this first committed step after which you're not going back. 
This step's enzyme is called the pacemaker enzyme.
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Each organ uses energy in a slightly different way.
Brain: Only glucose. Under starvation, uses ketone bodies, but really prefers glucose!
Muscle: Glucose, fatty acids, and ketone bodies.
Adipose tissue: Need glucose to make triacylglycerols.  In the presence of insulin 
glucose storage/flux into the cell goes up 10-fold. That's because glucose is very polar 
and so it doesn't get into cells very well, but insulin activates transporters so glucose 
can get into adipocytes.
Liver: Opposite of the brain. Prefers keto acids made from the degradation of amino 
acids.

Protein-deficiency Kwashiorkor is marasmus with specific protein-deficiency
Marasmus is deficiency of proteins, fats, and carbs and you see those kids with big 
tummies and skinny arms and stuff

Oxygen consumption...4.83 Kcal/liter of oxygen...
Volume of Co2 produced/Volume of O2 helps you measure how much they're spending 
versus taking in in energy

BMR= Basal Metabolic Rate
After 12 hours of starvation you have 80 mg of blood glucose/deciliter
BMR=weight times 24 kcal/kg

Specific dynamic action...
Energy you expend depends on the specific actions you're doing, your basal metabolic 
rate at rest, your physical activity,and your environmental temperature.

Your BMR is influenced by your size, what you're eating, if you have disease or 
hormonal issues, what your normal exericse/workload is, and whether or not you've got 
growth or increased cellular activity going on. Basically all that stuff that's just kind of 
happening no matter what you do.

A sedentary person needs BMR + 30% of BMR to live (energy-wise)
A moderately active person needs BMR + 40% of BMR
A heavily active person needs BMR + 50% BMR

Do the problem set at the end of this lecture 74-75 handout
Someone in moderate activity needs 

Not all proteins are made equal as nutrients. Their usefulness as nutrients depends on 
their digestability, and the ratio of essential amino acids in them. We measure this two 
ways: one, with biological value, which depends on their amino acid composition, and 
two, with net protein utilization—how much of the protein we end up using overal. The 
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proteins in human milk have the highest NPU for us, at 95 percent net protein utilization,
while corn protein has the lowest, as 36 percent net protein utilization. Cow milk is at 81 
percent, and wheat at 49 percent.

Check out the documentary King Corn and think about how much corn we eat. It's 
crazy, and so useless.

The essential amino acids are mentioned on page FIXAL. They are MiLK WITH Veggies
and Fruit: Met, Leu, Lys, Trp, Ile, Thr, His, Val, and Phe.

When you lose weight, you first lose adipose tissue. Later, you also lose some muscle 
mass. That's why beginners who work out might see results faster than people who've 
worked out for a while and hit a “plateau.” Adipose tissue is 85 percent triglycerides, 15 
percent water. 

You have 9 kcal for every 1 gram of fat. So in one kilogram of fat you have 7,650 kcal of 
energy! Man, that's cool, that's a lot of energy I've got stored there. (Because you have 
850 g of Tg in one kg, right? Right)

A caloric deficit of 765 kcal/day will mean it takes 10 days to lose one kg of fat.

To store a kg of fat requires 15,000 kcal because you have to use all the energy of 
synthesis. Wow, that's a lot of work to build fat.

Parenteral nutrition—intravenous—gives you 200 kcal per liter. People give 2-3 liters 
per day of 5 percent glucose in saline solution. This isn't enough even for your BMR, so 
you can't leave a person on this for a long time. There's no protein or fatty acid or 
anything in here. Not vitamins, no minerals.

Fatty acids give you linoleic acid and arachidonic acid, which you use to make your 
prostaglandins (immune response and contraction muscular and coporatl temperature) 
and leukotrienes and prostacylines and thromoxanes (clotting). So without fatty acids 
you have a problem!

Total parental nutrition, hyperalimentation, has amino acids, fatty acids, vitamins, 
minerals and you can keep the patient alive longer. 

If th eperson can digest a little bit, you can give them gavage feeding with an emulsion 
that you pass through a tube into their stomach. People who are in a prolonged state of 
needing help that's what you give them.

Lactose intolerance comes from lack of lactase, which is supposed to break lactose into
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glucose and galactose.

Glycogen is like our version of starch.

Two types of linkage for amylopectin—alpha 1,4 and alpha 1,6

glucose and fructose make sucrose with an alpha 1,2 link. Sucrase 

Galactose and glucose and a beta 1,4 linkage is lactose. Lactase.

In insects, seaweed and fungus there's a sugar called threhalose. It's not very 
commonly consumed. It's a disaccharide of two glucoses with a 1,1-alpha bond. We all 
have the threhalase enzyme, but we don't use it very much. And so of course this 
breaks that bond. There are people have deficiency of threhalase, but it doensn't really 
matter if you don't eat this kind of food a lot.

Alpha amylase braeaks the big things into disaccharides and things.

In the stomach we don't have any carb-digesters.

Isomaltase breaks the alpha 1,6 bond. Which is nice. Maltase only breaks alpha-1,4.
Lactase breaks the beta 1-4 bond in lactose.

You pretty much never lack maltase, that's really rare.

Asians have a very high prevalence of late onset lactase deficiency...this table says 100
percent but I really doubt that...I'm pretty sure my grandma could drink milk. But Dr. 
Torres says the lactase deficiency isn't complete, just that there's slightly lower levels. 
Danes are like 3 percent, they drink milk all the time.

Alpah aminitin—super deadly toxins in mushrooms that inhibit RNA polymerase II

Vitamin K, A, and E absorption—lipid-soluble vitamins—can be hurt by inflammation in 
the intestines, which can be caused by continued lactose consumption despite the 
lactase deficiency. The bacteria breaks down the lactose and gives off all kinds of things
and grows too much and so the body starts to attack it.

Glut4 is insulin dependent
There's also 1, 2, 3, and 5. They just have in common that they transport glucose.

Glut 1 is in red blood cells, kidney, colon, etc and limits glucose trnasport into brain.
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Glut 2 is in liver, pancreatic beta cells, basolateral surface of small intestine, which has 
high capacity and low affinity...Always absorbs the same amount of glucose, doesn't 
matter the amount present or insulin or anything.
Glut 3 has a low Km and is in neurons, placenta, and testes...
Glut4 is in fat, skeletal muscle, and the heart and mediates insulin-stimulated glucose-
uptake. This is dependent on insulin.
Glut5 is a fructose transporter. It's in small intestine, testes, and sperm, less in kidney, 
skeletal muscle, adipose tissue, and brain. Not dependent on sodium. There is a SGLT1
sodium hexose co-transporter in there, in your intestine.
The low Km means that it has a high affinity—not as much disassociation. So Glut3 
doesn't let energy as quickly into the neurons, placenta, and testes because you those 
are sensitive areas

In non-neural tissues you have less gap junctions and stuff. Those speaces also help let
glucose in. In neural stuff you hae a narrow intercellular space, and you don't have 
pinocytosiss just sucking liquids in either, so that's also gonna keep dissolved stuff out. 
You have a very afinity channel so it really grabs glucose really hard and pulls it in from 
other areas. This tissues suffers the most when you're lacking glucose.You want high 
affinity so you don't lose the glucose floating by, but you don't want to absorb too much 
too fast because of possible damage so you don't want any low-affinity high capacity 
stuff here.

Pancreatic lipase and colipase (co-enzyme) and bicarbonate work together t o digest 
fatty acids. Small is less than 6C, medium is between 6C and 10 C, and large is more 
than 10C. 

2-monoacyl glycerol with FaCoa becomes diacyl glycerol which then uses another facoa
to make a tryacylglycerol and eventually package everything in chylomycrons.

First you have toactivate fatty acids before you can add them to glycerols. So you take a
fatty acid, add ATP, make FA-AMP, then put it through CoAsh and take off the AMP and 
you have FA-Coa

You can't transport lipids by themselves in the blood so you need lipoproteins

HDL helps carry and direct the matrue chylomycron to where it needs to go. Without it 
the chylomycron is like a boat with no port floating aimlessly on the sea...

LPL binds to ApoC binds to TG and (ApoB48 and APE are the outisde cover of the 
chylomicron). TG begins to break into glycerol and three fatty acids. Lpl hydrolyzes the 
triglycerols in the chylomicron. Then you can absorb those little pieces into energy, or if 
you're in adipose tissue you can transport them through the membrane and put them 
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back into triglycerides for storage. Lpl or lipoprotein lpase is on capillary walls. At some 
point APoC is free and then you have just a tiny tiny chylomicron left of Tg and APOE 
and Apob48 which is just a remnant of what's been digeted and not a lot of TG left and it
will go to the liver. In the liver, it's still too big and polar to get in through diffusion so it 
has to be transported. There's a receptor names apoE receptor which grabs the apoE 
on the chylomicron. Receptor-mediated endocytosis. Then the chylomicron's degraded.

How does fatty liver work? Like what about alcohol makes you store so much fat?

So if you ahd a problem with ApoC you'll have all kinds of fatty things floating around in 
your blood. You would have arthrosclerosis and more clots and stuff.

Trypsin breaks basic, elastase breaks little ones, chymotrypsin breaks 
aromatics...pepsin is also aromatics but also glu and asp (so acidic)

Amino acid transporters 
There are like six differnet subtypes. But every time he says a number, Dr. Torres says, 
they find a new one. They're differentiated via specificity. You've got non-polar ones, 
ones that are for acidic ones, ones for basic ones, aromatic ones, ones that prefer 
hydroxy ones like hydroxylysine and hydroxyproline. Now these things have 
preferences but they're not absolute. There's some time of overlapping. 

Hartnup disease is when you have problems absorbing non-polar amino acids. Deficient
isn't absent, deficient is menos. There's less, or the protein's there but it has a mutaiton 
that's making it work less. But that's not zero. These transports bring amino acids into 
the blood.

You can bring amino acids places to make proteins, but you can also use them to get 
energy by making glucose. You could also make purines and pyrimidines for 
nucleotides, or neurotransmitters like GABA or histamine (from hisitidine!) or 
sphingolipids. 

Fed or basorptive state
The first phase is to absorb, and then to store. So immediately after a meal and about 
one to two hours afterwards you ingest carbs, lipids, and prtoeins, use the calories you 
need, and send everything else to insulin-triggered storage or anabolic pathways. 
Remember that signal transduction chain of insulin, but the brain doesn't need insulin to 
put glucose transporters in the membrane because the brain is ALWAYS using glucose 
and never really storing anything. It just keeps glucose transporters there permanently, 
it's really brilliant and lit up when you do glucose PEP scans of cancer you see all the 
tumors really colorful and also see the brain really colorful 
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Carbs you can decompose into sugar monomers (like glucose)

malto triose is glu glu glu 

You use your energy right away. But you always have to keep glucose really low in the 
blood, or you'll hurt your tissues, so your body has this dilemma where you have excess
and you need to take it from the blood but you don't need it so you store it. You store it 
as glycogen in the liver and muscles, but that capacity is limited so then what? Convert 
glycogen into triacylglycerols and triglycerides. (that's insulin that makes you do that) 
Then you package TG into VLDL and send it to adipocytes to get stored.

If you have a sickness your liver could be bad at exporting the excess and just keep 
trying to store the triacylglycerols in itself. That's fatty liver disease there.

When you exercise, you use up all your glucose. After that adrenaline makes you 
release your triglycerides. You start using your free fatty acids from those and you beta-
oxidize them to produce ATP. 

The brain and the red blood cells kind of do their own thing, the brain takes glucose 
right away and does acetyl coA and krebs cycle and rbc does the pyruvate glycolysis 
thing...
When you digest fats
lipase and stomach tributyrase break fats into 2-monoacylglycerols plus free fatty acids 
(but the small intestine can't absorb TG)
And then you have to rebuilt them

Low density and high density lipoproteins 
High-density lipoprotein is mostly protein because protein is way more dense, low-
density and very low density are all mostly fat 

chylomicrons are so big that they enter intestinal cells via lymph nodes and then drain 
into circulatory system in large chest veins (they're too big for the capillaries!)

the amino acid transporters are also sodium co-transporters

amino acids you can transaminate them and make alpha-keto-acids which you use in 
the liver for TCA cycle; you can also make amino acids into pyruvate in the muscle. Also
they break down into ammonia. We put it in urea, because ammonia is toxic and we 
don't want to get hurt. To keep ammonia in our bodies it would have to be really dilute 
and with that much liquid we would be peeing all the time. Fish don't have that problem 
because they can just pee all the time, so they don't need the urea cycle. Birds turn it 
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into uric acid.

After about 2-4 hours after a meal we go into the basal state. Now your body still need 
to think and do neural stuff and other stuff like that, so your basal state is hinrently 
catabolic. You break down energy all the time. So about four hours after the meal the 
glucogenolysis in the liver—you break down glycogen to release glucose, and you 
break down lipid of your adipose tissue all the time. The minimal level of fat to be 
healthy is 10 to 15 percent. Those body builders for competition will go as low as 3 
percent, says Dr. Santiago, but then they'll bring it back up again so they're not 
unhealthy. 

Now what about the fasting state? Your first strategy is to do beta oxidation in your 
muscle and liver. That actually starts already 6 to 8 hours after the meal. Then after 
about 12 hours of not eating you start gluconeogenesis—making new glucose from 
scractch—in your liver. That's not taking glucose from glycogen, which is 
glycogenolysis. Gluconeogenesis is making new glucose from scratch using carbons 
from amino acids, glycerol, and amino acids. When you use amino acids this way the 
nitrogen makes urea. We use a few ketone bodies during this time.

After more than 2 days you go into starving. You start accumulating ketone bodies in 
your muscles because they stop using the ketone bodies they were using before. The 
brian starts using ketone bodies instead of glucose (it oxidizes them for energy). The 
liver stops doing as much gluconeogenesis, since we're conserving carbon—if you insist
on continuing making glucose, and the carbons come from amino acids, you'll start 
eating your own muscles. So the brain and other tissues start switching before you eat 
muscles, trying to live on ketone bodies. Now after advanced starving the body starts 
eating its own protein, starting with albumin (so you get the weird liquid build-up and 
edema in the belly)

Glycolysis 

Glucose goes through ten steps to become 2 pyruvate, generating 2 ATP. Those 
pyruvate can turn into fatty acids and then triglycerides in the liver, or they can turn into 
cholesterol.

Glucose turns into glucose-6-phosphate when an ATP turns into ADP. That's an 
irreversible reaction, with negative delta G. That requires Mg2+ and Mn+2. 

The liver has some special gluco-kinases that the other cells in the body don't have—
they use hexokinase and glucokinase to make this G-6-P transition.

Then there's a reversible reaction where G-6-P turns into fructose-6-P. You really went 
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from an aldehyde to an acetone, and that's an isomerization reaction. So you use 
phosphoglucose-isomerase to make it happen.

Then you turn that into fructose-1,6-biphosphate. You need to use another ATP to make 
that happen, and you use enzyme phosphofructokinase, PFK. This is a very exergonic, 
spontaneous reaction, with a negative delta G. This is known as the pacemaker 
enzyme, the regulating step where you have the most control. Once you make the 
fructose-1,6-biphosphate you can't stop! You have to keep going.

I'm sure you've noticed that you've been putting a lot of energy into this so far. It's like a 
business, where you invest ATP to get ATP out.

What happens next?

Aldolase turns fructose 1,6, biphosphate into dihydroacetone phosphate (DHAP) and 
glyceraldehyde 3-P (GAP). Basically it cuts between carbon 3 and 4 and 1 and 6. This is
completely reversible and you can't really control it at all.

DHAP then meets enzyme triose phosphate isomerase which turns it into GAP, too, so 
now we have two GAPs.

These two GAPs take two phosphates, and two NAD+ which turn into 2 NADH and H+. 
This is the only oxidation reaction. Each GAP has now become a 1,3 
biphosphoglycerate. Basically the aldehyde became phosphated, an anilide, and that 
area's just chockfull of possible energy! That phosphate can make ATP happen. There's 
another phosphate at the opposite end of the molecule, but it's not as important yet. The
enzyme that runs this reaction is called GAP-dehydrogenase. This is reversible.

Those 2 1,3-biphosphoglycerates then go through bisphoglycerate kinase, taking off 
that special phosphate, and make 2 ATP as they become 3-phosphoglycerate. We've 
got a net gain of 0 ATP.

Then you change the position of the phosphate. It goes from the third carbon, up to the 
second. That's known as a metabolic mutation, so the enzyme's called a mutase: 
phosphoglycerate mutase, to be exact. The new molecule, with the phosphate moved, 
is called 2-phosphoglycerate.

Then you dehydrate that molecule (remember, you're using two molecules, so you're 
doing that twice and taking off two waters total) and making phospho-Enol-pyruvate, or 
PEP. The enzyme that does this is enolase, and it uses manganese as a co-factor.

Now we go to the last reaction. The two PEPs go through pyruvate kinase, and we have
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our third irreversible reaction, which is very exergonic with a delta G of negative 14. This
produces 2 ATP, and makes 2 pyruvate, so we've replaced the 2 ATP and then some. 
It's basically a 100% profit margin.

It the mitochondria, if you add O2, you take these two pyruvate through a series of 
reactions that turn them into 2 AcetylCoA, and then rush them through the Krebs Cycle 
and oxidative phosphorylation, which leaves them as 6 CO2 and 6H2O. That is 
complete and utter combustion! And that reaction gives 36-38 ATP. 

On the other hand, if you don't have any oxygen, you can take the pyruvate through 
lactate dehydrogenase and turn 2 NADH and 2 H+ into 2 NAD+, and make the pyruvate
into 2 lactate. Why do you want to do that? It makes sure glycolysis keeps happening. 
Remember earlier when we made NAD+ into NADH? Well, we don't want to keep doing 
that and then run out of NAD+ and not be able to do it anymore! You ferment the 
pyruvate so you can replenish your NAD+ and keep that oxidation reaction happening. If
you have mitochondria and oxygen, you don't need to do this, because you have plenty 
of NAD+ made by the mitochondria. 

Control steps

So let's go back over these. What if you have G-6-P really high in concentration? Well, 
that will impede the first step of this reaction, because it means that something's backed
up further down the road, and that will inhibit the reaction. That's the way you have 
feedback on the first step of the reaction, and the way you control it.

In the liver, the enzyme used for this is glucokinase, not hexokinase. It's an isoenzyme 
that makes the same reaction but with other parameters. It's also seen in certain regions
of the kidney. Maybe it helps both of those areas taste bad as meat, lol. Glucokinase is 
an inducible enzyme. This means its hormone-regulated. It's controlled by insulin. The 
production of the enzyme in the hepatocytes depends on insulin when the glucose is 
abundant, in the fed state. The liver can detect the difference between the fed state and 
the starvation state—muscles and other areas can't do that, once glucose enters if 
insulin's out they'll just consume consume consume. 

You also control PFK. You use the allosteric contraption we talked about on page 
FIXAL. ATP is a negative allosteric regulator. ADP is a positive allosteric regulator, 
making the curve stay hyperbolic. If you have plenty of ATP, you want to slow the 
reaction down, basically. 

In the liver you have an additional regulation.
So if you accumulate a lot of fructose-6-p you will activate an enzyme called PFK2. It 
will turn fructose-6-p into fructose 2,6, biphosphate. This would be a useless enzyme in 
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other place than the liver. You do this because when you are in the fed state, you want 
to keep fructose 6-p from going through the 2-pyrvate and 2-acteyl goA and becoming 
cholesterol and fatty acids in the liver—you don't want to store a bunch of stuff, yo 
uwant to use it. So the PFK2 makes fructose 2,6, BP, which is actually a positive 
allosteric effector of the storage reaction. So when you're accumulating a lot of fructose-
6-phosphate, because you are in the starvation state, you end up storing When you're in
starvation, glucose goes to the blood to fulfill priority number one—keeping the brain 
going. When you're in fed state, you want to store stuff, so you use PFK2 (which turns 
an ATP into ADP) and make the positive allosteric effector of the PFK reaction which 
keeps going into glycolysis and storage. In starvation, you don't do this—you keep 
PFK2 and PFK from working in the liver because you want to export glucose 
everywhere else, not store it...

PFK2 has a special little serine on it. If that's not phosphorylated, PFK2 acts as a 
kinase, and does the fed state stuff I just mentioned. If a phosphatase comes along and 
adds a phosphate on that serine, that means you're in starvation state, and you want 
PFK2 to act as a phosphatase. Starvation is less than 80 mg glu/dl in the blood. We 
have some stress hormones. In the liver you've got glucagon. Glucagon sticks to a 
receptor that makes cyclic AMP which activates protein kinase A, in general promoting 
catabolism and degradation. Once the protein kinase A works, it phosphorylates a 
bunch of things internally, and one of the things that's done is phosphorylating PFK2 
using ATP. Now the enzyme doesn't act like a kinase. Now it acts like a phosphatase. 
So it won't kinase on fructose-6-p, and won't make a positive allosteric effector, and 
won't encourage storage. 

The presence of ATP inhibits the PFK glycolysis, so you will make less fructose 1,6 
biphosphate, which means more of the glucose will not be used, but passed out 
elsewhere.

PFK2 reacts based on insulin in the fed state, and glucagon in starvation. Fed state, 
kinase, starvation state, phosphatase.

When PFK2 acts as a phosphatase, what's its substrate? The same fructose 2,6 BP, but
it turns it into fructose 6-P so you can encourage glucose production. Lots and lots of 
fructose 6-p building up encourages the reaction before it to go back to glucose, to stay 
glucose, based on Le Chatelier's principle.

Another regulation step: PEP to pyr via pyruvate kinase.
Allosteric regulation where ATP is a negative allosteric inhibitor, ADP is a positive 
allosteric effector, fructose 1,6 BP is a positive allosteric effector, and alanine does 
something. When alanine goes up it's a negative allosteric inhibitor. This happens in all 
the cells. Transamination of pyruvate—something that happens down the road—will 
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makes alanine go up, and that tells you you need to stop the reaction, you don't need 
more glycolysis.

So now the liver.
Pyruvate kinase is a very active thing. In starvation you want to paralyze this. Again, if 
you phosphorylate this enzyme it will change. It doesn't change function, but it does 
become less active. Not inactive, just less active. When glucose goes down, you have 
glucagon that activates cyclic AMP and protein kinase and that phosphorylates pyruvate
kinase and you lose velocity. Now you conserve glucose in the liver. When you've got 
fed state, and lots of glucose, you produce insulin, and phospho-protein-phosphatase-1 
expresses and dephosphorylates and brings you back to pyruvate kinase.

Unlike hexokinase, which has the normal L-curve that goes up exponentially and then 
saturates, Glucokinase has this weird curve where it never ever ever saturates. It's slow,
but it just keeps going up and up and up and up. The most important implication of this 
is when we're in the fed state. Glucokinase is there in the liver doing its thing. The liver 
has first call for the glucose. What happens if the liver had hexokinase? Hexokinase is 
so efficient that all the glucose would have been phosphorylated in the liver, and then 
the liver has all the glucose and no one else gets any. So we give it a slow-ass enzyme 
like glucokinase so it gets enough and the liver phosphorylates some of it and the rest 
of your peripheral tissues still get some.

Poisons of glycolysis
GAP dehydrogenase
Thiol groups are super reactive with heavy metals like mercury and stuff. GAP 
dehydrogenase has a thiol group on an important cysteine residue. Iodoacetate also 
irreversibly destroys your thiol groups by adding CH2 and COO- and I- to it.

Flour F- interferes with glycolysis by hurting enolase. It steals the manganese co-factor 
from the enolase because it's so negative. 

Arsenic in small concentrations causes anemia. In large concentrations it just straight-
up kills you. It's a de-coupler of glycolysis. What does that mean? In the body as 
arsenate it looks kind of like inorganic phosphate, with basically the same arrangement. 
Many enzymes can't tell the difference. So when you use GAP dehydrogenase, which 
needs inorganic phosphate to do that oxidation reaction, you get phosphate and 
arsenate mixed up! Then instead of putting phosphate on your GAP, you put arsenate 
there. But that link is so, so very weak, that at some point the arsenate just straight up 
falls off in the presence of water and gives you 3-phosphoglycerate. But wait—you did 
that without going through and making ATP! Normally you were supposed to go from the
1,3, BPG you made to 3-phosphoglycerate! So you miss 2 ATP, which means in the end
you don't make any ATP from your glycolysis, all because GAP was fooled and passed 
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on a defective product that just straight up falls apart instead of going through the 
machinery it's supposed to. 

I think life is like that sometimes. We want so badly to get to the product that we totally 
forget that the journey is what produces ATP.

Another toxin: 2-deoxy-glucose. It's an analog of glucose that is missing an OH on the 
C2. Analogs like this aren't made naturally. Hexokinase accepts this false unnatural 
analog just like it's glucose, and adds a phosphate to it to make the G-6-P only now it's 
2-deoxy-G-6-P. The phosphoglucose-isomerase that's supposed to come next can't 
work, because the O you're supposed to use to form acetone, the C2 O, is gone. So you
just accumulate a bunch of isomerase bound to this freak, and that's it.

Hexose Monophosphate Shunt

Biosynthesis pathway 

Also called the pentose phosphate pathway PPP. Phosphogluconate is the really really 
old pathway name.

In this pathway NADPH is the reducing power. This molecule doesn't go to the 
mitochondria and it's for making ATP. It's for making cholesterol and steroids and fatty 
acids. By the way remember NADH and NADPH are different, NADH is oxidized to 
make ATP, while NADPH is an electron-donor for biosynthesis

this pathway makes ribulose-5-phosphate. This is important because that gives rise to a
lot of things like purines, pyrimidines, and NAD+ and FAD.

This pathway is also for synthesizing sugars of different sizes.

The HMS has several phases. First phase 1 is oxidation. The second phase isn't 
oxidative, and it makes all the sugars.

Alternative to glucolysis

Glucose gains a phosphate from hexokinase, and you can either continue with 
glycolysis with that G-6-P, or you can go through the route we're going to talk about to 
do biosynthesis. If you do that, the next enzyme is the glucose-6-phosphate 
dehydrogenase.

That enzyme uses NADP+ to oxidize G-6-P. NADP+ becomes NADPH. This enzyme 
has lots of mutations in the population. Anyway, G-6-P is now 6-
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phosphogluconolactone. 

You pass that through lactonase. Remember ase means hydrolysis. So you break the 
bond between the O and the C=O—so right through the ester linkage. That leaves a 
long molecule, 6-phosphogluconate, but in chain form. 

Now you use NADP+ and make another NADPH—so another oxidation—and create an 
intermediate by oxidizing the third carbon. That makes the molecule's bond to the first 
carbon very weak, and CO2 leaves, and now you have ribulose 5-p. This is different 
than ribose because it has a ketone, not an aldehyde. It can turn into ribose via a 
phosphopentose isomerase that switches the ketone for an aldehyde. You can use the 
ribose to make nucleotides.

Or you can rotate the OH on the third carbon from one side to the other, via 
phosphopentose epimerase, and make xylulose 5-p.

That was the oxidative phase.

Now we go to the non-oxidative phase.

You'll notice we have several rearrangements. One is we can add two C5 sugars and 
make a C7 and a C3. This is a reversible conversion, done by a transketolase.

Then there's C7 and C3 turning into C4 and C6. That's also reversible, done by a 
transaldolase. Transaldolase basically transfers 3 carbons via a Schiff base 
intermediate at its active site (lysine residue!).

Then there's C5 and C4 becoming C3 and C6. That's also reversible, and done by 
another transketolase. The transketolases need thiamine pyrophosphate as a co-factor. 
They basically transfer 2 carbons. 

So in the end, finally, you have three C5 sugars turning into two C6 sugars and a C3. 
The C6 sugars are fructose 6-p, and the C3 is GAP.

Recognize these sugars? Basically the HMS connects with glycolysis through the 
transketolase and transaldolase. Glycolysis can use these metabolites. On the other 
hand, you could also take these metabolites from glycolysis and use them to make C5 
sugars, if you needed them for biosynthesis.

In all of these reactions, a ketose is the donor, and an aldose is the acceptor. 
Remember aldose and acceptor start with the same letter.
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So let's go back over that in detail. You have ribose 5-phosphate and Xylulose 5-P as 
your first two C5 sugars. In these kinds of reactions, the ketone is always the donor. So 
Xylulose gives its ketone and alcohol groups to the aldehyde of ribose 5-p. It's via a 
nucleophillic attack, where the xylulose's group attacks the aldehyde and makes the 
aldehyde lose an H, and then through some rearrangement the xylulose alcohol and 
ketone are released from the xylulose molecule, leaving GAP behind. The big C7 is 
called pseudoheptulose.

Red blood cells are pretty simple little things. They only have two pathways: glycolysis, 
and hexose monophosphate shunt. They don't make proteins or anything secreted, they
just carry hemoglobin around all the time. They use NADPH made by the HMS to keep 
glutathione reduced. They need glutathione reduced because it's a tripeptide of glu-cys-
gly that is a natural antioxidant. With all that oxygen in their bodies RBCs can get 
poisoned and oxidized to death. So they need glutathione to act as a reducer, and they 
need NADPH to keep recharging it, reloading it, sucking electrons off of it so it can take 
them off free radicals. You really have to worry about H2O2 in your RBCs. Glutathione 
peroxidase reduces H2O2 into just oxygen and water. The product glutathione is two 
glutahtiones stuck together with disulfide bonds. NADPH loses an H to make that bond 
break by putting Hs in it instead of the link. The enzyme that uses NADPH to do this is 
called glutathione reductase.

RBCs don't have mitochondria so they need the ribose-6-phosphate pathway to make 
NADPH. NADPH in red blood cells reduces glutathione to sulfhydryl form (catalyst: 
glutathione reductase). That reduced glutathione keeps cysteine residues of 
hemoglobin reduced, and also detoxes H2O2 and other bad stuff. So you have like 500 
times more reduced glutathione than non-reduced in cells, normally. If you don't have 
enough G-6-P dehydrogenase you are usually okay, but you will have less reduced 
glutathione (because less NADPH). This is called hemolytic anemia.

Hemolytic is a bad word. It means breaking your blood! That is not good. That is like a 
super metal thing. “Hemolytic” would be the name of a really hardcore metal nerdy 
band. Anyway, the malaria drug pamaquine messes up the surface of red blood cells 
when there isn't any reduced glutatione to stop it, and that makes your spleen destroy 
your red blood cells. This drug also makes more peroxides (to help kill malaria!) and 
normally you can handle that, but if you have G-6-P dehydrogenase deficiency, you 
don't have the reduced glutatione to help you out. People with hemolytic anemia 
shouldn't eat too many fava beans because they do the same thing as the pamaquine 
drug. 

So, think for a second. Pamaquine hurts malaria by making more peroxides, and 
somehow creating a situation in the body that's toxic, both to the body, and to malaria, 
but more to malaria—right? Well if a person with hemolytic anemia naturally has more 
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peroxides, because they have less G-6-P, they naturally have that toxic situation going 
on already, and pamaquine just pushes them over the edge. Does this mean they're 
naturally anti-malaria? Yes, actually! This anemia is really cool because when you don't 
make much NADPH or those sugars, that limits and hurts the life cycle of the malaria 
parasite. The parasite needs those sugars, and it needs NADPH, and it needs 
glutathione to protect it. This is another reason it's cool to be black or mediterranean. It's
cool to be other things, too, of course, but in malaria situations these folks have an 
advantage, because both hemolytic anemia and sickle cell anemia are much more 
prevalent in those populations. 

There are advantages and disadvantages to every phenotype.

Glutathione reductase reduces glutathione back using FAD subunit to take electrons 
from NADPH, give them to disulfide bridge (two cysteines), and then give them to 
glutathione.

Superoxides and pohsphatidyl choline 

panquine antimalarial

hexokinase in RBC, inorganic phosphate goes up, positive allosteric something 
hexokinase b goes up

Thianine deficiency is the most common clinical for HMS

These are super-reversible so your cell can do what it needs. You can go halfsies 
between the NADPH you need and the ribose-6-p you need. If you totally oxidize all the 
molecules all the way to CO2 and water you make more NADPH, or you can just 
convert everything to pyruvate. Either way you'll get lots more NADPH. Or, you can turn 
all your products into ribose-5-phosphate, or you can go balanced and make both.

HMS makes NADPH for making fatty acids from acetyl CoA. Your mammary glands and
adipose tissue do a lot of HMS. Since NADPH inhibits this by competing with NADP+ for
spots, if you've already got a lot of NADPH, you're basically telling your body you don't 
need to to store more fat, you've got it covered, slow down. That's why if you're well-fed 
you have way more NADP+ than NADPH—you've made everything into NADPH so you
can store all the extra stuff in fat.

More playing with sugars

How the liver uses fructose
In the liver the aldolase can use both fructose-1P and fructose-6P (aldolase B)
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In the liver glucose 6P can turn into glucose 1P and then glyogen
Liver's aldolase B is the rate-limiting step of degrading fructose. 
Aldolase B prefers fructose 1,6BP but has to use F-1-P, which takes a long time and 
accumulates in the liver as it turns into glycolysis intermediates for the liver to use
Aldolase B deficiency is a kind of fructose intolerance

Sperm uses fructose to move

Some people don't have fructokinase in their livers and kidneys. So they pee out a lot of
fructose instead of using it. That's called essential fructosuria and it's harmless.

Hereditary fructose intolerance, on the other hand, is super-lethal. This is when you 
don't have any aldolase B in the liver/kidney/small intestine so you convert fructose into 
F1P, but it accumulates like that intead of turning into any glycolytic stuff. F1P is used 
for signaling to inhibit glycogenolysis (the break-down of glycogen) at the phosphorylase
step. So the liver can't use glycogen (it just keeps building it up, fatty liver). F1P also 
inhibits gluconeogenesis at the aldolase step. So with lots of F1P, the liver can't make 
new glucose from what it has and the body's basically lost this important storehouse 
and glucose-generator. So you get hypoglycemia (glucose is all hoarded in the liver 
instead of shared). So anyone who eats fructose and has this condition will start 
vomiting and dropping blood sugar, having jaundice, enlarged liver, 
hemorrage...eventually the liver's poisoned and they die. Basically fructose turns into 
poison in the liver and can't turn into anything else. These patients can't have sucrose 
either, cuz that turns into fructose.

It's also important that the fructokinase step requires ATP, and you need the later steps 
to generate that ATP back, so if you've got your aldolase broken you're just sucking up 
all the ATP with no return, not only siphoning away the body's energy but also its source
of inorganic phosphate for other reactions.

You also metabolize galactose

Classic galactosemia happens if you're missing galactose-1-p uridyl transferase or 
galactokinase. They can make babies “fail to thrive” because you need those to conert 
galactose into galactose 1P (galactokinase) and galactose 1P into glucose 1P (glucose 
1P uridyl transferase). Hurt liver function, lots of galactose in blood, hyperchloremie 
metabolic acidosis (why), urinary galactitol excretion, hyperaminoaciduria...can produce 
blindness and fatal liver damage. Circulating galactose turns into galacitol because of 
galactose reductase in your neural tissues and eye lenses and at high levels galacitol 
causes osmotic swelling in your lens so you get cataracts and eventual blindness.

Also you can be missing udp-galactose-4-epimerase so you can't turn UDP-galactose 
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into glucose-1P. This can be like the transferase deficiency, or you can just have it in 
your red and white blood cells.

Kreb's Cycle

Before we can get into Kreb's Cycle, we have to turn pyruvate into acetyl-coA. That's 
done by pyruvate dehydrogenase.

Pyruvate dehydrogenase lives in the mitochondrial matrix, waiting for pyruvate to 
come in. There's a carrier protein on the mostly-impermeable inner membrane which 
lets pyruvate in; the outer membrane is kind of leaky, and lets ions and small things in 
anyway.

Pyruvate dehydrogenase helps turn pyruvate into acetyl-CoA through oxidative 
decarboxylation. It uses NAD+ as an oxidant (which means it gains electrons, and is 
reduced) and turns it into NADH. It also needs Coenzyme A-SH, or just Coenzyme A, to 
be part of the final product. Pyruvate dehydrogenase is made of many copies of three 
enzymes, fittingly christened E1, E2, and E3. 

• E1 is the real pyruvate dehydrogenase, and it needs a prosthetic thiamine 
pyrophosphate (from B1) to work. 
◦ This thiamine pyrophosphate has a really acidic hydrogen on the carbon 

between the S and the N. That is because N is positive, and stabilizes a 
negative charge on the anion that happens when H falls off. That carbanion 
attacks pyruvate at the keto carbon.

• E2 is really called Dihydrolipoyl transacetylase, and it needs lipoamide to work.
◦ Lipoamide has two sulfurs next to each other, a dithiol. That piece can swing 

from one part of the dihydrolipoyl transacetylase to another, depending on 
whether it's oxidized or reduced. That's useful during the reaction. The piece 
can swing because it's on a long, flexible lysine-to-lipoic-acid linkage arm. 
That linkage is between the lysine of the E2, and the lipoic acid C=O of the 
lipoamide. 

◦ You can poison lipoamide's two thiols (dithiol) by reacting organic arsenicals 
with it. This means the arsenic=O will react with the dithiol, losing the O and 
the two Hs on the thiols (so losing H2O), and bonding the As to the two thiols.
That is really bad.

• Dihydrolipoyl dehydrogenase is E3, and it uses FAD as a prosthetic group. 
◦ FAD comes from riboflavin (B2). It accepts two electrons and two protons to 
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turn into FADH2. It acts kind of like NAD+, in that it's helpful in 
oxidation/reduction during the reaction (but it's a prosthetic group, while 
NAD+ is a co-enzyme).

A prosthetic group is like a co-factor, except that it's actually part of the enzyme.

In the end, all these parts of the enzyme make pyruvic acid lose a COOH and gain a 
Coenzyme A instead. Each coenzyme does its part to help.

• NAD+ is the final electron acceptor. The H from COOH goes to it, along with two 
electrons.

• After pyruvate has lost both the COO (as carbon dioxide) and its H, Coenzyme A 
gives off an H, while acetic acid gives off an OH, and they stick together and 
make acetyl CoA.

In the end you're left with an acetyl group, on an S, on a CoA.

So those are the parts of this reaction. In order, those parts work like this:
• Pyruvate and TPP from E1 react. 

◦ The acidic hydrogen falls off, and the carbon on TPP becomes a carbanion 
that attacks pyruvate's ketone. 

◦ This is nucleophilic addition. 
◦ The N+ on the TPP doesn't want to share electrons with all the stuff attached 

to its neighboring C. It wants them to itself. 
◦ So that makes Co2 from the pyruvate get upset and leave. 
◦ This leaves you with a pyruvate, without CO2, attached to TPP. That's called 

hydroxyethyl-TPP.
• Hydroxyethyl-TPP reacts with E2.

◦ The lipoamide disulfide oxidizes the keto-carbon of pyruvate. 
◦ That ketone becomes a carboxylic acid. 
◦ The lipoamide disulfide becomes a dithiol (it goes from S-S to SH and SH 

sitting next to each other).
◦ The hydroxyethyl-TPP is now called an acetate, and it gets stuck on one of 

the thiols as a thioester.
• Coenzyme A takes the acetate.

◦ Coenzyme A has a thiol. The lipoamide making the thioester has a thiol. You 
just take acetate from one thiol to the other.

• Lipoamide resets using E3.
◦ Remember how I said the lipoamide can start swinging because of that loose 

arm? It swings over to E3's active site.
◦ A disulfide on E3 takes 2 electrons and 2 hydrogens from the lipoamide.
◦ The lipoamide is now a disulfide again, instead of a dithiol. So we can say the

whole E2 complex, Dihydrolipoamide, has been reoxidized.
• The E3 dithiol resets using FAD.
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◦ FAD takes two electrons and two hydrogens and becomes FADH2.
• FADH2 resets to FAD using co-enzyme NAD+.

◦ NAD+ becomes NADH and H+. This is basically a side-product of the 
reaction.

How do you regulate pyruvate dehydrogenase?

Pyruvate dehydrogenase kinases increase in muscle during starvation; also activated 
by NADH and acetyl CoA

Krebs

3 NADH=9 ATP
1 FADH2=2 ATP

The enzyme between  citrate and isocitrate is aconitase with a delta G of +1.5
Aconitase has an inorganic Fe4S4 cofactor that makes a cube. Its intermediate is cis-
aconitate of that reaction.

The enzyme between oxaloacetate and citrate and acetyl coa is citrate synthas and it as
a delta g of -8 kcal/mol.

The isocitrate dehydrogenase is the pacemaker/reate limiting step/most important and 
delta G is -5.5 kcal/Mol. Isocitrate reacts with NAD+ to make NADH and ketoglutarate.

The alpha ketoglutrate dehydrogenase comple is also thre eenzymes, E1, E2, E4. E1 is 
dehydrolipotranssuccinalase and it uses TPP and is the real alpha ketoglutarate 
dehydrogenase. The E2 uses lipoamide. The E3 is dihydrolipodehydrogenase and uses 
Fad and NAD+

The succinyl Coa thiokionase uses GDP to make GTP and succinyl Coa to make 
succinate and GTP and HS-CoA and it's the only reaction that direclty makes an negery 
molecule. 

The succinate via succinate dehydrogenase to fumerate is the only step with free FAD 
floating around.

Fumarate goes through succinate dehydrogenase (which has a delta G of about 0) and 
becomes succinate. FADH2 becomes FAD. FAD is a prosthetic group on the enzyme. If 
that enzyme used NADH instead of FAD the energy cost would be really high. 
Essentially what is happening is a reduction reaction of fumarate plus two electrons and
two hydrogens becomes succinate. That's got an electric potential of 0.03V. So then 
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look at the reduction potential of NADH. NAD+ plus those two electrons and two 
hydrogens is NADH and H+, and the electric potential is -.32V. 

The reaction in nature is always from succinate to fumarate, so we have to swap around
the electric potential and make it -0.03V. 

Delta G is -nFtimes delta E. So it's -2*23.06 kcal *-0.35V= about 16 Kcal/mol. That 
means that if you used NADH it would cost 16 Kcal/mol to do this reaction. You had to 
put both the succinate and NADH reactions together. But when you use FAD, the delta 
G is more 0. The system also doesn't take any chances of letting NADH compete—FAD
is stuck to the enzyme so it's got first dibs.

Succinate dehydrogenase is also the only membrane enzyme involved. It's a 
constitutive enzyme in the mitochondrial membrane, not in the matrix.

Starvation, only a little glucose, glycolysis stops in the liver, no pyruvate, so no Kreb's 
cycle. This only happens in the liver.

Mitchel Hypothesis

Delta G is -14 kCal/mol for ubiquionon???

Coenzyme cofactors
FMN
NAD+
Fe4S4, Fe2S2
Ubiquinone (CoQ)
Cytochromes
Hemeprotein

http://www.stolaf.edu/people/giannini/flashanimat/metabolism/atpsyn1.swf

http://www.youtube.com/watch?v=h1Fbn4P-lLs

http://www.youtube.com/watch?v=KStVAJFWK-k

Goal of Krebs is to make NADH and FAD(2H) so you can reoxidize them in cross-
membrane electron transfer chain to make ATP. You get like 3 ATP for each NADH, and 
2 ATP for each FAD (2H). One turn of the TCA cycle makes 12 high energy phosphate 
bonds (including one GTP) so from two you get 24, from two AcetylCoAs from two 
pyruvates from one glucose. One cycle also gives off 2 CO2.
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The alpha ketoglutarase complex is pretty big, and it works the way the pyruvate 
dehydrogenase complex does. TPP bonds with the substrate (in this case 
alphaketoglutarate) and releases a CO2. Then the substrate's transferred to the 
lipoamide on the second enzyme, the transaceytlase. Then it swaps out with CoASH—
CoASH binds to the transacylase kind of like in the pyruvate dehydrogenase complex, 
but in this case CoASH is just making a thioester bond to the last acyl group of the 
alpha ketoglutarate, turning it into succinyl CoA, and then succinyl CoA can escape. 
Then the enzyme re-sets using the third enzyme, reducing the lipoamide from a 
disulfide again to 2 thiols. The electrons in question bounce around through FAD and 
through NAD+ and so this reaction ends up forming NADH in addition to succinyl CoA.

This succinyl CoA part is important. Some things enter the cycle at this part—like fatty 
acids and ketones, like propionyl CoA will turn into methylmalonyl CoA to turn into 
succinyl CoA to go through the process here. Instead of continuing into the TCA or 
Kreb's cycle here, succinyl CoA can decide to help make porphyrin biosynthesis by 
turning into delta-aminolevulinate—it all depends on what the cell needs. The major 
things in the cycle get used for lots of other stuff.
Oxaloacetate can get used to make amino acids. Citrate can make fatty acids. Malate 
can do gluconeogenesis. Alpha ketoglutarate can make amino acids and 
neurotransmitters (in nervous tissue). And like we said, you can use succinyl CoA to 
make heme. I remember that the two longest words, the ones with the most As in them, 
make Aas, or amino acids (so alphaketoglutarate and oxaloacetate). Citrate sounds like 
acid, so it makes fatty acids. Out of the ones we have left, Succinyl CoA has an O in it, 
like hemOglobin, so it can make heme, but malate doesn't have an o so it has to do 
gluconeogenesis. All these things happen in the liver.

Isocitrate dehydrogenase and alpha-ketoglutarate dehydrogenase are good places to 
regulate because they are irreversible, they make NADH, and their products can turn 
into lots of stuff.

The things that inhibit this cycle are
a high NADH/NAD+ ratio
ATP
GTP
succinyl CoA
The things that encourage this cycle are
ADP
Ca2++
pyruvate 
CoA
oxygen 
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and phosphate

Oxidative phosphorylation

First complex: NADH Dehydrogenase, uses FMN and Fe-S
II is succinate-CoQ reductase and it uses FAD and 3 Fe-S (doesn't make protons into 
intermembrane space like the other ones do; exists only to let FADH2 give electrons)
III is CoQ-cyt Reductase and it uses cyt bH, cyt bL, cyt c1, Fe-S—smallest, 4H+ for 2 
e---has Rieske iron sulfur protein
complex III passes electrons to cytochrome c, which passes electrons to 
IV is cytochrome oxidase, uses cyt a, cyt a3, CuA, and CuB—gives electrons to oxygen 
and makes water

NADH gives electrons to complex 1; electrons from NADH skip II and go straight from 1 
to coQ to III
FADH2 gives electrons to complex II; electrons from FADH2 skip 1 and go straight from 
II to coQ to III 

coQ or ubiquinone isn't linked to a protein

the transporter pump thing that makes atp is the F1F0 ATPase, uses concentration 
gradient from hydrogens like a waterfall
proton-conducting part is F0; atp syntehsis is F1
this is in order, like your fuel part is 0 and then your work part is 1, you need fuel before 
you do your work
1 turn of this atpas requires 12-14 hydrogen ions
oligomycin directly inhibits this

antimycin a inhibits complex ii; my class says it inhibits complex III—check online
carmon monoxide and cyanide inhbit complex IV by taking the place o f oxygen 

2,4-dinitrophenol disrupts protein gradient across inner mitochondrial membrane 
(makes inner membrane permeable) so you can't oxidative phosphorylate

this is all regulated by avialability of ADP. So if you prevent ADP from getting into 
mitochondria you have problem. Atractyloside does that.
Gluconeogenesis

Helps to maintain glucose levels in the blood under starvation conditions. Remember 
half-life of glucose is short. We want constant glucose in the blood so the brain can 
always always get it. There are cells that can't use any other stuff, like the red blood 
cells and other stuff without organelles.
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Synthesis of glucose using things that aren't carbs, like:
lactate (which is a methane with an H, OH, and COO- replacing some of the CH3s)
glycerol (methane with H, OH, and CH2OH replacing all the CH3s)
oxaloacetate (COO-, C=O, CH2, and COO- all in that order)
amino acids (can degrade in pyruvate, fumarate, alpha ketoglutarate)

Why are these not carbohydrates? Carbohydrates have to have a ketone or aldehyde or
2 OH or more.

The liver is in charge of gluconeogenesis. Completely. The kidney helps. But that's it!

You get pyruvate and oxaloacetate to put into gluconeogenesis from breaking down 
amino acids. You can also start with glycerol from fat.

It's not just backwards glycolysis because that would waste 4 ATP. It takes 6 ATP to 
make glucose, you only gain 2 breaking it down.

Lactate goes through lactate dehydrogenase with 2 NAD+ becoming 2 NADH+ 2H+ and
make two pyruvate molecules (that's reversible)

In glycolysis, the backwards step of glycolysis would have been pyruvate kinase but 
that's irreversible so we can't do that. So pyruvate goes into mitochondria now. We want
to make phosphoinopyrivate. 

In the mitochondria you take pyruvate through biotinamide and pyruvate carboxylase 
which uses 2 ATP and makes them into 2 ADP. This enzyme needs acetyl CoA as a 
positive allosteric effector. Acetyl CoA comes from beta-oxidation of fats, so your body 
knows “hey we 've got lots of acetyl CoA and that means we have less glucose and lots 
of fat-metabolism going on so we should make some glucose” The enzyme is pyruvate 
carboxylase and you need biotine! Which is in an amide linkage to a lysine on the 
enzyme! What this enzyme does is takes an activated CO2 and transfers it from biotine 
to pyruvate.

This is an energy-expensive process.

You now take your carboxylated pyyruvate (oxaloacetate) and put it through malate 
dehydrogenase with 2NADH+2H@ and turn them into 2 NAD+ and make malate. 

You only turned it into malate so you could transport it out into the cytoplasm. This step 
isn't so important as the next one, since you just reverse it after you've transported the 
thing. Now you oxidize your malate again, using 2 NAD+ to make oxaloacetate again. 
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Malate dehydrogenase does that.

Turn oxaloacetate into PEP using 2 GTP and PEP carboxykinase. That makes two 
molecules with a phosphate on it. PEP. This works by first decarboxylating it back to 
something like pyruvate (an enolate ion), and then phosphorylating it. It requires 
magnesium 2+ and Mn2+.

This is important. If you use oxaloacetate to make glucose, you can't use it for oxidative 
phosphorylation.

PEP goes through enolase to make 2 PG.

That goes through phosphoglycerate mutase to make 2 3PG. That goes through 
phoshpoglycerate kinase and 2 ATP switching to 2 ADP to make 2 (1,3, BPG).

That goes through GAP dehydrogenase and 2 NADH into 2 NAD+ plus H+ to make 
GAP. That's 2 GAPs.

Gap goes through a reversible reaction 
The 2 GAPs go through a reversible reaction. One goes through the reversible reaction,
the other isomerizes differently. One stays GAP but is different, the other goes through 
triosephosphate isomerase to make DHAP. DHAP and GAP go through aldolase to 
make fructose 1,6 BP.

Fructose 1,6 BP goes through Fructose 1,6 Bisphosphatase which puts in water and 
hydrolyzes a phosphate in position 1 and you get fructose 6 P. This is an important 
limiting step of most control.

Fructose 6P goes through reversible reaction with phosphpglucose isomerase to make 
Glucose 6P.

From glucose 6P you can make glucose. You use glucose 6 phosphatase. This is 
irreversible. This is only in the liver and kidneys. This is also the enzyme responsible for 
breaking glycogen down. The muscle and brain can get to glucose 6 phosphatase and 
maybe use it, but only liver and kidneys can get to glucose. G-6-phosphatase lives in 
the ER membrane of the liver cells, with its catalytic site poking into the ER lumen.

Gluconeogenic things
PEP Carboxykinase, 2 ATP 2 ATP 2 GTP (2 ATP)
F 1,6 Bpase
Glucose 6-phosphatase
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You could also use glycerol. Glycerol comes from Triglyceride losing 3 Fatty acids.

Glycerol would go through glycerol kinase with 2 ATP and become glycerol 3-p. 

Then it oxidizes using 2 NADH which become 2 NADH+ and 2 H+ and becomes DHAP.

DHAP you go straight into the aldolase pathway and keep going like normal.

You have more lactate in your body, but it's easier to go from glycerol to glucose. 

Regulation
Fructose 1,6 biphosphatase is the pacemaker enzyme of gluconeogenesis. You inhibit it
with AMP.

You inhibit phosphofructokinase (PFK) with ATP and stimulate it with AMP. You 

Think PFK-glycolysis and F-1,6-biphosphatase is gluconeogenesis.

pKA phosphyrlates PFK/F-2,6-Bpase to turn it on. PFK-2 is kinase, F-2,6-Bpase is 
phosphatase.
When PKA goes around phosphorylating everything that ends up turning off pyruvate 
kinase, which is a glycolysis enzyme. So it's double-teaming.

There's also an enzyme that makes fructose-2,6-biphosphate. That activates 
phosphofructokinase, relaxing it, no matter what the ATP levels are.

Allosteric effectors:
ATP will stimulate (you need lots of energy so you can't do it without this)
ADP will inhibit 
Citrate will stimulate 
Fructose 2,6 BP will inhibit (product of PFK2)
When ATP is high, glucose won't be degraded to make ATP, so any adenine nucleotides
that are going on do allosteric regulation.

This is the opposite of what these things did to PFK. 

Pyruvate kinase-->glycolysis (inhibited by ATP; inhibited when phosphorylated)
Phosphofructokinase-->glycolysis (same)
Fructose-1,6-biphosphatase-->gluconeogenesis (inhibited by AMP)
PFK2/F-2-6-Bpase-->phosphatase activity to regulate glycolysis and gluconeogenesis; 
PFK-2 part makes fructose-2,6-bisphosphate (despite its name being opposite) and 
fructose-2,6-biphosphatase-2 makes the opposite (turns it back into fructose-6-p which 
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doesn't have regulatory effects the same way); fructose 2,6 biphosphate which activates
phosphofructokinase (no matter what the ATP level) and inhibits fructose-1,6-
biphosphatase, so it turns on glycolysis and turns off gluconeogenesis; phosphorylating 
this PFK-2 turns on the FBPase part and inhibits the PFK part, so phosphoarylating by 
PKA will turn off F-2,6-BP and in so doing drive down glycolysis and increase 
gluconeogenesis. So think PFK-2, glycolysis; F-2,6-Bpase, gluconeogenesis; PKA, up 
gluconeogenesis. Or you can just remember that fructose-2,6-biphosphate activates 
PFK and makes glycolysis. Biphosphate sounds kind of like glycolysis, right? Mor elike 
glycolysis than gluconeogenesis, anyway. PKA turns off PFK-2.
PKA-->protein kinase, uses cAMP, phoshporylates PFK-2/F-2-6-Bpase

j
acetyl coA stimulates pyruvate carboxylase, that means more gluconeogenesis 
(espeically in starvation)

liver uses lactate made in the muscles to do gluconeogenesis

Gluconeogenesis enzymes are inducible
Glucagon, epinephrine, and cortisol induces them when blood gluose is down.

The baby fetus can't do gluconeogenesis. The baby's in always fed state always if the 
mother is diabetic and her blood glucose is really high so the baby then starts to make 
too much insulin and synthesizes a bunch of proteins and fatty acids. That's why babies 
of diabetic mothers are bigger. Insert stuff from case here , pg 132 Glew
cortisol affects PEP carboxykinase, G6phosphatase
what effect does insulin have on bicarbonate
regulation of gluconeogenesis

Ethanol inhibits gluconeogenesis from lactate. Remember lactate gets oxidized to 
pyruvate. Ethanol is like lactate without a COO-. You can oxidize ethanol to make 
acetaldehyde using alcohol dehydrogenase. The problem is that ethanol competes for 
the NADH pool. So if you go running and then take a beer, you'll feel the effects right 
away. Lactate is really high, so it competes with your metabolism of ethanol and so 
you'll feel drunk.

Don't try that at home.

(I'm totally going to try that)

Hereditary fructose 1,6 BP-ase deficiency means you can't do gluconeogenesis. So 
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hypoglycemia, apnea, hyperventillation, ketosis, lactic acidosis...

Glycogen storage and breakdown

G6P-ase doesn't exist in the skeletal muscle. Those muscles can't break G6P into 
glucose. Only the liver and kidney and intestine can do that. G6P has to go straight into 
glycolysis as an intermediate and can't turn into glucose for sharing with anyone else, is 
what that means.

When you do glycogen breakdown you not only have to break off little bits, but de-
branch. Debranching enzyme-->alpha(1,6) glucosidase + transferase 
Transferase moves 3 glucose from one branch to the other. The glucosidase breaks the 
1,6 linkages. This makes straight up glucose. But this is not normal. Most of the glucose
comes from glycogen phosphorylase breaking down alpha 1,4 linkages over time. Only 
debranching enzyme does lpha one six.

Glycogen phosphorylase stops when it's 4 residues away from the end of the chain (the 
reducing end)--that structure is called limit dextran

Glycogen phosphorylase is more active when it's more relaxed. ATP or G6P inhibits it 
and makes it tense.

Glycogen synthase is activated by glucose6phosphate. 

If you phosphorylate serine hydroxyl of glycogen phosphorylase, it becomes active. 
Phosphorylated enzyme doesn't care about allosteric inhibitors (needs of organism 
overriding needs of cell) (this is called the “a” form, when it doesn't care about inhibitors)
the kinase that phosphorylates glucogen phosphorylase is phosphorylase kinase, and it 
is phosphorylated by protein kinase A.

phosphrylating glycogen synthase, on the other hand, makes it go b.

this cascade comes from glucagon and epinephrine.
Insulin triggers a signal cascade that actvates phosphoprotein phosphatase. This takes 
phosphates off of those things, so it turns off glycogen phosphrylase and turns on 
glycogen synthase.

Calcium activates phosphorylase kinase because phosphrylase kinase has some 
calmodulin in it. Phosphorylase kinase then activates the glycogen phosphorylase so 
that means more breakdown.

Why do you branch glycogen—to make it more soluble
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Type I glycogen storage disease (von Gierke's disease) because of lack of glucose 6 
phosphate. These musually mean too much glycogen accumulating in cells

there are also liver debranching enzyme diseases, and diseases with glut-2 transport

more disease on pg. 50-51 of deja review

Balancing Processes in Red Blood Cells

RBCs need energy, but glycolysis can make too much H+, which can coagulate their 
cell proteins, so there's a balance between energy needs and safety. 

First you balance how much glucose you let into the cell. RBCs glucose transporter isn't
insulin-dependent, and basically takes its cues from how fast hexokinase is 
phosphorylating glucose. Fast hexokinase, more glucose into the cell. Hexokinase is 
easily saturated, so that prevents too much glucose from getting in. Hexokinase exists 
as three different isoenzymes: 1b, 1a, and 1c. There's a lot of 1b in young RBCs, but it 
disappears as they age while 1a and 1c stay the same, so you get a net loss of 
hexokinase. That's why hexokinase becomes rate-limiting in older cells—you have less 
of it compared to other parts of the glycolysis chain, and that lack keeps glucose out.

G6P and 2,3-DPG inhibit hexokinase. In the blood cell, 2,3-DPG is bound to hemoglobin
sometimes (pg. FIXAL), so it can't inhibit hexokinase. So when there isn't a lot of 
oxygen around, 2,3-DPG is too busy binding hemoglobin, which frees up more 
hexokinase to deal with the limited oxygen supply and the corresponding energy 
demand for glycolysis! Neat, huh?

When inorganic phosphate is around, it keeps G6P and 2,3-DPG from inhibiting 
hexokinase. This only works on isoenzyme 1b, so as RBCs get older it's easier to inhibit
them.

As hexokinase ages in the RBC, the membrane also ages and breaks. This is because 
spectrin, which holds the membrane together, needs ATP to phosphorylate it and make 
dimers. Less hexokinase means less glucose and less ATP and so less good 
membrane.

In the RBC, you need NADH to keep iron in the ferrous state for your heme. After you 
make NADH, though, you need to make it back into NAD+ so you can keep going in 
glycolysis. You remake NAD+ in two ways: one, by turning pyruvate into lactate with 
lactate dehydrogenase. Secondly, NAD+ helps methemoglobin reductase reduce 
methemeglobin to hemoglobin (pg. FIXAL), so in that way it's turned back into NADH.
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PFK (phosphofructokinase) regulates how much glucose gets broken down in glycolysis
in RBCs. That's because it converts F6P to FDP so you can do glycolysis, but it's a 
good place to control. ATP inhibits it (“already enough ATP, chill out you!”; makes it 
sigmoidal with lots of cooperativity so it's less efficient, pg. FIXAL). ADP and AMP 
activate it (pg. FIXAL; they make it Michaelis-Menton and more effective). They actually 
bind to it at allosteric sites making conformational change. See, you can use F6P to 
make other stuff, but once you make ADP, you're doing glycolysis all the way, so if you 
mess with this step you mess with glycolysis as a whole.

There's lots of isoenzymes of phosphofructokinase in your RBCs. L is liver type, M is 
muscle type, and PFK in RBCs is M4, M3L, M2L2, ML3, and L4, so RBCs use a mix.

You also regulate pyruvate kinase via allosteric regulation. It's inhibited by ATP and 
activated by FDP. FDP from PFK kind of warns pyruvate kinase that lots of substrate is 
coming! RBCs use the R isoenzyme of pyruvate kinase, but there's also Liver, Muscle, 
and Kidney types, each using the first letter of their location for a label. L and R come 
from one gene; M and K from another gene. The young RBC uses PK-R1, or L'4, which 
later turns into PK-R2, or L'2L2. You have to turn L'2L2 one more time to make it L4, 
which is the liver kind. The liver kind is an allosteric enzyme, but there are also kinds 
that are Michaelis-Menten, or in between allosteric and Michaelis-Menten—the PK-R2 is
one of these in-between ones. Like hemoglobin, pyruvate kinase has four subunits and 
can be tense or relaxed. The tense form is not as active, and when you've got lots of 
ATP it turns the molecule into the tense form. PEP and FDP both turn it into the R or 
relaxed state to make it more active. Think it's tense and stressed out so it can't work 
really well. You MUST have FDP or there's basically no enzymatic activity because the 
cooperativity of the T state is so inefficient.

You also use 2,3-DPG to regulate your ATP. When there's lots of ATP, it activates an 
enzyme called diphosphoglycerate mutase which makes everything into 2,3-DPG and
doesn't let it make ATP like it normally would—it skips the ATP-making step, like arsenic 
does. Too much 2,3-DPG will turn this enzyme back off, and you can keep making ATP.

You need niacin to make sure you have enough NADPH.

You also need to control the level of H2O2. One problem with H2O2 is that it's super-
reactive with lipids and unsaturated fatty acids in your bilayer, which can damage the 
RBC and make it break more easily during that rough rapid-ride of circulation. Another 
problem is that it oxidizes Hb into Heinz bodies which precipitate out and get stuck to 
the RBC membrane. Also, any protein with a cysteine residue (like Hemoglobin) can get
oxidized by H2O2. Same problems go for the O2 radical.
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So how to deal with these bad guys? You can use either catalase to turn H2O2 to 
oxygen and water, or use glutathione peroxidase (pg. FIXAL) and glutathione to turn 
H2O2 into water. Then you need glutathione reductase to put glutathione back so it can 
do this again. You use the pentose phosphate shunt to make NADPH to put oxidized 
glutathione back.

The spleen filters bad blood cells because it's got a really, really tiny orifice that each 
RBC has to go through to get back into general circulation. The RBCs have to be 
bouncy to squish through this area, so any rigid or weirdly-shaped cells won't make it, 
and any weak cells will just pop. Anything that stays in the spleen will get phagocytized 
by reticuloendothelial cells. How scary to be an out-of-place RBC! Literally, you fit 
through this round hole, or you are eaten. 

Glycerol Phosphate Asparatate Malate Shuttle 

Glycerol phosphate shuttle gets electrons from cytosol NADH to mitochondrial oxidative 
phosphorylation stuff

Malate aspartate shuttle moves NADH from the cytoplasm to the mitochondria, uses 
OAA, malate, alpha ketoglutarate, asparate, NAD+, etc.
two transport proteins: alpha keto-glutarate transporter, exchanges alpha-ketoglutarate 
for malate; glutamate/asparatate transporter exchanges glutamate for aspartate

Need G3P dehydrogenase

Mitochondrial DNA disorders happen, can be only one organ, can be all, it is some 
kind of metabolism problems, fairly 1/4000, bad growth, learning disabilities, problems in
various organs, just general problems or lack of function in different areas of the body, 
basically can cause every problem ever like respiratory problems and diabetes and 
eveyrthing
MELAS is one in the brain (mitochondrail encephalomyopathy lactic cidosis stroke) 
where you have migraine-like attacks with headache and vomiting and occasional 
seizures—usually happens around 10 years of age, range is 2-40 years; often 
associated with dementia, mental retardation, sometimes loss of consciousness, stokes,
cortical visual defects, neuronal excitation and calcifications in basal ganglia
muslces have ragged red fiers and exercise is bad for these people and they die of 
cardiac dyscuntion or pulmonary problems in 2-4 decades, there's lactic acid in their 
blood and CSF

they stain really darkly to succinic dehydrogenase stain
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myoclonic epilepsy ragged red fibers is another disorder, this one has myopathy, optic 
atrophy, hearing loss—basically a lot of sensory loss in sight and hearing and then 
dementia that appears in late adolescence along with epilepsy. These folks tend to be 
short.Not as much lactic acidosis, but defffinitly have ragged red fibers with COX.

Ther'es also Leber's Hereditary Optic Neuropathy (lHON) which usually hits men around
midlife and progresses over four months. Recovery depenss on the mutation, but it's a 
painless central visual loss with spasms of muscles not working (spacstic dystoni0 and 
cardiact defects. Leber's Hereditary Optic Neuropathy, think eyes and conduction in the 
hart.

Jleigh's syndrome, think episodes of vomiting and hyperventilation with spastic motor 
and weird breathing rhtyhms. Bad muscle tone, starts first year, the terrible part is you 
can see their devlopmental milestones going backwards (encephalopathy) tThat's 
Leigh's Syndrome. You will find lots of lactate in their csf (more than in their blood) and a
COX deficiency. They just don't have ATP made by their mitochondria, so they die within
two years. They lose vision and hearing first, like with these other disorders (brainstem 
and basal ganglia)

Problems with fatty acid oxidation could mean you are bad at uptaking fatty acids, or 
you don't turn them into acryl-coA, or you can't get them across the mitochondrial 
membrane, or you have some other problem with them.

The acetyl-CoA dehydrogeonase MCAD is the most commonly problem one. People 
don't have it. So they are bad at heptaic fatty acid oxidation, and you get all kinds of 
fatty acids in their pee, and they have low ketones and low blood sugar (they don't 
tolerate not eating very well because they only know how to use glucose as a source of 
energy, not fatty acids)

You diagnose these because there is increased anion gap, and then you look at labs. If 
they have high lactate, but normal organic acids, low pyruvate, they have pyruvate 
carboxylase deficienty. If they have normal lactate, weird organic acids, they have 
organic acidemia. High lactate, but weird organic acids, it's dicarboxylic aciduria, then 
they have fatty acid oxidation defects (that's what I was just talking about). You can also 
look at high lactate, normal organic acids, high pyruvate and then compare 
hypoglycemia—no hypoglycemai means pyruvate dehydrogenase or carboxylase 
deficiency, while hypoglycemia is probably fructose 1,6 diphosphatase deficiency or 
PEP carboxykinase deficiency.

To treat these folks in emergency you give them an IV with D25%W and keep giving 
them 10 percent glucose continous infusion, and then sodium bicarbonate if they have 
acidosis. Long-term you can give them supplements like l-carnitien, glycine, riboflavin, 
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socium bicarbonate, stuff like that to deal with fatty acid metabolism problems. Never 
give them epinephrine or ringer lactate, because those things help make too many fatty 
acids be around and since these folks don't break those down that's just counter-
productive,n ow, isn't it? Gotta restrict their dietary fats. Oral riboflavin is good. Make 
sure they get enough energy.

Carnitine is important for fatty-acid breakdown and biosynthesis and stuff. Carnintine 
should be in your blood and if there's a deficiency give the patient levocarnintine.

Some people get help with pyruvate disorders by eating ad iet high in fat. But those are 
often fatal, and there isn't anything to do about neurological symptoms, which hare 
seizures and lethargy and comas and dysprexia and lots of sukky things, often 
blindness, too. 

Coenzyme Q10, b-complex vitamins, vitamin E, lipoic acid, selenium, antioxidates, L-
carnitine, Vitamin C, biotin, those may help with mitochondria disorders.

chrome://leechblock/locale/blocked.html?1&http://www.youtube.com/watch?v=h1Fbn4P-
lLs
http://www.youtube.com/watch?v=KStVAJFWK-k

Oxidation of Fatty Acids

You store 100,000 kcalories of fat, if you're a “typical individual”--compare that to only 
25,000 kcal of protein and 650 kcal of carbs, and you know who's the storage boss. You
also use fatty acids to make phospholipids, eicosanoids like prostaglandins and 
leukotrienes, and ketones for starvation-state energy. Your liver, resting muscles, and 
heart consume most of the fatty acids in your body; your liver synthesizes them, and 
also breaks them down into ketone bodies. In all, fatty acids provide 40 to 50 percent of 
your daily energy, and half of all the energy used by your heart, liver, and muscles.

You organize fatty acids into small FA, medium, large, and very large, with stuff from 6-
10 carbons labelled medium and stuff 11 to 22 carbons labelled large. A whole string of 
CH2 groups makes up the typical fatty acid, with an oxidized unit at one end, usually 
amongst an even number of carbons. The fatty acid numbering starts at the oxidized 
units, or carboxylate carbons. The carbon nearest the oxidized carbon is called an alpha
carbon, and the last carbon in the chain, furthest away, is called the omega. Fatty acids 
are usually non-branched, but they may have some double-bonds throughout. 
Remember, something with less double bonds is saturated—it's saturated with 
hydrogens. There are special branched fatty acids like phytanoic acid from green 
vegetables, and there's a cerebronic acid in your CNS that's got a hydroxy group on it.
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Structure
palmitic--16
stearic--18
oleic—18 with ouble bond at 12 and 9
linoleic—18 with 9, 12, and 15

So how do you break down and use fatty acids? 

First, the triglyceride from your adipocyte goes through hormone-sensitive 
triglyceride lipase (HSL) to become glycerol and three fatty acids. This lipase is also 
called mobilizing lipase. Protein kinase A turns on the lipase by PHOSPHORYLATING 
IT, and that happens because of the cAMP chain triggered by glucagon, epinephrine, 
and norepinephrine. They bind to seven protein G-protein receptor, which triggers 
adenylate cyclase, and the cAMP, and that starts the phosphorylating cascade. Insulin 
turns off this cascade by activating phosphatases. After the lipase breakdown, the 
glycerol can go participate in gluconeogenesis; the fatty acids travel through the blood 
towards target tissues riding on albumin, which is a goopy lipoprotein.

When the fatty acids arrive in the cell the breakdown begins.

Before you can break down a fatty acid using beta-oxidation, you have to activate it. 
This means you add CoASH and an ATP to make acyl CoA on the end of the fatty acid. 
The enzyme that does this is called AcylCoA Synthetase or thiokinase. This happens 
in the external membrane of the mitochondria and in the endoplasmic reticulum. If 
you're short or medium chain, you get activated inside the mitochondrial matrix—you 
can afford to wait until the last minute. It's this activation step that takes two ATP of cost.

But beta oxidation happens in the matrix of the mitochondria. So now you need to 
transport the fatty acid from the external membrane to the matrix. CAT1 is carnitine acyl 
transferase 1. It combines carnitine with the acyl-fatty acids to make fatty acyl carnitine 
and CoA. Fatty acyl carnitine can cross the inner mitochondrial membrane. It crosses 
through an antiporter in exchange for carnitine. That antiporter is called carnitine acyl 
translocase.

In the liver, CAT1's rate-limiting, and the liver controls this reaction with malonyl CoA. 
Remember, muscles can't make fatty acids, but the liver can, and when the liver makes 
fatty acids you get lots of malonyl CoA, so malonyl CoA means the cell is making fatty 
acids and is in the fed state. That blocks the oxidation so that you don't keep using fatty 
acids. 

Once you get into the mitochondrial matrix you need to change the fatty acyl carnitine 
back to a fatty acyl CoA. CAT II takes another coAsh and adds it to the molecule, 
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knocking off carnitine to re-set you, and you're ready to rumble.

Let's pause here and point out that the diet of an adult is essentially large fatty acids. 
Children drink small and medium ones from milk, and you can move those into the 
matrix without help, but if you have carnitine deficiency you can't move large fatty acids 
to the matrix. If they don't arrive at the matrix there isn't beta-oxidation. So folks with 
carnitine deficiency will really show it when they're little and starting to need more than 
milk to survive. Lack of carnitine means a huge cut in fuel for the muscle, so they'll show
muscular weakness that can range from mild cramping to severe weakness to death. 
Carnitine deficiency happens most often in pre-term infants, but it can also happen in 
patients on hemodialysis or with organic aciduria. You treat this by giving carnitine.

What if you've got a deficiency in the enzyme itself? CAT-1 deficiency will mostly hit 
your liver, with reduced fatty acid oxidation and ketogenesis, while CAT-2 mostly gives 
you muscle, with pain, fatigue, and myoglobinuria after exercise. Sulfonylurea drugs like
glyburide and tolbutamide can inhibit your CATs and cause these symptoms, too.

Anyway, if you don't have any of these problems, now you've transferred your fatty acid,
so you can beta-oxidize it.

If you're beta-oxidizing an even-numbered fatty acid—which is the normal way to do 
things—you'll have a certain number of carbon pairs. Let's call that number n. Beta-
oxidation requires pretty much n-1 FADs and NAD+ and CoASHs and waters. That's 
because once you break the last pair off you don't need to break it anything again to 
free the last pair: the last pair is free when the second-to-last pair comes off it. That 
make sense? So if you have palmitoyl CoA, which has 16 carbons, you will use 7 of 
each of your helpers and end up with 8 acetyl-CoA carbon pairs that you can use for 
other things like Krebs and ketone-body synthesis. You also make a whole bunch of 
FADH2 and NADH and H+ you can use for the mitochondrial electron transport system 
to make ATP. 

Beta-oxidation isn't very highly regulated. The amount of beta-oxidation you do does go 
up when you're fasting, under uncontrolled diabetes, going through endurance training, 
or making hormones that activate cAMP like glucagon and epinephrine. It's inhibited by 
malonyl CoA, as we mentioned, and by the fed state, and diseases that cause carnitine 
deficiency. It also goes down when you've got lots of acetyl CoA floating around already,
or when you don't have a lot of fatty acids available.

This process is an OHOT, so hot, a steam engine giving you energy. Oxidation, 
hydration, oxidation, thiolase.

The first step in actual beta-oxidation is a dehydration. You use one of three acyl CoA 
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dehydrogenases. They can discriminate by the size of the fatty acids. There's long 
chain, medium chain, and small chain acyl dehydrogenase. This uses FAD to take a 
water off the fatty acid and leave a double-bond at the beta carbon. <<That's 
important later. Deficiencies with this dehydrogenase might cause urea metabolism 
dysfunction in addition to beta-oxidation problems, and may be behind SIDS (sudden 
infant death syndrome).

Then comes enoyl CoA hydratase which adds water. That makes a 3-hydroxyl acyl 
Coa which has a OH on the beta carbon.

That goes through another dehydrogenase, beta-hydroxyacyl CoA dehydrogenase, 
using NAD+ to make 3-ketoacyl CoA. That means there's a ketone on the beta carbon 
now.

That goes through a thiolase, beta-ketoacyl CoA thiolase, which helps CoASH attack 
at the beta carbon, allowing the chain to break into acyl CoA and a remaining fatty acyl 
CoA chain. What was the beta carbon is now the ketone on the new, shorter fatty acyl 
CoA, and you've made a free two-carbon acetyl CoA.

You keep doing this to the fatty acid until you've cut it all into little bi-carbon acetyl CoA 
pieces.

This process makes 3 ATP for each NADH and 2 for every FADH, which means for 16-
carbon palmitoyl CoA, you'll get 7 times 3 or 21 ATP for the NADH, and 7 times 2 or 14 
ATP for the FADH2. Then the 8 acetyl CoA you made give you 8 TCA turns, which is 12 
ATP each time, so that's 96 ATP. So a lot of ATP for one fatty acid! Now, you did use 2 to
activate the fatty acid, but 131-2 is still 129 ATP. Double bonds take away two ATP.

Odd-numbered fatty acids need different enzymes to help them. What happens if you 
have a fatty acid with nine carbons? As you get to the end, you can only beta-oxidate 
things with at least four carbons. So what do you do with this propionyl CoA, this last 
three-carbon unit? It doesn't belong to any metabolic route. So the body has to modify it 
into succinyl CoA for Kreb's cycle. Any odd-numbered carbon chain will have propionyl 
CoA in the end.

The first thing you do is put the propionyl coA through propionyl coA carboxylase, 
which uses biotinamide (B7) as a co-factor and also needs bicarbonate and ATP. The 
product is methyl malonyl CoA. You took a three carbon molecule to a four carbon 
molecule.

Methylmalonyl CoA turns from a right-handed molecule, an S-methylmalonyl-CoA, to a 
left-handed molecule via methylmalonyl-CoA racemase. 
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Methylmalonyl-CoA mutase turns the left-handed methylmalonyl-CoA into succinyl 
CoA using the coenzyme that comes from cobalamin (vitamin B12). Basically you use 
succinyl CoA, instead of acetyl CoA, as your final ATP-producing product. Succinyl CoA 
straight-up enters Krebs.

You may also need to use enoyl CoA isomerase to deal with unsaturated fatty acids, 
specifically unsats with double bonds at odd-numbered carbons. Remember, when 
you're doing beta-oxidation you need a double-bond at an even-numbered carbon 
towards the end. Fatty acids with double-bonds—unsaturated fatty acids—may need 
their natural cis-bond changed to a trans, which is what you can work with in beta-
oxidation. Enoyl CoA Isomerase literally moves the double-bond over a carbon, towards
the carbonyl, to make a symmetrical trans bond. Enoyl CoA isomerase only works on 
double-bonds on odd-numbered carbons.

Remember, for every double bond in the original fatty acid, unsats make 2 less ATP.

2,4-dienoyl CoA reductase is another enzyme that helps you deal with double-bonds 
in your fatty acids. What if you have two double bonds next to each other? The enoyl 
coA isomerase now can't move that double bond over, because there's another double 
bond in the way. 2,4-dienoyl CoA reductase can use NADPH and H+ to reduce two 
neighboring bonds, a trans and a cis, on even-numbered carbons, into one trans bond 
on an odd-numbered carbon—that's something your normal hydratases and things can 
work with. Remember, you can only work with trans.

So those are the mitochondrial enzymes that break down fatty acids. 

As you might imagine, it's easier to break down medium and short chain fatty acids. You
don't even need carnitine to bring them into the mitochondria. But most commonly you 
use fatty acids that are 16 to 18 carbons long. Peroxisomes deal with very long fatty 
acids, like 20 to 26 carbons long, or branched stuff, or hydroxylated stuff. So your 
phytanic acid from plants, for example, goes through a special alpha-oxidation in the 
peroxisome using an ATP and thiokinase to make propionyl and acetyl coA. Those 
really long chain fatty acids are too big for the mitochondria, but they can get into the 
peroxisome because the peroxisome just has one membrane layer. Peroxisomal 
oxidation doesn't provide any energy for metabolism: it's just to make FAs small for 
mitochondria.

The peroxisomal enzymes are mostly the same as the mitochondrial ones, except for 
the first two. 

First there's a different fatty acyl CoA synthetase that prepares the alfa carbon using 
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ATP.

Then AcylCoA oxidase uses FAD and oxygen and emits hydrogen peroxide to leave a 
double-bond at the beta carbon. (Analogous to the aceyl CoA dehydrogenases)

All the other steps of beta-oxidation happen from here on the same way they did in the 
mitochondria: enoyl coA hydratase and so on after this. The idea is just to get the fatty 
acid to medium size. The peroxisome enzymes discriminate by size. When you get to 
ten they stop working with that fatty acid. Every time you take off two carbons it 
becomes less comfortable with the enzyme. So everything entering the mitochondria is 
medium size.

Clinicals

Any time you have a problem with fatty acid beta-oxidation, the accumulating fatty acids
will not become fuel. They will be broken down by microsomal cytochrome P-450 
dependent hydroxylases and dehydrogenases. Those things oxidize fatty acids one C
at a time from the omega carbon. Their products are dicarboxylic acids. Those 
dicarboxylic acids go peroxisome. Then they're broken into dicarboxylic acids of 
between six and ten carbons. Then they're excreted. In the urine. What a waste!

Any time you're unable use fatty acids as fuel you'll hurt your muscles (both heart and 
skeletal) with weakness. You will also have hypoglycemia between meals— you can't 
handle to un-fed state. This is because you can't do gluconeogenesis in the liver without
ATP from beta oxidation. You'll also have fatty liver, and see complications in pregnancy,
with beta-oxidation disorders.

Well-known disorders include:

A mutation in the plasma membrane fatty acid transporter Cd36 can keep your fatty 
acids from getting into the cell.

A mutation in medium-chain beta-ketothiolase will keep acetyl-coA from coming off 
your fatty acid, blocking one of the last steps of oxidation.

A mutation where you don't make good peroxisomal membranes will mean you don't 
have many, if any, working peroxisomes. This is a rare, horrible disease, and you've got 
bad fat build-up that messes with your cell functions. You can't shorten very long chain 
fatty acids. This is Zellweger syndrome. It's a huge problem because accumulating 
fatty acids always go to the peroxisome, and now you don't have any of those to help 
you.
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A mutation in your LCAD will make a bunch of longer chains like 18 carbons 
accumulate in your pee.

Of the acyl-dehydrogenase deficiencies, MCAD deficiency is the most common. Noticed
in first years of life after prolonged fasting. Vomiting, lethargy, even coma. Lots of 
medium-chain dicarboxylic acids and glycine/carnitine esters in urine. Avoid prolonged 
fasting. May cause SIDS. The peroxisome can help back you up if you have LCAD 
problems, but the peroxisome can't work with your medium-chain fatty acids, around ten
carbons or so. So you just excrete them.

If you're missing carnitine, you can't transport fatty acids into the mitochondria. This 
happens a lot in premies, or in patients going through hemodialysis. Involves organic 
aciduria. Ranges from cramping to weakness to death. Just eat carnitine and you'll be 
fine. This usually affects muscles. Remember, as I said earlier, you could also have a 
problem in the carnitine palmitoyltransferase 1, which usually affects the liver, or a 
problem with carinitine palmitoyltransferase II, which usually happens in the muscle.

In carnitine deficiency, problems often show up only in muscles, usually because 
muscles use more fatty acids than other areas of the body do. That fact can help you 
differentiate from a problem with the OAT transporter in your kidneys: when that's 
defective, you keep peeing out all your fatty acids instead of using them in your body 
because the transporter won't take them up. This leads to severe deficiency in all 
systems, not just muscles or liver.

Reye syndrome—You notice this when you give children aspirin for a viral infection; 
one of the risks is that they'll develop Reye's syndrome. You start with a rash on the 
skin, and that's the most mild symptom. Later the liver and the brain show inflammation.
You get fatty liver. Fatty liver indicates a build up of fatty acids. Also, severe 
hypoglycemia shows up. We still don't know the exact molecular reason, but we suspect
that one of the enzymes of beta-oxidation is affected, possibly acyl CoA 
dehydrogenase. We do know that aspirin is a reactive substance that acetylates things. 
In high concentrations, the acetate can combine with any enzyme that's got serine and 
acylate it. That's how aspirin turns off prostaglandin synthetase, which works with pain 
and inflammation. Unfortunately, we've got lots of serines on lots of enzymes, so maybe
some people have pre-existing enzymatic deficiency, and it's not severe so you never 
notice it, but then aspirin comes along and acetylates their few remaining acyl CoA 
dehydrogenases and deactivates them, and now you can't beta-oxidize. 

Rafsum's Syndrome—Has to do with metabolism of phytanic acid, from plants, which 
is branched. Milk also has phytanic acid in it because of how many plants cows eat. 
Peroxisomes degrade it via alpha-oxidation. If you have phytanic oxidase deficiency, 
phytanic acid will accumulate in the peroxisome and that can be really toxic because it 
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hurts the peroxisomes and you need those. This is really bad for your peripheral nerves.
People go deaf and get ataxia (lack of coordination) and get something like retinitis 
pigmentosa. Just keep the pt away from dairy and meat from cows (because we don't 
usually eat grass and other phytanic plants) and they'll be okay.

Using Ketone Bodies for Fuel

Why do we make ketone bodies? Acetyl CoA becomes ketone bodies. When you're in 
starvation, oxaloacetate in your liver in your mitochondria gets all used up in 
gluconeogenesis. Well, you needed oxaloacetate for the Krebs cycle. So the acetyl Coa
can't go into Krebs cycle, and it's turned into ketone bodies instead. Ketone bodies are 
molecules like acetoacetate and beta-hydroxybutyrate. 

Super-easy to transport ketone bodies to tissues because soluble so that makes them 
nice you don't have to use ATP or lipids to transport them 

To make ketone bodies:

First Beta thiolase turns the 2-carbon pieces from the fatty acids into acetoacetyl CoA. 
So that's taking two acetyl-CoAs and putting them together into an acetoacetyl CoA by 
getting rid of an HSCoA. This uses CoASH. This is actually the last step of beta-
oxidation running backwards.

Acetoacyl CoA goes through HMG CoA synethetase to become 3-hydroxy-3-methyl-
glutaryl-CoA (HMG Coa). That means you added another acetyl CoA to the acetoacetyl-
CoA and ejected another CoASH as a waste product.

HMG Coa Lyase turns HMG CoA into acetoacetate (and another acetyl CoA). 
Acetoacetate is the ketone body that you use for fuel. You send it throughout your body 
to your other tissue cells where you still have oxaloacetate ('cuz only the liver's using up
all its oxaloacetate and gluconeogenesis) and they can use it as acetyl CoA. It's mostly 
the heart and skeletal muscle and brain that use it. Muscles start using it first so brain 
can use glucose, once that's all used up brain uses ketone bodies. Acetoacetate is not 
very stable, and it tends to dissociate spontaneously and lose CO2. That gives you 
acetone. Which you may know as paint remover. That's not something you want in your 
body! Someone under starvation for a long time ends up smelling like acetone.

If you've got excess NADH you will send acetoacetate through acetoacetate 
dehydrogenase and it will become beta hydroxy butyrate. This can't be used as fuel. If 
you've got beta-hydroxybutyrate floating in your blood, the heart and skeletal muscle 
that uses ketone bodies will need to re-oxidate it to acetoacetate using the same 
enzyme that reduced it in the first place. The molecule that catalyzes the conversion 
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between acetoacetate and beta-hydroxybutyrate is also called beta-hydroxybutyrate 
dehydrogenase and the reaction is reversible, depending on how much NADH you've 
got. 

In the heart and skeletal muscle, you activate acetoacetate by giving it a CoA from 
succinyl CoA. The enzyme that does that is called Succinyl CoA:3-ketoacid CoA 
transferase. The liver doesn't have this enzyme. So it produces but doesn't use ketone 
bodies, leaving ketone bodies for the other body tissues.

After you activate acetoacetate, you have acetoacetyl CoA, and thiolase can break that
into two acetyl CoA molecules you can use in the tricarboxylic acid cycle.

In untreated insulin-dependent diabetes mellitus, you don't have enough circulating 
insulin, and that means your tissues don't get enough glucose. So you have more 
glucagon instead, and you do more fatty acid oxidation and gluconeogenesis. So you've
got lots and lots of acetyl-CoAs, and the excess goes into ketone body production. But 
you make SO MANY ketone bodies that your peripheral tissues can't keep up. You don't
want SO MANY ketone bodies floating around in your blood because they're pretty 
strong acids, and they lower your pH a whole bunch. That can hurt your hemoglobin, 
and make it hard for it to bind oxygen. That's why you can have diabetic ketoacidosis 
and go into a coma and even die.

Synthesis of fatty acids

Happens in cytoplasm
Have to take pyruvate and acetyl CoA out of the mitochondria

Start with Acetyl CoA which comes from glycolysis

But there isn't an Acetyl-CoA transporter to take this out of the mitochondria! So turn 
acetyl CoA with oxaloacetate and make citrate, from first Kreb's Cycle reaction. There's 
a permease that lets citrate get out into the cytoplasm, where it's converted back into 
acetyl-coA via CoASH combination with a side product of oxaloacetate. Citrate lyase 
does this, because you can't use the irreversible first step of Kreb's enzyme (that only 
goes from oxal to citrate, not in reverse!). To get that oxaloacetate back into the 
mitochondria you reduce it with NADH into its malate form (malate dehydrogenase is 
the enzyme). Malate converts into pyruvate, which requires NADP, via an oxidation 
reaction that's also a decarboxylation (so losing CO2). Pyruvate, as you know, can go 
into the mitochondria. The decarboxylic acid transporter that lets citrate out is called 
SCL25A1). If you inhibit this transporter a little you'll have less fatty acid synthesis and 
less cholesterol so maybe you can raise lifespan and decrease weight gain.
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Pyruvate becomes acetyl Coa which goes through acetyl Coa Carboxylase and ATP 
and bicarbonate to become Malonyl CoA. Committed step biotin
citrate and atp are positive allosteric effecters
palmitate is negative allosteric effectors because heh I have so much palmitate already I
have fatty acids I don't need you to make more

Fatty Acid Synthase

Fatty acid synthase has seven activities. It's just one enzyme, not an enzyme complex 
or anything, it just has seven active sites. Wow! 

Malonyl CoA goes to ACP, which substitutes coenzyme A (CoASH)
ACP is a carrier. Now malyonl CoA is malonyl ACP.
ACP transacylase does that.

You also take an acetyl CoA and through another transacylase make it into acetyl ACP. 
So when you have an acetyl Coa and a malonyl Coa you can do a condensation 
reaction.

You use a condensing enzyme that helps the carboxylate on the malonyl ACP its alpha 
carbon goes ahead and attacks the carbonyl of acetyl ACP and you ned up getting a 
malonyl ACP with an acetyl instead of the -OOC you had at the end before.

Now you go through a reductase with NADPH and H and turn the carbony lof the acetyl 
into an OH.

Then you dehydrage and make a double bond between the alpha carbon of the malonyl
and the place where the COH used to be.

Then you go through another reduction with NADPH and H+ and make an acyl, a fatty 
acid of four carbons. CH3-CH2-CH2-carbonyl-SACP.

So you see how you need NADPH for synethesis of fatty acids. 

All these activities are contained in the fatty acid synthase. 

Now you just repeat and keep adding carbons. You add another malonyl ACP

The functional part of coenzyme A is panthothenic acid.

Put malonyl ACP and your fatty acidthrough a condensing enzyme, remove CO2 and 
ACPSH and you have malonyl ACP attack at the carbonyl, and now you have two 
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carbonyls on the molecule of six carbons, and you can use NADPH and H2O and 
another NADPH and H+ to reduce the second carbonyl and in the end you have a fatty 
acid of six carbons.

The size of the final product is what determines that the thing ends.
Palmitate is a saturated fatty acid of 16 carbons and it is the final one. Seven cycles 
required to get there.

The seventh job of the fatty acid synthase is to release the fatty acid palmitate. That 
means you hydrolyze the bond between the C=O and the sACP. That's an esterase that 
uses H20 for the hydrolysis.

In the first condensation you could use propionyl CoA instead of acetyl CoA and then 
you would make something with an odd number of carbons. That's the key. So at the 
end of the first condensation you'll have five carbons. 

Regulate with palmitoyl Coa, when it's up there's inhibition
ATP causes promotion
AMP is also inhibition

Elongation—from 16 onward to longer fatty acids. You can make 38-carbon fatty acids 
in the smooth endoplasmic reticulum and mitochondria. In the mitochondria elongation 
is basically just the reverse of the beta-oxidation pathway. Humans don't have 
limitations in the size of fatty acids we can make. The problem is double bonds. That 
requires desaturation. And desaturases. In breasts this is limited. You can put a double 
bond on 4,5,6, and 9. We put double bonds so we can do reverse beta oxidation on it 
because the ER elongation machinery perfers to work with polyunsaturated fatty acids. 
It uses malonyl CoA as a donor still. We have desaturases that can desaturate things on
carbon 4, carbon 5, carbon 6, and carbon 9, but if there's a double-bond on carbon 12 
we're in trouble. Linoleic acid is something we can't make because it requires double 
bonds on 9 and 12 and it's 18 carbons long. If you want linoleic acid you have to eat it. 

To make arachidonic acid from linoleic acid you saturate the 9 and 12, elongate it to 20 
carbons, and then desaturate it again four times to have bonds on 5, 8, 11, and 14. We 
use this to make prostaglandins and prostacyclin and thrombobuxanes and 
leukotrienes. 

Palmitoyl Coa and serine make a sphingosine. From spingosine you run a trasnferase 
and coASH leaves and you have a ceramine and from that another transferase gives 
you sphingomyelin.

To make a double bond in a fatty acid in the endoplasmic reticulum is a little different 
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than in the mitochondria. In mito it's just reverse beta oxidation. NADH-cyt b reductase. 
Cytochrome B. Flavorprotein with FAD as prosthetic groups. And it's desaturase with 
two iron atoms and histidine residues that do a mixed oxidation reaction and that's how 
you desaturate it. Fatty acid elongase is the enzyme complex here and it uses bet 
ketothiolase, beta hydroxyacyl coa dehydrogenase, enoyl coa dehydratase, enoyl coa 
reducatse, and so on.

8 acetyl co as to make a c16 thing, and 7 cycles, and 14 NADPH (every cycle is 2 
NADPH), every two carbons is one acetyl coA, every two carbons generates one 
NADPH (so 8 NADPH from the citrate lyase cycle, which is the getting citrate out from 
the mitochondria into the cytoplasm, plus 6 from the hexose monophosphate shunt, 
makes 14 NADPH).
Main source of NADPH is kreb's, HMS gives me six, kreb's give me 8 (one for each 
carbon pair) 
First cycle is 4 carbons, each cycle after that adds 2 carbons and uses 2 NADPH+H+s. 

Cholesterol and Lipid Synthesis

Lipid synthesis is pretty simple, and there aren't a lot of pathologies associated with lipid
synthesis, mostly because you'd die as an embryo if you couldn't make a good lipid 
membrane. Most diseases in this area have to do with degradation of sphingolipids.

G3P is from glycolysis—excess sugar from glycolysis!

Phosphoglycerolipids

Start with glycerol 3p, go through acetyl CoA transferase twice and you've made 
phosphatidate. Basically you put long carbon chains where the Ohs were on the 
glycerol. Take CTP which is a nucleotide and take off two phosphates, and put the rest 
of the CTP, the part that is just one cytidine and a phosphate (a CMP), on the 
phosphate of the phosphatidate and that makes CDP diacyl glycerol. You added a CMP,
but there was a phosphate already there, so now there's a CDP on your diacyl gylcerol. 
The two phosphates you took off get hydrolyzed and that's reaction coupling and htat 
keeps the reaction proceeding in this direction. Then you add a serine and replace the 
CMP with it. This is phosphatidyl serine. Each phosphoglycerolipid will have a different 
name—it could be a phoshpatidyl glycerol if you want. If you wanted, instead of adding 
serine, you could add inositol and make phosphatidyl inositol.

This is a de novo synthesis, where you start with the simplest pre-cursor.
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From the phosphatidyl serine you can decarboxylate the serine and make a membrane 
lipid called phosphatidyl ethanolamine. From there, if you want, you can add three 
methyl groups to the N of the serine to make phostphatidyl choline. 

Or if you want, you can make phosphatidyl choline directly from choline. You add an 
ATP to phosphatize the choline and make a phosphoryl choline. Then you add CTP 
(taking off two Ps, just like you did before) and now you have a CDP choline. Then you 
add a diacylglyerol and get rid of the CMP and you've got a phosphatidyl choline 
yaaaay. 

Both phosphatidyl choline and phosphatidyl ethanalomine are important membrane 
lipids.

That's making a phospholipid. If you want, you could make a triacyl glycerol instead. 
From diacyl glycerol you can go to triacyl glycerol with diglyceride acyltransferase (and 
that's part of triacyl glycerol synthetase complex) and then you've got a nice nonpolar, 
anhydrous way to store energy. (There's a monoglyceride acyltransferase part of that 
synthetase complex before hand...)

Plasmalogens

These are a type of structural lipid that looks kind of like glycerophospholipids but has 
one difference: they have an ether on one of their fatty acid links instead of an ester. 

Made from DHAP instead of G3P. The difference is that instead of two OHs and a 
phosphate, like G3P has, the DHAP has one OH and then a carboxyl group, and then a 
phosphate. 

So first you take your DHAP and you acylate it on the OH. Now you have an ester there.
Then you convert that ester into an ether (which is kind of like exchanging an alcohol for
a carboyxlate moiety). Now you leave this branch alone.

Now you reduce that C=O that made the DHAP special. You know, the second one, that
was under the OH that you just did a bunch of stuff to. You reduce it by giving it two Hs 
which from from NADPH and H+. Now we're working with the second branch. Now we 
also add an acyl group. And now we leave that branch alone.

Last branch is the phosphate. You hydrolyze it and knock off that phosphate and turn it 
into an OH. This is like turning an ester into an OH because the phosphate is technically
a phosphate ester, with an O right before it (phosphate is just the phosphate group). 
Now you have an OH that's all open to use, and you transfer a phosphocholine to it. 
Yay! 
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I lied about leaving that first branch alone. In order to get to your final phosphatidyl 
choline you have to desaturate the top branch once and put a double-bond on it near 
the ether. That desaturation would require NAD and NADH (because reducing).

Sphingolipids

repasar los diseases para el shelf, memorizarles

You have to start from ceramide, which comes from sphingosine. 

Where does sphingosine come from?

Sphingosine comes from serine and palmitate. 

Serine has an NH3 group because it's an amino acid, duh, and you can put an acyl 
group there on the N. Using acyl GoA transferase. And that's ceramide.

You can now do stuff to the OH that's distal to the acyl group. You know, the serine 
functional group OH. You can 1) add a phosphatidyl choline and give off DAG, and 
making a sphingomyeline. Or, 2) you can activate that OH with a UDPgalactose and 
make a cerebroside. From there, if you want, you can add more sugars, like UDP n-
acetylneuraminate, and then UDP sialic acid, and you make a gangliocide. 

Tay-Sachs diseas is when you can't break down gangliosides. Normally beta-n-
acetylhexosaminadase breaks down gangliosides by breaking bonds from far end to 
center, starting with galNac, then breaking off NAN, then breaking bond between 
galactose and glucosamine...basically all the galactose bonds. Exoglycosidase means it
breaks from the outside. Without this enzyme you just build up gangliosides everywhere
in your lysosomes and you have disease. Gangliosides are 1 percent of all membrane 
lipids everywhere, but 5 percent in CNS, which is why CNS is affected first. 

Cholesterol

Synthesis of cholesterol is more interesting because of the implications it has. 
Cholesterol is a lipid. 

There are like 10 nobel prizes that have been won for cholesterol science in its 
synthesis or transport—super-important!

It's kind of a chimeric molecule, non-polar with a tiny polar Oh on one edn. So it 
precipitates, and that's the whole problem with it. It's good and not good, and the bad is 
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in its chimeric nature...

Less than 200 mg/dl in bloodis good. 250 is borderline, above that can give you 
cardovascular disease. But most cholesterol problems have to do with transport, not the
syntehsis or amount of cholesterol total in the body per se. there are atheletes who 
have high cholesterol but are totally fine because they have excellent transporters
So do a lipid profile of HDL and so on and that's more important than total cholesterol 
level.

Other gissues make about 50 percent of your cholesterol, but as far as ONE ORGAN 
that does a whole ton of work it's the liver, doing 40 percent, at 220 mg, and the 
intestines do about 10 percent on their own.

Chylomicrons 
very low density lipoproteins 
intermediate densit y...
low density....
high density...

You acquire about 800 mg cholesterol/day if you're healthy that's how much you need
550 mg of this is endogenous, which means you make it and don't need to get it from 
the outside, so 250 mg of cholesterol each day you get form your diet. The total of 800 
shouldn't alter, so if you eat a lot of cholesterol you should end up making less, and if 
you don't eat a lot of choleesterol (vegetarian) you should be making more cholesterol.

So how you make it, you vegetarian.

You use eighteen acetyl CoAs to make cholesterol. We'll go pair by pair.

So I have two acetyl CoAs from my fatty acid breakdown days. I use betathiolase to 
take off one of the CoA parts and put those two acetyl Coas together into an 
acetylacetylCoA. Acetoacetyl coa plus acety lcoa plus water goes into HMC Coa 
synthase to make HMG Coa. HMG Coa means 3-hydr0xyl-3-methyl0glutaryl CoA.  It 
has many Os in it. It's an acetyl Coa, attaced to the acetoacetyl CoA. 

The pacemaker: HMGCoa Reductase. Catalyzes HMG-Coa using 2 NADPH 
molecules . You reduced the acetyl CoA and the Coa fell off. There's now an alochol up 
there up top, instead of a C=O with a CoA on it, and the new alochol-y molecule's a 
mevalonate. This happens in the cytosol. If it's in the mitrochondria, the HMG will get 
cleaved back into acetyl Coa and acetylacetate. The mevalonate is what turns into 
cholesterol. 
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Then you add a phosphate group to the OH of your mevalonate. Now it's 5-
phosphomevalonate. You need ATP and magnesium to do that, and you do it with a 
kinase. Then you add anopher phosphate to that phosphate, and it's a 5-
pyrophosphomevalonate. That's agin with a kinase and a magnesium. Then you use 
ATP to chop off the carboxyl group that's on the 1 end (opposite of the string of 
phosphates), and you also knock off the OH next to it. So you're one carbon shorter, 
and you've lost water and CO2 and put a C=C double bond at the end of the molecule 
where the carboxyl group was lost. The enzyme that does all this is a decarboxylase.  
And you've made isopentyl pyrophosphate. This is an important intermediate because 
it's super reactive and it drives the rest of the reaction forward. 

So you isomerize the isopentenyl pyrophosphate, moving the double-bond from the 
distal end one carbon over (basically closer to the phosphates). Now you have 
dimethylallyl pyrophosphate. 

You use two isopentyl pyrophosphates for this next part. One isopentenyl 
pyrophosphate will attack the dimethylallyl pyrophosphate at the alpha carbon next to 
the double bond where the phosphates were, and the phosphates fall off, and now the 
two isopententyl pyrophosphate thingys have have added together to make geranyl 
pyrophosphate. Then you can add isopentenyl pyrophosphate to make farnesyl 
pyrophosphate. The enzyme that does these is a transferase.

You add two farnesyl pyrophosphates together to make squaline, using squalene 
synthase and NADPH and H+ and a pyrophosphatase to take off four phosphate 
groups. Squalene is thirty carbons, and has no Os, and no phosphates.

Now you need to close squalene into a ring. 

Squalene oxidase uses NADP+ to oxidize the squaline and make an epoxide ring at one
end.

 The squalene epoxide goes through the squalene epoxide cyclase which reduced my 
epoxide into an OH. Doing that let you form a carbon ring with one of the methyls 
nearby. This molecule is lanosterol.

Now you make cholesterol by reducing a whole bunch of double bonds, moving one 
double bond, and knocking off 3 CH3s. Of course you need NADPH and H+ to reduce 
all this stuff.

You used 18 ATPs to do all this work. 

So how to regulate this?
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Cholesterol makes you tunr of transcription of the HMG Coa reductase gene, and it also
makes you proetolyse the HMG Coa reductase you haave. Cholesterol acts on the 
sterol regulating element of the DNA. 

(This is the same element where polyunsaturate fatty acid s act—they keep binding 
proteins from binding to the SRE, which keeps you from making fatty acid synthase.)

Mevalonate also inhibits cholesterol synthesis. 

When HMG Coa reductase is phorphorylated, it is off. So glucagon turns it off (because 
when you're starving you don't need to make cholesterol) and insulin turns it on by 
dephorphorylating it.

Cholesterol transport and Lipoproteins 

(cholesterols are easier to transport as esters)

In a chylomycron you've got two apoproteins around it, and a bunch of lipids with their 
OH poking out. In the center you've got a triglyceride core of cholesteroyl esters. 
Apoproteins have a funciton not just to keep everything soluble, but also for receptors to
see them and process them. Apoprotein B48
85% triglycerides 

Chylomicrons get into the blood in an immature form. They're soluble but they're 
missing two important apoproteins: C and E. They're just apoB and 85 percent 
triglycerides. C and E come from HDL. 

HDL has ApoA and ApoC and ApoE. The core of HDL is cholesterol esters (same with 
LDL and IDL, only VLDL has TG endogenous and chylomicrons have TG dietary). HDL 
has the most proteins, most phospholipids, least triacylglyerides and is the smallest. 

The chylomicrons will take away the C and the E from the HDL. Now it's a mature 
chylomicron. The lipoprotein lipase (LPL) receptor sticks to ApoC. The ApoE sticks to 
ApoE receptor in the liver.

In the capillary walls there are LPL receptors that recognize ApoC. This helps the 
triglycerides get out of the blood into tissue. If it's adipose tissue over there, TG will 
break int oglycerol and 3 FA which will turn back into TG for storage. If there's muscle 
on the other side of the capillary, TG will turn to glycerol and 3FAs which will be used for
ATP.
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There comes a time when most of the TG has gotten trhoguh and there's a lot less TG, 
and the chylomicron is skinny with ApoB48, ApoE, and ApoC is left behind with the LPL.
So only B and E. This is a chylomicron remnant. It's going to the liver. There, the 
hepatocytes have ApoE receptors. That receptor recognizes ApoE—surprise surprise—
and causes receptor-mediated endocytosis. 

Someone in fasting beyond 5 hours may have lots of chylomicrons floating around. LPL 
can be slow, or it could be bad at binding ApoC. LPL is encouraged by insulin.

Excess glucose becomes triglycerides in your liver.
That's VLDL. It has B100. It's made in the liver. It needs the C and E, just like the 
chylomicrons do. C binds to LPL, which breaks down fatty acids and glycerol, and 
muscles and adipose tissue use fatty acids.
IDL is the chylomicron remnant of VLDL. Half of this goes to the liver and gets taken up.
Half of it loses apoE and becomes LDL.
How does it lose ApoE? Hepatic lipase which is made in the liver and adrenal glands 
breaks down IDL into LDL. LDL is the left-over apoB100 that's lost apoE after hepatic 
lipase. LDL has most cholesterol and cholesterol esters out of any of these. LDL is 
either taken up by tissues, or oxidized and deposited on your blood vessel walls as 
inflammation and arthrosclerosis. It turns into foam cells and that's bad, that's 
arthrerosclerosis. Vitamins E, C, and A keep you from oxidizing LDL and making that 
build-up. If it's taken up by tissues, LDL is broken down in lysozymes to give you 
cholesterol you can use to make membranes. LDL is 35 percent cholesterol esters, 20 
percent protein, phospholipids 20 percent, triacylglyerols 10 percent, and cholesterol 10 
percent.

Less carbs—less fatty acids—less fatty acids—less cholesterol

xanthomas mean LDL is up in the sky

avocado and wine increase HDL

people with lcat deficiency will have lipidemia, they can't cholesterol acyl transferase so 
they have norwin's disease

Familial hypercholesterolnemia means your LDL receptor can't recognize apoB 100, 
which means your peripheral cells, liver, and everything can't take up LDL OR IDL. So 
build-up and fat yay. Not yay.

You could also have a problem where you don't make ApoB well.

Increases in cholesterol make you make more ACAT, which re-esterifies cholesterol for 
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storage. You also stop making LDL receptors when you've got lots of cholesterol in the 
cell, which means you leave any extra LDL out in your blood stream.

LCAT is the thing that gives you cholesterol esters so you can transport them. It takes a 
fatty acid from phosphatidyl choline and adds it to the OH on the cholesterol.

CETP is an enzyme that lets you turn HDL to IDL so you can absorb it.

Statins block cholesterol synthesis by inhibiting HMG CoA Reductase.
Polymer 

Making Bile Salts 

Start with cholesterol.
The enzyme's 7-alpha-hydroxylase. This needs iron 2+. Iron loses an electron and 
becomes Fe 3+. You need to re-set iron using cytochrome p 450 afterwards. You then 
need to re-set cytochrome P450 using NADP+ and H+.
The enzyme adds OH to the ring of the cholesterol that has a double-bond.
You are making your molecule polar. Because bile salts need to help transport fat. (pg. 
FIXAL physiology)
When you have many bile salts or bile acids, this enzyme won't be made. That's 
feedback inhibition.
Now you've made 7-alpha-hydroxycholesterol.

You can turn 7-alpha-hydroxycholesterol into cholic or chenocholic acids. You must add 
the COO- to do that. Then it will be a bile acid.

If you if you add two have two OHs, on your 3alpha and 7 alpha carbons, you're 
chenocholic acid.
If you have three OHs, on your 3 alpha, 7 alpha, and 12 alpha, you're cholic acid.

You can take cholic acid and add stuff to it to make your favorite bile salts. They are like 
80 percent of your bile salts. If you want to add stuff, you have to add a CoA first. This 
takes ATP. Then you can replace that CoA by adding one of two things.
1)You can add taurine, which has an SO3-, which makes the resulting bile acid SUPER 
acidic. It's got a pka of 2, which means it gives its hydrogen away in ANY solution of pH 
2 or higher. It's super acidic! Like taurus the bull is super-powerful. 
2) You could also add glycine instead. This makes the resulting bile acid have a pKa of 
4.

Don't be confused by bile salts and bile acids. Bile salts are just bile acids that gave up 
a hydrogen already, and now have a positive ion floating next to them.
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When your bile salts are in the intestine, they can be modified by bacteria down there. 
That will make secondary bile salts by taking OHs off position 7.

One secondary bile salt is deoxycholic acid. You took that OH off the cholic acid. It now 
has OHs at the 3 and 12. If you're more visual, it's kind of lop-sided, and less 
symmtrical-looking than chenocholic or cholic acid. If you think of chenocholic acid as a 
triangle of OHs—you have one on top, and two on the bottom—then you took one of the
bottom legs off.

The other secondary bile salt is lithocholic acid. You took that OH off position 7 of 
chenocholic acid. Now you have just one OH, and it's at the three.

The bacteria don't just help you out by making secondary bile salts. They also 
deconjugate and dehydroxylate your conjugated bile salts, so you have to re-conjugate 
those in the liver. Liver also makes secondary bile salts by re-conjugated

7 alpha hydroxylase is pace maker enzyme

Making steroids 

The basic form of a steroid is cholesterol, with no big wobbly chain on top, no OH, and 
add H to your double bond. That's the steroid nucleus, and from there you build 
steroids.

FATTY ACIDS TRAVEL ON ALBUMIN

Making Eicosanoids, prostaglandins, and thromboxanes 

phospholipase A2 is the target of anti-inflammatory steroids

Arachidonic acid is prostaglandin precursor. It has 20 Cs, and double bonds at 5, 8, 11, 
14. You can make arachidonate from linoleic acid. Linoleic acid has only double bonds 
at 9 and 12. You put a double bond at six, elongate between four and six by adding two 
carbons, and add a double bond at five (if you draw this it looks cool). Now you have 
double bonds at 5, 8, 11, and 14

You tell arachidonic acid to be released by making phospholipase A cleave phophatidyl 
inositol, which is the second messanger, with DAG, that goes through PIP and gets 
cleaved by hpospholipase C to tell you to release arachidonic acid

Arachidonate turns into leukotrienes and prostaglandin H2. Leukotrienes use the linear 
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pathway, because they have an L. Prostaglandins use the cyclic pathway because they 
don't begin with L.

ProstaglandinH2 can then turn into other prostaglandins, prostacyclins and 
thromboxanes. 

All those things are eicosanoids. All have 20 carbon atoms. Prostaglandins have a five 
carbon ring and some double bonds, prostacyclins have two five carbon rings and two 
double bonds. Thomboxanes have a six carbon ring. Leukotrienes have three 
conjugated double bonds (which means they're next to each other) and a total of four 
total double bonds. 

Prostaglandins come from cardiac muscle, and they are part of inflammation, pain, 
fever, sleep-wake cycles, and uterine contractions.

Prostacyclines come from blood vessels, so they work on blood vessels to make 
vasodilation happen. They avoid platelet platelet aggregation.

Thromboxanes come from platelets, and make platelets aggregate, and they constict 
blood vessels. They fight prostacyclins. Platelets want to constrict and take over 
everything.

You release arachidonate using the IP3 pathway described on pg. FIXAL. You get it 
from linoleate, which you've got hanging out in storage, and then when phospholipase 
cleaves PIP, you start a signalling cascade that releases it. Corticosteroids inhibit 
phospholipase A, which keeps the PIP uncleaved, and you get no cascade, and no 
release.

Remember arachidonate-->two pathways-->cyclic pathway is for prostaglandins.

Cyclic pathway: PGH2 synthase

The cyclic pathway's rate-limiting step goes through PGH2 synthase. This enzyme lives 
on ER membranes and is a dioxygenase, which means it puts two oxygens on the five 
carbon ring of the arachidonate. It uses heme (it contains heme). The cyclooxygenase 
part of PGH2 syntahse puts on the two oxygens, and the it's got a peroxidase part that 
puts in two electrons. Sometimes PGH2 synthase is called Cox (just using the 
cyclooxygenase name). 

A peroxide oxidizes the heme.
The heme then takes an electron from tyrosine (tyr385).
The tyrosine takes a hydrogen from arachidonate.
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That makes a radical that reacts with O2.

You know how nitric oxide makes your immune system do stuff? Signaling through nitric
oxide may work by making free radicals that then oxidize the heme iron.

This enzyme is sitting in the ER membrane, facing the lumen (inside). It looks kind of 
like an H. The bottom parts of the H anchor it to the membrane, and at the tip of the two 
top parts you've got heme. Arachidonate binds near the heme, where there's a 
hydrophobic channel. Just below the heme, closer to the anchors, there's a place where
ibuprofen can bind to inhibit this. NSAIDs work by inhibiting the COX part of the 
enzyme, and they do by blocking the hydrophobic channel where arachidonate enters. 
Aspirin works by acetylating a serine near where arachidonate binds. That's irreversible.
That's why the effects of aspirin are so long-lasting in your bloodstream for anti-clotting: 
platelets can't even make new pgh2 synthase because they don't have nuclei, so you've
got to make totally new platelets if you want to make clotting thromboxanes.

Two kinds of PGH2 synthase: COX-1 and COX-2. COX-1 is important in your GI tract, 
but expressed a little bit in all your cells. COX-2 is the inflammation-stuff. The problem 
with NSAIDs is they inhibit both, and hurt your GI tract. That's why they've made more 
specific COX-2 inhibitors like vioxx and celebrex. Cancer cells have lots of COX-2, so if 
you inhibit it you can lower colorectal cancer risk.

TYROSINASE DEFICIENCY MAKES YOU LIGHT BECAUSE TYROSINASE MAKES 
MELANIN

Linear pathway 

Linear for leukotrienes and lipoxygenase. Leukotrienes are mostly signalling molecules, 
and lipooxygenases basically just oxygenate lipids at different places.

5-lipoxygenase turns arachidonate into HPETE. 5 HPETE turns into all the 
leukotrienes. 5 HPETE is like the PGH2 of the linear pathway. It makes 5-HPETE by 
adding two oxygens to the double-bond of the ring-looking thing near the five-carbon-
ring—so not on the 5-carbon ring, but downstream of it, more towards the open part of 
the arachidonate. Basically it adds an epoxide O to the middle of arachidonate, on 
carbon 5. It does this by first adding OOH, and then eliminating a water to leave just O 
epoxide.

5-lipooxygenase has a non-heme iron in it. It sits near three histidine Ns and a C 
terminal with carboxylate Os. It looks like an octahedron, and it's got two empty corners 
where O2 can bind. Arachidonate needs FLAP to help it bind to this enzyme. Flap 
stands for five-lipoxygenase-activating protein. FLAP, the enzym,e and phospholipase 
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A2 (the thing that starts the cascade for arachidonate, remember?) all join up really 
close to each other near the nuclear envelope when you're making leukotrienes, which 
is weird because most other signal complexes are near the plasma membrane, as you 
know. 5-lipoxygenase lives in leukocytes, and some other cells.

Anti-asthma medications like zyflo inhibit 5-lipooxygenase synthesis so you can't make 
leukotrienes. Anti-asthma drugs like montelukast and zafirlukast keep leukotrienes 
from binding to their receptors in smooth muscle cells in airways. Other anti-asthma 
drugs keep FLAP from binding.

You can also use arachidonate to make EETs, or epoxyeicosatrienoic acids that do 
cell proliferation, peptide hormone, kidney, cardiovascular, and inflammation stuff. They 
have an epoxide at the opposite side from where the leukotrienes have them, so at the 
14, 15 carbon. They're made by enzymes of the cytochrome P450 family.

Making Lipid-Soluble Vitamins

We need to eat all of them because we don't make enough.

Cost and benefit of sun for vitamin D
everything in life is cost and benefit says Dr. Hernandez 

All lipid-soluble vitamins come from isoprene

all are transported by lipoproteins 

uptake and transport 
sometimes our fat absorption on the intestine isn't doing so well 
and that means that vitamin concentraiton goes down

these vitamins are almost always stuck to other proteins—pretty much never free
vitamins A and D can be toxin, vitamin A can make your baby have bad development 
problems (teratogen)
there is vitamin A in some of these creams that you use on your face, be careful with 
your bbay

vitamin A Is stored as retinol esters in your liver, processed in golgi, enters cell by 

Vitamin A comes from beta carotene through beta carotene dioxygenase. It is then 
retinaldehyde, and it gets reduced with NADPH or NADH to become retinol, or vitamin 
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A. That's a polyisoprenoid, and it's got a cyclohexenyl ring. Polyisoprenoid means it's 
got lots of double bonds next to methane groups. This lives in the liver as a retinal ester.
The trans retinol is called retinoic acid. Both is and retinal, another dreivative, are 
important. You can convert retinol and retinal, but not retinoic acid.

We store and transport retinol. It is esterified with saturated fatty acids into 
chylomircrones. Lipocytes (prisinusoidal stellate cells_ pick up chylomycron remanants 
and hydrolize them and get vitamin A into retinol binding protein. RBP is in Golgi and in 
the blood. Without RBP, or if we have more vitamin A than RBP, vitamin A is toxic. 
Bound vitamin A enters cells through a specific cell receptor and then gets bound to 
cellular RBP.

CRBP gets int othe nucleus and binds to specific chromatin regions. It's a kind of protein
receptor, basically a steroid. In rat embryos it decides how their immune systems grow. 
This came out in Nature magazine super-recently says Dr. Hernandez. And if your 
immune system is the thing that correlates most with longevity, that makes CRBP very 
important. The part during the immune system is the most important during embryo, and
it's so important that when they did transplants of the bones later it didn't make a 
difference in the ones that had been CRBP inhibited during yongness. So you can see 
how vitamin A could cause problems because it impedes CRBP.

CRBP has a job and vitamin A keeps it from doing it because it's other job is holding 
vitamin A

Rhodopsin (which receives vitamin A) is kind of like a beta adrenergic receptor.
“things don't appear out of nothing; what that is there is adapted for other purposes”

viagra interacts with the G-proteins, and so sometimes it can interact with the G-protein 
receptors in your eyes even though specificity of viagra is very good, isn't not perfect, 
and sometimes it can impede sight

Edward Eisler noticed that the majority of the proteins go out for the golgi and they're 
glycosylated and he also described peptides in the brain and now he's a hundred years 
old and played tennis just a while ago

Without vitamin A you are night-blind and your mucous secretion goes down because of
polysaccharide transport problems 
And you also go blind permanently because of lack of vitamin A and it happens to about 
250,000 children a year
xeropthalmia that is 
rhodopsin is made of retinal and optin. Retinal isomerase makes opsin become cis. It 
regenerates the cis isomerase. 
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Light turns your cis retinal into trans—you need retinal isomerase to put it back to what 
it was, which is cis.

Liver oil, butter, eg yolks, leafy and yellow veggies, milk , fruits

“The poison is in the doses” 
Vitamin a is toxic because hyperlipidemia, hepatomegaly, increases nervous system 
pressure, skin dryness...

you make vitamin a from beta carotene. Beta carotene, to beta carotene dioxygenase, 
add to oxygens right in the middle of the chain, and then you have two retinaldehyde. 
Then retinaldehyde reductase and you get ritonl or vitamin A by cleaving the bond 
between those two oxygens you inserted. This lveas you with retinol and retinoic acid. 
Retinaldehyde can interconvert with retinol via reduction because retinaldehyde is just 
the aldehyde version

beta carotene dixoxygenase uses bile salts to help it

Retinoic acid is transported bound to albumin. 

We need to eat vitamin A because we are only 1/6 as efeccient at making it as we are at
eating it. Vitamin A is absorbed in chilomicrons before going to RBP.

Vitamin A is needed for night vision.

Chylomicron remnants have retinol. Then liver takes retinol out of them and puts it on 
rbp and lets your cells try to take them up. So vita A comes from intestines, goes into 
chylomicrons, goes to liver, goes to rbp, then cellular rbp, then nucleus and stuff.

retinoic acid makes your tissues gorw and symthesize glycoproteins and tranpsort 
oligosaccharides.

Without vitamin A you keratinize all your things
you need vitamin A to make mucous because retinoic acid helps glycoprotein synthesis 
by transporting oligosaccharides across membranes
more than 3 mg a day is toxic

rhodopsin is similar to beta adrenergic receptors structurally and that's cool

SERUM BILIBRUBIN IS A STRONG ANTIOXIDANT AND SECRETION IS RATE 
LIMITING STEP OF DISPOSING OF BILIRUBIN



Becoming Healers 835

SOME THERAPIES BIND BILIRUBIN TO YOUR ALBUMIN COVALENTLY SO YOU 
STAY YELLOW FOR A WHILE AFTER IT

You need retinal Warfarin is basically a vitamin K dimer

Vitamin D
Vitamin D isn't a vitamin, but rahter a prohormone of calcitriol
regulates calcium and phosphate metabolism 
7-dehydrocholesterol turns to cholecalciferol (vitamin D3) in sunlight. Light broke the 
second ring fro mteh bottom open by putting a double bond on the C there. 
Cholecalciferol is actual vitamin D.

Cholecalciferol goes through liver 25-hydroxlase to become 25-hydroxycalciferol. This 
happens in the ER of liver. This is a diol with two OHs. Then you go to the bone, kidney 
tubules, or placent with that diol and add another OH on the 1 carbon, and then you've 
got calitriol which is the strongest ever and best. This happens in mitochondria.

About 20 minutes, turned from one side to another, between 9 AM and 3 PM is about a 
good time to make sure to get vitamin D
There are hundreds of genes incfluenced by vitamin D. Forming calcitriol is the most 
important and powerful derviative of vitamin D. 
it also regulates phosphate and calcium metabolism, and helps with gene expresion, 
and stuff 
deficiency causes rickets in children and osteomalacia in adults
Most human migration is from sites of a lot of light to lights of less light. Black folks have
lots of melanin and is protects you against excess of light, but they also need vitamin D, 
they're made for the tropics and less healthy in high latitudes light wise 
liposoluble vitamin if you give it it will stay in here for a long time that's why those weekly
vitamins last a week
40 ng/ml
30 for every 100? you would need 3000 unidades to get a high level
3000 every day 
you get 1 ng/ml increas in blood for every 100 IU vitamin D, so if you've got 10 ng/ml, 
and you need 30 ng/ml, you need to give 3000 a day 
to be old is a risk factor for almosteverything and it is a risk factor for lack of vitamin D
being black is also a risk factor
to be fat and have sedentary lifestyle
use of anticonfuslants, glucocorticoids, or other meds that affect vitamin d metabolism 
you need 32 to 100 in your blood. Ng/ml. 

rickets infolves big joints and bowed legs and bony necklace and curved bones and 
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elevate alkaline phosphatase 
metabolism of phosphate, and you take away calcium and then you have phosphate 
activated and alkaline phosphatase 
mother's milk doesn't have so much vitamin d?

You get vitamin d from oily fish, fortified milk, egg yolk, fish liver oil, sunlight, and yeast

44 billion dollars per year will eliminate hunger, that's just .7 percent of national stuff of 
30 countries. There are countries that are giving 0.7 of their national stuff for this need. 
So the US gives the most net quantity, but proprotionally gives one of the least
ooooh
To live 100 years a good multi-vitamin? Don't smoke, exercise, 1 or 2 glasses red wine, 
omega fatty acids, for women a multi vitamin doesn't really do anything, 0.5 and 1 g of 
vitamin C, 200 units of vitamin E, NAC and lipoic acid, 3000 units of vitamin D, calcium, 
zinc, don't smoke, exercise, omega fatty acids, aspirin at bed time one or two 81 mg, 
statins, and ace inhibitor d.r hernandexz prescirtption every day for 100 years

vitamin E helps keep your polyunsaturated fats from getting peroxidased. It lives in 
membranes, and it's absorbed in the intestine and goes through chylomicrons just like A
and stuff. It leaves the liver in VLDLs.

Vitamin C can reduce it to its original form after it antioxidates your membrane fats.. 
Instead of using vitamin C to reduce it, you can also react it with another hydroxyl 
radical to become a non-free radical product that you conjugate to glucuronic acid and 
put in your bile.

At 800 u/dl you can get poisoned from vitamin E.

vitamin E is like two carbon rings of six and a long fatty acid chain of carbons. The 
oxidized form has a nother ring at the end of the chain, that's like five carbons, with a 
carbonyl sticking off one corner.

withou vitamin E, you have enemia, don't make enough hemoglobin, erythrocyte dies...
malabsorbtion of fat or oxygen or polyunsaturated fats make you need more vitamin E.

ALLI inhibits fat absorption, need more vitamin E
 and processing destroys vitamin E.
veggie oils but not fish oils have vit E.

simplest Vitamin K is the vitamin without isoprene stuff, just the two sixes.  This is 
vitamin K3, menadione. But menadione isn't found in nature. IT IS A WATER SOLUBLE 
PRECURSOR
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So vitamin K2 which is menaquinone is real, and it's what happens when you convert 
menadione in your intestinal flora and in your meats. 

Phyloquinone is k1, not stored, found in veggies, this one has a long side chain with like
16 carbons on it so it's kinda like vitamin E with one double bond.

Phylo is like a veggie thing , p for plants

menaquinone is menadione with a string that has lots of double bonds. M for meats

vitamin k helps your blood clotting happen. Some glutamates need it to get carboxylated
by a vit. K dependent carboxylase. That happens in the ER and allows factors to chelate
Ca2+. This is a post-translational modification to the blood clotting factors. The vitamin 
K you use here is hydroquinone which is reduced vitamin K. also need oxygen and 
carbon dioxide. 

In ther ER of liver cells after the carboxylation vitamin K helps with it's left oxidiezed 2,3 
epoxide. But you need to get it back into the hydroquinone form. So you have to use 2,3
epoxide reductase.

Warfarin inhibits that, so it keeps you from clotting by keeping your vitamin K from 
resetting.

All in liver.

Without vitamin K you bleed too much. Most common nutritive deficiency in newborns. 
Milk doesn't have much vitamni K. Baby intestines don’t' have bacteria in their intestines
and so they have no vitamin K. In adults, if you sterilize your intestines with antibiotics 
you'll lack vitamin K. Vitamin K-->made by your intestinal flora, but you still need meats 
and veggies to make you sure you get enough.

When you're making clotting factors, there's a step where alpha carboxy glutamyl is 
made. And in that step, you need vitamin K, and dicumerol inhibits that, so it's a poison 
that makes you bleed a lot. Eating more vitamin K means you fix this (competetive 
inhibitor).

Degrading Amino Acids-->The Urea Cycle

picmonic maple syrup urine disease

alanine pyruvate transaminase 
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glutamate alpha ketoglutarate transaminase 
different transaminases that change amino acids into alanine (from pyruvate) or 
glutamate (from alpha ketoglutarate)

when you wanna make an amino acid, l-glutamate gives the NH3 group to the amino 
acid. When you wanna break it down, alpha ketogluatarate takes the amino group back 
to become l-glutamate.

L-glutamate is the only amino acid that undergoes deamination. 

You have to help the transaminase work. One way the reaction takes place is the 
pyridoxal phosphate forms Schiff-base intermediates—it's an electrophilic catalyst.
The reaction takes place where alpha-ketoglutarate takes NH4 and becomes a schiff 
base intermediate which is a five carbon dicarboxylic acid, and then glutamate 
dehydrogenase is the second part of the transaminase. Then you use NAD+ or NADP+ 
to become glutamate.

Alanine transaminase turns pyruvate into alanine.
Glutamate transaminase turns alpha keto glutarate into glutarmate.

You use pyridoxal phosphate to take the NH3 group off of the amino acid you're trying to
take down, and then put it on the alpha keto acid like alpha keto glutarate that will try to 
accept it. As glutamate accepts or loses an NH3, while it's doing that, it looks like a five 
carbon dicarboxylic acid, and that's the Schiff base intermediate. 

After you've put the NH3 on your alpha keto glutarate, you need to take it off so you can
excrete it and put it in your urea cycle. You do that by adding water and NAD+ which 
oxidizes glutamate, and then NH4+ falls off and you use that in your urea cycle. The 
enzyme that does this is l-glutamate dehydrogenase. Goes thorugh iminogluaric 
intermediate, requires NADP+.

Asparate turns into oxaloacetate when you put it through this alpa keto glutarate thing

Serine goes into a dehydratase, loses an H2O (with help of pyrdidoxal phosphate) and 
you get an alpha imino acid intermediate (instead of a schiff base interemdiate), and 
now you add water and you can hydrolyze the alpha amino and knock off the NH4+. 
Serine's now turned into a pyruvate for serine, and an alphaketo-butyrate if you used 
threonine instead. This is the special way that you deaminate serine, threonine, and 
homoserine.

So which amion acids are purely ketogenic? The only ones that are purely ketogenic 
are leucine and lysine. 
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Glucogenic and ketogenic are tyrosine, isoleucine, phenylalanine, triotphotphan, or 
TIPT.

Alanine, serine, and cytstine convert to during degradation, and it's pyruvate. They're 
thre three carbon acids.  SAC 
Tryptophan turns into alanine, and glycine turns into serine, so they also turn into 
pyruvate. Threonine turns into a thing  called aminoacetone which turns into pyruvate. 
So we have TTG also.
Glycine turns into serine via transhydroxymethylase using THF and water.
Cysteine gains O2 so that it'll have SO2- group on it before it goes into alpha keto 
glutarate cycle thing to break down.

Amino acids which turn into oxaloactate—asparagine and asparate—and oxaloacettate 
has a lot of As so that makes sense. As and Ox

This reciton happens by 
asparagine is hydrolyzed by asparaginase and that makes NH3 straight up comes off. 
And that leaves asparate. 
Asparatate goes through alpha-ketoglutarate thing with the amino trasnferase and 
turning the alph keto glutrate into glutamate, and that makes oxaloacetate.

Some amino acids turn into alpha ketoglutarate upon degradation. Arginine, glutamine, 
glutamate, histidine, proline. PHAGG.

Some amino acids break down via oxidative deamination. Serine and threonine were 
non-oxidative (Just waith water and stuff) but some alpha amion acids go through amino
acid oxidase (using FAD as your electron acceptor) to become alpha imino acids. Then 
you use the same second step and you get hydrolyzed and use your NH4+ to become 
alpha keto acid. Your FADH2 has to be reduced back using O2, and that O2 turns into 
H2O2, and you need H2O2 not to live in your body so you use catalase to reset it to 
H2O and oxygen.

Which amino acids turn into succinyl CoA? VIMT. Isoleucine, valine, methoinione, and 
threonine.

Isoleucine goes through the normal alpha ketogluratate thing to beocme it's alpha keto 
acid. Then it undergoes oxidative decarboxylation, so it loses a CO2, and it gets 
oxidated, and it now it's a Coa thioester. (that required TPP, lipoamide, FAD) Then it's 
dehydrogenated. That requires FAD. Now the isoleucine acyl Coa thioester becomes 
propionyl CoA and acetyl CoA. You turn propiontyl CoA into l-methyl malonyl Coa. If you
want to turn l-methyl malonyl CoA into succinyl CoA you need vitamin B12. Odd 
numbered fatty acids became propionyl CoA and need to beocme methyl malonyl CoA.
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Leucine does this same thing, but becomes beta hydroxymethyl glutaryl CoA. That turns
into acetoacetate and acetyl-CoA, and that's why it's ketogenic only.
Valine does the same thing but becomes succinyl Coa, so it's only glutagenic.
You will have maple syrup urine disease if you have a problem in the branched chain 
alpha ketoacid dehydrogenase

Methionine becomes propionioyl Coa becomes methlymalonayl Coa, beocmes succinyl 
Coa. So without vitamin B12 you'll have buildup of methylmalonyl CoA.
If you have a problem in the methyl malonyl Co A mutase, or if you have vitamin B12 
deficienty, you'll have a build up of methyl malonyl Coa. Vomoting, convlusions, mental 
retardation, and death.

Threonine is superwierd. It can be succinyl Coa, it can be alpha ketoburyrate, and it can
become pyruvate.

4 carbon amino acids turn into oxaloacetate

Phenylalanine can go through penylalanine hydroxylase using tetrahydrobiopterin 
phenylalanine becomes tyrosine. 
Tyrosine becomes acetoacetate and fumarate. 
Phenylalanine gains the OH group from the O2. Water is given off from this reqction.
Without phenylalanine hydroxylase you have phenylketone urea. That's because 
insetad of phenylalanine turning into tyrosine, Phenylalaine turns to phenyl pyruvate 
which turns into urine. That chemical causes severe mental retardation and hurts your 
myelination. You have to give them food high in tyrosine to phenylalanine.

The tyrosine turning into acetoacetate and furmarate is lots of steps. Tyrosine turns into 
p-hydroxyphenylpyruvate by losing an amino group.
That which turns into homogentisate, by moving the pyruvate group all around so you 
get an OH opposite to the original Oh on the benzene ring, and just below that in the 
para position you have a CH2 and a COO-.
This which turns into 4-maleylacetoacetate, by being opened all up (no more benzene 
ring)
which turns into 4-fumarylacetoacetate by making the cis Hs on the double bond into 
trans 
Break that, which turns into fumarate and acetoacetate. If you have an error between 
tyrosine and the next step you get tyrosinemia II, and if you it's between the homo and 
the maley you have alcaptonuria. Tyrosinemia 1 is a block between the 
fumarylacetoacetate hydrolase so that mean you can't split your last thing into fumarate 
and acetoacetate.
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Homogentisate is a gentleman

Phenylalanine causes acidosis which gets turned into organic acids which you don't like 
having acids in your body and that's why tissue damage. Not making tyrosine means 
you don't make melanin well. Tyrosine, melanin, no tyrosine, no melanin. 

Patients with PKU problems will have so much phenylalanine pyruvate in blood and 
pee.

I remember alcaptonuria because al capone hates and cuts off homo 
homogentisate oxidase is the defect 
homogentisate turns black when it hits air because it's like mealnin. Homogentisate 
builds up in cartilage and causes arthritis.
Tyrosine build-up isn't supre bad or anything
maybe you get dark or something ****not sure

If you don't have the tyrosinase, you don't have pigmentation.

tyrosine negative oculotaneous albinism is super severe white eyes and things, while 
tyrosine positive is just that they're less mild—either their eyes have no melanin and are
strange, or their eyes are normal and they're pale ***not sure 
tyrosine negative is way more albino.

Both mealnin and neurotransmitters use tyrosine as precursors. But they're in totally 
different compartments: one is enzyme 1, one is enzyme II. If something inhibits 
melanin synthesis enzyme it won't inhibit the other kind. So it's like we have tyrosinase 
1 and tyrosinase II or something.

In the Urea cycle, it's pretty straight forward
write it out one more time here using that pg. From Glew 212 or something like that 
CPS1 is committed step, regulated by positive feedback from arginine which is totally 
weird but it's that arginine is relling the cell “hey, I've got lots of ammoniums going on 
here, let's speed this up!”

How to Make Amino Acids

Starchy diet, poor protein-->Kwasiokor (common grains DNH tryptophan and lysine)
Marasmus is both low protein and low caloric intake

Essential amino acids are arginine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine, threonine, trypotophan, valine
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glutamate dehydrogenase, glutamine synthetase, and transaminases 

the mucous-less diet—how to live without protein
glutamate dehydrogenase and the other ones they bring inorganic ammonium ion into 
the amino acid 
Nitrogen sticks to them. It is inorganic. IT's very importnt that this is pretty rare.

Glutamate synthesis is irreversibleand it's key to many other amino acids. You reduce 
and aminate alpha ketoglutarate by amonia using NADPH and make L-glutamate

Glutamine synthetase uses Mg-ATP to MG-ADP to add an N the same way-upper

From glutamate to proline you have three reactions. First glutamate and oxidation of 
NADH to glutamate gamma semialdehyde

Transaminase is reversible it takes alanine back to pruvate or pyruvate to alanine. It 
also makes oxaloacetate or alpha ketoglutarate depending on if its glu or asp that 
donates the NH3

To make glycine from choline you have to use choline oxidase to make the OH into an 
aldehyde so betaine aldehyde. Betaine aldehyde dehydrogenase leaves dbetaine which
has a COOH where the O was and it turned NAD into NADH. Betaine becomes 
dimethylglycine

Cysteine is made via transsulfuration. Methionine is turned into homocysteine to donate 
th esulfur. L-homocysteine turns into cystathionine and water is added to the 
cystathionine and you get l-cysteine and l-homoserine. L-homocysteine and serine add 
together and become cystathione which is a sulfur bridge between the L-serine and the 
L-homocysteine because the Oh and the SH come together to make that bridge. It lost 
H2O to make that. Then you take H2O off again to take them apart with the Sulfur group
moved from the homocysteine to the serine which is now cysteine while the other thing 
is L-homoserine now.

Making tyrosine requires alanine which is an amino acid essential. You have to turn 
phenylalanine into l-tyrosine. It goes through tetrahydrobiopterine which becomes 
dihydrobiopterine. The enzyme is called phenylalanine hydroxylase. It catalyzes two 
activities. One, it takes oxygen and turns it into water by turbning l phenylalainine into 
tyrosine suing tetrahydrobiopterine as a coenzyme. But seocndly, it also uses NADPH 
to reduce dihydrobiopterine back to the tretrahydrobiopterine state, re-setting the 
enzyme so we can do it again.
Lack of this enzyme is what makes phenylketonuria
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prolyl hydroxylase adds a proline-rich peptide adds OH to it so you can make 
hydroxylated proline...

metabolizing methionine and cysteine.

SAM cycle.
The purpose of this cycle is donating methyl groups. 

Homocystinuria has a cave chest 

Cobalt is a trace metal you need 
The most complex co-enzyme is methylcobalamine. It's got a nucleotide in it, a cobalt, a
bit porphryine group, a guanine, a ribose, ad phosphate. It helps mitochindrai make 
succinyl coa, and helps methylate homocysteine to methionine. 

How to make serine
D-3 phosphoglycerate is oxidized to phosphohydroxypyruvate (using NAD+)
This then goes through a transamination leaving another amino acid as a keto-acid 
And then phosphohydroxypyruvate turns into phopsho-L-serine 
hydrolysis knocks off the phosphate group
and you get serine 

We make glycine by transaminating glyoxylate and glutamate or alanine in your liver.
We can also make it from choline. Choline oxidase turns the OH group on choline into a
betaine aldehyde. Then betaine aldehyde dehydrogenase oxidizes this into betaine, 
turning the aldehyde into carboxylic acid group. Then you demthylate it and make 
dimethyl glycine (taking one methyl off). Then you do that again and take off another 
methyl group to make sarcosine. The enzyme that does that is dimethylglycine oxidase. 
Dimethyl glycine oxidized the methyl group and made it fall off as a formaldehyde. So 
now you have an N with one methyl gorup attached, and that's sarcosine. Sarcosine 
oxidase does the same thing, oxidizing the methyl gorup and making it fall off as 
formaldehyde, and you've got glycine.
You also make glycine from serine. You take off the OH group with a 
hydroxymethyltransferase.

You make proline from glutamate. Firs you reduce the carboxylic acid group into an 
aldehyde, turning glutamate into L-glutamate gamma semialdehyde. You lose water 
when you do this, and you use NADH and H+ as your reducer. 
Then you knock off a water to get rid of that aldehyde and make it into a double-bonded 
ring thing. The double-bonded ring thing is called delta pyrrolidine-5-carboxylate. It's 
basically proline, but with a double-bond on its ring. Then you reduce that double bond 
to make proline. Yay
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The hydroxylation of proline and l ysine requires iron and ascorbate (vitamin C) and the 
enzyme works with O2 and puts one O on the proline or lysine and one on 
alphaketoglutarate to make succinate. See more about this on pg. FIXAL

Cysteine comes from methionine which is essential and you have to eat it. It also needs 
serine. You turn mehtionine into homocysteine, and you undergo a dehydration 
synthesis to take off the OH from serine, and the H from homocysteine, and you make 
cystathionine by joining them together right there at their R groups. Then you add water 
to hydrolyze them again, but when they fall apart the one that was serine takes the S, 
and the one that was homocysteine takes the OH, so you're left with serine turning into 
cysteine and homocysteine turning into homoserine.
Cystothionine synthase--> if it's deficient you don't put serine and methionine together 
and you get homocysteineurea

You make tyrosine from phenylalanine. You add an OH group using phenylalanine 
hydroxylase and oxygen. You need THB because you're adding to a benzene ring. THB 
(tetrahydrobipterine) gets oxidized to make dihydrobiopterine, and you replenish it by 
reducing it with NADPH.  Without this enzyme you get phenylketonuria. We already 
learned this reaction. Basically just the breakdown of phenylalanine makes tyrosine. 
Done.

You make tryptophan, and phenylalanine form PEP and erythrose 4 phosphate. They 
beocme shikimate, which then becomes chorismate. Chorismate can become 
prephenate to become phenylalanine.
Or chorismate can become anthranilate to beocme tryptophan. Chorismate was a 
benzene ring that had OH opposite the COO- (I think that's ortho?) and then adjacent to
the OH there was this complicated O-C-CH2-COO- group. Glutamine doantes one of its
amines and that goes adjacent to the COO- on the ring, and that makes the big old C-C-
CH2-thing group fall off. When glutamine donated that NH3 group, it became glutamate.
The resulting molecule is anthranilate. It meets PRPP. Which adds itself to the N on 
anthranilate's NH2. Then they start to rearrange their rings until they become an indole, 
and then they interact with serine. When they interact with serine they knock off a 
phosphate and interact with a serine, turning serine into glyceraldehyde-3-phosphate, 
and you have tryptophan.

SAM is a thing that is made by putting ATP and methionine together and then getting rid
of all the Ps. It's basically adenonsine and phosphate on methionine. SAM is important 
because it's a methyl donor for your methylations (remember DNA and methylation pg. 
FIXAL). But after SAM is used for wahter you're using it for it's become SAH. You turn 
SAH to homocysteine using water (which means you drop an adenosine off), and then 
to methionine, and you can start over and make SAM with ATP. When you turn SAH to 
homocysteine, you need folate and B12 to turn that homocysteine to methionine. B12 is 
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cobalamin, and you need it for this, and for making methylmalonyl-Coa into succinyl 
CoA. 

How to Metabolize Porphyrin

A porphyrin ring is the thing we talked about on pg. FIXAL that's got 4 pyrrole rings 
(which is proline with a double-bond, remember pyrrolidine from that earlier reaction), 
each with numers, and a whole bunch of methenyl bridges between them. Then for 
different molecules that you're gonna make, you just add didfferent pieces to this ring. 
You can put on acetate, propionate, methyl, and vinyl, anything you want, those are 
substituents you might add to this ring. Different isomers are made depending on where
you put the substituents.

Isomer 3 is the one in hemoglobin. In this I, II, and III has an acetate and propionyl, with 
acetate first (if you're going clockwise). Except for number 4 which has propionyl next to
acetate. Isomer I is everbody is AP, acetate and then propionyl.

To make porphyrin you first make ALA. That's the most important step, and it happens in
the mitochondria (aminolevulonic acid). You start with succinyl CoA and glycine. CoA 
activates succinate. Pyridoxal phosphate activates glycine. Then they're put together 
by ALA synthase. (and a coash and CO2 goes away) 

When you've made ALA, you send it out into the cytosol to keep going.

In the cytosol 2 ALAs join together via dehydration synthesis to beocme 
porphobilinogen. (ALA dehydratase/pophobilinogen syntahse does this).

Once you've made porphobilinogen you put four of them together to make the actual 
porphyrin ring (the uroporphyrinogen). When you first put them together they're in a long
line called hydroxymethylbilane. Uroporphyrinogen 1 synthase did this. Then if you let 
hydroxymethylbilane just sit, it'll become type I, but you odn't want that. If you wanna 
make type III you have to go through uroporphyrinogen III co synthase in addition to 
urophoprhyriongen 1 synthase.

Do you want to make heme? Well only isomer III can enter the mitochondria. Its four 
acetate groups can turn into methyl groups and it gets in that way. Type I can't make 
heme because it can't get into the mitochondria.

To get your uroporphyrinogen III into the mitochondria you can decarboxylate the 
acetates to make methyl groups using uroporphyrinogen decarboxylase (that's how you 
make isomer III into something that can get int othe mitochondria). This happens in the 
cytosol to any isomer.
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Coproporphyrinogen III is the thing that goes into the mitochondria from the cytosol. 
There you oxidize it into protoporphyrinogen III using coproporhyrinogen oxidase. This
turns the methyl groups into propionyl groups. Once you've gotten isomer III into the 
mitochondria you can chagne it some more to make heme. 

You continue to oxidize from protoporphyrinogen III into protoporphyrin III (sometimes 
called nine) using protoporphyringoen oxidase. This thing can oxidize or decarboxylate 
propionyl groups to vinyl groups, which makes protoprphyrin IX or protophoryrin III. This 
is the thing you use to make heme. Now if you want to make heme you just add iron 
(ferrochelatase catalyzes this) and then you dump heme out into the cytoplasm.

Spontaneous reactions of these derivatives are not cyclic. If you make uroporphyrin 1, 
you lose 6 Hs and you're stuck with uroporphyrin one. That's the oxidized form, and you 
cant use it. So you have to make sure you can decarboxylate it and ship it into the 
mitochondria before light hits, since it's light thatm akes that useless thing happen. So 
you don't want any gens until you get down to the very end, where you want 
protoporphyrin. Along the way, there are lots of places where light can oxidize it ane 
make it into phyrins to early.

Molecules ending in gen are reduced and colorless. The ones ending in phyrin are 
oxidized and usually wine color.

Wow this was a lot of work.
We regulate the first step, the ALA synthase step 
When heme concentration goes up ireally t sticks to an aporepressor and inhibits ALA 
synthase. You also don’t' make more ALA, and you don't translocate it into the 
mitochondria.
At lower concentrations/moderate your ALA still works, and translocation is okay, but 
you don't make ALA. 
At very low concentraitons yo ucan do whatever you want.

You look at a patient's pee to see if they have colors in it and stuff. Remember phyrins 
are wine colored. They should not have lots of phyrins, but they will if they are not using 
porphyrin rings right. So you can put their pee through an absorption spectra.
Soret band is the big peak at 400. If you see that in your pateitn it means they have 
porphyria which means all their porphyrins are getting oxidized into porphyrins and 
they're not making heme. 
Porphyrins turn orange hwne you hit them with UV light. But in regular light they are 
purple. PURPLE LIKE WINe like king george's pee.
Porphyrin build up makes you kind of crazy and gives you abdominal pain. The problem
is the ALA accumulation. It may inhibit either ATPase or a nerve conduction.
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If you have lots of porphyrins in you your body will react to sunlight really sensitively (it 
makes them sensitive to light because free radicals). (we use this knowledge to kill off 
tissues we don't like; we put porphyrin in them and make them die with light)
So if you have lots of porphyrias you could have either ALA and PBH bild up in your 
cells and body fluids, which makes the neuro problems, or you can have 
porphyrinogens accumulating in your skin and tissues oxidizeing to pporphyrins and 
making phostosensitiveity. This is going to depend on where in the pathway you have a 
problem. So if you block early in the path you accumulate ALA (or porphobilinogen 
depending on the enzyme), if you block late in the path you acccumulate porphyrins.

When your heme is low you make lots of ALA synthase, rmember? Because you need 
more heme. So the problem gets worse because you're overexpressing the enzyme, 
and then making a whole ton of ALA, and more and more ALA is bad. Some xenobiotics
make you have porphyria (someone who is sensitive to xenobiotics, already deficient, 
and then the xenobiotic depletes the heme lgroups then your body freaks out and starts 
making lots of ALA). How does xenobiotics depelte heme groups? Via the lead. The 
lead in it inhibits ALA dehydratase and ferrochelatase by reacting with SH. 

Barbituates and antibiotics like griseofulvin induce P450. P450 is a hepatic enzyme that 
loves heme. It makes things soluble. P450 makes you make more ALA. Griseofulvin 
also inhibits ferrochelatase. So patients who are sensitive or already have porphyria 
shouldn't take these medications because of their P450. In the liver you consume a lot 
of P450.

Porphyrias are absences or deficienties of enzymatic activity and they're usually 
autosomal dominant because it's a deficiency not an absence. You would die if it was an
absence and it was recessive and everyone that had it would die. 

Different porphyrias are classified by organ 
You can have the enzyme deficiency in different organs?
In bone marrow it's erythropoeitic porphyria, in liver it's hepatic, and erythropehatic is in 
both. The liver one probably has mor eto do with P450.

Some people if they lose weight, they suddenly get porphyria because of how the Krebs
cycle makes ALA, remember, because succinate comes from it? Well without glucose 
and the Krebs cycle these people don't make their ALA and they suddenly start having 
porphyria. Eating glucose will help fix this.

Hematin treats porphyria because it acts like heme, binds the repressor, and turns off 
ALA synthase so you stop synthase. So you're still not making a whole bunch of heme, 
but at least you're not making excess ala. 
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Most common problems are uropoprphyinogen 1 synthease, uroporphyinogen 
decarboxylase, and ferrochelatase. 

If we want to break down our heme, this is how we do it.

You just reduce it twice, and then take the iron away. The enzyme that does all this 
reducing is heme oxygenase (important that this is not oxidase, but oxygenase—it uses 
oxygen). And take away a CO2. Then you have the chain which is biliverdin 9. Heme 
oxygenase did all that work. When youv'e got a lot of old biliverdin built up, you use 
biliverdin reductase and it's in bile and it's why bile is very antioxidant-ish. It's why our 
poop is different from birds and amphibians, they just poop out biliverdin, we go the 
extra step to be antioxidant to protect our cells and reduce biliverdin to bilirubin. Bilirubin
is the antioxidant. People with more bilirubin have less heart attacks. It's lipid soluble 
and it works with glutathione as an antioxidant like vitamin E and C. Bilirubin is toxic, but
in our low concentrations it's helpful, but that means the enzyme has to be superactive. 
If you have an issue with this enzyme you get jaundice and you are yellow. Bilirubin is 
yellow. Your liver is supposed to metabolize it and get rid of it in your bile. That's why if 
you have liver problems you turn yellow with bilirubin is building up. What the liver does 
is add glucuronic acid to the bilirubin. That makes it more soluble. Thats UDP-
glucuronyltransferase that does that. The bilirubin that's been changed is bilirubin 
diglucuronide and that goes down into your gut and some of it gets pooped out and 
some gets reabsrobed.

Unconjugated or indirect bilirubin can get into your brain and cause kernicterus. 
Encephalopathy. Toxic to your brain.  This is the danger of neonatal jaundice. Treated 
with phenobarbital, which makes the transferase work. If you just don't have the 
transferase (autosomal recessive) you just die. Sorry. No phenobarbital. That's crigler 
Najjar type I. Type II you just have less transferase and you can use phenobarbital.

Gilberts is autosomal dominant, and you're just not good at claring it, it might be stress. 
You have some unconjugated floating around, but you don't die, and it varies, and it 
may be stress.

Amanita mushroom, chloroform, acetaminophen, and hepatisi hurt your liver so you 
don't conjugate, and that can cause toxic hyperbilirubinemeia where you've got 
unconjugated stuff floating everywhere.

You could also have conjugated or direct bilirubin build up. Only direct or conjugated 
bilirubin shows up in urine. Conjugated bilirubin shows up. Regurgitated 
hyperbilirubinemia. Mutation in secretion general hepatic mutation, and that's chronic 
ideotpathic jaundice. Obstruct your bile duct can also happen, and your liver's still 
conjugating, but not secreting bile. So your blood's just full of conjugated bilirubin.
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Breaking Down Nucleotides

VIAGRA INHIBITS CGMP DEGRADATION
NITRIC OXIDE SYNTHASE HAS A HEME GROUP

parent compound for purine nucleotide is IMP
commited step form aking purines is fromation of glycosidic bond
enzyme that does this is PRPP glutamyl amino transferase
commited step is adding an amine you see
formalyl transferase needs folic acid , it adds formaline group, anti-folates inhibit this 
and will inhibit 4 and 10, two reactions with formalyl tarnsferase.  Aminopterin is a thing 
that is an anti-folate

what reaction does allopurinol inhibit
inhibits xanthine oxidase by pretending to be hypoxanthine
xanthine oxidase as an analog of hypoxthanathine and reduces PRPP concentraiton
xyanthine oxidase turns hypoxanthine to xanthine
hypoxanthine can becomes IMP
IMP can turn to XMP can become GMP

excess synthesis of pyrimidines isn't a bad thing because I can just pee out my 
pyrimidine metabolites and things, but with purines excess build-ups and stuff is bad 
because I can't just do that 

ADA deficiency causes severe congenital  immuno deficiency because t-cells and b-
cells don't develop; adenosine deaminase deficiency
converts adenosine to inosine
when you don't convert adenosine to inosine it causes build-up of ATP 
and that 
purine metabolism for important immune system stuff 
forming lymphocytes don't have dNA precursors and so you get zero immune system 
bubble boy

lesh nyhan syndrome means you don't salvage purine nucleotides, and too many purine
nucleotides makes you mental retardation, urinary stones, and self-mutilation like 
chewing your cheeks

More Stuff That Goes Wrong With Metabolism, And How To Treat It

too much glycine makes hypotonia, myoclonigal jerks, lethargy—this is if you have too 
much inhibition
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PKU IS RECESSIVE
if you don't control it in pregnancy, baby will have cataracts, heart problems, limb 
problems, won't thrive, brian problems, tiny head, heart defects all the things will be bad
PKU happens because phenylalanine hydroxylase is broken

alpha-L-iduronidase deficient with elevation of GAGs in plasma means 
mucopolysaccharidosis 1

metabolic acidosis, hihg ammonia, vommiting if MMA problems (methyl malonic 
acidemia)

end biochemistry

liver lacks succinyl coa:3-ketoacid coa tranferase to 
can't use ketoacids
palmitate and serine makes sphingosine
sphingosine and acyl makes ceramide

ceramide and phosphatidyl choline makes 
sphingomyelin
gauchers: glucocerebrosidase
tay-sacs: hexoaminidase
fabry: alpha-galactisodase a
ALCOHOL INHBITS BEATA OXIDATION BYU ISNG ALL THA NADH

KETONE BODIES ARE ACTUALLY BETTER FOR ENERGY THAN GLUCOSE 
BUTBAD FOR YOUR BLOOD ACDS
chylomicrons are lowest density
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Chapter 8: Behavioral Science/Biopsychosocial Med

This is a class a lot of med students kind of throw off to the side, and I think reading the 
BRS will get you pretty far, so unlike in my other chapters, I'm not writing down every 
single thing—mostly because a lot of this is common sense stuff we all learned in 
undergrad (I think). But I did want to make sure I remembered—and shared with you—a
few choice gems and arguments that I think will positively impact my practice in the 
future. First and foremost of those is the biopsychosocial model of medicine.

This "biopsychothingamajobber" is an approach to patient care where you pay attention 
to the psychology and social life of the patient as information relative to your practice—
it's not just about the biomedical. The focus on just physical comes from the dualism of 
body and mind, my teacher believes, that Rene Descartes promoted. I'm not sure if 
that's what Descartes intended, but it's that philosophy of separation that matters. When
Robert Koch discovered infectious disease caused by viruses—instead of spirits and 
stuff—it became even more "obvious" that medicine only has to do with the physical, 
that which we can see.

But as doctors—as human beings—we also need to see the whole person. That's why 
we ask about family relationships, stress, and other things that can exacerbate diseases
both physical and mental. There's the spirit, too. We also care about the financial life--
and not just because that tells us how much the person can pay, but because that 
influences eating habits, educational level, and many other health-related factors. 

Here we posit that most diseases stem from biological, psychological, or sociocultural 
variables that exist in some combination (and I would add spiritual)--and we have to find
interventions that manage and address all these things. To do that, we've got to 
establish good relationships with patients, and that can be tough when their hostile or, in
some cases, making sexual advances or suggestions or just being overly flirty.

Hypothetical Case
We've got a patient about 47-years old, a smoker--at 40 cigarettes a day--surviving a 
surgery after throat cancer. This particular man saw his mother go into depression and 
his father die of the same cancer, but he's smoking all the same, and it's now affected 
his life. He's lost his job because he can no longer talk, and he's severely overweight 
because he eats to comfort himself. (Depression usually causes either increase or 
decrease in weight) What factors are influencing him now?

Biological factors
 Hypothyroidism
 Surgery recovery
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 Smoking/lung damage
 Healing from tumor
 Management of cancer effects

Psychological factors
 Obsessive personality (in the smoking)
 Eating and talking difficulties (causing social stress)
 Anhedonia (no desire for the things that normally please him, pleasureless life)
 Guilt (from knowing where this disease came from)

Social Variables
 Loss of the job (causing further restlessness and discouragement)
 Financial problems (so unable to spend gifts/time with kids like before)
 Sexual intimacy decreased

Biological interventions could include thyroid replacement therapy and antidepressant 
medicine like fluoxetine and nortriptyline. Psychological intervention could involve short 
term interpersonal discussion, marital management, cognitive explanation of his 
unrealistic expectations of the illness. It would require alteration of his self-image and 
psychiatric referral. 

We also consider a "sick role," the role we play when we're sick, and it depends on how 
we were brought up. If we grew up and they told us to quit our whining and shut up 
when we're sick, we got negative reinforcement for sickness, and we'll act more sick 
more often. If they spoiled us and gave us toys and food and movies, we got positive 
reinforcement, and we felt better so soon! But we wanted to pretend to be sick again 
later because when we got better, we basically got "punished"--we had to work again! 
It's important to consider and understand this "role" that we all play. Vocational 
rehabilitation, marital communication, and family counseling would all fall under possible
treatments for this patient. We may need a referral to a psychiatrist or psychologist.

I tend to think that sometimes we're in a hurry to send people to professionals to do 
what friends should be doing—talking things out and helping us fix our emotional 
problems. I know a lot of other people think the same way. But sometimes when 
someone doesn't have friends who involve themselves like that, you've got to get a 
professional you trust involved. The mind is a sensitive thing, so don't refer to someone 
you don't know is good—this is your patient here! Even better, did you know that 41 to 
63% of the US's mental health visits are made to primary care physicians? You may be 
the only mental help they get. You have to know how to handle psychosocial issues, 
especially since 6% to 10% of patients meet criteria for major depression. That's like 
every tenth person walking through your door—and only half of the population with 
mental disorders will seek help.
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Age, Race, Gender

Many diseases will have different effects and different manifestations based on age--
you don't really expect an older man to get varicella, or a child to have arthritis. Children
have higher frequency of exanthemas, or external skin diseases, and so on.

It's the same with mental disorders. You'll get antisocial behavior around 8 years--
although that's so poorly defined, it's sometimes just a way to punish introverts--phobias
around 10 years, somatizations around 15 years (when you have many physical 
problems with no physical cause--mental causes), drug abuse by 18 years of age, 
schizophrenia and manic episodes may manifest around 19 years, and Alzheimer's after
70. Every age has its threats of mental disease.

Mental disorders also alter based on gender. Men tend to actually kill themselves in 
violent ways--shooting themselves in the head, hanging themselves--but women will 
more often threaten to kill themselves ("I'm going to take these pills if you leave me," 
and she takes some and goes to the emergency room), especially in abusive 
relationships. 

Race also plays a role, not just genetically but socially. Older white men have the 
highest incidence of suicide out of all older persons; other mental disorders hit other 
parts of the population.

Psychological Factors Affecting Medical Conditions and Stress Response

Why do people get sick?

The answer involves a lot of different factors, and it's not so easy to answer--every 
civilization, people group, and even social structure answers it in its own ways. In some 
populations in time the major causes of death and sickness were war, accidents, 
plagues--and so forth. In the "West" in the 18th, 19th, and 20th centuries small pox, 
malaria, cholera, influenza, and plague drove death. In the US and Europe today (2013)
you're playing with many cardiovascular diseases, cancer, diabetes, things like 
anorexia. Throughout time and space, sickness is a relative and yet non-relative 
phenomenon, something defined by culture and money as well as medicine. But the 
sicknesses we primarily deal with have biological and genetic factors that interplay with 
the environment and our psychological state. We're a mind-body dichotomy, but we're 
also an intimately connected system: "A cheerful heart is good medicine, but a broken 
spirit dries up the bones," says an old Bible proverb, and we're finding all the time that's 
more and more true.

Stress. What is it? It's a "nonspecific bodily response to any demand caused by their 
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pleasant or unpleasant conditions" (Lecture 8/14/2013). It's when there's a change in 
homeostasis, and your body response: we've all felt it, but some feel it more than 
others and your psychological perspective (as well as genetics) has a lot to do with that.
When you enter a cold room, your body's undergoing stress. It has to adapt to maintain 
homeostasis so you can survive. But you don't feel stressed out about that the way you 
feel about getting divorced.

Stressful life events are correlated with increased risk of becoming medically ill, and we 
perceive these events (weddings, funerals) as positive or negative based on how we 
cope with them. Some of our coping mechanisms makes us more sick (duh--smoking, 
drinking) and social support seems to help us manage it better, because of the 
intimate connection between our central nervous system, endocrine, and immune
systems, and the way our central nervous system triggers these others. You probably 
already know that homeostasis is primarily regulated by the hypothalamus, but the rest
of your brain interacts very closely with this: your sympathetic nervous system is 
upregulated, for example, in PTSD, and that's a real, biological response. Cortisol and 
other increased stress hormones can inhibit the number of T-cells you produce and can 
decrease your immune system surveillance, and that's a real reason stress makes you 
more sick. People with Type B personalities (calmer, less competitive) tend to handle 
stress better, and they also get sick a little less. So this is real stuff.

Stress theory comes from:
 Cannon, who did the first systematic study relating stress to disease (fight or 

flight and adrenaline response)
 Selye theorized we have a general adaption syndrome (GAS) when we're under 

a constant state of stress. Our alarm reaction gets triggered all the time until we 
develop a stage of resistance to our stress chemicals, and enter a stage of 
exhaustion.

 Your immune system can condition itself like Pavlov's dog. There's a study where
they gave subjects sugar, and gave them a microbial agent at the same time. 
The immune system reacted to the microbial agent to neutralize it, and the next 
time they gave the subjects sugar, the immune system responded as if there was
sickness on the way. That's how stress works, too.

 Adolf Meyer helped formulate systems theory, that illness are multifactorial, and 
George Engel posited the biopsychosocial approach.

You perception and mental accommodation to stress--whether because you're used to 
it--will help determine how you react to biological stressors like microbes. The death of a
long-term spouse is what people now believe is the biggest stress a person can 
undergo--but your reaction to that is going to depend on your emotional attachment to 
that person, your ability to work without them (how well you know how to cook, clean, 
etc), as well as biology. They've got data saying that when a couple is married for a long



Becoming Healers 855

time, and the woman dies, the man will die soon after, but the woman won't. In class we 
discussed all kinds of possible factors interplaying in this, such as:

 The woman's accustomed to cooking/cleaning/etc for herself, and the man finds 
himself lost without her because he's not used to it in many societies

 Living without work might challenge the man, since we are usually healthier when
we're active, and in very traditional societies the woman is used to occupying 
herself at home

 Women usually occupy themselves with a larger social support group at that age
 Broken-Heart Syndrome will affect how long he will live or whether or not the 

woman will die soon after, too
 Finally, I'd learned in Biology of Aging in college that when the woman stops 

producing eggs, that metabolizing energy can divert into maintaining her tissues, 
into antioxidation, and so on and so forth. The man on the other hand is 
producing sperm all his life, which means he can't divert resources into 
maintaining his own health as well. Biology matters a lot.

Your autonomic nervous system (ANS) helps you maintain a flexible homeostasis. It's 
divided in two, with relation to stress:

 Sympathetic nervous system keeps you reading for danger (fight or flight) 
 Parasympathetic helps you repair afterwards

Your responses to stress are divided into ergotropic and trophotropic systems. 
Ergotropic is, roughly, your up-regulated response to stress, while trophotropic is your 
relaxation and makin'-babies stage.

Ergotropic does:
 The sympathetic part of the ANS
 The blood flow to brain and muscle
 Increased skeletal muscle tone
 Decreased immune function
 Decreased reproductive function
 Catabolic metabolism

Trophotropic
 Parasympathetic ANS
 Gut, kidney, and skin in blood flow
 Decreased skeletal muscle tone
 Increased immune
 Increased reproduction
 Anabolic metabolism

Some disorders are more psychosomatic than others, and stress makes a bigger 
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difference. Things like acne, headaches, herpes, painful menstruation, hypertension, 
obesity, and warts are made worse when you're freaking out, either because these alter 
certain behaviors that make everything worse, or because these simply change your 
body's response.

Again, I'm not just making this up. We've got lots of evidence from both healthy and 
cancerous populations that link psychological stress to immune down-regulation—that's 
what Dr. Castaing says regarding psychoneuroimmunological interaction, and he's right.
Maltreated children followed into adult life in the Dunedin Multidisciplinary Health and 
Development study had significant increases in levels of several circulating 
inflammation biomarkers in adulthood; adults with childhood abuse histories had a 
higher tendency to develop diabetes and cardiovascular disease because of this (Felitti 
et al, 1998). That biomarker thing's what lets us know that this may be more than 
behavioral problems caused by the abuse that now cause bad lifestyle—it tells us 
something's going on more directly.

Relationship between patient and doctor

So how do you deal with all those biological and psychological disorders that patients 
drag through your door? This is a very intimate reaction between two people discussing 
very personal health-related manners, and it requires several basic discussions.

We've got to talk about empathy. What happens when you treat someone like a lab 
specimen? Turn you back as soon as you've given bad news? What if a patient shows 
up nagging you about getting samples for medicine they need? Is there a way to say no 
without saying, "what, you want me to give you all the samples?"

We can imagine more or less three styles of doctor-ing: paternalistic, shared decision-
making, and the consumer-based style. You can be someone who dominates the 
conversation and makes all the decisions--and some patients like that, especially 
critically-ill patients requiring emergency procedures.

Transference is the principle by which we get the patient's emotions transferred to us. 
For example, a patient who thinks you're the best can pump up your head beyond what 
you know is actually scientific, and that can lead to errors. On the other side, a patient 
who doesn't trust you can make you feel like you can't do your job. Counter-
transference is the principle by which our emotions and experiences transfer to the 
patients--so for example, if we had very authoritarian parents, and we pass an 
authoritarian attitude forward on the patient. This is why we talk about conflicts of 
interest--your emotions can influence your practice, and your emotions can be 
influenced by your patient.
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Legal Issues in Psychiatry

What happens when that relationship goes wrong? Or, what happens if you have to use 
your doctor-patient relationship to testify in court?

Everything "legal" is, in some way, "forensic." The word forensic actually comes from the
word foro, which was a place where people discussed things—specifically discussing 
the causes for someone's death. That's what forensic pathology is about. This makes 
sense, because in the United States apparently my teacher says every person who 
doesn't die under medical supervision has to have an autopsy performed and submitted 
to court to verify cause of death wasn't deliberate. That's a discussion. 

Forensic psychiatry is a bit different, since you're not talking about pathology of death 
but you're often called to court as an expert to identify a relationship between mental 
condition and crime or victimization. As future experts in our fields--you'll go into a room 
and no one will know more medicine than you--we need to remain trustworthy. That's 
why we discuss medical ethics.

The position of the law, according to my teacher, is the most modern understanding of 
what tribunals believe will function for society--so doctors should know the most modern
rules and follow them. That's called jurisprudence, and I think it's bull-crap (as does the 
hero from Assassin's Creed, but that's another story) because there is a right and wrong
above the law. It won't always happen, but if we find ourselves in places where the law 
and what's right conflict, we need to go with what's right. Hopefully that won't happen to 
you; ideally, the law will always uphold what's right by punishing what's wrong. But that's
not always true.

It is good to have access to a good lawyer who can at least make you aware of the 
consequences of each legal action. One thing every smart lawyer will discuss--and 
something you should know elementally--pertains to the legality of consent. We do 
generally all understand that you can't touch or operate on someone without a signed 
consent form, but one thing doctors have to understand is informed consent. My teacher
knew a doctor who, in the middle of a surgery, discovered some cysts in the patient's 
ovary. He got her to sign a form before the surgery saying he could remove what he 
found, but when he spoke to her, he didn't explain that he was going to take out 
everything--uterus, tubes, ovaries, everything. So she signed, and when she awoke and
found out, he smiled and told her he'd gotten rid of that "porqueria," which is kind of a 
way to say "trash" or "silliness." She sued him, of course, because she didn't know 
everything would come out, and on top of that his treatment of her—telling her special 
parts of her body were trash—made her feel awful. One of the things we discussed in 
class was the way that he told her everything, since she probably wouldn't have sued 
him if he'd explained with sympathy and respect that for her health he'd had to take out 
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more than she'd expected.

Malpractice involves 4 Ds:
 Duty

◦ This doesn't just mean you have to dot your i's and cross your sutures right. It
means you can't abandon a patient who needs you. If you can't attend a 
patient's birth/surgery/boo-boo because of your busy schedule or something, 
find another doctor who can. This should be common courtesy, but it's not.

 Deviation
◦ The court of law has to prove that you deviated from or left your duty--that you

were supposed to do a certain thing to help a patient, and you didn't, or that in
some way you abandoned the patient.

 Damage
◦ The second thing the court has to prove against you is actual damage. Now-

a-days that may well include psychiatric damage, so be aware of the way 
your actions affect your patient's mind, not just to avoid getting in trouble, but 
for his or her benefit.

 Direct Causation
◦ The court has to prove that your deviation caused the damage.

Malpractice also involves the people who work with and under us, and often the law 
holds doctors responsible for the chatter of their secretaries and the work of their 
nurses. So, for example, if you've got three receptionists working under you and they 
start gossiping in the elevator about one of your patients--even if they've only mentioned
a name and the fact that that's your patient--who gets in trouble? You can, certainly. 
Now that doesn't mean that you should become authoritarian with the rest of your 
healthcare team, or treat them like children or possible security breaches in your tightly-
run military camp. You need allied healthcare professionals to work with you, and 
sometimes they'll know more about certain patients or aspects of care than you will. 
Just understand that your team needs to rise to the same standard that you do.

For good or for bad, it is true that society holds doctors to certain standards of respect 
above other allied professionals. That's why doctors have responsibility for their 
teammates, and that's why doctors have to testify in court when they're subpoena'd 
about various cases. (You can't skip that, by the way--you can get in trouble if you turn 
down a subpoena; also, only testify with the most relevant information possible in the 
least quantity--don't just open the patient's file and give every little detail about the 
patient's life) People listen to us more in court as pure doctors than they do if they know 
we're doctors who studied law or doctor-politicians--being a doctor, and only a doctor, 
gives us credibility, and that says something about the sacredness of our profession. 
But I think we have to figure out how we respond to those standards, since sometimes 
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we--and the people around us--pretend we're more than we are. Sometimes we talk 
"like doctors" and treat ourselves "like doctors" with a sense of privilege and a set of 
rules as if we're a class of people above everyone else. Let's not do that, but yes let's 
be trustworthy: worth trusting, and worth respecting, not because we're doctors, but 
because we are people who want to heal other people.

Now, are there times when people want to sue you just to sue you? Even though you're 
trustworthy, you've got your 4 Ds under control, and you're awesome? Yes! Of course 
it's an industry. The best we can do is document everything we do when we do it--not a 
day after. Yes, it takes time, and yes, it sounds stupid, but it may benefit the patient if we
write everything down and give her a copy so she knows what medicines she needs to 
take and what you've discussed. We've got to try not to think about it just as saving our 
butts, but also as trying to help the patient remember what you said. It's also possible to 
escape from those lawyer-happy patients politely. "I don't feel able at this time to help 
you with your specific case at the level I want to, and I'd like to help you find someone--
a good doctor, in my specialty--who can manage your case with competence. I've 
collected names of three other doctors you can seek out, and I'll help you with the 
transition, but unfortunately I can't serve you the way I'd like anymore." We have to deal 
with those kinds of situations as they arise, but we can't live in fear as if every single 
patient wants to chop us up into dollar bills. Prepare for the worst, but put a mental 
picture in your mind of the best regarding every patient.

Still, one of the biggest causes cited behind malpractice comes down to either a failure 
to apologize, or a failure to listen. You need understand psychology so you can listen, 
striving to “balance the roles of empathic listener, expert, and authority,” as Dr. Lugo 
says—only then, young grasshopper, will you navigate the malpractice mafia like the 
true doctor samurai you are inside...

Normal development milestones

One of the new things I learned that I want to remember is the ages of the different 
developmental milestones kids go through. They are:

Anatomic gender differentiation by 3 months in utero (everyone's anatomically female 
before that)
Gender identity usually developed by age 3
Conscious about own bodies by age 7

Normal grief

Shit happens, and when shit happens, my patients will mourn. I will mourn. I need to 
understand normal and abnormal grief so I can intervene or seek help if my patient's 
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mourning process is going awry and damaging them psychologically. Most people can 
go through grief without professional intervention (90 percent or more says Dr. 
Castaing), but that's not always the case.

Elizabeth Kubler Ross many many years ago said the normal stages of grief are:
• Denial and isolation
• Anger 
• Bargaining (trying to make a deal with God or with oneself, like 'I'll do this and 

this if you'll change the diagnosis')
• Depression, and
• Acceptance.

They don't always occur in this order. But it's important to understand that my patients 
might get angry and upset, or try to bargain, or go into denial, and it's not my fault. If 
they're mad at other caregivers, or themselves, or at God, or at me, I just have to do my 
very best to help them, and I have to understand that they may just be generally angry 
because of their suffering—it may not have anything to do with my performance.

Metabolic diseases causing mental disorders

Biopsychosocial model goes both ways. Sometimes, we can help resolve a mental 
problem by resolving chemical or metabolic pathways underneath—and sometimes 
those pathways have gotten whacked so badly, modern medicine doesn't know what to 
do with them, and we've simply gotta manage the mental symptoms as best we can.

Genetic metabolic diseases with mental repercussions
• Phenylketonuria—problems digesting phenylalanine

◦ may leave my patient with mental retardation, especially if there isn't early 
dietary intervention. (For treatment see page FIXAL)

◦ These kids often have super-blonde hair and blue eyes
• Histidinemia

◦ Autosomal recessive
◦ Super difficult to diagnose clinically; the patient has mental retardation and 

convulsions, and it used to be easy to write that off as something we can't 
treat

◦ These patients have elevated histidine in their blood and urine, and lots of 
imidazelopyruvic acid in their urine

• Porphoryia—
◦ enzymes that deal with making porphyrins and heme for your blood are 

broken and leave toxins everywhere
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◦ your patient might hallucinate, become really depressed, or get freaked out 
(paranoia) easily—they could also just be really confused

◦ Their peripheral nervous system will acutely/randomly start breaking down/not
working and they may have epilepsy

◦ This will usually present with intestinal symptoms like constipation and pain
◦ Skin might change: blisters, excessive hair growth, skin damage anywhere 

the sun was, skin could always be shedding (this will depend on the kind of 
porphoryia, there's chronic and acute and a whole bunch of acute kinds)

◦ Dark urine, lots of delta-aminolevulinate and porphobilinogen in it, so look for 
urinary porphobilinogen first

◦ Normal MRI, or white build up in posterior areas, or high signal in the 
cortex/sub-cortex (subcortical areas)

◦ Treatment: give enzyme inhibitors to keep toxins from being made, avoid 
triggers, give them heme perfusion to replace bad hemoglobin, and glucose 
perfusion

• Urea cycle disorders—
◦ X-linked autosomal recessive deficiency that can appear at any age—
◦ Patients have confusion attacks, delusions, and strange behavior changes 

triggered by high protein intake. They may have hallucinations, schizophrenic-
like psychosis, and mental retardation, and they may go catatonic.

◦ They may have stoke-like symptoms, epilepsy, or even comas or just nausea,
vomiting, and headaches. 

◦ Brain MRIs may come back normal, or you may see edema. 
◦ Run an ammonaemia test, then AAC (amino acid chomatography) and urinary

orotic acid test.
◦ To treat, you'll restrict their proteins and supplement them with sodium 

benzoate, sodium phenylbutyrate, l-arginine (and hemodiafiltration if they're in
a coma, to help their kidneys survive)

• MTHFR deficiency (methylenetetrahydrofolate reductase deficiency)
◦ Autosomal recessive, any age onset
◦ Ranges from confusion through depression and mild mental retardation to 

psychosis. They can also get hallucinations, behavioral disturbances, and 
catatonia.

◦ Neural cord might be degenerating, might have strokes or even go into a 
coma, “peripheral neuropathy” so might have sensation or motor problems 

◦ Look for blood clotting events
◦ Brain MRI may come back normal, or there may be white matter build-up in 

the brain (leukoencephalopathy)
◦ Run homocysteinaemia tests—these folks have high levels of homocysteine 

in their blood (also low levels of folates and methionine)--and run AAC and 
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blood folate tests

◦ Treatment includes folinic acid, betaine, vitamin B12, and riboflavin
• Mutation in the Cbl gene

◦ autosomal recessive, any age
◦ Here your cobalamin metabolism is messed up (Biochem pg. FIXAL)
◦ Confusion, depression, mild retardation, psychosis, behavioral disturbances, 

but no catatonia or schizophrenia
◦ Neural cord problems, like MTHFR deficiency, but especially look for optic 

atrophy, retinitis pigmentosa (degenerating retina)
◦ Look for glomerular nephritis, and blood clotting (thromboembolic events)
◦ Brain MRI may come back normal, or there may be white matter build-up in 

the brain (leukoencephalopathy), especially high signals of the spinal 
pyramidal tracts (those are in the top-left “corners” of the spinal cord, 
neurobiology pg. FIXAL) and posterior columns (back part of the spinal cord).

◦ Run homocysteinaemia (looking for high levels), and AAC (should also have 
low methionine levels), and also OAC (organic acid chromatography; they 
should have methylmalonic acid in their urea)

◦ Treatment includes hydoxocobalamin, folic acid, and betain
• Wilson disease 

◦ Page FIXAL, histology
◦ Autosomal recessive, any age onset
◦ Behavior and personality disorders, mostly. Some depression, not a lot of 

psychosis, but it happens.
◦ Movement disorders, including movement problems with mouth area so the 

patient has trouble saying words (that's dysarthria)
◦ Copper ring around their eye (Kayser-Fleischer ring)
◦ Chronic liver disease 
◦ MRI finds high signals of basal ganglia on T2-weighted sequences 
◦ Pee out a lot of copper, low copper in the blood, low ceruleoplasmin in the 

blood so run a ceruleoplasmin test, then a copper blood test, then a copper 
pee test

◦ Treat with D-penicillamine, zinc, and trientine
• Cystathionine Beta-synthase deficiency

◦ Autosomal recessive, any age onset
◦ Behavior/personality problems, along with mental retardation. Rare 

psychosis.
◦ Epilepsy, strokes, weak muscle tone (dystonia)
◦ Marfan-like appearance (so stretchy body)
◦ Lens dislocation and thromboembolisms
◦ Normal brain MRI
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◦ Homocysteinaemia test comes first, these folks have high homocysteine in 
their blood (more than 100 micromoles per L, just like the other highs we've 
mentioned here), and low methionine (so you can run an AAC test, too)

◦ Treat with vitamin B6 and a protein restriction diet
• Nonketotic hyperglycinaemia

◦ Autosomal recessive, any age onset
◦ Mental retardation, behavior problems, confusion 
◦ Movement disorders triggered by fevers
◦ Normal MRIs
◦ High glycine in the blood and in the urine, and too much in the brain: 

cerebrospinal fluid to blood glycine ratio is over 4/10. So run an AAC.
◦ Treat with sodium benzoate and dextromethorphan

• Succinic semialdehyde dehydrogenase deficiency
◦ Autosomal recessive disorder with childhood onset
◦ Behavior problems and mental retardation
◦ Seizures
◦ Normal MRI, or high T2 weighted sigals of globi pallida
◦ Pee out a lot of gamma-hydroxybutyric acid so you run an OAC (organic acid 

chromatography) in their urine
◦ Treat with benzodiazepines

• Cerebrotendinous xanthomatosis
◦ Autosomal recessive, can appear at any age
◦ Rare cases of psychosis—dementia and parkinson's-like behavior is more 

common.
◦ Peripheral neuropathy (disease of the peripheral nervous system) presents 

with cerebral ataxia (which means loss of body movements because problem 
in the cerebrum), and spastic paraparesis (which is partial lower-limb 
paralysis)

◦ Chronic diarrhea, children may have cataracts, and you'll see yellow blotches 
on their skin because the body's putting all its lipids there (xanthoma)

◦ MRI will show white build-up (leukoencephalopathy) and either really high or 
really low signals in the dentate nuclei of the cerebellum

◦ Do a sterols test and hplc (high performance liquid chromatography) looking 
for high cholestanol

◦ Treat with chenodeoxycholic acid (hey, that's a bile salt page FIXAL)
• Metachromatic leukodystrophy

◦ Autosomal recessive, may appear any age
◦ Mimics schizophrenia; patient may have cognitive problems 
◦ Patient will have physical delays as well because they're losing myelin, so 

cerebellar ataxia (loss of body movements because of cerebellum problem), 
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spastic paraparesis

◦ MRI shows lots of leukoencephalopathy around their ventricles
◦ Look for arylsulfatase A activity in the blood—it will be low, so they'll excrete 

lots of undigested sulfatides in their urine
• GM2 gangliosidosis

◦ Autosomal recessive, appears at any age
◦ Episodes of psychosis, depression, and manias
◦ Physically, will lose muscle tone and control over time (lower motor neuron 

disease and cerebellar ataxia), also will have disease in sensory neurons
◦ MRI will show normal, or atrophy of the cerebellum
◦ Test for hexosaminidases in the blood; these patients will have low activity

• Niemann-Pick disease type C
◦ Autosomal recessive, shows up at any age
◦ Mania, depression, and psychosis, with cognitive difficulty
◦ Movement disorders: will have problems consciously controlling eye 

movements (oculomotor apraxia) upward, dystonia, cerebellar ataxia
◦ Will have enlarged spleen and liver
◦ MRI shows normal or cerebellar atrophy
◦ You should see strange accumulation of unesterified cholesterol in 

lysosomes; run your first test on fibroblasts with filipin staining
• alpha-Mannosidosis

◦ Autosomal recessive, arrives at any age
◦ Mental retardation and confusion, with episodes of psychosis
◦ Upper airway infections and deafness; they may have obvious dysmorphias 

(what people call physical deformities)
◦ Physically they'll often have cerebellar ataxia and pyramidal signs (FIXAL 

what are pyramidal signs)
◦ MRI will show normal, or they'll have white buildup in the back of the spinal 

cord and thick diploic spaces (neurobio FIXAL diploic)
◦ They pee a lot of oligosaccharides because their alpha mannosidase isn't 

breaking them down, so look for low alpha mannosidase in the blood after 
you find high oligosaccharides in the urine

• Beta-mannosidosis
◦ The same as alpha—and you find it pretty much the same way, lab-wise—

except that the behaviors associated and the MRI are different 
◦ Normal MRI
◦ You'll see hyperactivity and aggressiveness instead of confusion and 

psychosis (both have mental retardation)
◦ Patient may have demyelination
◦ You won't have the dysmorphias, cerebellar ataxia, or pyramidial signs 
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normally: you will have the deafness, upper airway infections, and 
angiokeratomas, which are when your capillaries near your skin bust open 
and basically leave red and purple raised spots all over you

• Sanfilippo syndrome (MPS II)
◦ Page FIXAL of biochemistry 
◦ Autosomal recessive, any age onset
◦ May present with autistic or related behaviors and mental retardation; 

sometimes presents with dementia
◦ May have some mild dysmorphia 
◦ Retinitis pigmentosa
◦ Normal MRI
◦ Urine tests will show lots of heparan sulfate excreted, lots of low enzyme 

activities (depends on if it's type A, B, C, or D) so look for 
mucopolysaccharides in the urine and then do enzyme analysis in the blood

• Ceroid lipofuscinosis
◦ Autosomal recessive, sometimes autosomal dominant mutation, any age 

onset
◦ Patients have depression, dementia
◦ Other neuro signs include extrapyramidal signs (FIXAL definition), epilepsy, 

cerebellar ataxia, and optic atrophy; MRI will show general brain atrophy
◦ This happens because of lipofuscin deposits in neurons, so electronic 

microsopy of skin, rectal, or brain biopsis will show this. In some rare adult 
cases those build-ups arise because palmitoyl-protein thioesterase (PPT) is 
deficient or not doing its job, so you look for that activity in their blood

• Fabry disease
◦ X-linked
◦ Depression and suicide
◦ Strokes, with acroparesthesia (tingling and burning in the extremities!)
◦ Physically, you'll look for hearing loss, angiokeratomas (those capillaries 

bursting and putting red spots on you), heart disease, and they'll have these 
whorl-things on their cornea (cornea verticillata)

◦ MRI-wise you'll look for white build-up and high signals of pulvinar T1 
sequences. Also vertebrobasilar dolicoectasia is an awful word. It just means 
that the artery at the base of your brain, the vertebrobasilar artery, is all 
stretched out and elongated like there's hypertension.

◦ Check the alpha-galactosidase activity in the blood; with this disease, it'll be 
low.

• Adrenoleukodystrophy
◦ X-linked, arises at any age 
◦ Patient deals with mania, depression, and ultimately psychosis
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◦ Optic atrophy, epilepsy, adrenal gland problems (basically will have Addison 

disease FIXAL), spastic paraparesis
◦ MRI will show leukodystrophy, which means the white matter of the brain is 

actually shrinking and degenerating
◦ Look for lots of very long-chain fatty acids in the blood

• Creatinine transporter deficiency
◦ X-linked, shows up in childhood
◦ Behavioral problems and mental retardation
◦ Folks who have just one copy of the allele for the gene (so males) will have 

epilepsy and intestinal problems and muscle problems
◦ You need to do a Brain MR spectroscopy to find low creatine

• Monoamine oxidase A deficiency
◦ X-linked, shows up in childhood
◦ Patient has mild mental retardation, paroxystic (sudden, random, and violent) 

behavioral problems
◦ There won't be any other symptoms aside from the mental.
◦ Do a blood test for prolactin in the blood (it will be low) and dopamine and 

serotonin metabolites in the blood, CSF, and urine (the dopamine will be high,
while the homovanillic acid and 5-hydroyindoleacetic acid will be low)

You have to be super-careful treating psychiatric patients who may have these, because
actually many common psychiatric medications make their metabolic symptoms worse! 
Valproate can hurt folks with urea cycle disorders because it blocks the urea cycle; folks
with porphyrias can have worse porphyria if given imipramine, meprobamate, or 
methylprylon; folks with Wilson disease shouldn't have neuroleptics 'cuz those block 
their dopamine receptors; folks with GM2 gangliosidosis can't have tricyclic 
antidepressants or phenothiazines because those may increase their lipid storage; and 
folks with respiratory chain disorders shouldn't have valproate 'cuz those can block the 
respiratory chain. You can usually give lorazepam for folks who go catatonic, but you 
have to avoid other antipsychotic drugs because they can make the catatonia 
associated with these things worse. Again, the connection between the mind and the 
body is extremely strong, and as you saw in some cases, like monoamine oxidase A 
deficiency, the child may not present with any physical symptoms but the underlying 
problem causing the behavior might actually be physical. 

So Dr. Simon Carlo gave us a diagnostic strategy for finding metabolic diseases in our 
psychiatric patients.

• Is the situation acute or chronic?
• If it's acute, do brain imaging, toxicology, and EEG. Check for the problem in:

◦ Homocysteinemia tests
◦ Ammonemia tests
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◦ Porphoryia tests
◦ Confirm suspicions with specific tests, and treat fast 

• If it's chronic, you still run EEG, brain imaging, and so on.
◦ Eliminate other organic causes of their problems
◦ Look for progressive somatic signs that might go along with metabolic 

disease; stuff that progresses with the mental decline
◦ Look for any acute stuff that triggers behavioral attacks or decline—any 

foods, recent surgeries, or other things—to either rule out or confirm certain 
metabolic probs

◦ Look at family history 
◦ You'll find two kinds of symptom sets:

▪ chronic disease with no mental retardation—usually late onset with 
psychiatric problems—
• If lab tests and somatic signs come back normal—including abdominal

ultrasound, opthalmologic exam, and electric diagnostics—
◦ they may have homocysteinemia, ceruleoplasmin, or 

hexosaminidase disorders, so you'd test for those chemicals.
▪ or chronic disease with mental retardation and behavioral changes (which 

might be earlier onset, might not)
• If somatic signs, ultrasounds, opthalmologic stuff, and the other routine

general lab tests come back normal--
◦ Look at amino acids chromatography, organic acids in their urine 

(via chromatography), and brain spectro MRI. Also homocysteine 
levels.

Gender-related genetic disease that can alter the mental state of my patient or harm her
gender identity

• Klinefelter syndrome—XXY—these patients often have poor judgement and 
learning problems just because of the disorder itself, but the sexual development 
delays (because of testosterone deficiency), infertility, and atrophic testes will 
also affect how these young men think about themselves as men.

• Turner's syndrome—45 XO—these young women are missing their ovaries, and 
will not menstruate (amenorrhea), and as nice as that might sound to those of us 
who are sick and tired of menstruation, it's going to affect how these ladies see 
themselves as women. These girls often have immature behaviors associated 
with the chromosomal abnormality.

• XYY—These male patients often turn out more immature and impulsive.
• Ladies who are normal 46 XX, but have excessive fetal androgen may have 

masculinized genitalia. My teacher said they may have “tomboyish” behavior in 
childhood.
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• On the other side, 46 XY genetic males with androgen insensitivity won't have 

descended testes, and they'll have female external genitalia.

Resources for psychiatric interviews
For kids: 

• Kiddie schedule for affective disorders
• National institute for mental health diagnostic interview schedule for children
• Find out what the child thinks is the purpose for the interview; make sure they 

know they're not “in trouble”
• Play with the child with a doll and try asking the doll questions
• Draw with the child, ask about three wishes the child would have, etc
• Tell teens you want to hear the story from their point of view
• Make sure to understand and ask the parents about their view of their own 

psychiatric history and developments in family, marriage, etc
• Look up the MSE for children. A lot of it's pretty self-explanatory, but it's important

to understand the child's judgment and insight—judgment being ability to make 
decisions, and insight being the ability to evaluate what's happening to them and 
others around them. So someone who really doesn't understand that smoking 
can kill them has poor insight, for example, while someone who knows and 
doesn't care has poor judgment.

Family therapy

Reframing
Bowen model--triangles
Paradoxical Therapy—therapist asks for the unwanted behavior
Social Network Therapy
Family Group therapy
General Systems Model— scapegoat, action reaction, family is systems
Structural model—family is interlocking aliances, family is structures of relationships
Psychodynamic-experiential model--therapist relates to each individual to find their 
place in the family
Family therapy only therapy that helps with marital maladjustment

http://site.ebrary.com/lib/ponce/docDetail.action?docID=10583661
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End behavioral
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Chapter 9: Neurobiology
We'll start general anatomy, go embryology, then go neurophysiology, and then dive into
specific tracts, areas, and systems. Okay?

Okay!

General anatomy overview

CNS—brain and spinal cord
PNS—cranial nerves, spinal nerves, dorsal root ganglia, ganglia groups, basically 
everything that reaches your body or leave the central nervous system. 
Parasympathetic system—craniosaccral
Sympathetic—thoracolumbar
Tract—central nervous system
Nerve—peripheral nervous system
Nucleus—a collection of nerves or a bundle in the CNS 
Ganglion—a collection of nerves or a bundle in the PNS

The major brain divisions are divided into groups based on where they developed. The 
neural tube of the embryo (embryology pg. FIXAL) has three parts, which turn into five 
brain divisions.
Forebrain—turns into lateral ventricles, telencephalon, and diencephalon. The 
telencephalon is your cerebrum, with its cortex, basal ganglia, and amygdala. Your 
diencephalon is your thalamus and hypothalamus—the deepest part of your brain. 
Everything afferent (fibers going towards your brain) passes through the thalamus 
except the olfactory stuff. (Olfactory arrives directly at the cortex, and even though 
eventually it does send fibers to the thalamus, it's not gated through there first.)
Midbrain—turns into mesencephalon. That's your midbrain. It connects your brainstem 
to everything else.
Hindbrain—turns into metencephalon and myelencephalon (mye is more posterior or 
caudal). Met is your pons and cerebellum; mye is your medulla. The pons is the top part
of your hindbrain, the round bulge, while your medulla is further down. The wrinkly 
lumpy cerebellum clings around your brainstem with three peduncles. The area 
between it's clingingness, the diamond you see if you cut away the cerebellum and look 
at the back of the brainstem, is the fourth ventricle.

Embryo also explains the extra weird term we use for brain-direction. Rostral is 
anterior, towards your face. Caudal is posterior, the back of your head—but caudal is 
supposed to be towards your tail. So caudal on the spinal cord means below, or inferior, 
towards your tail—that's different than in your head, where it's the back of your head. 
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Rostral, on the spinal cord or on the hindbrain, also means superior. Similarly, dorsal is 
supposed to mean “towards your back,” but it means towards the top of your head in the
brain; ventral is supposed to mean “towards your tummy,” but it means under your chin 
in the brain. That's because originally, as a little embryo, you're positioned like a fish, or 
some other straight-line creature without a neck, where dorsal is dorsal and ventral is 
ventral and rostral is rostral, and then over time you bend and fold until your brain bends
away from your spinal cord and looks forward.

You also divide your nervous system into gray and white matter. When you look at a 
stained brain, the gray part is the cell body, and the white part is the part of the neuron 
that isn't the cell body and dendrites. Your cortex and ganglia are gray matter; white 
matter is the nerve tracts, fibers, stria, columns, peduncles, funiculus, fasciculus, 
lemniscus52, capsules, commisures, and radiations, so basically all the axon-y stuff. In 
the brain, your gray matter, or cortex, is outside. When you get into the spinal cord, the 
order swaps: you see gray matter on the inside, and white matter on the outside, and 
the gray matter makes kind of an H or a butterfly. Remember, front legs of H are motor, 
back legs of H are sensory (review anatomy pg. FIXAL). But the sensory and motor 
parts talk to each other: the sensory dorsal root ganglia on the back horn of the H can 
connect to muscle through the front horn motor system, so sometimes the sensory part 
will straight up activate the motor part without any information going up to your brain. 
Your spine can make decisions. 

Chai Tea Break
Men have heavier brains than women—does this make them smarter? No. They've 
done studies on counting neurons, too, and folks who have more neurons and bigger 
brains aren't smarter. They've counted neurons of extremely intelligent men, says Dr. 
Fontanez, and found that they had the same brain size as a woman. So intelligence 
doesn't correlate with size or neuron number. If having a smaller brain mass doesn't 
correlate with lesser intelligence necessarily, what does this say about our 
misconceptions of ancient humans?

Sulci and things on your cortex
Sulcus—a cleft
Gyrus—a mountain or bump
Central sulcus—the cleft in the middle of your head dividing the front from the back of 
your head. It divides the frontal lobe (in front of it) and the parietal lobe.
Precentral gyrus—in front of the central sulcus, it's a bump trailing down your brain 
from medial to lateral with motor function. Helps with voluntary movement of your body 
and head muscles.
Premotor area—This is right in front of the precentral gyrus. It's where the mirror 

52 Don't know what these weird words mean? That's okay! For now, just know they're part of the dorsal medial 
leminiscal system, and that's sensory axons. We'll get into them in detail in a bit.



Becoming Healers 872
neurons live that plan and integrate your physical movements, or reproduce the physical
movements of others. Without this you can't do complex head or body movements 
anymore.
Postcentral gyrus—Somatosensorial area behind the central sulcus. Conscious.
Lateral Sylvian Fissure—Sulcus which separates the parietal and frontal lobes from 
the temporal lobe. Near where you detect taste and hearing.  
Superior temporal gyrus—The bump below the lateral sulcus, in the temporal lobe. 
Auditory perception. 
Broca's area—Lateral and inferior to the pre-central gyrus. If you trace the pre-central 
gyrus down the side of the head it'll be right in front of the superior temporal gyrus. 
Motor part of speech.
Wernicke's area—If you follow the superior temporal gyrus up and posteriorly, at an 
angle, you'll find a place where it ends, the angular gyrus. Just before that there's a little
circle that includes part of the superior temporal gyrus, part of the angular gyrus, and 
part of the supramarginal gyrus just superior to them. That area, Wernicke's area, 
integrates reception of speech.
Superior longitudinal fissure—separates the left and right cerebral hemispheres. It's 
the big cut down the middle of your brain from anterior to posterior.
Parietal-occipital sulcus—Kinda goes from the pons in a diagonal line up back to the 
top back of your head. There isn't a real division between the parietal and occipital 
lobes, really. There's an imaginary line between the parieto-occipital sulcus and the 
preoccipital notch, which is a bump just in front of the occipital lobe, and that imaginary 
line is the division. Everything behind it is occipital lobe.
Insular cortex—A fifth lobe that's closed in between the parietal, frontal, and temporal 
lobes, deep inside. You have to stick your hand in the lateral sulcus and move the 
parietal sulcus to see the insular cortex in there. It helps with smell and taste, and Dr. 
Fernandez recently read a paper about how the insular cortex might help give you 
butterflies in your tummy when you're in love.
Corpus callosum—White matter between the two hemispheres, deep in the center of 
the brain. Brings the two hemispheres together to communicate. It's “commissural 
fibers” when something interconnects the sides like this.
Septum pellucidum—In the underbelly of the corpus callosum (ventrally, below) there's
a white “shark-fin” of material pointing anteriorly. It separates the lateral ventricles of the 
brain. (Ventricles are the bags of CSF, your meningeal system, and you've got two 
lateral ventricles imbedded in your brain here below the corpus callosum) The septum 
pellucidum is actually two thin membranes, and between it there's a virtual space called 
the cavum of septum pellucidum (this space is not real). 
Fornix—The very ventral, or very underbelly part of the septum pellucidum connects to 
the fornix. The fornix is a big chunk of fibers that run from the hippocampus through the 
septal area and the hypothalamus. It arches over the thalamus. I don't know if this 
helps, but if you're looking at a sagittal cut, if the corpus callosum is the top claw of a 
crab, the fornix is the bottom claw, and the septum pellucidum is some kind of goopy 
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membrane between the two, like if the crab is blowing a bubble and has soap there 
between its claws.
Cingulate gyrus—You know where the corpus callosum is? Right above it (superior) is 
a wrinkle of grey matter called the cingulate gyrus. It's just below your premotor, pre-
central, and postcentral cortex, and it's part of your limbic system which takes care of 
emotions, learning, short-term memory, and stuff like that.
Prefrontal cortex—This isn't a deep structure, but you have to turn the brain over and 
look at the underside to see a lot of it. It's associated with the cingulate gyrus and the 
limbic system. It's basically the front-most point of the frontal cortex, and it extends 
underneath it to include some of the lines and gyri on the inferior front part of the brain. 
It helps with both intellectual and emotional stuff.

Remember, briefly, that the:
• frontal lobe is generally higher thought and eye movements, 
• parietal lobe is speech and sensory stuff with integration of motor function, 
• temporal lobe is auditory (superior part), movement detection (middle gyrus), and

facial recognition (inferior gyrus), 
• and the occipital lobe is visual perception.

While we're talking about cortexes—Chai Tea Time! Have you heard of the Emotiv Epoc
headset? In 2012 my neurobio teacher in college told us that it enhances gaming 
experience using emotions it reads from your cortex. However, researchers have 
hacked it, listening to the signals from your cortex and comparing them to random 
number generators. Based on the numbers that are usually in your head they can find 
out your pin numbers from the data stream going into the Emotive headset. 0_053

Diencephalon

Your diencephalon's made of four parts: your thalamus, hypothalamus, epithalamus, 
and subthalamus. The optic nerves and the optic chiasm, pituitary stalk, and mammillary
bodies also live near the diencephalon. Mammillary bodies are the little boob-like things 
you see sitting under the optic chiasm and the infundibulum of the pituitary gland, on the
underside of the brain when you turn it over. They're easy to find.

We'll talk more about the diencephalon later, but for this general anatomy overview you 
just need to be able to see its parts in a midline cut. You'd look just below the corpus 
collosum and the fornix, and that's the thalamus. Anterior and ventral to that, reaching 
down towards the bottom of the frontal lobe, is the hypothalamus. It's not directly under 
the thalamus, but rather a triangle or cone kind of in the front and below of the 
thalamus. The little thingy that juts out of the bottom of the hypothalamus is the 

53 8/29/12 Intro to Neurobiology Class by Barry Condron
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hypophysis, or pituitary gland (pg. FIXAL), and anterior to it you'll find the cross-over of 
the optic nerves, or the optic chiasm. 

There's also a subthalamus and epithalamus. The epithalamus is just above the 
thalamus, just below the fornix and above the posterior commissure, which is kind of a 
little cleft or fold that separates the pineal gland from the thalamus. The pineal gland 
and the stria medullaris are part of the epithalamus. The subthalamus is an oblong lump
in the back third of the diencephalon, under the thalamus. It sits to the ventromedial 
edge of the internal capsule. The internal capsule is a bunch of white matter wrapped 
around the lateral nuclei of the hypothalamus; the subthalamus is neurons at the 
posterolateral edge of the diencephalon that help coordinate the basal ganglia.

Nervous System Development

Langman's pg. 287-320; Siegel and Sapru Ch. 4; embryology pg. FIXAL

After thirteen days the little embryo's a bilaminar disk, remember? The notochord 
begins to form in the middle, where the primitive streak is, and it starts to form a neural 
plate in the ectoderm. 

A neural groove starts to form in the middle of the plate, on the dorsal side, which splits 
the neural plate into two neural folds. Somites start to form on either side of the neural 
folds. 

Little embryo's folds start to grow upward and inward until they meet dorsally in the 
center and close to make her neural tube. Neural crest cells form over top of the 
closed neural tube. Those form all baby's peripheral neurons, sensory, autonomic, and 
motor. Melanocytes and Schwann cells—but not oligodendrocytes—come from these 
neural crest cells. Remember, it takes longer for the most rostral and most caudal parts 
of the neural tube to close, so that leaves two neuropores. If these don't close you 
have problems (pg. FIXAL).

The front-most end of the neural tube forms the brain, starting with the prosencephalon 
in the front, the mesencephalon, and the rhombencephalon, and then the spinal cord 
behind it. 

The prosencephalon or forebrain forms the telencephalon, which splits into two cerebral
hemispheres around the fifth week, and then the diencephalon behind it, with two optic 
vesicles on either side. The telencephalon thickens in the bottom to make basal 
ganglia. They're technically nuclei, not ganglia, and they're the caudate nucleus on 
either side, close to the choroid plexus and lateral ventricles deep inside the head, and 
also the putamen below the caudate nucleus on either side. Both of these nuclei have 
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eventual motor function. 

Meanwhile, the diencephalon forms a hypothalamic sulcus that divides it into the 
hypothalamus and the thalamus. Eventually, the diencephalon is all squished forward by
the telencephalons as baby's head folds forward and the telencephalons grow 
backward, so that displaces your hypothalamus forward. Below the hypothalamus, in 
the floor of the diencephalon, a little infundibulum forms that will become the 
neurohypophysis. In front of that the optic chiasm is forming, and behind that you're 
forming hypothalamic nuclei called the mammillary bodies. In the roof of the 
diencephalon you form the epithalamus, which will make your pineal gland. The tube-
like telencephalon starts to fold into a bunch of closing C-shaped things: in the front, it 
folds over to make the frontal lobe, like a C over little baby's forehead, and on the lateral
sides it folds left and right to make the temporal lobes, like Cs lying over side of baby's 
head.

Meanwhile, the mesencephalon stays the same, while the hindbrain or 
rhombencephalon forms the metencephalon and myencephalon. Right in the middle of 
the metencephalon, baby gets a major fold that bends everything above it forward. That 
bend, the cephalic flexure, is on her underside, right where the mesencephalon meets 
the metencephalon, and she keeps it as an adult to divide her brainstem from her 
forebrain. (This bending is right about the time that the telencephalon starts to push the 
diencephalon forward) There's also a major flexure where the spinal cord meets the 
myencephalon (or medulla) and that's the cervical flexure. That disappears in the 
adult. Another bend appears in the middle of the metencephalon, on the dorsal side, 
called the pontine flexure, which separates the metencephalon from the 
myencephalon, separating the pons and the medulla. Right there she'll get the fourth 
ventricle. The cerebellum grows around it from the most forward part, most rostral part, 
of the metencephalon. 

The cerebellum comes from the rhombus lips, just above and rostral to the pontine 
flexure. The rhombus lips come from the dorsal part of the alar plate which I'll talk about 
in a second. It's a spinal cord thing! The cells in the middle, just above the fourth 
ventricle, are called the vermis, and the lateral ones are the cerebellar hemispheres, 
which do all the growing for the cerebellum.

The spinal cord also begins to differentiate around this time. The little embryo grows a 
sulcus limitans which splits the lateral part of the spinal cord into a dorsal alar plate 
and a ventral basal plate. The dorsal plate is sensory, and the basal plate is motor. 
They're both the grey matter of the spinal cord. White matter bits, or neural crest cells, 
migrate from these plates to form nerve pathways to developing organs, and she starts 
shaping her grey matter into posterior and anterior horns on each side. The alar and 
basal plates reach as high as the fourth ventricle, where they form the ventricle's floor 
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(the fourth ventricle doesn't have a roof). In the floor, the basal plates squish down 
between the alar plates, so the basal plates become medial floor and the alar plates 
become alar, or wings, or lateral floor. That means that in the brainstem, the sensory is
lateral, and the motor medial. You can remember this because sensations help your 
emotions flyyyy like the wings of the alar plate (ala is wing in Spanish), or because alar 
and outside sound like they have the same first letter (even though they don't). It makes 
sense that the basal plate would be motor if you imagine a little embryo crawling on her 
belly. If she were to crawl around, she would need her motor stuff to be near her motor 
things, which would be ventral, on the floor. 

Everything inside the neural tube—the cavity, and all the spaces between all the bends 
and folds we've mentioned—stays around as the CSF system. We already mentioned 
the fourth ventricle, in the pons. There's also the third ventricle that forms in the 
diencephalon near the thalamus and hypothalamus. We get lateral ventricles in the 
telencephalon, in the cerebral hemispheres. There's an interventricular foramen 
connecting the lateral ventricle to the third ventricle, right through the telencephalar 
folds, and a cerebral aqueduct that connects the third and the fourth ventricle. Finally 
the choroid plexus, which is a series of blood vessels that helps make your CSF, forms
from the roof plate of the spinal cord, above the alar and basal plates. It becomes the 
roof of your fourth ventricle, and fills it with CSF.

You know how your little neuroblasts have to migrate to get to where they need to be? 
In the cerebellum you have a double-migration. First they migrate from the rostral lips 
out to the periphery. Once the cells get to the periphery, they also return and go back 
down to the middle to make the Purkinje cell layer, in the middle of the cerebellum. 
The layer that ends up on top, the molecular layer, is a bunch of parallel fibers and 
granular cells. So you end up having a molecular layer, a Purkinje layer, a granulosum 
under it, and then white matter on the inside. The radial cells spread throughout help 
tell the other neuroblasts where to go. Deep cerebellar nuclei grow from the deepest 
layer of the cerebellum to wrap around the brainstem and form peduncles. There are 
also radial glial cells in the cerebral cortex to help those cells migrate. In the cerebral 
cortex you develop pyramidal neurons that look like little triangles; they are exclusive to 
the cerebral cortex. The big ones, Betz neurons, are only in the primary motor area. 

Myelination in the CNS takes a lot longer than in the PNS. It doesn't start til lil' embryo's 
fourth month, and then it starts in the cervical spinal cord and doesn't finish covering the
cord until the first year after baby's born. Brain myelination starts in baby's sixth month 
in the womb, beginning at the basal ganglia, then going into the ascending fiber 
systems. A lot of the brain's still unmyelinated at birth, and some of it doesn't finish til 
you turn like twenty.

So what can go wrong?
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• Neural tube doesn't close at all: craniorachischisis
• Caudal neuropore doesn't close: spina bifida myelomeningocele, which 

includes Arnold-Chiari malformation where lower spinal cord gets stuck to the 
sacrum, and yanks the cerebellum and brainstem down into the foramen 
magnum. Remember, spina bifida oculta is due to the vertebrae not closing, 
which is different from spina bifida where the caudal neuropore didn't close. The 
latter is much worse, because nervous system stuff is all exposed to the body. 
The meninges might be herniated into the neural tissue (meningocele) or both 
the meninges and neural tissue could be herniated through the foramen magnum
up top or out the caudal neuropore on the bottom (myelomeningocele). If the 
mother is too hot, either because of infection or sauna baths or something like 
that, there's an increased spina bifida risk. 

• If the cephalic neural tube doesn't close, the baby can have exencephaly and 
miss a brain.

• Your aqueducts can form badly so they don't connect stuff, which means the 
blocked ventricles will swell with liquid—that's obstructive or 
noncommunicating hydrocephalus. You've got one connection through the 
aqueduct between third and fourth ventricles, and one through the Monro or 
interventricular foramen between the lateral and third ventricles. The high 
hydrostatic pressure kills of neurons and the baby will lose mental ability.

• Even though your connective areas form fine, if you've got a genetic defect, and 
maybe the arachnoid villi don't drain the fluid out of your brain like they're 
supposed to, and you get a hydrocephalus where everything swells. That's 
communicating hydrocephalus.

• You can also have extra cavities that you don't want. If you get a cystic cavity 
around the central canal of the spinal cord you will lose sense of pain and 
temperature, and that's called syringomyelia. You can prevent that by giving the
mother lots of folic acid during neural tube closure, and you can detect it with 
alpha feto protein and ultrasounds.

• If you don't have 7-dehydrocholesterol reductase, which turns 7-
dehydrocholesterol to cholesterol, you get bad signaling molecules, and that can 
give you Smith-Lemli-Optiz syndrome. That creates defects in limbs, head, and
face, and often holoprosencephaly (HPE), where the prosencephalon doesn't 
separate into diencephalon and telencephalic vesicles. This means you get only 
one midline eye, with a nose above it, and mental problems. HPE is also caused 
by alcohol use.

• Brain bits can form in lumps outside of the normal area, giving the baby a lump of
brain matter attached to her normal brain but outside the skull where it belongs, 
and that's encephalocele. It often happens in the back of her head, and it's 
occipital encephalocele, and she's got a lump of her brain sticking out like a bun 
in the back of her head. The skin forms around it, but not skull. Sometimes it's 
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just a lump of liquid, but if it's a lump of brain you have a problem.

• If you don't make Luschka or Magendie apertures you can get Dandy Walker 
Syndrome. This keeps CSF from circulating. It can make the head big, keep the 
cerebellar vermis from forming (there's too much CSF in the fourth ventricle so 
the cerebellum can't close), cause motor dysfunction (because the cerebellum is 
broken), and create hydrocephalis, vomiting, headaches, and breathing 
problems.

• If your neurons don't proliferate or migrate right you can get weird gyration 
patterns in the cortex, or gray matter in places it doesn't belong.

• A genetic disorder, or an infection, drug exposure, radiation, or other teratogen 
can make the cranial vault smaller than it's supposed to be, which is 
microcephaly. Only half the babies with this condition have mental 
developmental delays.

• If your brain calcifies, that's toxoplasmosis, and that causes mental retardation, 
microcephaly, or hydrocephalus.

MOAR STUFF

11/27/2012
Neuro development--baby nervous systems.

Gastrulation--foldings that get folded sheets from ball of early cells. Very critical, errors can 
cause spina bifida. All those stem cells start getting identities when they fold.

Neuroblasts: cells that generate neuro cells. It's a specialized stem cell.

Differentiation: patterns of cartesian coordinate system, process by which all these cells become 
different from each other.

Lineages: layers and strings of cells. One stem cell may make thousands of progeny, but birth 
order is very important--the timing--and that's partly how cells decide what layer and what kind 
they are.

Cell death: 50% of the cells you make die. In the fly, 1/500 of every neuron made will go wrong. 
The general theme is that they make a bunch of extra cells, and then when they reach target 
neuron they live and if they don't they die.

Axon guidance--how axons find their targets, form synapses

You form way more synapses than you need, and then there's synapse pruning and plasticity to 
take care of that.
Early patterning is month 1
If you damage a system right here, you may lose an entire hindbrain or something. There isn't a 
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back-up set of cells yet
Neuronal proliferation: month 2 through 5
You form back-up cells for pruning and stuff here.
Axon guidance/synapse formation: months 5-9, years 1-2, some of this continues until your 12, 
and even later on.
Folks argue in humans that teens enter kind of a regression phase, some evidence in mice that 
there's a bit of a loss of circuitry and your circadian rhythms start going awry, and then they 
stabilize later. There's a retardation, and then growth picks back up.
We're much more fully developed at birth than many mammals.

Gastrulation is early in development. Embryo at this point is three sheets of cells. Top layer is 
ectoderm--that makes skin and nervous system. 22.1. The top part folds over, and the dimple in 
the middle--the tube that's broken off inside--becomes the neural tube.
If the neural tube doesn't close, you get spina bifida, where parts of the neurvous system stick 
out. (Slie for 22.1)
Pushing nutrition and B-12 for fetal growth in mothers helps decrease rates of spina bifida. 
March of dimes really pushed better nutrition and improved care for fetuses, and we may have 
cured spina bifida in a generation and don't know why!
Children can be born without a cortex, die very quickly, when that folding doesn't happen up top
Figure 22.2
Very ventral (bottom, towards tummy) side of the neural tube is the floor plate. The dorsal part 
(on the back) is the roofplate. These become the source of a chemical that diffuses out at a 
gradient and makes a cartesian coordinate. How much of that protein you get tells you as a cell 
how far you are from the target. That tells you where you are--what your cartesian coordinate is--
and that's how you know what kind of cell you need to be.
The neural crest gives rise to your ganglia and your DRGs and your autonomic ganglia from 
22.2. Neural crest is the orange stuff right by the roofplate.
Anything from roofplate or floorplate give you your y axis, your up and down 
From the axial sides of that nueral tube you get morphogens that tell you your x axis

Morphogens that help specify cells
TGF-beta--released from the roofplate
Retinoids--axial
FGF--axial (other side)
Hedgehog--floorplate--specifies ones closes to floorplate
Wnt--from wingless flies these are named, these are released locally in little spots. The factors 
that maintain stem cells--might be the key to understand why stem cells die out, and how adults 
keep stem cells around.
These are all ligands with receptors.

Sensory neurons are the ones near the roofplate--they know they're going to be interneurons etc 
because they're closest to the roofplate and have the least amount of hedgehog
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Noggin from the TGF-beta family comes from the roofplate, and things know they're going to be
motor neurons because they're farthest from the roofplate, get the least TGF-beta and the most 
noggin
The floor plate is absent in adult mammals. People think we may have a roofplate.
The last function of hedgehog is to separate your eyes. You can get cyclopia if that's blocked 
later in development.
Parasympathetic and sympathetic neurons need equal amounts of hedgehog and TGF beta
The neural tube is segmented along it. Each segment is very different.
Figure 22.5
The axial differentiation tells you who you should be, and how many cells you should make. At 
the 'brain' end you get a huge explosion in cells

Homeotic genes
Homeosis
The idea is that when you looked at segments of the fruit fly you notice that the segments start to 
change in how they proliferate and how they look. There's an engine that makes a lot of 
segments. There's a set of genes, homeotic genes, associated with how these segments look. Each
segment or every other segment has a gene. These are transcription factors that respond to other 
gradients that are pretty unclear right now. As you look up and down the animal you can see the 
order the genes are in the genome is the order they function in the axis and the segments.
These are found in all animals.
In a fly, you can misexpress homeotic genes, putting them in different orders you can turn 
antannae into legs, create extra wings, etc. You can also turn the antannae into noses
So it's a very plastic system.
The guy who did this research, one of his students replaced the eyes with genitalia, and called the
fly a 'cock-eye' mutant. The guy in charge of the research got really mad because it was 
inappropriate and he threw that mutant out.

Thalidomide given to a lot of mothers in the 1960s--out of a ton of kids, like every 15, kids 
missed segments. Thalidomide targeted homeotic genes. A lot of kids missed limb segments. 
Clear after that we can't give moms thalidomide!

Box 22E. Hox code--every segment is gonna have a unique set of hox genes, a unique 
combination. It might have the same genes as another segment, but it's gonna have a different 
combination of them. You could get some really subtle dubplications and mutations in the brain 
etc.

Figure 22.10 Two-way communication of tyrosine kinases between cells. The cell in the middle 
of a fly compound eye, cell number 8 in the group of 8, gives out a certain chemical, and cell #7 
on top of it gives out another chemical, and then they spread and share and figure out.
Cells that don't listen to each other become cancers. --ooh, something good for Diebol to say
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If you follow when these cells are being born (birth-dating), you can prove that cells still divide 
in an adult brain. You can chemically label these cells with radioactive or other chemicals.

Layering in the cortex--still some debate, but for the most part on the inner part of the cortex, 
below layer 6, is an area where most of the stem cells are. The ventricular area (the ventricle is 
just below that) Radioglia and stem cells live here. Radio glia are cells with long trailers that go 
up through all the layers. Most of them die later on. You produce neurons, they jump up the radio
glia and run down to find out which layer they belong in. So layer 6 is formed first, then 5, 4, 3, 
2, and 1. Current hypothesis is that layer 6 neurons tell the layer 5 to become layer 5, and so on 
and so forth. So that's the "lineage."

Lot of proteins involved in this, for example Lis 1. Loss of Lis-1, means you're missing layers, 
and you don't have wrinkles in your cortex. Duplication of parts of layers can cause seizures.

Three types of repair or regeneration.
Type 1: Full repair. Can you do full repair of Broca's area after a stroke?
Type 2: No repair/glial scar. Many animals use astrocytes that get into the injured gap or hole and
block future development in that area.
Type 3: Stem cell regeneration. Ask stem cells to reproduce dead cells right in the injured area, or
pop the stem cells in pitri dish with right amounts of hedgehog and TGF-beta and the put those 
neurons back into the brain.

Lizard regeneration! Cross-species genetics would be way cooler than embryonic stem cell 
research.

These animals like lizards don't have disappeared floor plates. Stem cells give rise to the entire 
tail. They generate entire spinal cord, etc. This happens in the tail--fish, frogs, etc can snap their 
spinal cord and it can grow back!

Hypoxia/ischemia: loss of blood supply to brain (stroke). Either a blood clot, or a cut or 
hemorrage in the brain. AFter that happens you get massive release of glutamate. Almost 
immediate cell death at area of stroke in about 30 minutes where those parts of the brain got no 
oxygen. Most of the worst damage shows up the next few hours, because the dying cells attract 
cytokines (inflammation) and make too much glutamate as they lose control. That causes 
excitotoxicity (too much calcium through your NMDA receptors and you get too much activation
of cytochrome c pathway and you can get cell death.

Getting TPA or aspirin into the system can help stop that clot or whatever to restore blood flow. 
A whole series of drugs to block the NMDA receptor (which PCP might do) and stop these out of
control pathways.

Canary can make new cells up in the retina--makes a whole bunch of new cells that lets the 
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canary learn new songs. Every season they lose a whole bunch and then make a whole bunch of 
new ones. They make a whole new part of their brain and then they lose the old song. 0_0 Wow. 
Are the new cells essential for the new songs? We know they help. But anyway, classic textbook 
example of new cells in adult animal vertebrate brain.

A lot of studies done in humans to look at where you can make new cells. Two places in
our brains--one is the hippocampus which is the part you use for forming new 
memories. The other part is your olfactory bulb. All the stem cells there make glomeruli 
(a few hundred, remember)--you are making new ones every day. Taht comes from sub-
ventricular zone. Quite posterior in the brain. Those cells migrate out to target and make
a whole glomerulus. Continuous process disrupted by chemotherapy. But once they go 
off chemotherapy they get it agian. Good model for studying how stem cells still operate
in the brain.

Growth cones--how an embryo shoots out little tips and shafts to grow its nervous system

Actin tip
microtubule shaft
Lamellipodium
Filopodium--single sensor
Chemoattraction (actin assembly)
Chemorepulsion: actin disassembly
Microtubules go into the little parts of the embryo that are near good chemicals and proteins, 
push it out further

Little tubes laid out all throughout the embryo.

Tectum (superior colliculus of a frog)
This dude did an experiment and watched from the retina how axons went into the tectum. If you
took the eye out, and rotated it, would you still have the same gradient of axons? They actually 
regrow--they know where to grow, in the frog--exactly where they belong. Frogs can completely 
regenerate parts of CNS. Question is, is this like mail, or like railroad tracks? (If you get off the 
track, you can't get to destination, vs if you mail from anywhere in the country you'll still get to 
the right place)
So they popped out one frog eye, rotated it 360 degrees, and put it back in the frog. Wait a few 
weeks and test it. If it's a mail/zip code system, then if you make it 180 degrees, and the code is 
on those axons, the axons will grow to the right target and the frog will have its image inverted--
the frog will see what's up as down. The axons find the right target, and it doesn't matter where 
the eye is. Each growth cone knows where it should go, and it doesn't matter where the axons 
are--they always find the same target
So it's a zip code system. there's a molecule in there that the axons look for.
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In the retina or the tectum, there should be some set of molecules that make a zip code.
It depends on how much receptor you have. If you have very little receptor, you can only grow to
the place with the littlest ligand. If you have very much receptor, you can only grow to the place 
with the most. 
Double-check this in the book
They're chemorepulsive.
Roger Sperry who did the frog experiment also formed his own religion and went around in 
gowns with acolytes behind him. 0_0
How much ephrin you make is done in a gradient from the nasal to the temporal areas of your 
eye. There are two kinds of ephrin for different directions. Simple dialing in of how much 
receptor you have and how much ligand in your target gives you your target.

Pioneer axon--first axon to grow out into area. There's a whole set of pioneers formed in the 
embryo to give the other axons a target. You just follow these gradients to find your target.
Follower axons--follows pioneers. Have to find an axon they know is their buddy, fasciculate 
onto it, and keep going until that axon isn't at their target. Then they defasciculate and find their 
own target.

Chemotraction--come here
Chemorepulsion--as used as chemotraction, stay away from this place

Trophic support--when a growth cone finds its target, if you move that target, the neuron just 
dies. If the nueron arrives, it knows it's allowed to live. When you find the right track, you grow 
down it and it keeps you alive. If you try to force axons onto the wrong tract, the axon will die. It
knows something is wrong--there's some kind of punishment signal that comes on.

There's about a dozen classes of guidance molecules that explain a lot of what we 
know.

Tourette's--basal ganglia disease--you choose the most unacceptable you can right now. There's 
an inversion, and you always choose the worst thing--that sounds like a guidance disease--the 
axons that should have linked to one place of the brain have some kind of chemical driving them 
to cross over and link opposite.

Extracellular matrix has trails laid out by targets--intermediate targets--and integrins can pick 
this up to sniff their way along.

NCAMs are homophillic, and help you do guidance--help you with fasciculation, so you stick 
with that pioneer axon

Cadherins are also guidance. They're also for fasciculation.
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Netrins, and their receptors DCC (deleted in colon carcinoma)

Semaphorins bind to plexins, those are their receptors
Ephrins bind to eph receptors.
Robos bind to slit. Robo 4 is the tourette's error molecule.

Combinatorial code. The system is sensitive to dominance in molecules and different 
combinations of these.

Each pathway has a set of signalling pathways. Chemo-repulsion--actin depolymerization, 
chemo-attraction, actin polymerization. A lot of these are oncogenes (because in cancer cells, the 
question is will you migrate or not)

Interneurons have mechanoreceptors hitting on them. they cross the midline, go all the way up to
the gracile or cuneate nucleus, map where they're coming from, and go up into the cortex. Kahal 
noticed that they follow a circumferential pathway as if they're running towards the floorplate. 
This was approached in two different ways. First is the idea of netrin. This one professor got 
25,000 chicken brains and purified netrin out--netrin is 'guide' in a south-asian language. He put 
netrin in a peetree dish and found that axons went towards it. 
Patients without the MLF connection protected by netrin can't track their eyes back and forth. 
Horizontal gaze nucleus doesn't work without netrin.
Netrin is made at the midline. Why don't all the axons go to the midline and just stop? We don't 
want them too, of course. How do we get them to keep going and cross?
There's a second set of molecules called the slits.
Their receptor is called robo.
So all these axons have both robo and DCC receptors.
Slits are chemorepulsive.
Netrin is chemoattractive.
So these axons grow to the netrin, and when they get to the midline, they turn on robo. Now they
are repulsibe to slit, and so they keep going in repulsion.
Why don't they grow backwards in 180? It's just too hard to turn around. Instead they run away 
forward, across the midline, like we want.
When you look at the expression of these, it all makes sense in the spinal cord. Alpha motor 
neurons are born expressing robo, and hating the midline because of it. So they always go away 
from it. Axons not destined to cross the midline are not born with robo.
Trochlear neurons are born loving the midline by being attracted to DCC, and then they cross 
over.
The older spinal cord without that guiding floor plate, without netrin and slit, don't have those 
growth signals.

When you, as an axon, get to a target, you form a whole bunch of connections with potential 
partners through adhesion molecules like cadherins and neuroexins. Then you can prune them 
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back. So a motor neuron forms a whole bunch of synapses with striated muscle, and then prunes 
back to just the muscle fibers it's supposed to touch.

Protocadherins--all the rage right now--1 in the fly has one gene called DSCAM and 14,000 
variants. This might be a means of dialing in many many different potential partners. But we 
don't know yet.

General rules--you form multiple synapses, and then you prune back. Probably involves 
neurotrophins.
Each muscle fiber is going to be innervated by 1 alpha motor neuron. This rule is broken early in 
development where you have nultiple alpha motor neurons hanging onto everything. Somehow 
they compete with each other, and then, like in figure 23.11, one wins out for each muscle fiber 
target.
This process occurs in all the sympathetic ganglia, too

Neurotrophins are molecules that provide trophic support. They supply a signal that says 'stay 
alive.' Early in development there are twice as many alpha motor neurons as you need. Then a 
bunch of them are crowded out of the target and they die. 23.9 experiments with a chick 
embryo--if you cut off a limb, none of the neurons to that limb survive. If you put two limbs 
where one was, you get double the amount of neurons. Basically NGF stuff.

The alpha-motor neurons early in development are all trying to get to the neurotrophin first. And 
the one that wins starts sucking away from its neighbors.

Inject NGF into ALS patients to block cell death, because the problem in ALS patients is that you
have cells that just die--unfortunately this released the herpes virus hidden in our nervous 
systems (which we all ahve for some reason), the chicken pox, and bunch of people died. No one
could have predicted that; mice don't have chicken pox in thier nervous systems.

23.13. All kinds of target neurons have their own receptors and NGF classes for each organ.

Trk A receptor only binds NGF. Trc B only binds BDNF, NT-4/5, and NT-3. Trk-C binds NT-3. 
They all bind P75. (Figure 23.15)
Somehow signalling is balanced.
There's also a special p75 receptor. Low levels of NGF you're programmed to die by the p75 
receptor. High levels of NGF, the TrkA receptor turns off p 75 and you stay alive.
It's a bit more complicated than that because neighboring cells are spewing out all kinds of stuff.

23.16. p75 also showing up in alzheimer’s disease. Idea that maybe you're starting to teeter the 
signal over to the p75 tract and so you have degeneration.

Henry Head is profe's favorite scientist.
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He thought that maybe the sensory nervous system could regenerate. He wanted to sever a nerve 
on someone's arm and see if it regenerated. He had no takers, so he did it on himself. There was a
sequence of recovery. 1-2 mm a day growth (he tracked it) Slow axonal transport. It's limited by 
tubulin. This was 100 years ago this guy did this.

A peripheral nerve is a complex structure with epineurium, perineurium, etc. When you sever the
nerve, the schwann cells remain intact. IF they're not intact, and they've been crushed, then 
you're in trouble. You get a lot of macrophages in the tube that clean up the injury, and then with 
the schwann cells you just regrow. The cut is to the axons. The whole tube of schwann cells 
allows grow the occur. A few caviats--caviats being if you sever a nerve into your finger, in your 
finger it's okay. Below that, those axons will not be sure which finger to grow into.
Bell's Palsy--traction of the facial nerve. Thought to be associated with a mild outbreak of 
chicken pox that injurs the facial nerve. Over time, it grows back. Over time if you have face 
problems (because things grew wrong into your face muscles), you can kind of retrain. The 
problem is that parasympathetic neurons growing into the salivatory nucleus don't know to go 
into tear ducts or salivatory duct. 0_0 They see two targets and can't tell the difference. As soon 
as the person sees food, they start to cry.

(10 years ago a guy called Barry Marshall here at UVA wanted to study a stomach ulcer, so he 
gave himself some. Took bacteria from a patient and drank it in chicken soup. 0_0 He didn't go 
through any rules or oversight or anything. He just did self-experimentation and then solved the 
ulcer and got a nobel prize.)

In the central nervous system this regrowth doesn't work. Nogo build by oligo and astros in the 
CNS inhibit axon growth. This works in primitive vertebrates, but our nervous systems have 
found ways to block this. They don't want random growth everywhere from cells being able to 
grow and miswire. You don't want looped circuits and epilepsy and stuff. Nogo tells your nerves 
not to grow.
One way to maybe work around this is to make a shunt. For example, optic nerve cut 
and damaged. Shunt from a nerve that does allow growth (not a CNS nerve) and put 
that in there. It will grow and allow some vision.

Plasticity
In development many temporary synapses formed
At the end we select out for the best ones.

Certain type of plasticity very high in early development--critical plasticity
It starts and stops
(it's what enables you to learn so well as a kid)
Behavioral therapy is the closest repair you have to take advantage of this kind of plasticity to 
repair function for things. We would like to be able to turn plasticity on and off, but we cannot.
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Growth: Actin. Microtubule shafts have actin extending out of growth points
Lamellapodium is a sheet of actin
Filopodium are the filaments of actin poking out of a growing cells--thought to sense a chemical 
gradient

all of the important tonotopic, sensory, medial/lateral gradients of muscles, they're all eph 
gradients (like ephrin gradients) with all kinds of chemicals.
The actin filament stops growing at the point where chemorepulsion balances with chemo-
attraction

Remember frog experiment where frog grows in to right target, but it's upside down--the nerves 
grow back exactly to the spot at the tectum or at the top of the eye where they went before the 
eye was turned upside down, so the frog doesn't know its' eye is upside down. Nerves grow like a
'zip code' to exactly where the chemicals tell them to.

Interesting to note that blood vessels also grow this way, following chemical gradients, and that's
also how tumors feed themselves during cancer--they release certain gradients to make blood 
vessels grow towards them. Neat--so some kinds of drugs to blog these growth chemicals so 
blood vessels don't feed tumors.

Semaphorins are ligands of the plexins
Netrin binds DCC (DCC are the receptors)
Robo is the receptor, slit is the ligand.
As eyes separate out over animals' heads, where the eys are located are based on robo and slit 
and netrin. Nasal axons stop crossing the midline for optic chiasm if the eyes are separated so far
out around its head (like a horse)
Remember combinatorial code.

If you're a growth cone, and you want to cross the midline, you have to dial in DCC positive--see
netrin--but robo-negative so you don't see the chemorepulsive agent. You have to see the 
chemo=positive, not the chemonegative, and then at some point you've got to switch. You've got 
to see the repulsive and not the attractive so you stay across the midline.
If it's born and it doesn't cross the midline, it's DCC positive and robo-positive.
Some axons stay on the midline.
Netrin attracts axons to floorplate
Robo slit chases them off
Slit and netrin always made at floorplate
Axons initially express DCC
Once on midline they express robo
Axons not destined to cross the midline are born with robo and stay with robo.
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There's a limited supply of neurotrophin, so cells die when they reach the target--about 50% of 
neurons die after making connection in development. They reach a target, say I'm on target, and 
only 1/2 of them get to say that.

These are the neurotrophins.
NGF binds Trk A, BDNS, NT-3, and NT4/5 binds Trk B, NT-3 binds Trk C, and all of them bind 
p-75, which kills the cell. It's very simple, these receptors, same with many invertebrates.

NGF keeps alive the primary sensory and sympathetic neurons of the peripheral system.
Other factors keep the brain and spinal cord neurons alive.
BDNF, NT-3, and NT-4/5 primarily work in central nervous system. Neurotrophins aren't as hard 
core in the CNS as in the PNS--cells don't just die out without them. 
When you get to a target, you start branching to promote potential synapses, sloppy synapses. 
Out of that experience--information coming through the circuits determines which are correct 
and which are incorrect. Just as you make twice as many neurons as you need ,you make twice as
many synapses as you need.

this all happens early in development during the 'critical period.'

Mr. Lorenz did this with geese.
Grey geese are born, latch onto mom, and follow her around. He found that if he took mom away
and he hung around when they were born, just about 1/2 a day, they latched onto him. He 
brought mom back, and 'mom was not mom.' They have some kind of plasticity--'find a moving 
object, make an imprint on it, and that visual imprint is your mom. turn off all other means of 
imprinting.' Circuits are briefly plastic, and when the image of mom is locked in, it's like pouring
concrete over it and saying 'you may not change anymore.'

Critical period--Defined time during which a behavior is suspectable to and uses environmental 
cues to form
Synaptic remodeling at a smaller scale  
It's a little controversial now because there is some wiggle room--it isn't completely static.
Anyway, there's a defined start and stop.

Neuromuscular junction, for example. Remember every fiber must have one and one only 
synapse with an alpha motor neuron. In early development it's sloppy--alpha motor neurons 
share fibers and innervate all over the place, etc.
You then go through a process of refinement where you weed out which alpha-motor neurons go 
with which muscle fibers.

This also happens with your sympathetic motor neurons etc. At birth those dorsal ganglion cells 
are also all over the place--tear duct and salivary glands, for example. 
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We have critical period where this stuff matters.

Tonotopic map forms early in development. If you play a single tone very loud during that 
period, only in that time, that frequency overtakes all of its neighbors. The animal can be tuned 
into that frequency. If you play just loud white noise blasting at it, the tonotopic map becomes 
disorganized. Organized sounds need to come in to develop that map.

Stress/anxiety. It involves serotonin--happens later in development, might even be early teens for
humans (equivalent age with mice). Extreme social interest--high stress to an animal during a 
critical period results in anxiety disorders later on. (Imbalances in serotonin process) This might 
be limbic loop, basal ganglia, serotonic neurons themselves, we don't know.

Sound localization--remember the medial superior olive and the inferior colliculus, superior 
colliculus gets input from the inferior about that stuff--remember that? Localizing where sound 
occurs and matching up into vision, there were great experiments done with the barn owls. Barn 
owls have visual map and sound map. They learn early in development to match that up. They 
hear sound, and see mouse, and start to put those two things together. Put a prism on a young owl
and they can adapt pretty quickly, getting sound localization and NMDA receptor for memory to 
change quick. And old owl can't adapt to the sound and sight mismatch. You can see the maps 
switch (the auditory one shifts) in a young owl's superior colliculus. But it can shift those maps 
back. The owl that's an adult that's had those double shifts can actually still understand and 
remember the old map if you shift it back. It silences the old map and made a new one to use. 
(Current hypothesis)

Children have to be exposed to a lot and lot of things so that they can later use those synapses 
that they silence or decide not to use.

Zebra finches and bird song
Zebra finches shortly after they're born need a tutor male to teach them a sound. The NMDA-
receptor crystallizes the song they learn. Language acquisition is like this, but very contraversial.

Ocular dominance
L/R eye neurons terminate in adjacent zones
They grow into adjacent zones.
What's critical is over a period of time they require activity to come into them to maintain those 
zones. If you close an eye, area innervated by that eye will shut down. Competition-based 
develops
You can have an eye that sees, with axons that go back into LGN, but are cortically blind--some 
of these people learn to 'trick' the eye on and off at like the DMV--they can drive enough blood 
flow into the brain to drive the visual computation. Your eye just doesn't like to see, it doesn't 
have a lot of connections everywhere.
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Your ability to speak as a native is driven in your first few years of life. Same with an 'accent' in 
music, where professional musicians can tell who learned before 12 and who learned after.

After zebra finches hear a song 10-20 times,t hat song stays in theri head forever. You can close 
their ears or keep them away from other birds, but they will always remember that song.
Awww

Ocular domaninance experiment in monkey.
Inject dye into eye. Follow nerves back into cortex from each eye--it's about the same from both 
sides, each eye is represented same amount in the cortex. You have the same amount of space for
each eye.
36.01 slide 6

Cortical blindness--only during early development, eye functioning perfectly but the 
brain doesn't know it's there in experiment done on kittens when it's sutured shut. All the
vision pathways in the brain actually end up hooking into the working eye that the brain 
knows is there.

Intro to neurophys research: How we know this cool stuff 54

So, by now you're probably a little bored, because this stuff can be dry. But what's going
on in neuroscience is actually really cool. So get excited. Scientists are:

Tagging and altering specific neurons
You can manipulate small groups of neurons using a channel rhodopsin made from 
blue-grin algae, ChR2. Algae have an ion channel that senses blue light, and when it 
senses lots of sunlight the ion channels open up and sink/make the algae move away 
from sunlight. You can put this in the mouse, in his neurons. You do that by injecting a 
virus with the ChR2 into his brain. Now every time you shine a light at him, you can 
activate those light-activated ion channels. They put ChR2 in this mouse's straight-
forward neurons, so that now whenever it turns on he moves straight. It's a remote-
controlled mouse. They figure out the functions of the neurons by what the mouse does 
when you turn on that blue light and activate that ChR2.

Testing memory manipulation
So first they test flies' ability to memorize surroundings. They heat up all the flies to a 
temperature they don't like. One of the squares in the fly chamber is a temperature they 
like. So they measure the amount of time it takes the fly to figure out where that nice 
spot is when you move it. At the same time, every time you move it, you rotate the 
chamber's lights in sync with the nice square. So if the flies pay attention to the lights, 
54 From my Intro to Neurobiology class at UVA, taught by Dr. Barry Condron, 8/28/2012
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they can figure out where the nice square is without just bumping around looking for it. 
So you time them:  how fast do they associate the lights with the nice square? Flies do 
indeed learn, and you can see if they still remember it the next day, or you can see if 
they're willing to lose that memory and gain a new one. You can identify a lot of the 
molecule targets that enhance or suppress memories by seeing how you can effect the 
flies with different chemicals. People are interested in ultimately using these chemicals 
to make people suppress traumatic memories, 0_0 or remember better for exams.

Using frog eyes to study ion channel drugs

People use big frogs Xenopus and their eggs and eyes to study stem cells and RNA 
and other things. Their eggs are pretty inert--electrically inert--and they don't have 
voltage gated ion channels. You can inject genes into them and they become electrically
active--basically you can program ion channels into them, and they you can study and 
see what RNA affects what ion channels. You can basically pan through a whole bunch 
of RNA and then find what ion channel goes with what gene and what its function is by 
inserting the RNA into Xenopus eggs and then studying the result.

So modern pharmaceutical firms have a ton of Xenopus eggs that are patched by 
robots with pipettes pointing in around and you can puff on different drugs, so you can 
test 40 different drugs or so against that ion channel. Wow! 

Neurosciencing it up for centuries with creative, crazy ideas
• Broca was a neurologist in paris who noticed that people would come in regularly

with the same symptoms. These stroke patients brought drooping faces, 
paralysis, and most interestingly to Broca, speech problems—even though they 
could comprehend. Sometimes they would recover, and sometimes not. Why? 
Well, Broca realized that his friend Tan had syphilis with similar symptoms, so he 
took out Tan's brain and looked and noticed he was missing the area we now call
Broca's area. Then he checked and noticed the stroke patients were also missing
Broca's area—and that's how he found the area that speaks. Basically those 
stroke patients had a blockage in the middle cerebral artery near Broca's area, 
and when the blood supply cut off the area died, and that's how they lost their 
speech. Broca's larger contribution to science was the discovery that each area 
of the brain has its own purpose.

• Wernicke, a german, found the area that comprehends, through similar 
techniques

• Romani Cajal was an obsessive-compulsive Spanish neuroscientist who believed
that the most complex subunits of the brain were neurons. The credo is that we 
can understand the brain by mapping those neurons--that's actually not 100% 
proven, because some info might be in the coating, or elsewhere, but that's the 
basis of our research today. Cajal started taking animal brains and staining them,
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and certain neurons would light up, and he noticed the patterns, and looking at 
the cerebellum of the same species of animal, he was able to build wiring 
diagrams. Cajal 1.0: the study of the brain 1 neuron at a time.

Mapping neurons
The company Janelia farm is trying to map out every neuron in the brain—that's called 
neuromics. Fruit flies have about 10,000 neurons, and we're almost done mapping them
out. Once you've tagged them you can turn them on and off. This is pretty much Cajal 
2.0: study all neurons at once, basically because now we have the ability to stain a 
whole bunch at a time and upload the info into a computer. You do this with the 
'brainbow' staining method, where you light up single neurons with all kinds of different 
colors, and a computer uploads an image of the neurons by reading the colors and 
saving that image. Then, later, when the brain has changed during your experiment, you
take another brainbow image and the computer can help you compare what's different. 
You can also tag neurons via RNA staining, viral staining, protein staining, and other 
methods—again, the thing is to use the computer to compare the neurons under 
different circumstances. All this takes a long time, though. We have similar genome size
(amount of genes) to mice, flies, worms, etc--but a HUGE difference in number of 
neurons, so while we may be close with the fruit flies we're not that close with people. 
Dra. La Paix, our histology doctor, says there are somewhere around 8,000 neural 
diseases that we don't understand and can't even diagnose properly—we're woefully 
behind in understanding the brain, she says.

So we've done general anatomy, development, and you've got a taste for neuroscience 
research. We're done intro-ing it up. Let's talk about protecting all that research and 
development and anatomy, shall we?

Blood brain barrier, meninges, and cerebrospinal fluid

To protect your brain you've got a bunch of goop floating around in areas separated by 
meninges. The meninges are the layers that protect your brain and nervous stuff.

Pia mater—the soft mother—is the meningeal layer most intimately connected with 
your brain and spinal cord. The pia mater is heavily vascularized. It is the tightest and 
softest to the brain. It's basically continuous with the brain.

Dura mater—the hard mother—is just exterior or superficial to this, attached to the 
periosteium. It's got an outer, periosteral layer and an inner, meningeal layer that are 
fused together except at the dural venous sinouses, which are looser gaps through 
which blood flows. Dura mater is basically the continuation of the skull. 

Arachnoid mater is a thin membrane that doesn't have any blood in it, between the 
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dura mater and the pia mater. The space between the pia mater and the arachnoid layer
is filled with CSF. Arachnoid trabeculae poke down into the pia mater. They make 
irregular bridges over the CNS making cisterns and holes and stuff. The arachnoid 
mater basically follows along all the sulci and fissures and fill the sulci areas with CSF, 
like water in a well. In the venous sinuses—those areas I mentioned where the two dura
mater layers separate and are looser to allow veins to pass—you see a little bit of 
arachnoid granulation, which is when the arachnoid mater pokes into the venous 
sinuses. That's where CSF gets collected back into the veins.

The dura mater makes dural reflections or septa which divide the brain into 
compartments. The biggest septa, the falx cerebri, basically bisects the brain at its two 
hemispheres, extending from the superficial top of the brain down to the crista galli. At 
the top of the falx cerebri there's a sinus—one of those loosenings of the dura mater 
layers. This superior sagittal sinus receives all the blood from the top of your head 
and brain and carries it to the occipital region, where it meets with other sinuses at the 
confluence of sinuses. Inferior to the falx cerebri, or at its lower edge, right above the 
midbrain structures and the corpus callosum, you have the inferior sagittal sinus. Like 
the superior, it just runs along the middle of the head, only it runs right over the corpus 
callosum and diencephalon and stuff. Towards the back of the midbrain the inferior 
sagittal sinus meets the great cerebral vein from deep inside the head to form the 
straight sinus which then continues straight back at an angle to the confluence of 
sinuses. 

In addition to the falx cerebri, which divides the two cerebral hemispheres, you've also 
got a tentorium cerebelli which divides the lower occipital lobe of the brain from the 
cerebellum. It's a transverse septa, instead of a sagittal one like the falx cerebri. There's
also the falx cerebelli which kind of separates the two cerebellar hemispheres (it 
doesn't bisect them completely). The tentorium cerebelli runs from back to front and 
kind of hugs the midbrain—it doesn't cut the midbrain off from the rest of the cerebrum, 
so it's got these lateral “arms” that wrap around it and then clasp and meet each other 
near the sella turcica. That “clasping” is the sella diaphragm. The anterior and posterior
clinoid processes (pg. FIXAL) hold the diaphragm sellae in place.

You've also got two transverse sinuses which meet at the sigmoid sinus and then turn 
into the jugular foramen and the internal jugular vein. These sinuses run laterally along 
the side of your head. You've also got two other horizontally-running sinuses, the 
cavernous sinuses, on either side of the sella turcica. Remember the transverse are 
lateral and more posterior, nearer the jugular foramen, while the cavernous sinuses are 
more medial and anterior. The cavernous sinuses receive blood from your bone cavity 
sinuses (you know, those holes in your skull that fill with mucous) and face via the 
petrosal sinuses. 
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Meninges have arteries that supply them. 

• The anterior part of the meninges gets blood from the anterior meningeal 
arteries with help from the ethmoidal and ophthalmic arteries.

• The posterior part of the meninges get blood from the vertebral and occipital 
arteries 

• The lateral part gets blood from the middle meningeal arteries.

There are spaces between the meningeal layers. The epidural layer is the space that 
separates the skull and the dura. This is a potential space that doesn't exist unless we 
fill it with blood which isn't goo. There's also a subdural space between the dura and 
the arachnoid layers. Again, it's only potential.

The only space that normally exists is the subarachnoid space. It's full of CSF, bathing 
all the nervous tissue. Its size varies depending on where it is—it's narrower over gyri, 
small but bigger over sulci, and larger in the cisterns, which are wells made just for 
more CSF.

Those cisterns have names. There's one really big one in the posterior inferior part of 
the brain. That's the cisterna magna or the posterior cerebellar-medullary cistern. 
There are problems where the intercerebellar pressure is so high that the medulla 
herniates through the foramen magnum and the pressure in the spinal cord isn't enough
to push back. 

There's also the chiasmic cistern just under the optic chiasma.

The interpeduncular cistern is just under the interpeduncular area behind the pituitary,
in front of the pons. Across from it, behind the pons and above the cerebellum, is the 
superior cistern. These two cisterns are connected by a little river of CSF called the 
ambient cistern. 

The quadrigeminal cistern lies above the cerebellum and under the pineal body.

The pontocerebellar cistern lives lateral and anterior to the pons, between the pons 
and the side arms of the cerebellum wrapping around the pons.

Ventricles are cisterns that are inside the brain, instead of outside and round it.

We've also got cisterns in your spine. The spinal cord ends around L1-L2. The lumbar 
cistern is the cistern that contains all the last nerve bundles after where the spinal cord 
ends, from the conus medullaris (the tip of the spinal cord) to S2 vertebrae. You take 
the lumbar sample of CSF from the lumbar cistern between L4 and L5 because that's 
after where the spinal cord ends. It's important to mention that even though the lumbar 
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cistern and the cauda equina nerve (the last nerve bundle, after the spinal cord) end at 
S2, there's a little thing here that's going to anchor at the S4 or 5, the coccygeal 
ligament, which holds the cauda equina nerve (the ending nerve) and the cistern 
anchored to the coccyx. This last string, from S2 down to the end, is also called the 
filum terminalis, and it's an extension of pia mater. 

In the spine, the dura and pia mater are kind of different from in the skull. In the spine, 
the dura is separated from the spinal canal by an epidural space full of adipose tissue 
and venous plexus in the spine between the vertebrae bones and the dura. So the 
epidural space in the vertebral column is real. It's reeeeaaaal. The dura isn't stuck to the
vertebrae like it's stuck to the skull. The pia mater in the spine extends laterally with the 
arachnoid matter through the dura mater to make 21 denticulate ligaments which 
support the spinal cord and help keep it in place. They're also only in the spinal cord. 

Hematomas happen when you bleed into one of the meningeal spaces. An epidural 
hematoma can come from a torn meningeal artery, or a tear of your dural venous 
sinuses, which as you can see from pictures carry a lot of blood. An epidural hematoma 
happens when you make a space above the dura mater that didn't exist before, and 
usually it requires trauma from the outside. This makes sense, because nothing inside 
below the dura mater is likely to be sharp enough rupture up above the dura mater—
only bone and stuff from the outside is likely to do that. To put it another way, it's harder 
to break the stuff right under to the bone, where it's super reinforced: you'd need to 
whack it. A subdural hematoma, under the dura mater, happens when you break a 
cerebral vein as it enters the dural sinus. This happens during rapid accelerations or 
decelerations of the head. The area of entrance is weak where the subdural vessel 
enters the sinus—it's just one layer of endothelium—so acceleration or deceleration can
rip that. The blood just moves so fast it breaks the area around it. Being on a 
rollercoaster or in a car accident can cause this kind of hematoma.

Remember there is normally an arachnoid space between the arachnoid and pia mater. 
There, you can get subarachnoid hemorrhage, where a normal blood vessel in the 
subarachnoid space ruptures. This can happen via an aneurysm—maybe a blot clot or 
atherosclerotic clot burst the vessel here. In this case, the blood will be mixed with CSF, 
which won't happen in the other cases. People with this aneurysm will complain of the 
worst headache they've ever had in their lives. This kills fast.

When you're looking at X-rays, both epidural and subdural hematomas will take on 
crescent shapes, but subdural hematomas won't cross the midline. They'll squish the 
lateral ventricles and the subarachnoid space, but they're subdural, so they're 
contained. A subdural hematoma will squish things because it's contained closer to the 
brain—it could jam your cingulate gyrus up under the falx cerebri, or otherwise 
compromise brain structures. This is why shaken babies present with developmental 
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delays and often irreversible brain damage. An epidural hematoma could happen up in 
your superior sagittal sinus, or in some other midline structure, so it can cross the 
midline and take up two hemispheres on an X-ray, spreading the pressure more evenly.

So, ventricles. If you cut the brain in half horizontally or transversely you can see a 
bunch of cavities in the brain. These are the cisterns inside the brain, the ventricles. You
have four ventricles—two lateral, a third, and a fourth.
In these areas you form and circulate the CSF.

The lateral ventricle is really a tunnel running through your brain from back to front with
fluid in it. These things literally sit lateral to the corpus collosum and below it. Basically 
they curve like a C, with the open part of the C facing forwards, around your midbrain. 
They have a medial body, and three horns. An anterior horn, a posterior horn which 
goes towards the occipital lobe, and two lateral horns which go towards the temporal 
lobes. They look kind of like a little hand reaching from the back of your head to grab 
your the thalamus, with longer anterior horns than inferior horns, just like your fingers 
are longer than your thumb. The lateral ventricles connect to the third ventricle through 
a little foramina right above the thalami, the interventricular foramen of Monro.

The third ventricle is right inside the C formed by the lateral ventricles. I think it looks 
like a little duck-head, with its beak facing forwards. It sits right between the two thalami.
You could say the lateral ventricles are the cavities of the telencephalon, while the third 
ventricle is the diencephalon's cavity. Sitting right in the middle of the third ventricle is a 
little flobbity of flesh connecting the two thalami—basically a little string of thalamic 
tissue that goes through the CSF. That's the interthalamic adhesion, or the massa 
intermedia. The third ventricle drains into the cerebral aqueduct, down into the fourth 
ventricle. 

The fourth ventricle is between the union of the cerebellum and the brainstem, 
specifically the pons and the pontomedullary union. The CSF leaves the fourth ventricle 
through three foramina to get to the side of the brainstem, outside the brain, into the 
cisterns. You have two lateral foraminas, called the foramina of Luschka, and one that 
is medial and facing the bottom under the cerebellum, called the foramen of Magendi. 
The fourth ventricle during development is closed, but the lateral and medial 
diverticulums rip and let CSF get out around the pons and stuff. The medial diverticulum
is where the foramen of Magendi develops; the laterals form the Luschkas.

So let's envision the lateral and third ventricles in the middle of all the other brain stuff. 
Look at a picture in an atlas, then try to close your eyes and see these with me and 
poke the structures in your mind, to help solidify your memory. 

If you look at it from the back, you'll see two lateral ventricles curving away from you like
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the armrests of a fancy throne. If you take a horizontal cut through the middle, and look 
from the top, you'll see two butterfly wings in the front which are the anterior horns of the
lateral ventricles separated by the butterfly body, the septum pellucidum. Then you'll see
a spaceship behind the butterfly. The cockpit of the spaceship is the pineal gland. In the 
lateral engines of the spaceship are the posterior horns of lateral ventricles. People with
degenerative problems will have little minerals and calcified glomuses or little white 
lumps in their cockpit and engines there.

From the front if you cut right in the middle of the head coronally the ventricles look like 
bunny ears. The third ventricle is the bunny-face and the lateral ventricles are the bunny
ears. It's an alien-bunny. You can also see just below the dura mater and the little 
arachnoid villi or granulations we mentioned earlier poking into it. They drain CSF fluid 
into venous sinuses.

A very anterior coronal cut can show you the anterior horn of the lateral ventricles, and 
the septum pellucidum between them, which is the thin white septum I talked about on 
pg. FIXAL. It separates the two hemispheres of the two ventricles, and stretches from 
under the corpus callosum. The head of the caudate nucleus, an important midbrain 
structure, is lateral to the anterior horns.

If you take a cut just a little further back, through the thalamus, you'll see the fornix (pg. 
FIXAL) between the bodies of the lateral ventricles. You'll see a piece of the third 
ventricle right in the middle of the thalamus, inside it. And you'll see the body of the 
caudate nuclei on either side of the lateral ventricles, kind of looking out at you like crab 
eyes above a crab-body-thalamus, with a little crab-mouth-third-ventricle. With this 
further back cut, you can also see the inferior horns of the lateral ventricles, near the tail
of the caudate, lateral to and inferior to the crab body that is the thalamus. The caudate 
nucleus curves around the thalamus and everything else kind of like a baby whale, with 
a big ole' head towards the front, and a little tail curved around under the thalamus 
towards the bottom. The caudate nucleus basically lives inside the lateral ventricles and
is safe and wet there like a little whale baby. The hippocampus and amygdala live 
anterior to the caudate nucleus tail, just medial to the inferior horn of the lateral 
ventricle. Behind the bottom back of the whale-tail you'll find the choroid plexus. 

How you make CSF

The choroid plexus is everywhere your blood vessels pushed their way into your 
ventricles, like little fingers of blood sticking into your CSF. It's basically in:

• your lateral ventricle:
◦ the roof of the inferior horn of the lateral ventricle, 
◦ in the atrium of the lateral ventricle on the anterior wall, 
◦ and in the floor of the anterior horn of the lateral ventricle. 



Becoming Healers 898
◦ So basically in a continuous C, the inner C, of the lateral ventricle.

• It's also in the third ventricle, in the:
◦ back wall of the interventricular foramen, 
◦ and in the roof of the third ventricle, 

• and in the fourth ventricle, it's in the 
◦ foramen of Magendi and Foramina of Luschka. 

These are the only places you make CSF.

So let's talk about the CSF you make. In the walls of your ventricles you've got 
ependymal cells that make up your ependymal system. Those cells are variations of 
phagocytes. They've got tight junctions between them to keep liquids from passing 
them. During development, they get invaginated by arteries. The artery enters the 
ependymal cells and they start to differentiate and become choroid epithelium. CSF is 
made from stuff taken out of blood and spat out into the ventricles. Active transport 
molecules drag sodium, chlorine, bicarbonate, and magnesium ions into the CSF, and 
pump potassium and calcium out of the CSF. As we know from renal, water always 
follows sodium, so water diffuses after the sodium through aquaporin 1 channels into 
the CSF. The tight junctions block any big stuff like blood cells or proteins from getting 
into the CSF. The enzyme carbonic anhydrase somehow helps to maintain bicarbonate 
balance, which through channel coupling affects chlorine balance, which affects sodium 
and water balance. In diseases, the amount of this enzyme in CSF will go up.55

What kind of CSF you make

CSF is similar to blood except that it has way less protein. Way way less. Like 60-78 g/L
in blood to 0.15-0.45 g/L in CSF. So you can tell pathological conditions by how much 
protein and other gunk gets into your CSF.

• Protein is increased in almost every pathology
• Protein is WAY increased in Guillain-Barre, which is when you've got sudden 

demyelination that happens over the course of like a few weeks and you start 
losing your motor and sensory function from your feet up (Lose sensory first); 
you'll see extra WBCs, too

• Subarachnoid hemorrhage will show increased protein and RBCs, turning the 
CSF yellow

• You should have no more than 5 white blood cells per microliter in your CSF; 
more indicates infection

• Multiple sclerosis will increase gamma globulin levels in CSF
• Chronic infections will also increase gamma globulin levels in CSF
• Low glucose levels in CSF means something like bacteria or fungus is eating up 

55 Parkkila AK, et al. Eur. J. Clin Invest. 1997 May;27(5):392-7
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all the sugar (normal glucose is 2.2-3.9 mmol/L, less than blood but still high); 
glucose levels will be normal in a viral infection, so you can use glucose to 
distinguish between both kinds of meningitis when WBC count is up

• Metastatic cancer in meninges will have increase protein and normal or 
decreased glucose, with some tumor cells and WBCs

• You can distinguish between tubercular and bacterial meningitis because 
bacterial meningitis will have more polymorphonuclear leukocytes (specifically 
neutrophils) in the WBC count, while tubercular will just have more lymphocytes 
(T-cells, NK cells, B cells). 

Where the CSF goes

So all CSF is made in the choroid plexus, then flows from the two lateral ventricles 
through the interventricular foramen of Monro into the third ventricle, then through the 
cerebral aqueduct into the fourth ventricle, then through the two luschka's foramens and
the magendie foramen into the subarachnoid space, where it bathes the outer brain and
finally gets reabsorbed by the arachnoid villi back into the venous sinuses. 
That paragraph, right there, is key. ^^^^

Hydrocephaly

The arachnoid villi are super-important. They look like little lumps of blood vessels in 
your superior sagittal sinus, like little trees or cauliflower, and their little blood-vessel-
leaves suck the stuff through the endothelium and back into the blood. All the CSF has 
to get reabsorbed and recycled all the time or you have hydrocephaly. You can tell your 
patient has hydrocephaly on an MRI; you might see an enlarged lateral ventricle in with 
a big black gap in the center of the head, or maybe a big white fullness in a transverse 
scan like a giant monster butterfly. From the front the bunny ears look like mickey-
mouse ears and they are fricking huge. Point is, just remember where the ventricles 
normally live, and it'll be pretty easy to recognize hydrocephaly when you see it.

Hydrocephaly often comes via obstruction, like passageway stenosis, or tumors, and 
you treat it with ventriculoperitoneal shunting or other surgery. That's non-
communicating hydrocephalus. You could have a tumor in one temporal lobe that will
push the lateral ventricle shut. That's pretty common. It may push inner brain parts 
towards the brainstem and that could hurt the medulla and kill the person if it pushes 
enough because you need your medulla to breathe and stuff. It can also push on your 
trigeminal nerve which is down there in the same area (pg. FIXAL). Another common 
tumor, a cerebellar tumor, will often push stuff down towards the pontomedullary cistern,
crushing the stuff in the foramen magnum and making it herniate down into the neck. 
This will push on the pontomedullary union and that can kill you too. 
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In non-obstructive hydrocephalus something's wrong that makes you bad at 
reabsorbing CSF. There's no blockage, it's either a subarachnoid hemorrhage, 
meningitis, or your arachnoid villi don't exist or don't work right.

How to tell between communicating and noncommunicating hydrocephalus? Easy. Look
and see if the fluid is communicating. A tumor is always non-communicating. Because a 
tumor obstructs.

Lumbar puncture

A lumbar puncture helps you see what's in your CSF and find disease. But if you do a 
lumbar puncture on a patient who has high pressure in their cranium, and low pressure 
in their spine—so someone with a non-obstructive hydrocephalus, for example—you're 
lowering pressure even more in their spine by opening it. That means the CSF in their 
cranium can actually push the brainstem down through the foramen magnum. This 
herniation can destroy a person. So you can't do a lumbar puncture in everybody.

So you don't do a lumbar puncture in hemorrhage or in hydrocephalus, but you do it in 
meningitis—but there isn't a hard and fast rule. You can do it in obstructive because the 
high pressure is sectioned off—as long as it really is sectioned off, like in a lateral 
ventricle or something—but in non-obstructive there will be so much high pressure in 
the head as a whole. So you need to always check. You need to check using a little 
pressure monitor thing when you start the puncture, and if you see the pressure 
changing a whole bunch then you quickly cancel the operation. Ask your attending to 
show you.

Organs that penetrate the blood-brain barrier 

The blood-brain barrier normally includes the arachnoid layer, the blood-CSF barrier via 
the tight junctions in the villi, and the lack of pinocytotic vesicles in the epithelium 
around the brain. There are holes in this barrier near the walls of the ventricular system 
around the pineal gland, hypothalamus, subfornical organ (FIXAL), lamina terminalis, 
median eminence, area postrema, and posterior lobe of the pituitary. This are all 
secretary areas, so you have a reduced blood-brain barrier in these areas to let 
secretions get out. Sometimes when you are giving people brain-drugs you will give 
them manitol. Manitol breaks tight junctions which lets stuff pass the blood-brain barrier.
But there are other strategies now-a-days.

Quick note on dura mater innervation. 

The innervation for the front half of your dura mater comes from cranial nerves, but the 
occipital dura mater gets sensation via C1, C2, and C3, so if there are tumors in the 
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posterior cranial fossa you'll crush those and get pain in the neck and back of head.

Histology 

You should already know the neuron has dendrites, a soma or body, and an axon. 
Remember axon away, dendrites receive. The neuron's structure comes from 
neurofilaments and microfilaments and proteins attached to them. You can see Nissl 
bodies included in their cytoplasm, especially around the periphery. Remember those 
are protein synthesis areas with ribosome bundles. Folks with high cholesterol tend to 
have lipid droplets included in their neurons. You'll see pigment and iron depositions, 
and lipofuscin, which comes from lysosomal enzyme activity and arises more in older 
folks.

You've got a number of different fibers in the neuron. Microtubules are 13 
protofilaments united with a base protein of tubulin, arranged in alpha and beta pairs. 
These things help the neuron develop and help guide where it sticks its dendrites and 
axons. Microfilaments in the neuron—small actin monomers in a helix—help the 
growth cones of the neuron move when it's developing and forming new synapses. 
Microtubules are kind of like the support beams on a constantly-modified house, and 
microfilaments are the little modifications. Neurofilaments are fibers that get modified 
in Alzheimer's disease and tangle—you want them straight and organized.

Some dendrites have spines. The point of a dendrite is to increase the surface area for 
receiving signals, that's why it's all branched. The spines are high-sensitivity areas that 
decrease during age and malnutrition. Patients with Down Syndrome also have less 
spines. 

The axon hillock is the part where the axon meets the body, like the ampulla of a tube. 
That's just before where the myelin starts. It's a zone of strongest action potential, and 
that's where the action potential starts that you send out to other neurons. The 
axoplasm (the cytoplasm in the axon) doesn't have Nissl bodies or Golgi. You'll see 
more mitochondria and filaments in the axon.

You carry cell body nutrients forward towards the axons. That's called anterograde 
transport. Actin, tubulin, proteins, myosin, calmodulin, all of that is moved anterograde. 
Retrograde transport is when stuff enters from the dendrites and axon and gets moved 
to the soma. 

We name neurons based on how many poles or pointy things stick out of them.
All multipolar neurons are motor. 
Bipolar neurons have an axon that ends in the CNS, and a sensory end that ends 
somewhere else. These are sensory neurons, like the retinal bipolar cells, your cochlear
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cells, and your vestibular ganglia.
Pseudo-unipolar neurons have just one process that comes out of them and then 
divides in two. These are pretty rare. They're stuff like your dorsal root ganglia and your 
cranial nerve ganglia. 
Golgi type 1 neurons are ventral spinal cord motor neurons that have really long axons
that can get even up to one meter long. 
Golgi type II neurons are intrinsic or interneurons that are really really short, with a tiny
short axon. You see a lot of them in the cerebral cortex and they're more inhibitory. The 
smallest neurons we have in the body are the Golgi in the inner layer of cerebellum.

You've also got a bunch of supporting cells.

You'll see little neuroglia near all nerve cells. They help give nutrients to and provide a 
protective barrier for neurons. 

Protoplasmic astrocytes look like stars with really small, branched dendrites. They 
tend to live in the gray matter.

Fibrous astrocytes look like octupuses or sea-stars, with really long, unbranched legs, 
and they tend to live in the brain's white matter. They try to repair damage and form 
scars.

Astrocytes make a barrier to keep things from arriving near the neuron. They also 
phagocytose weird things, and help insulate the neurons. They also phagocytose 
neurotransmitters like GABA and glutamate to end their action and recycle them. 
They've got little feet that can be perivascular or perineural and cling to blood vessels or
nerves. They pull things out of the blood with their perivascular feet and send it to the 
neurons with their perineural feet.

Muller cells are the astrocytes of the retina.

Microglia come from the medulla ossea, not neural crests. Their endings look like 
thorns. When there's injury in the brain, they become really big and phagocytotic and 
mobile. I think that's weird and creepy, like a golem. 

Oligodendrocytes are pretty much the same as Schwann cells except that they give 
myelin inside the CNS while Schwann cells give myelin outside the CNS. They're little 
circles, with less and shorter branches than astrocytes have, and while they have 
organelles they don't have neurofilaments. Remember white matter has myelin, and 
that's where they tend to live, myelinating things. One oligodendrocyte can myelinate 
multiple axons at the same time. Schwann cells can't do that. Myelinization happens in 
layers, and you'll see dark lines that are the membrane of the oligodendrocyte or 
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Schwann cell, while the lighter spaces are the cytoplasm of the cell.

Ependymal cells live in the middle canal of your spinal cord and your ventricle brain 
linings. They're the epithelium separating your CSF from your neurons, and they're 
simple cuboidal or columnar. They've got microvilli for absorption, and some of them, 
like in the choroid plexus, have cilia to help the CSF circulate. Some of the ependymal 
cells are specialized in the floor of the third ventricle. Those are called tanycytes, and 
they help transport hormones from CSF to the portal blood system.

In addition to having these supporting cells around them, your peripheral nerves will 
also have connective tissue with little blood vessels wrapped around them. 

Synaptic transmission

Review pg. FIXAL of physiology. We'll go into more detail here, but we need to make 
sure we get the basics first!

You back now? Wasn't that fun? Alright, let's get into more detail with neurotransmitters, 
and memory!

Receptors

Cool receptor example CB-1 and CB-2 receptor
Endocannabinoids
Anandomide—neurotransmitter, little fatty molecule discovered just a few years ago, a 
whole chase out to make drugs to affect it because it beinds the CB-1 receptor, the 
cabanomide 1 receptor, big excitatory neuron. The neuron can release the signal, and 
those signals go back to the gabanergic inhibitory neurons and shut them down. It’s a 
retrograde signal that goes back up the chain, so a neuron can basically stop an 
inhibitory neuron from shutting it down.
Marijuana, the active compound binds the CB-1 receptor, affecting this pathway in the 
brain, controlling a lot of global function
A lot of potentially good effects by THC, this active component
The CB-2 receptor might enhance immune function from THC
We do know that the CB-1 receptor could be potentially useful

Categories of cellular receptors
Channel-linked—fast on, fast off
G-protein coupled type—metabatropic, doesn’t have to be neurotransmitter receptors, 
could be peptides etc, they activate G-proteins, and we’ll go more into that later
Enzyme-linked—like tyrosine kinase type receptors that really help the nervous system 
develop and form, like TrkA or nerve growth factor, which binds to the surface and 
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becomes an enzyme that activates inside the cell
Intracellular receptors like steroids that bind estrogen receptors—basically transcription 
factors that can bind and act on gene expression—bypass a lot of checks and balances 
and controls

all ligand-gated ion channels almost have 4-5 subunits which have similar structure, a 
protein that goes through the membrane a few times, and the proteins come together to 
form a pore or cartel. Almost all of your neurotransmission is going through the Glus 
subunits—the AMPA the GluRxs receptors that let sodium in are made entirely of these
NMDA or the NR-xs comes on when you want to form a memory and say something is a
special piece of information. This also lets CA in, as well as Na, and lets you store info.
Kainate receptors, we don’t know what they do
GABA-A are ligand-gated ion channels that let Cl in. Cl is inhibitory. It’s thought that 
after damage to the brain you change the components of the GABA receptors, and then 
you don’t have as efficient inhibition, and you get seizures (random uncontrolled 
excitation).
Only one ligand-gated ion channel subunit for catching serotonin.
Ionotropic receptors, these are.
Metabotropic receptors change metabolism a little bit, not just ion receptors. Almost all 
G-protein coupled receptors.
There is an estrogen binding site on one of the GABA receptors, for example

G-proteins are a class of signaling molecules discovered at UVA that control a lot of the 
signaling in the cell. Not so targeted pharmacologically. Turn up in cancer a lot and 
growing out of control then. Very distinct, most genomes, about 20% is dedicated to G-
protein coupled receptors. These are the main ways that cells sense things going on 
outside
Glutamate has a whole set of these, so does Gaba-B
GABA-A or GABA-B
Prof has seen a fist-fight break out between neuroscientists over which affects epilepsy
D-s and D-2s from Dopamine—Allopurinol, all of those basically affect these two 
receptors
Beta-blockers, beta adrenergic receptors, affect the beta receptors for NE and 
epinephrine
The 5-HT3 receptor in the Serotonin class is actually an ion channel, not a metabotropic
receptor, text book has error in it in Figure 6.5
Purinergic receptors have two classes, A and P
Muscarinic-x are AcH receptors
Muscamol is a drug you can pull out of mushrooms that makes you pick up an axe and 
walk into a village and behead everyone, the Vikings used to love it

Types of GTP binding protein
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Heterotrimeric g-protein receptors—they bind to alpha beta gamma—called g proteins 
because they break down gtp, and in that breakdown that’s part of the signaling of the 
molecule—they then bind to effector proteins—this is how the visual system and sense 
of smell works—they’re called heterotrimeric because you have a mixture of different 
types of trimers (an alpha beta gamma class)—5 to 10 percent of your genome is 
occupied by this class
Monomeric, the ras class of g proteins go through this, Ras is a major effector of cancer,
and that’s a g-protein that has an on off with gtp, one or two sites that mutate which can 
make it always on and then you might lose cell cycle control—that’s just one molecule, 
just ras, so it’s monomeric
The whole G-protein set comes from Alfred gilman from UVA, guy worked in our 
pharmacology department for 15-20 years
Interesting lesson—he was published in a low-key kind of paper, not in nature or 
anything, but in journal of chemical biology, but he got a nobel prize. Often when you 
see people doing the things that get into news, says professor, they’re doing a big fad 
thing, and it’s the low-key stuff that’s getting a nobel prize because it’s unique and not 
going to just pass

G-s inhibits cyclic amp, G-I activates it, G-q activates phospholipase c
G-s activates cyclic amp which increases protein phosphorylation, and there’s just a 
negative down through that for GI
In any cell, it’s not all or none, every neuron in your brain is on all the time
These are all amplifications because when you affect cAMP and then kinase A, you’re 
affecting an enzyme, which will then affect hundreds of thousands of molecules.
G-q affects phospholipase c which affects IP3, protein kinase c is another major path in 
cancer
G-s synthesizes, G-I Inhibits
Metabotropic glutamate receptor activates Gq, activates phospholipase c, activates 
diacylglycerol and ip3 in the membrane, releases ca-2+ and protein kinase c, increasing
protein phosphorylation and activate calcium-binding proteins

Cell goes out of its way to keep Ca as low as possible, simple solution is to just pump it 
out of the cell or pump it into intracellular stores like mitrochondria or endoplasmic 
reticulum
When you get too much calcium into a cell it will die pretty quickly, 30 minutes—the cell 
is firing too much, and it just can’t handle it, and it dies
It can get in through a voltage gated calcium channel, which is at a presynaptic junction
Or gets in at ligand-gated calcium channels, like the NMDA glutamate receptor that lets 
calcium and sodium in
There’s a calcium exchanger that tries to get it out by switching ti with Na plus
On the endoplasmic reticulum membranes we have IP3 receptors (IP3 released by Gq, 
remember) which binds internal receptor and sends calcium out from the endoplasmic 



Becoming Healers 906
reticulum stores—INTO cytoplasm from OUT of intracellular stores
Cells like neurons built to handle tons of calcium and ship it out, but skin cells for 
example not, the caviat to that is if the skin cell hits a ton of calcium, doesn’t know how 
to handle signaling regulation etc, doesn’t have those checks nad balances, hence 
cancer
Letting a little calcium into a post-synaptic neuron seems to be the trigger for letting it 
grow and hinting at memory formation

Two other pathways
Adenylyl cyclase—inhibit with GI, activate with Gs—makes cyclic AMP, which then hits 
cyclic nucleotide-gated ion channels, and they open—this happens from the inside, see 
figure 7.7
That then activates PKA (protein kinase a, phosphorylation)
CAMP phosphodiesterase then breaks down cAMP into just AMP, that whole cycle 
maintains a critical level of cAMP, also key for memory formation
Guanylyl cyclase—cyclic GMP has similar pathway to cAMP, activates other cyclic 
uclotide-gated chanenels as well as PKG (protein kinase g)

Another pathway
Phospholipace c and IP3 7.7 d
IP3 receptors release calcium
Activate PKC

How phosphorylation regulates proteins
Protein phosphorylation—protein kinase a, protein kinase c, tag a phosphate group onto
a protein because of second-messangers and they use an atp to do this
The protein phosphatase that comes out of that then does other things, and is regulated
and turned on and off by second messengers—you get a time course for how long that 
phosphate is on that protein, and at some point it comes off again, etc

Mechanisms of protein kinase activation
Two classes—noncovalent and covalent
Non-covalent is protein kinase a—two subunits, a catalytic and regulatory, it’s a 
heterotetramor, alpha2 and beta 2—catalytic is hidden behind the regulatory, cyclic amp
binds to the regulatory subunit, changes protein conformation, opens it so that the 
catalytic subunit is exposed—now catalytic is free and can activate things, also has the 
potential to leave regulatory and run back up to the nucleus to activate transcription and
affect long-term memory (it’s not covalently bound)
Covalent—CaMkinase II and PKC—these are covalent, which means the regulatory and
the catalytic are strongly attached, and can’t leave each other, conformation changes to 
leave the catalytic domain exposed and that’s how they work
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Romani Kahal hypothesized 100 years ago—he was interested in the little spines on the
neurons—post-synaptic junctions on big pyramidal cells—have these giant spines, and 
we know that they have a particular shape—a neck, and a head, etc—and the tight neck
stops the simple diffusion of molecules in and out—you can keep it localized with that 
neck structure—some ppl now argue if you open up the neck, information can get out 
and open new synapse, connect two separate inputs and co-regulate them both
Information often comes on in one spine, and stays on in one spine, has to leak out of 
there to get into nucleus
So this localization may help keep information controlled, so the cell doesn’t have all 
these inputs at the same time running everything aaaaaaah!
Lots of things we don’t know about post-transcription triggering
No one knows, for example, how the transcribed proteins created in the nucleus know 
which spine to go to and make it grow

CREB inside the nucleus is phosphorylated by protein kinase a
Transcription factor
Calcium getting in from NMDA receptor can activate cam-kinase II

A lot of protein-synthesis dependent memory happens while you’re asleep
CREB receiving signals is a key pathway

NGF—nerve growth factor—binds to a protein called trkA—trkA has a very stormy route
in therapeutics—people argue it’s key to stopping neurons from degenerating—is 
involved with keeping them alive, discovered by rita levi-montalcini, who is now in her 
90s and the rumor was that in a farm basement in Italy in world war ii she conducted 
experiments where she took neurons from the spinal cord of a chick (like a chicken kind 
of chick) and noticed that they lived better in a petri dish when muscles were nearby
She gave us the neurotropin hypothesis that all neurons have a track-type receptor and 
when they hit a target they pick up a signal from the target, and say ‘I’m on a target’ and
they live. It’s like a handshake to say “you may stay alive”—we know when NGF binds 
track a it goes down through three receptors, pi 3 kinase, ras pathway, and 
phospholipase c
All three signals tell the neuron to stay alive, stay a motor neuron, and stay growing and
neuronal differentiating
When neurons bind a target, more than one neuron gets there, and they start sucking 
up as much NGF as possible to decide which neuron will live—only one neuron lives, 
and it pumps out poisons to other neurons there—these things are all activated by the 
same receptor, and the levels and the ratios of these three, pi 3, ras and plc, are what 
decide what’s going on—it’s not that amount, or turning them all on or off, it’s a 
modulating level

Specific Neurotransmitters
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Remember the major vesicle systems for neurotransmitters:

Two major vesicle systems
1. Small molecule
Small chemicals like serotonin, glutamate, acetylcholine
Most of our thinking goes on with these, they're easy to make, they diffuse fast
They're inside vesicles made up in the cell body in the endoplasmic reticulum that are 
transported down the axon to the junction
The transmitters themselves are made down in the axon
They are fast, travel short distances
Fast thought
Neurotransmitters would be your fast pain like you stab yourself with a pin real quick
2. Peptide neurotransmitters, big proteins
They are made by gene expression up in the cell body--they are slow, released under 
more specialized circumstances--packaged up in the cell body and then brought down, 
they travel long distances
Substance P--released from pain-sensing neuron that's activated for a long time, it's 
what becomes chronic pain instead of fast, stabbing pain
It's why it stays hurting for a long time after you keep stabbing yourself for a long time
If you fire low-frequency, low calcium, only the small neurotransmitter vesicles fuse with 
the membrane and fire and release their information into the junction
If you fire high calcium, high frequency stimulation, the larger peptides' vesicles can 
then fuse
Many neurons have these two modes--fast chemical neurotransmitter for low frequency,
slow peptide for high frequency also
So there are pain neurons that can just tell you you have pain by releasing those 
neurotransmitters--that's when you're hurting from an initial cut--but if you have chronic 
pain they'll just go ahead and activate the peptides, keeping the synapse on--that's 
when you're sore from your cut that happened yesterday
Two major kinds of chemicals through here—small chemicals, neurotransmitters 
designed for fast info transfer, and the large chemicals, the peptides synthesized from 
genes expressed up I nteh cell body and sent down to the end of the axon after 
packaging up there, and they’re the slower ones. Peptides are transported fast down 
the axon, because they’re made up in the nucleus and sent down. The cell can make 
new peptides by controlling gene expression up in the cell body in the nucleus, but 
neurotransmitters are regulated and controlled down on the end of the axon.

Studying the vesicle cycle
You can bathe the nervous system in a dye and tag it in a particular way
You put this around the neuron, and the vesicles, when they fuse, have to be re-
endocytosed. Clathrin is their protein scaffold, and it has to re-close and pinch off--you 
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have to get that vesicle off to re-fuse it
Major rate-limiting step 
Because you have to get the vesicle back in, re-charge it, get it back up to the 
membrane ready to go again
So you can see when the vesicles re-endocytose, how they bring the dye (horse radish 
peroxidase) into the cell
You can see the dye go back up into the synapse, and you can actually, if you put 
enough dye, see it go all the way to your spinal cord or cortex
This kind of dye-ing is how we work out the vesicle cycle
Docking/priming/fusion/building (re-endocytosed)
A minute is very long, and it takes about a minute to get those vesicles to re-cycle
This might be the bottleneck, some people argue that this limits how fast we can think
We just make a lot of vesicles to try to be around this--multiple neurons, so we can use 
one or the other, the spare is re-charging, or we have a lot of vesicles so there are 
always some primed, but whatever we do to get out of it, this is still the rate-limiting 
step.
G-camps are proteins that glow a little, but glow more around Calcium--so now you can 
light up the nervous system according to activity and watch synapses fire in a live 
animal
This is how folks will decode nervous systems in the future, says teacher

Tetanus toxin is lockjaw--you get paralyzed because some proteases eat your 
syntaxin/synaptobrevin so you can't make your vesicles fuse and stuff
Botox is a similar toxin, 1 molecule of botox kills a synapse, and people inject that into 
your face--if they get it wrong your'e dead--the idea is that it also cuts off 
syntaxin/synaptobrevin at certain cell boundaries

from Dr. Noel part starts here

Second messenger review:
Calcium comes from endoplasmic reticulum, IP3 receptors, ryanodine recpeotors, 
voltage gated calcium channels, and other channels. Its target is calmodulin, protein 
kinases, protein phosphatases, ion channels, synaptotagmin, and other binding 
proteins. It is gotten rid of by putting it back in endoplasmic reticulum, into mitocondria, 
or into plasma membrane sodium/calcium exchanger.

Cyclic AMP comes from adenylyl cycliase acting on ATP. It acts on protein kinase A and 
cyclic nucelotide gated channels. It is removed by cAMP phosphodiesterases.

Cyclic GMP comes from guanylyl cyclase acting on GTP. It acts on protein kinase G. It 
acts on cyclic nucleotide-gated channels. It's removed by cGMP phosphodiesterase.
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IP3 comes from phospholipase C acting on PIP2. It acts on IP3 receptors on 
endoplasmic reticulum (to release calcium). It's removed by phosphatases.

DAG comes rom phospholipase C acting on PIP2. It acts on protein kinase C. It's 
removed by various enzymes.

Nitric oxide synthase acts on arginine to make nitric oxide. Nitric oxide tries to hit 
guanylyl cyclase. It's removed by spontaneous oxidation.

Pretty much all neurotransmitters come from amino acids. You want to keep your 
neurotransmitters away from your ribosomes for this reason so they're usually kept and 
dealt with in the nerve terminal. (Only peptide neurotransmitters are made in the 
ribosome)

Neurons tend to make specific neurotransmitters. A neuron that makes glutamate, is a 
glutamatergic neuron, and its post-synaptic partner will have receptors for that, not for 
GABA.

Catecholamines, histamine, and serotonin are all biogenic amines. Tyrosine, histidine, 
and tryptophan are their pre-cursors.

DOPA looks like tyrosine because it is pretty much tyrosine. Catechol refers to the R 
group on the tyrosine. DOPA is tyrosine basically and then you add an OH on the beta 
carbon and take off the COO- and you have dopamine.
Norepinephrine is OH on the beta carbon from the COO negative--but BAM the COO- is
gone and norepinephrine
Tyrosine got hydroxylated and that's the most important step is tyrosine getting 
carboxylated to become DOPA
Scratch that
Most important is tyrosine gets an OH on its benzene ring and that'd SOPA
tyrosine doesn't have an OH on it
DOPA has an OH on it because of tyrosine hydroxylase.

Check slide 5, 6, 7, 8

Sodium-depndent transporters on the presynaptic neuron clear up the remaining 
catecholaimines..mots nuerotransmitters are re-cycled back into the pre-synaptic

Cocaine prevents dopamine trnasporter from taking it out of the synapse 
Meth salts also do that and prevent re-uptake 
Dopamine is your reward circuit
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All addicted behaviors are related to dopamine release 
When you figure something out you've been struggling with in studying and you've been
studying for a while and you figure it out you get a little puff of dopamine release
Meth literally kills the post-synaptic neuron with too much overstimulation for too long

The order of monoamine oxidase and catetchol-O-methyltransferase in catabolizing 
catecholamines is not important. The point is monoamine oxidase takes off the amino 
group, catechol puts a methyl group on the second oxygen of the DOPA ring thing

When you degrade dopamine it makes homovanillate. That's what you'll see in their 
urine if they have too much dopamine. Pheochromacytomas can make people make 
this in their pee. But also drugs.

Norepinephrine makes vanillylmandelate as its degrade. You do the same thing, with 
MAO and COMT methyl transferase
Lots of homovanillate in CSF means metabolic or oxidative problems degrading 
dopamine in the brain.

Histamine
Made by a decarboxylation. You just decarboxylate histidine. 
Arousal, attention, so antihisamines in the CNS can make you drowsy. A transporter 
removes them, and it's not recycled, only metabolized, 
a MAO and methyltransferase degrades it.
In the CNS it's more a methyl transferase first and then MAO and adlehydre 
dehydrogenase, while in periphery it's broken down with a diamine oxidase and 
aldehyde dehydrogenase.
Histamine is important because it's so non-specific—it does SO much things for the 
people with allergies and stuff, ahs so many affects on so many things, look at table 
because different receptors hit 
Neurotransmitter receptors on lots of immune cells. Your brain communicates with your 
immune and other systems, histamine is a good example because it hits your brain but 
also hits all your receptors in gut and immune system and all kinds of stuff. It's like the 
coordinating drug thingy thing. What we need is more selective antagonists that hit only 
the specific receptor and not just block all histamine in eenreal. You have to worry about
durg-drug interaction with monoamine oxidase inhibitors and natihistamines—you don't 
want to impact the monooxidase stuf when that's going to hit your other 
neurotransmitters. That's another problem about drug specificity. 

Serotonin comes from tryptophan
Melotonin comes from serotonin
Trypotan 5 hydroxlyase is the rate-imiting enzyme for making 5 hydroxytryptophan and 
then you just take way a carboxyl group to make serotonin. That last step is done by 
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aromatic L-amino acid carboxylase but the one before it is more important 
Important in arousal and mood
Transported and degraded into 5-hydroxyindoleacetate is present in urin and you can 
suspect tumor. Once it's trnasported it's no longer active ...that oculd be a carcinoid 
tumor making too much
We don't know why it's so important in depression and apeptite and sleep and stuff
In the gut serottonin in enterochromaffin cells helps your intestine move, and in the 
heart it makes your cardiomyociyte growth so too much is right heart disease and too 
much is also tyrpotphan depletion and niacin deficienty because it uses up all your 
niacin and that can cause pellagra (dematitis dementia diarrhea)
Anti-depression drugs
LSD is an analog of serotonin, so is mescaline
Tricyclic antidepressants keep your from uptaking norepinephrine and serotonin, you 
can't use them too long ,side effects, addiction
Fluoxetine and sertraline are more selective inhibitors and less side effects
MAO inhibitors hit both serotonin and catecholamines 

To make melatonin you just move na acetyl gorup and methylate an oxygen 

Ach is not a biogenic amine
It is something else
Normally things are transported up, and then degraded in cell, but AcH is actually 
degraded IN the synapse 
It's made by Acetyl CoA from glycolysis. 
Choline acetyl transferase makes it by transfering the acetyl coa to choline.
After you spit it out, the Choline is recycled, the choline part keeps getting renewed and 
take nback into the presynaptic cell through sodium choline transporter. But before that, 
it was broken away from the acetyl by an acetylcholineesterase which leaves it as 
acetate and choline choline's recycled
In Alzheimer's you have reduction of this for some reason 
Nicotinic receptors can be desnsitized when they overstimulate?
Myasthenia gravis....
Atropine blocks muscarinic recpeotrs and that's bad that poisons your synapse 
But
There is a bioweapon called diisopropylflourophosphate that is also an insecticide that 
lets your synapse oversimutlate by keeping acetylcholine from getting taken up. It 
blocks acetylcholine esterase so it can't degrade acetylcholine and then you die 
You can use atropine to counteract that. You stop the overstimulation by blocking the 
recpetors a little with atropine 
Poinson versus poison so cool

Glutamate is good for learning in CNS 
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It is an excitatory amino acid 
It is made in the terminus
It is most important neurotransmitter for brain function for learning 
NMDA and AMPA receptors are ionotrpic but there are also metabotropic ones 
It will not cross blood-braien barrier 
Lots of neurodegenerative disease are because of cytotoxicity to glutamatergirc 
neugrons because interference of trnasport or something you don't want free glutamate.
You deaminate glutamine to make glutamate that's glutaminase htat does that
Glutamate in the synapse ahs a vefry short length of time because nearby glia and the 
presynaptic neurons have really fast uptake transporters thatsuck it back out of the 
synapse. Back in the glial cell and stuff it's turned back into glutamine via glutamine 
synthetase. Glutamine is pretty safe to have. So it's not purely recytlced, it bounces 
between glutamine and glutamate all the time. 
Glutamate is a precursor for GABA

GABA and glycine are your big inhibitors, 
GABA is decarboxylating glutamate. 
Glycine is just an amino acid that is really small and the smalelst and cutest amino acid.
Glucose can turn into serine to make glycine if you want
GABA a and GABA b
GABA a is increased in actionby diazepam and barbiturates 
diazepam is valium remember you silly head 
GABA b is g protein and doesn't care about valium
Gaba a is ligand gated 
main difference between gaba-ergic and glutamatertic neuron is presents of glutamate 
decarzxoylase to take off that carboxyl group. 

Opioid receptors 
morphine is most effective pain killer in the world but it's got central effect and it can 
make you stop breahting and stuff and it can have tolerance and addictiona dn 
constipation and withdrawal
It slows down GI motilit8 is what it does 
Mu is the recpetor for it
People are trying to modify morphien so it's better but it all ahs the addiction and 
tolerance problem 
Can we make the receptor change so naloxone is an analgesic 
Wait what is naloxone 
So you can use that instead of morphien and avoid addiction and tolerance and stuff 
Oh I get it
That's exciting
Just this past month they're trying to put opioids into nanoparticles and targer them 
sepcifically to central nervous sytem to avoid the constipation and stuff
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Nitric oxide comes from arginine 
it's a gas and its very reactive 
nitric oxide synthetase has a p450 type heme group 
Okay what's the deal with p450?--from Dr. Noel

Serotonin and GABA decrease aggression. 
Dopamine increases it, and cocaine tends to increase dopamine.
Opiates like heroin tend to reduce aggression, as do sedatives like benzodiazepines 
and barbituates.

Ach is excitatory, precursors are Choline and acetyl CoA, the rate limiting step in 
synthesis is CAT, and it’s removal mechanism is AChEase. Its vesicle type is small and 
clear. Main currency for your neuromuscular junction. Also in your brain, really poorly 
understood, first ones to blow out in Alzheimer’s disease, might be some kind of 
cornerstone neuron, a lot of drugs associated with it to try to fix the disease haven’t 
worked. It’s made very rapidly so you can use a muscle over and over again. Ligand-
gated ion receptors are mostly what receive this—most important, is nicotinic Ach 
receptor. Nicotine does very little at your neuromuscular junction, tends to affect your 
brain more. The most addictive substance known to humans, but people don’t really 
know how it affects your brain, just that it works at the AcH nicotinic receptor. Most 
accessible part of this pathway is removal—when it’s spat out, Achesterase—tehre’s a 
ton of it sitting there—removes Ach from the system and breaks Ach down into acetate 
and choline right away. Lots of things target this—nerve gases, sarin, etc, that block 
ACHEase, which means your muscles stay on, lock in place, and you die pretty fast. 
Box 6A shows neurotoxins that tend to block that enzyme. You can’t even tell you’ve 
been stung by that shooting snail, and you just die right away. Ach depolarizes post-
synaptic membrane by opening this nACH receptor and letting sodium rush in. 
Myasthenia Gravis and a whole bunch of other diseases happen when you don’t get 
good signaling at these neuromuscular junctions, and the muscle starts to waste away.
ACH
Muscarinic recpetors increase potassium current in cardac cells and some neurons 
which can actual cause inhibition, but in many other neurons muscarinic recpetors drop 
the potassium current and cause excitation. 
A presynaptic muscarinic recpetor will sense the Ach is there and lower the calcium so 
you can have less neurotransmitter release (feedback system)
ACH modulates the pons in sleep-wake cycles in arousal and attention.
It also helps with memory in the basal forebrain and in alzheimer's we get a loss of 
basal forebrain cholinergic neurons.
Antimuscarinic-induced delirium—your memory is weird and wrong because ACH was 
triggered
if you lose dopaminergic neurons you can correct it by increasing dopamine or reducing 
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muscarinic effects (muscarinic recpeotrs fight dopamine in the striatum in parkinsons)
a congenital myasthetnia is when there's am utation in your nicotinic channels and they 
don'twork.
Autosomal frontal lobe nocturnal epilepsy also happens if nicotinic channel is mutated

Glutamate is excitatory, precursor is Glutamine, Rate limiting step is Glutaminase, 
removal is transporters, type of vesicle is small, clear. Main amino acid excitatory 
neurotransmitter. Main excitatory neurotransmitter. VGLUT means vesicle of glutamate 
protein, specific protein that loads glutamate into vesicles. There’s a transporter, an 
excitatory amino acid transporter, that sends glutamate into the glial cell after you’re 
done using it, where it gets translated to glutamine, and then it gets sent BACK into the 
axon-neuron-cell, where it’s made into glutamate by glutaminase again. This is the 
glutamate cycle. Sometimes you have excitotoxicity, where this is spinning out of control
and you have too much glutamate (instead of in glutamine form), and this is what 
happens in a stroke—if you have the beginning of the stroke, it’s just gonna be a little 
piece of the brain that’s gonna be damaged no matter what, but this excitotoxicity 
causes all the area around it, like a plum-sized bit, to start to be poisoned, that’s why 
you get stroke victims to the hospital right away so you can give them drugs to stop this 
cycle. NMDA and AMPA receptors—NMDA has a slower effect, longer effect, AMPA is a 
quick spike. Those usually add. The size of that long curve tells whether the synapse 
will grow a little. Figure 6.7 The subunit composition of NMDA changes as you get older,
so you have less ability to form memories as you get older. Aside from drugs altering 
glutamate cycle, the only drug out there is ketamine—associated with street drugs that 
can cause permanent psychosis—on infants you can use these drugs—can’t really play 
with this
Signalling at cerebellar parallel fiber synapses
Metabotropic Glutamate receptor is gonna hig Gq, which affects plc, which activates 
pip2, which shuts down the AMPA receptor which causes long-term depression or 
turning off of that receptor—turning off a synapse is info just as much as turning it on is
When neurons get a certain level of glutamate they turn themselves off
glutamate is I guess ultimately made from glucose via the krebs cycle (since htat's 
where glutamine, its precursor comes from pg. FIXAL) and its release is calcium 
dpendent. It's got fast transmision receptors NMDA and AMPA and kainate, and slow 
transmission, or metabotropic g-protein coulped IP3 and Ca+ transmision. The fast ones
are all cation channels and their agonists are how they're named.
Most everyone has both NMDA and AMPA receptors...you keep NMDA blocked with 
M2+ and you needto expell the MG2+ so calcium and sodium can get in and potassium 
can get out. AMPA receptors are the first depolarization to get the voltage right so the 
MG2+ leaves the NMDA receptors. This is long-term memory stuff we get to in a 
second.
Excitotoxicity of glutamate receptors is in alzheimer's disease, too.
Too musch stimulation and too much calcium in glutamate influx can cause neuronal 
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damage nad neurodengeration and htis may have something to do with strokes, ALS, 
leu gehrig's disease, multiple schelrosis...these aren't only memory, they are also 
everywehre.
Antiepileptics block glutamate recpetors 
memantine or namenda bloccks nmda reeptors to prevent that excitotoxicity
so can you memory just bee too strong, too over-simtulated, and you just die your cells?
Well in alzheimer's you ahve lots of neurotransmitters affected so not everyone will beh 
elped by namenda
more ampa receptors means faster turning on of NMDA receptor so if you want to 
strengthen a memory you put more ampa receptors on that synapse to turn on your 
nmda receptor 
a stroke can disrupt your sodium potassium pump and that can hurt your sodium 
coupled glutamate trnasporters so you don't uptake glutamate very well and you ahve 
incrased synaptic glutamate and cellular death
ketamine blocks nmda receptors and you can use that to keep from nmda being 
stimulated 
pcp or angel dust is also an antagonist that can reduce nmda receptor activation and 
cause hallucinations
normally glutmatate excites your inhibotyr neuron, and then in response the inhibory 
neuron might say “okay that's enough”and inhibit your excitatory neuron. But in 
schizophrenia, it never notices that you're getting too excited—you just keep excited 
and exciting the inhibitory neuron, but it doesn't do it's job and the excitatory neuron is 
never inhibited

GABA is inhibitory, precursor is Glutamine, rate-limitng step is Glutaminase, removal is 
transporters, vescicle type is small, clear. Main inhibitory signal. Look up like 30% of 
meds might be hitting either GABA or Glutamate (ask pharmacist about Gabapentin). 
GABA also has a specialized transport to get it into its vesicle. All chloride channels 
triggered by it. GABA-A goes through ligand-gated ion channels, if we have extra 
chloride outside the cell, deficit inside the cell—early neurons, embryonic neurons have 
the opposite, whole sign is wrong in early nervous system, no one knows why that is—
it’s a little more negative, so chloride wants to run into the cell, and that’s how it 
hyperpolarizes the cell or inhibits it. A chloride pump keeps the chloride imbalance up. 
Anti-convulsants and depressants and valium affect anti-convulsants. Barbiturates and 
benzodiazepine enhance the function of the receptor. A drug can be a blocker, or an 
agonist—if you take valium, you increase inhibition in brain, increase function of GABA, 
and it makes you mellower. Alcohol has a binding site in the GABA receptors, too. 
Alcohol and valium will work together to give you excess inhibition and kill you. There 
are date rape drugs also in this class. These receptors also bind steroids, so there’s a 
difference in men and women health because of those binding sites.
In the early developing brain, GABA is excitatory.
Gabapentine—is also calcium dpendent release and vesicular storage and stuff. It's 
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reuptaken into nerve terminals and astrocytes and stuff
vitamin b6 is the coenzyme for turning glutamate into gaba. 
Gaba transaminase metabolizes some GABA and you can inhibit it to treat epilepsy...
GABA-a receptors are fast ion channels
they have ltos of sites where you can modulate them. Of course ther's the normal site 
where gaaba binds, but ethanol and barbituates bind to another site, and 
benzodiazaprine binds to another site, and in general you can treat disease of GABA 
receptors by hitting those areas. Barbituates include phenobarbital. You can use those 
GABA sites to try to treat various problems like insomnia and other stuff.
GABA b are slow and G-protein coupled and less calcium inhibits them of course. 
Baclofen reduces muscle spascms by making more inhibition in spinal cord by binding 
to GABA b receptors and turning them on to inhibit things.

Glycine is inhibitory, precursor is serine, rate limiting step is phosphoserine, transporter 
is removal mechanism. Vesicle is small and clear
They are ligand-gated ion chennels for their receptors
the strychnine poison blocks glycine receptors and is awful it makes you have muscular 
convulsions and death via exhaustion and asphyxia and you blocked glycine in the 
spinal cord from all your crzy lack of inhibition.
Glycine works by letting chloride get into the neuron and hperpolarizing the neuron.
If there's a mutation in the receptor you get hyperekplexia where there isn't enough 
cloride to get in and not enough inhibition and so you are very stiff, and you startel al 
lthe time for no reason because you don't have your normal inhibition of startle effect. 
Tetanus toxins prevent glycine and gaba from getting released in the spinal cord by 
cleaving those SNAPs and stuff and that's why you get muscle rigidity.
Some antipsychotics cause hte opishotonos the tetanus toxin tone of muscle rigidity 
glycine is mostly in spinal interneurons and some brain neurons
it is made from serine, stored via glycine trnasporters, release depends on calcium of 
course, and it's reputaken by nerve terminals and neighboring astorcytes. Mutations in 
those transporters can cause hyperglycinemia which makes you retarted and lethargic 
because too much glycine stimulation and that's neonatal development problem

Those are all really excitatory or inhibitory.
The ones that follow are really modulators. Like when you have a perfect snapshot of a 
car accident because the signal is long and hard by serotonin release being modulated

Catecholamines like adrenaline—dopamine, neuropinophrine, epinephrine-- are 
excitatory, precursors are Tyrosine, rate limiting is tyrosine hydroxylase, trnasporters are
MAO, COMT. All derived from tyrosine, reduced to DOPA, then dopamine, and 
dopamine can be converted to norepinephrine and epinephrine. The movie Awakenings 
and a whole bunch of clinical treatments from the 50s are from Parkinson’s is derived 
from the neurons that make dopamine die. Dopamine is involved in selecting motor 
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patterns. Feeding people DOPA boosts the amount of dopamine in them, and you can 
cure Parkinson’s for a while until all the neurons die and there’s nothing for DOPA to 
affect. The movie Awakening is about kids in a coma who are woken up by DOPA-
feeding. L-dopa is the name of the drug I think? 6.10 No evidence that you can eat 
dopamine and affect your dopamine levels. Epinephrine is one of the main 
neurotransmitters of your autonomic neurosystem (your unconscious). Made by a small 
set of nuclei in the brain, and no one knows what function they have otherwise. There 
are lots of drugs that we know work, but we don’t know why or what they’re actually 
affecting
The locus coeruleus is in the brain stem, sole source of norepineprhine in the brain.
Dopamine comes from this black substance area the substantia nigra and ventral 
tegmental area. It gets smaller all the time, and when it gets down below a certain 
volume you can tell the person has Parkinson’s
The pleasure spot is affected by dopamine (cocaine, orgasms)
Also the basal ganglia that decides what actions you do
Torrettes is when there’s too much there in your basal ganglia, too much bad muscle 
choices, so you gotta block the dopamine receptors there to fix that

You can deplete your tryptophan and then lose serotonin, and get depressed.
Serototin has tryptophan as a precursor. It’s rate-limiting step is tryptophan hydroxylase,
removal is transporters, MAO. Made from raphe nuclei, small set of neurons that 
innervate the entire brain

Tyrosine hydroxylase—a lot is known about this because like 5% of neuroscientists care
about parkinson’s, and tyrosine hydroxylase is the enzyme that makes dopamine, 
looking at how that’s regulated is very important, and it’s a very interesting signaling 
pathway about how the cell maintains just the right amount of neurotransmitter
The main pathway that people look at is when a dopaneurgic neuron fires it releases 
dopamine, and you also have calcium coming in from your voltage gated calcium 
channels
That calcium actiaves protein kinases, mostly protein kinase c, and that phoshporylates 
the enzyme tyrosine hydroxylase—which increases catecholamine synthesis—
increasing how much dopamine is made—it’s a positive feedback system
The neuron matches how much neurotransmitter it needs to how often the neuron is 
firing
On the pre-synaptic junction there’s a dopamine receptor that tries to balance this, so 
we get a negative signal too, to keep things from going out of control
carbidopa treats parkinsons by trying to keep dopamine around longer 

PUT THE ADRENERGIC RECEPTOR STUFF HERE ISH?
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Lots of MAO in your liver and kidney, also lots of COMT, all breaking down your 
pinephrine and norpeinephrine.
Eldepryl and slegine also blocks MAOb for parkinsons to increase dopamine levels
After you break down NE and EPI you have MHPG and VMA, dopamine makes HVA

The locus ceruleus uses the most norepinephrine anywhere, and it uses that to keep 
you awake and attentive and sleep cycling. ADHD and nacolepsy are treated with things
that are like norepinephrine actually those amphetamine-like compounds 
amytryptline blocks reputake of norepinephrine so ther'es more in the synapse and you 
have tricyclic antidepressants 
adrengergic stimulating hypothalamus makes apeptite go down 
also inhibits pain in the spinal cord by exciting enkephalin-producing interneurons in 
your spinal cord wow
norepinephrine also strengthens your memory formations<--related to trauma

Dopamine is in many places. Tuberoinfundibular pathway from the hypothalamus to 
pituitary to affect prolactin syntehsis –too much dopamine in here makes you release 
too much prolactin—clinically how to distinguish from the prolactinomas in the pituitary?
in the nigrostriatial pathway from substatia nigra to striatum regulating motor planning 
and execution 
in the mesolimbic pathway, from the ventral tgmental area to the nucleus accumbens to 
regulate goal-directed and reward behavior –important in drug addiction pathways
mesocortical pathway from VTA to the neocortex 
also VTA to accumbens to cortex which is limbic and addictive processes—too much 
dopamine in the mesolimbic pathway makes addiction
dopamine beta hydroxylase is what makes dopamine neuron different from adrenergic 
neuron. You usually also have D2 receptors on your presynaptic dopamine releaser so 
you can modulate your dopamine rleeease. They've also idneitified D3 recpetors. 
Of corse parkinson's this is important, also in huntington's chorea, neurodegenreation of
striatal GABA-ergic neurons means you have too much dopaminergic activity in the 
nigrostiratal pathwy and you get hyperkinetic acitivitis where you can't sotp moving 
in schizophrenia there's a theroy or dopamine hypothesis that too much dopamin in the 
mesolimbic or mesocortical pathways are making you be over activating up in yoru brain
and having delusions and hallucinations
on the other hand you may have not enough dopamine in your coticoal-subcortical 
circuits and there you might need help because those problems cause alogia, avolition, 
anhedonia, and sociiality, which are negative synpmtoms. So on one hand you want to 
block the D2 receptors, but on the other hand you need to wake up the D1 receptors.
You also need cognitive behavioral therapy for the hypofunctional PFC and 
hypofunctional frontal-subcortical circuits that are causing attention deficits and working 
memory dysfunction 
wow schizophrenia is complicated
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a lot of antipsychotics hae a lot of side effects related to dopamine

catecholamines work a lot in the ANS

Serpasil used to depress your neurvous system so much that you couldn’t be anxious 
anymore, inhibitin serotonin reuptake
Breakdown: Most of the amines are broken down by monoamineoxidase—MAO—the 
inhibitors of these are a big class of antidepressants, because they make you feel better
by increasing the amount of serotonin screwing around in there, opposite of serpasil
Reuptake: Classic drugs that block DAT—cocaine—NET—tricyclines—serotonin 
specific reuptake inhibitor—fluoxetine of Prozac. You get a lot of vomiting side-effects 
from blocking NET. But if you block SerT more specifically with fluoxetine or Prozac, it’s 
better. If you block re-uptake you will have more serotonin floating around so you will be
less depressed
LSD hits one particular serotonin receptor
Carlos Casteneda, teachins of don juan, found every kind of plant or drug that native 
Americans said were psychoactive, and then ate them all
Jipsum weed affects a bunch of these pathways, take just the right amount and you die

in contrast or whatever
trypthophan hydroxylase is the rate-limiting step in making serotonin. SSRIs block 
serotonin re-uptake.
There are 14 different subtypes of receptors for serotonin, so lots of different effects 
in panic disorder and depression and obssessive-compulsive disorder we give SSRIs
imitrex treats 5-HT agonists and fights 5-HT and prevents migraines 
presynaptic 5-HT receptors block vasodilatory peptides and postsynaptic 5-HT 
receptors cause direct vasoconstriction 
pain perception in your spinal cord—5-T and serotonin from platelets can stimulate pain 
sensory nerve endings so you feel pain. It also can stimulate enkephalin neurons in the 
spinal cord?
What does enkephalin do, does it cause pain or inhibit pain 
5-Ht receptors for schizophernia atypical antipsychotics blcok serotonin 
LSD is 5HT agonist and ecstacy induce 5HT release

Histamine is precursed by histidine, rate limiting step is histidine decarboxylase, 
transporters are the removal mechanism. Lots of allergies, controls inflammation. 
Released from hypothalamus, we don’t know what they actually do, but we know they 
do different things in different people. A lot of the side effects from allergy medicines 
crossing the blood-brain barrier
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ATP is preceeded by ADP, of course, and it’s rate limiting step is mitochondrial oxidative
phosphorylation; glycolysis. It’s a purine that was discovered by the University of 
Virginia, a lot of folks put a lot of receptors on the map that turn out to be very important,
used to be thought just energy, but actually they leak out of the cell.

Found a really good flash card set for neurotransmitters: 
http://www.flashcardexchange.com/mycards/view/2327677

Neuropeptides—brain-gut peptides like substance p, etc, affect brain-gut relationship
Opioids block pain from spinal cord to make you feel good
Pituitary peptides control things like blood pressure
Hypothalamic peptides control hormonal cycles and mood
Miscellaneous, remember neuropeptide y, they’re trying to make a nasal spray for GIs 
that will block out bad traumatic memories
Specific neuropeptides you can knock out and then mice don’t care about their young
neuropeptide recpetors are G-protein linkes, slower and longer-lasting effects than 
small neurotransmitters, co-transmitters are packaged in same terminals and same 
vesicles and neuropeptides are often released with small neurotrnasmitters to affect 
their effects 
neuropeptide y keeps sustianed vasoconstriciton, while norepinephrine works with 
short-term vasoconstriction 
tissue damage makes serotonin, bradykinin, histamine, potassium,  come out and 
activate pain, prostaglandins, too. C fiber termiansl have substance P which is a 
neuropeptide

CCK-A hits your hypothalamus and promotes satiety
But CCK-B makes anxiety and panic attacks 

neuropeptide y 5 in your hypothalamus makes you hungry and overeat and obese

Memory

So, let's talk about synapse remodeling.

In memory, synaptic transmission turns on a long-term potentiation. When the pre-
synaptic neurotransmitter turns on NMDA receptors, they start a cascade that 
promotes a change in the neuron, creating new synapses that will always be ready for 
signaling. This is memory! You make new connections that stay around long-term in 
response to a bunch of strong EPSP that say “this is very important, hold on to it.” 
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There's also long-term depression. You can have gotten enough inhibitory signals that 
the cell is told to stay off permanently. The secondary messanger calcium influences the
pre-synaptic neuron to make a depression through mGluR7, which makes you liberate 
less glutamate, which makes long-term depression of that pre-synaptic nerve.

You can do calcium imaging with two-photon electron imaging. You can see how the 
synapsis changes depending on the signals you give. 

Retraction of spines with withdrawal of estrogen; epilepsy can happen; hippocampus 
during menstruation means more spines growth; end of menstruation loss of estrogen 
and progesterone they lose the spines

How does the brain remember things?
Fast Synaptic plasticity
1. Synaptic facilitation--the more you run, you'll find you start working better and better--
your muscles work better as you go on. That's presynaptic CA 2+ stays high after firing--
bascially you're firing the neuron again after the first firing
Big increases in your muscular power over a short time
We don't know if this works in the CNS
Short-term trace of what just happened
2. Transmitter depletion (synaptic depression)--short-term trace of what just happened
If you fired it really quickly, your excitation spikes start to increase (that's because of 1) 
and then when it runs out of neurotransmitter you get depression, and that's what this is,
#2--it's a slow depression as you run out, figure 8.2
3) Synaptic potentiation/augmentation: changes in presynaptic proteins--changes in the 
shapes of how neurotransmitters are released--fundamental changes in neuromuscular 
junctions, poorly understood, maybe be for long-term memory. In 8.2, this is the last 
spike--the spike 30 seconds later that has a slightly different shape

Model system
When you touch a snail antennae, it pulls in--then comes back out--you touch it again--it
comes back out, but not as much--after about three or four times it doesn't come back in
anymore--that's kind of like initial ignoring sensation just like how we put a shirt on, feel 
it for the first few seconds, and then start to ignore it
You can teach the snail also that when you touch its antennae it's gonna get an electric 
shock
Two processes from this simple system
Habituation
Sensitization
Habituation means if you touch a benign stimulus--touch antennae--and do three or four
times in a row, and it doesn't do anything to it, it will learn to ignore you touching its 
antennae--when they decide they don't care
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Sensitization is when you train it to be shocked
It enhanced the sensitivity of that antennae to being touched
Sensitization blocks habituation
It'll remember that longer when it happens more often
These little animals in the wild are trying to remember where the crabs are, where the 
mates are, where the food is, etc.
You can see the circuit in 8.4
The sensory neuron doesn't change response, it always has the same response to the 
signalling--but the reacting neuron, the motor neuron, is the one that ignores (smaller 
signal over time) or sensitizes (big peak with learned electric shock)
Shocking the animal activates a neuron that releases serotonin, that ocmes on and then
affects the circuit--sends extra info to the motor neuron, which then tags the all neurons 
active in the brain that are attached to it--so, it tags the sensory neuron that told it it got 
touched
Anxiety syndromes happen when you get enhanced serotonin on the interneuron 
associated with the negative experience, making you tag things that shouldn't be 
characterized as traumatic
Metabatropic seranergic receptors in the sensory neuron activated by the facilitory 
interneuron (which is sending information from the tail shock), which activates memory 
at the post-synaptic junction between the sensory and motor neuron, which is the 
memory of the motor neuron
The animal over time will grow new synapses on the sensory neuron--that's protein 
kinase A getting into the nucleus, and over time you get even more enhanced 
neurotransmission
We have suppression abilities, because we have cognitive overlays that edit all this 
information, but they don't have that--so basically, the last time it gets shocked is going 
to hurt a lot more than the first time, because it grows more synapses

Seymour Benzer--one of the most interesting, colorful, wonderful people prof ever met, 
thinks world is a sadder place without him--did experiments on fruit flies, put them into 
tubes with blue light and green light--put them in with food, mates, etc in green light, and
then put them in blue light and shake them up and down angrily--well, when you shine 
blue light on them next time, they will run away. You can do it twice and they learn really
fast. You can switch the lights and they'll learn the new ones.
You mutate phosphodiesterase and adenlyate cyclase, and then they don't learn that 
well. They're stupid suddenly--it's a particular isoform of these associated with memory--
they also have all kinds of behavioral function
Male flies are born bisexual, but they LEARN to mate with females--then they decide to 
stay mating with females. Well, the ones that have mutations don't learn that--they just 
keep trying to mate randomly

The Wright brothers won their competition because instead of testing it and building it in
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one cycle, like the Europeans did, they built a wind-tunnel and did it 200 times--200 
tests versus 1 crash for hte Europeans

And so we use models, too

Rodent hippocampus 8.6
That's the temporary place where we store all the information.
When you sleep, that whole trace info gets moved out of the hippocampus into the 
cortex
Momento movie--a person whose hippocampus was removed--they only have 
information running through their brain in 2 or 3 seconds--they're constantly in 2 or 3 
seconds of moment, stuck in the absolute now--they have all old memories, nothing 
new
Schaffer collatorals/Ca-1 is wehre 90% of the work has gone on
Ca-1 pyramidal cell
We think this rodent model translates well
Tetanus means a whole train of signals--high-frequency train of stimulation
What you can do is stick an electrode into axon and give it a tetanus
The schaffer collaterals is a whole bunch of axons coming into the pyramidal cell, you 
can trigger one section, and see how it fires
If you give a tetanus t one, you can see if that'll enhance one synapse, but not the 
synapse in pathway 2 (Firuge 8.9)
That's how you find out that tetanus happens in only one locus of the pyramidal cell
After tetanus you get enhancement--very repeated signalling enhances the synapse, 
and there are the two traces from the other neuron, and they overlay each other
Which means it's site specific--long-term potentiation--only synapses at pathyway 1 
show LTP, it's synapse specific. The second site doesn't care, even though they're close
together.
You can also pair a pulse. in pair pulsing, instead of putting a tetanus, you fire the 
neuron, but you also fire the post-synaptic neuron at the same time--both pree and post-
stenaptic neuron, and that enhances the synapse--something about firing the post-
synaptic neuron at the same time, makes that synapse stronger
With tetanus, one becomes stronger, its neighbor doesn't
If the post-synaptic is polarized at the same time, they are both enhanced
We don't know, but the argument is that those two neurons, if they're on at the same 
time, you've paired two pieces of information. 
How does this work?
The presynaptic junction releases glutamate, and it goes through ampa receptors 8.10
The NMDA receptor has magnesium plugging the whole
All of your NMDA receptors are shut down, but Mg is released when post-synaptic 
junction is depolarized. So when you fire, AMPA releases sodium, depolarizes post-
synaptic spine, and NMDA pushes Mg out, and can now bind glutamate--so now they're 



Becoming Healers 925

open, and the glutamate's already used up
Now you're ready to fire but there's no glutamate
Unless the pre-synaptic fires really quickly again--NOW it would spit out, hit the NMDA 
receptor, and calcium would get in
Calcium measures the spike-frequency, Calcium is your p-signaller in this case
The other way this could happen--the other UNLESS--is the WHOLE cell is 
depolarized--which means the NMDA receptors are now ready to take in glutamate and 
calcium
Someone else depolarized, the cell's already depolarized, and now it's ready to form 
any memory--any synapse, any polarization, any information taht comes in while it was 
depolarized, means that event happened at the same time, and the neuron wants to 
record that
The NMDA receptor than releases all kinds of extra calcium, that causes vesicles 
loaded with AMPA receptors to fuse, and that means all kinds of AMPA receptors 
inserted into membrane--now the next signal is stronger 8.11 Basically makes it more 
senstive.
To rehash, NMDA releases calcium, goes into calmodulin II, goes through a cycle back 
to the nucleus to cause the vesicles to insert into the membrane--that makes the neuron
grow, because now there's extra cell membrane, so it's bigger and more sensitive.

silent synapses don't really transmit information, and have NMDA only--they acquire 
AMPA after LTP--it's like blank hard drive space ready to go

If you add a protein synthesis inhibitor during this process, you won't get the memories

The key is activation of CREB through protein kinase a--look at 8.14, see ca goes to 
calmodulin ii, goes to protein kinases, go to second-messanger systems, go to protein 
kinase a, go to creb in the nucleus, go to your ampa-receptor-vesicle joining/production 
to the cell membrane

Dead silent means it starts sucking ampa receptors out--long-term synaptic 
depression--they're all at an equilibrium--if you don't use your circuits, they are sucked 
out, lower levels of calcium cause ampa receptors to be re-endocytosed

In order to get LTP, you have to fire the presynaptic neuron ever so slighly before the 
post-synaptic neuron.
Serotonin enhances these--enhances negative memories, dopamine enhances positive

Kindling--stick an electrode in a mouse hippocampus and give it a seizure--you can get 
a jacksonian march that spreads as the signals start triggering other signals
The first time, the mouse has a seizure
The second time, now you have to do less to get a seizure
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The third time, it's basically just having seizures
It's memory--it's the LTP triggering memory--but it's not good. It's when it runs away--
enhanced NMDA-receptor activation
Some people who are prone to epilepsy are MORE prone to a seizure after they've had 
the first one, because of this
Children have a very strong NMDA receptor that does this--juvenile receptor is what 
makes you able to learn and remember faster, but also gives you more plasticity to a 
seizure

Spinal Cord Organization

Let's talk spinal cord. Review anatomy pg. FIXAL. Remember the tracts, or axons, are 
white matter, while the central canal is cell bodies that's gray. The gray matter looks like 
an H, while the white matter is divided into several columns around the H. You've got a 
dorsal column in the back, two lateral columns, and a ventral column.

In the back of the spinal cord, going into the dorsal column, you've got sensory roots. 
From the front, from the ventral column, you've got motor roots. The dorsal columns 
carry information up into the brain, while the ventral columns carry information down. 

The dorsal and motor roots join laterally to make tracts, which break out into your spinal 
nerves. The tracts are mixed, while the roots are pure. What? Well, for example you 
need sensory information on the front of your body, too, but those anterior sensory 
fibers come from the front, go into the tracts, and cross into the dorsal roots in the back. 
So all the sensory information from the front of your body goes through anterior tracts, 
but then connects to the posterior horn at the dorsal root. The dorsal roots are kind of 
special because each dorsal root has one nerve body in it—that's the dorsal root 
ganglion we talk about, and it's a unipolar nerve whose central axon goes up into the 
dorsal spine, and whose other axon goes through the spinal nerve we were just talking 
about (anatomy pg. FIXAL).

You divide the gray H-leg into little layers. They're not layers vertically, but horizontally, 
so stripes across from left to right. They're just segments of the H. Layer 1-6 is the 
dorsal horn, the ventral horn has layer 8 and 9, and between them, where the back of 
the H-leg meets the front, you've got layer 7. Each layer has different neurons. We will 
learn what all of these mean presently.

Layer 1 has the posteriomarginal nucleus.
Layer 2 has the substantia gelatinosa of Rolando because it's pale.
Layer 3 to 6 has the nucleus propius, which are the nerve bodies of the axons that go 
up the dorsal ascending tract, which is what we're talking about next.
Layer 7 is the intermediate gray zone. It's got 
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• associative neurons (to help coordinate between motor and sensory functions), 
• reticular neurons (the first neurons formed in development are reticular, which 

help maintain your alert state and keep you out of a coma; these live in all of your
CNS, but they're most common in the brain stem and in the spinal medulla in 
layer 7), 

• gamma motor neurons (more on these on pg. FIXAL), 
• the dorsal nucleus of Clarke from T-1 to L-3, 
• the intermediolateral grey horn from T-1 to L-2 (sympathetic preganglionic; lives 

very close to the outside of the H), 
• sacral parasympathetic nuclei (S-2,3,4, which is parasympathetic preganglionic), 
• and visceral sensory neurons (intermediomedial cell column; close to the cross-

over part of the H).
Lamina 8 is mainly associative neurons.
Lamina 9 is alpha and gamma motor neurons. Alpha innervate extrafusal muscle fibers, 
which are the muscle fibers that do muscular work. Gamma innervate intrafusal muscle 
fibers, adjusting those fibers all the time so those fibers stay taught and ready to sense 
stretch. (pg. FIXAL) Alpha motor neurons have huge bodies while gamma motor 
neurons have small bodies. The flexor neurons are more dorsal in layer 9, while the 
extensors are more anterior. I remember this because flexing brings stuff closer to the 
midline of your body, so the flexor motor neurons would have to be closer to the midline.
Remember this is still the ventral horn, both of them, because you're talking motor. And 
all the information from this layer 9 of nerve bodies is going down through the white 
matter axons in the ventral column, anterior to the H. Also important: the nerve bodies 
are also organized based on body height. Your extremities, and higher up in your body, 
all connect to the lateral parts of layer nine. More medial is your legs. So if you've got a 
tumor in the middle part of your anterior spinal cord, you'll lose leg motor function. If 
you've got a tumor in the lateral part of your anterior spinal cord layer 9, you'll lose arm 
motor function.

So that's the organization of the H. That's the grey matter. The white matter around it is 
what carries information up and down from the brain to the spinal cord.

Spinal Cord Ascending Tracts: Sensory

There are dorsal white matter chunks right behind the H, and anterolateral white matter 
chunks on either side of the H; both are axons carrying sensory info up to the brain.

The dorsal highway is much faster, like an advanced motor highway, and they've got 
purely specific sensory information—they go one way, and it's up. The anterolateral 
tracts are mixed, and they've got both ascending and descending tracts, and they're 
considered more primitive—think like a dirt road—and their ascending parts carry basic 
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stuff like sexual feeling, pain, and temperature.

Every bit of sensory information goes through three neurons. You get one neuron from 
the sensor, or receptor, to the DRG and into the dorsal horn of the spinal cord, all the 
way to the spinal medulla. Then you've got a secondary neuron, the tract cell. This is 
one that carries the information from the spinal cord or medulla oblongata up to the 
thalamus, the one that crosses over. The third neuron takes the information from the 
thalamus to the sensory cortex behind the central gyrus.

Pretty much all sensory info crosses sides at the secondary level. That means that if 
you feel something on the right side, it's the left side of your brain that's processing it. 
That means that if you damage the secondary neuron or third, you'll sense the problem 
on the opposite side from the injury, while if you damage the primary neuron, you'll 
sense the problem on the same side.

The dorsal root ganglia are organized by size. The medial division of the dorsal root 
ganglion's root is thicker fibers, more myelinated, while the less myelinated, thinner 
nerve axons are lateral. There's a small percent of the medial division, about 25 
percent, that go to the cerebral cortex for conscious appreciation. Another part of the 
medial rootlet enters and terminates on alpha motor neurons in layer nine of the anterior
horn! That's reflexes—the sensory information comes straight in through the DRG, 
straight to the alpha motor neurons, and triggers a response.

The lateral fibers, the non-myelinated fibers of those DRG, synapse in the lateral part 
of the grey matter as soon as they enter your spinal cord from your body to connect to 
new neurons. These new neurons are your secondary neurons, and they cross over 
from one side of the spinal cord over to the other side at a place called the ventral 
white commissure. Then their axons continue going up, traveling up just besides the 
lateral sides of the H, white matter all the way up until they synapse in the thalamus with
the tertiary neurons. This means that through most of the spine, through the pons, 
medulla, and midbrain, the information from the right side is carried on the left. If you 
damage this commissure, you'll sense the problem bilaterally—on both sides. This tract,
which crosses over at the spinal cord, and continues up through the anterolateral white 
matter of the spinal cord, is the anterolateral tract. It is also called the direct 
spinothalamic tract. It carries pain, temperature, sexual sensations, bowel and bladder
sensations, itch and tickle, and some vibrations and blunt pressure-touch. The reticular 
system (which we'll talk about pg. FIXAL) also carries a lot of this stuff, but only the 
anterolateral tract carries pain and temperature. 

Some of the fibers in the anterolateral tract stop short of the thalamus and stop a little 
earlier in the brain. These spinomesencephalic fibers are also for pain. They don't get
to the cortex: they stop at the amygdala in the mesencephalon and travel through the 
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superior colliculus and the mesencephalic reticular formation. But we're getting 
ahead of ourselves.

In the spinomesencephalic system the DRG comes in, synapses with its secondary 
neuron in layer 1-6 right away just like with the spinothalamic tract, and then that 
secondary neuron crosses over and goes up the spine. Some of the nerves go to the 
parabrachial nucleus, which is a relay in the pontomedullary junction that sends info to
parts of the thalamus. The spinomesencephalic tract also sends little collaterals off to 
the periaqueductal grey. The periaqueductal gray is the mesencephalic reticular 
formation. The neurons there can turn off pain. If you could stimulate these neurons you
could operate on a patient without anesthesia. It turns off everything. The 
periaqueductal gray is useful if you're in a very stressful position—you know, like when 
you're in an intense fight, or you take your kids out of a fire, or something else like that, 
where you get so intensely stimulated that you stop feeling pain. This isn't a good thing 
most of the time—and you'll feel pain afterwards—but it's a temporary superhero ticket 
for emergencies.

After you've passed the parabrachial nucleus and the periaqueductal grey, the 
spinomesencephalic fibers connect up to the superior colliculus. The superior 
colliculus is for centers of visual reflexes; it's what makes you look towards something in
obedience to another sensation (like an explosion in the hallway—you turn to look in 
response to the sound without even thinking about it). The fibers that are in charge of 
these visual reflexes are called the spinotectal tract.

By the way, as the anterolateral tract goes up, it gives off several collaterals throughout 
the brain stem and medulla that help you stay alert. Usually light epicritical touch doesn't
wake you up, but pain or large blunt touch wakes you up quickly, right? That's because 
the anterolateral tract wakes up your brain with those collaterals, while light, specific 
touch goes through a different tract. Those collaterals that wake you up are called 
paleospinothalamic fibers. In embryo, they develop before the rest of the anterolateral 
or spinothalamic system. You've also got spinoreticular fibers in this area, working with
the paleospinothalamic fibers.  Spinoreticular fibers aren't collateral like the 
paleospinothalamic. Spinoreticular fibers live in layer 7 of the spinal cord. They're still all
sensory and stuff, but they just don't go through the anterolateral tract. They ascend 
from anywhere, seemingly without organization, and they're diffuse. They start in layer 
seven of the spinal cord, and pass into the reticular formation, cross the midline and 
travel through the intralaminar thalamic nuclei and arrive up in the cortex. Again, 
spinoreticular fibers aren't collateral. The paleospinothalamic fibers are collaterals from 
the anterolateral spinal cord, and then they go to the reticular formation, following the 
same pathway up to the midline and intralaminar thalamic nuclei and up into the cortex, 
but starting from the spinothalamic tract. All the paleospinothalamic and spinoreticular 
fibers together are collectively called the spinoreticulothalamic system. They're all 
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pain response (emotional, endocrine, autonomic, motor) and attention.

So to summarize, you've got your lateral fibers coming in from the DRG, and they divide
in to the anterolateral tract, which includes the spinothalamic and spinomesencephalic 
tracts, and the paleospinothalamic fibers. Not all the lateral fibers of the DRG go into the
anterolateral system. All the lateral fibers together are called Lissauer's tract, and a lot 
of Lissauer's tract stays in the spine, either ending in their own segments or ending four 
segments above or below where they entered the spinal cord. They help talk to alpha 
motor neurons, neurons in the dorsal nucleus of Clarke, interneurons (for reflexes), and 
other stuff in the spinal cord like that. Similarly, some of the medial fibers in the dorsal 
funiculus of the spinal cord don't go all the way up to the brain; some of them just talk 
to other spinal cord segments above them, and some even go down.

Of the medial fibers that come into the DRGs, the 25 percent that does go up into the 
brain travels through the dorsal ascending tract. The axons of this DRG go straight up
without synapsing: They still haven't arrived at the secondary neuron yet. In the dorsal 
ascending tract the primary neuron carries the information most of the way, all the way 
up into the medulla, where it synapses with the secondary neuron. There in the medulla 
the secondary neuron crosses over. The cross-over is called the medial arcuate fibers, 
and it's equivalent to the ventral white commissure in the anterolateral tract. The 
secondary neuron is called the medial leminiscus. It carries information all the way up 
to synapse with the tertiary neuron in the thalamus. I said earlier that the secondary 
neuron is called the tract neuron. That means this medial leminiscus is the true “tract” of
the dorsal ascending tract; the primary neuron that comes before it, even though it's 
very long through the whole spinal cord, is not the real tract neuron. 

The primary neuron of the dorsal tract can either travel through the medial part of the 
dorsal tract, or the lateral part of the dorsal tract. The medial part is the fasciculus 
gracilis, and it carries information from your graceful legs—from your belly button 
down. The lateral part is the fasciculus cuneatus, and it carries information from your 
belly-button up. Like with the motor information from the anterior horn, the information 
higher in your body is more lateral, while the information from lower in your body is 
more medial. This is the opposite of the anterolateral tract organization. In the 
anterolateral tract, your sacral sensations are more medial, while your cervical 
sensations are more lateral.

We need to get a little more specific up in the brain though. The place where the 
fasciculatus gracilis gives the information over to the medial lemniscus is the gracile 
nucleus in the medulla. The place where the fasciculatus cuneatus gives information 
over to the medial lemniscus is the cuneate nucleus. It's important that the cross-over 
after these nuclei is at lower levels of the medulla oblongata. Then, through the medial 
lemniscus, the place where the medial lemniscus gives information over to the tertiary 
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neurons is called the ventral posterolateral nucleus of the thalamus.

This dorsal tract helps carry proprioception (location of your body parts), vibration, 
pressure, and specific, pointed touch. That's called epicritical touch, where you have 
two-point tactile discrimination. You can tell the difference between two sharp points 
close together, and one sharp point, because of your epicritical touch. If you draw on the
palm of someone's hand, and they can feel what letter you drew without looking, that's 
graphesthesia and that's also carried in the dorsal column through the medial 
lemniscal system. If you've got a problem with this pathway you'll lose kinesthetic 
sense, you won't know how much something weighs that you've got in your hand, you 
won't know where your arm is, you won't be able to tell what letter someone's writing on 
your hand without looking, you'll lose the ability to tell what object you're holding 
(astereognosis) and you'll have a positive Romberg's sign. A positive Romberg sign 
means that when you close your eyes you'll suddenly fall over or sway. Normally we use
our eyes to hold position, and we'll only sway a tiny bit when we close our eyes because
we've got good dorsal tracts.

Someone with damage to the dorsal medial leminiscal system will also have Sensory 
Ataxia. Sensorial ataxia means you become uncoordinated because you've hurt your 
dorsal tract. Unlike other kinds of ataxia—specifically cerebellar or motor ataxia—it's 
compensated by sight (you can deal with it by what you see). Someone with sensory 
ataxia will have a positive Romberg sign. 

A little more about damage. 

You probably noticed that both systems carry pressure-touch. That means that it's very 
unlikely that your patient will lose those abilities. If he does, he's lost EVERYTHING.

Also, if you're injured in the anterolateral system, right above the cross-over at T-4, 
where will you feel the deficit? Below T-4, not at T-4. That's because the fibers at T-4 
haven't begun to ascend yet. It takes a bit for the entering T-4 DRG to start sending 
fibers up. The tract doesn't really start going up until T-2—the cross-over isn't finished 
until that point. Basically every cross-over is 3-d, and has to go up in addition to across, 
and it doesn't finish until about one or two vertebrae above the place where the DRG 
entered.

You should also know the term Brown-Sequard syndrome. This means your patient 
has two ipsilateral symptoms, and one contralateral symptom, compared to where the 
injury is. There's a good clinical case on pg. 305 of Blumenfeld that illustrates this, but if 
you don't have time to check that out just know that tumors or spinal cord injuries 
coming in from one side will cause Brown-Sequard syndrome. You can actually figure 
out almost exactly what level of the spinal cord is causing Brown-Sequard. Think about 
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it: if your patient has ) trouble with graphesthesia and epicritical touch on one side from 
the belly-button down (dorsal system!), and 2) muscle function issues on that same 
side, but on the other side they've got 3) trouble sensing pinpricks and vibration 
(anterolateral system!), where are we? Well, belly-button down means the injury's 
probably T10-ish. The injury's on the same side as the dorsal system, and opposite the 
anterolateral system, because the anterolateral system crosses over in the spinal cord. 
See?

Sacral sparing is a lesion where there isn't injury to the sacral nerves. That means the 
damage is either lateral in the dorsal tract, or medial in the anterolateral tract. Because 
the sacral area is medial in the dorsal tract, and lateral in the anterolateral tract.

Sometimes, when your patient's in intense pain, you will perform a chordotomy or 
tractotomy to cut the lateral funiculus—which means you cut the whole spinothalamic 
tract, and they won't feel pain anymore. This is for serious, end-of-life pain that can't be 
controlled with drugs. Pain may eventually come back months or a year afterwards, and
we're not sure why but we've checked monkey axons and some of their pain fibers 
escape the anterolateral tract to tangle elsewhere in the spinal cord, and maybe that's 
why the body adapts and starts sensing pain again.

Finally, you've got another tract that delivers sensory information to the cerebellum. This
travels in four pathways, one ventral, just lateral to the front leg of the H, one dorsal just 
behind it and lateral to the back leg of the H, one in the cuneate fasciculus of your 
dorsal column that starts from your upper extremities to end at the cuneate nucleus, and
one that acts only on upper extremities and enters the inferior and superior cerebellar 
peduncles. All of these pathways tell you about limb movements and the activity of your 
spinal cord interneurons—they basically give the cerebellum their status reports. 
Together, this system is called the spinocerebellar system. Four tracts:

• Ventral spinocerebellar tract: The edgiest edge edge of the spinal cord, very 
very lateral to the front horn. The neurons sending their axons through this tract 
have their bodies in the intermediate zone, layer 7, and then cross over through 
the ventral commisure right away. In the superior cerebellar peduncle by the 
rostral pons they cross over again, back to the side they started at, to reach the 
cerebellum.

• Dorsal spinocerebellar tract: Also in the edgiest edge edge, but lateral to the 
back horn. The dorsal spinocerebellar tract constantly checks your golgi tendon 
organs and muscle spindles and stuff like that. It carries mostly lower extremities 
and trunk information that gets into the spinal cord through the gracile fasciculus 
(of the dorsal tract system!) but instead of going up with the dorsal tract, this 
information stops in the nucleus dorsalis of Clark. You know in the spinal cord's
H, how there's an inner corner where the back part of the H meets the cross-
bridge of the H? The nucleus dorsalis lives right there, at that corner. Some 
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spinocerebellar DRGs synapse directly on that nucleus as they come in from the 
periphery around L1; others, like the ones we just mentioned, come in through 
the fasciculus gracilis (around S2) and stop at the nucleus dorsalis around L1. 
Wherever the primary neuron comes from, it ends at the nucleus dorsalis, and 
the secondary neuron starts to travel in the edgiest edge. It takes information all 
the way up to your inferior cerebellar peduncle through “mossy fibers” this way 
without ever crossing over. You're totally unconscious of all this sensory input.

• Cuneocerebellar tract:This is like the dorsal spinocerebellar tract for your upper
extremities. The DRGs in this system enter the cuneate fasciculus and synapse 
with the cuneate nucleus in the caudal medulla, much like the upper extremity 
sensory information from your dorsal tract, except that again, this is all 
unconscious sensory stuff for fine-tuning of your movements. After synapsing in 
the cuneate nucleus, the cuneocerebellar tract really begins (because remember,
it's not a tract until the second neuron, and here's the second neurons), and it 
follows the dorsal spinocerebellar tract into the inferior cerebellar peduncle. The 
cuneocerebellar tract is slightly medial to the dorsal spinocerebellar tract up here.

• Rostral spinocerebellar tract: This is like the ventral spinocerebellar tract for 
your upper extremities. The ventral spinocerebellar tract supervises your spine 
from L2 and stuff; this one isn't well-known, but we think it supervises your upper 
spine.

NOTICE that all of these don't cross over, so cerebellar ataxia will be ipsilateral—if you 
lose the sensory function that lets you do fine motor tuning in your left side, there's 
damage on the left side.

Friedreich ataxia is when your spinocerebellar tracts start to degenerate for no reason.
Your lateral funiculus (spinothalamic tract) and posterior funiculus (dorsal tracts) and 
dorsal roots and Clark's nucleus also start to die. For some reason it's pretty much only 
your spinal cord that degenerates, and around four years of age and before puberty 
you'll see gait ataxia, and then within two years ataxia of all limbs. Ataxia is lack of 
coordination of your muscle movements, so when your sensory spinocerebellar 
pathways die you can't keep track of where your body parts are, and you have ataxia. 
As your dorsal spinocerebellar tract dies you also lose deep tendon reflexes (golgi 
tendon organ, stretch reflex). You'll have dysarthria, which is just ataxia of your speaking
organs, and within the first five years you'll show the Babinski sign (defined on pg. 
FIXAL). The early onset, sensory focus, lack of reflexes, and the skeletal abnormalities 
and cardiomyopathy caused by early onset help this disease stand out from other 
cerebellar ataxias. There's no treatment, and visual impairment and diabetes often 
result with death around 35 years.
Guanine-adenine-adenine repeat goes too much, so a protein becomes abnormal, and 
that means reduced purkinje cell lifespan, and they degenerate, and spinocerebellar 
tracts connections degnerate. This is most common hereditary, you have to get it both 
from your father and your mother
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Sensory physiology

Your sensory receptors generate potentials that are different from action potentials in a 
few ways. First, receptor potentials are graded, instead of all or none like action 
potentials—you'll get more receptor voltage with more stimulus. At some point, if you get
a big enough receptor potential, it'll start making action potentials. A bigger receptor 
potential will make more action potentials. 

Different sensory nerve fibers carry electricity at different velocities. (pg. FIXAL 
physiology) 
1a is important for muscle spindles
1b is Golgi tendon organs

All the cells in yoursomatosensory cortex are organized columnarly. Each column all 
cells in vertical columns have the same function. You've got rapidly adapting and slowly 
adapting information in different columns.
Adaptation means some receptors become less sensitive over time. Those are the fast 
adapting receptors that help detect rate of change, not intensity and duration of stimulus
which comes from slow adapting. 
These sensors give information to different areas of the sensory cortex.
A rapidly adapting receptor will not keep generating sensation the way a slowly adapting
receptor will.

Mechanoreceptors are sensitive to stretch. When a force messes with the cell 
membrane it deforms the membrane and opens a sodium canal.

Meissners are rapid but with small receptive field size. Pacinian are rapid with large 
receptive field size. (insert neurobiology notes) Merkel's are slow adapting, but small 
receptive field size. Ruffinni are fast adapting, but with large receptive field size. You 
know Ruffini is slow because dogs are kind of slow and dumb and they say Ruff, and 
Merkel's is slow because murky water is slow and slimey.

Two-point discrimination test to determine recovery of nerve function. You see how 
close together your two points can get before the patient feels them as only one 
impulse. The body part will have very different threshold. 40 mm on the back! Much less
elswehre, like 5 or 10

Lateral inhibition tells you where edges and contrasts are.  Stimulus in the middle of a 
receptive field excites a neuron, but at its edge it inhibits the neuron (so another neuron 
can pick up the field!) So the primary afferent fiber that's closest to the stimulus will 
produce the most action potentials.
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The map of your somatosensory homunculus puts 
The genital area of the homunculus is way more than we thought it was before 
(insert somatosensory homunculus neurobiology notes) 

Pain—Anterolateral System 

Pain: C category is not myelinated, A fibers are myelinated. You use Adelta for fast pain,
and they're lightly myelinated. A, B, and C refer to how myelinated these nerve tracts 
are, with A most myelinated and C non-myelinated.
Pain receptors are free nerve endings
frequency is the code coming out of a neuron--the number of spikes of action potentials
if a pain neuron spikes once, we won't really read that as pain--if it spikes two or three 
times, we read pain--if it spikes maybe 20 times, then we'll really read it as serious pain
trip channels, sodium channels, all have different temperature sensitivities--that's how 
you measure temperature
at 50 degrees Celsius you start measuring pain because that ion channel opens 
causing ions to flow, and so many flow that it starts triggering pain sensors

By slow pain we mean really slow pain. Like it could be an hour after stimulus.
Fast pain is stimulated by mechanical or thermal stimulus. Slow pain is both of those, 
plus chemicals.

Temperature follows the pain pathway

potassium is what the resting membrane potential threshold is dependent on
(for executions they do that--they put high potassium to depolarize the heart and other 
neurons so they fire out of control and the system shuts down
if you put high potassium into the blood system every pain neuron comes on at 100%)

Feed-forward (anticipation) brain sends info to circuits and says "this is how you will 
work"--a brain overriding all the gain--something across the brain, best place to 
measure neurological development in children is if I stand and pull a drawer towards 
me, about 1/5 of a second before I pull the table I'll lean back. I'll lean back because my 
brain decides there will be a momentum or inertia issue
Young kids don't have feedforward, so they'll pull themselves forward with the drawer, 
but older kids do, so they'll anticipate and lean back--very defined signals, actually 
weighing the drawer and adjusting appropriately
"Listen!" and you perk up your ears, kind of, anticipating the sound signal
You can also feed-forward and tell yourself to be hypersensitive to pain

Slow pain is chemical damage
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Different chemical substances that stimulate pain free-nerve endings include histamine, 
brakykinin, prostaglandins, substance P

Neurotransmitters would be your fast pain like you stab yourself with a pin real quick
2. Peptide neurotransmitters, big proteins
They are made by gene expression up in the cell body--they are slow, released under 
more specialized circumstances--packaged up in the cell body and then brought down, 
they travel long distances
Substance P--released from pain-sensing neuron that's activated for a long time, it's 
what becomes chronic pain instead of fast, stabbing pain
It's why it stays hurting for a long time after you keep stabbing yourself for a long time
So there are pain neurons that can just tell you you have pain by releasing those 
neurotransmitters--that's when you're hurting from an initial cut--but if you have chronic 
pain they'll just go ahead and activate the peptides, keeping the synapse on--that's 
when you're sore from your cut that happened yesterday

Somatosensory Cortex

Opeculum is all the area that closes the lateral sulcus and where the precentaral gyrus 
and central gyrus meet the temporal lobe and stuff 

Descending Tracts of the Spinal Cord

You've got several descending tracts: the pyramidal tracts (lateral and ventral 
corticospinal tracts), the corticobular tract, and the extrapyramidal tracts (rubrospinal, 
tectospinal, reticular spinal which his medial/pontine and lateral/medullary, and the 
vestibulospinal tracts which are lateral and medial). 

Lateral corticospinal tract: cortex, through internal capsule's posterior limb, through 
basis pedunculi in the midbrain (that's like the middle leaf of the midbrain's front bumps; 
the midbrain has like three front bumps, it's the middle one), then medially into the basis
pontis in the pons (that's the front bump of the pons), through the pyramids of the rostral
medulla (in front of the olive, the front-most bump), and then BAM it crosses over at the 
cervicomedullary junction! When it crosses it croses from the front back into a deeper 
area, basically at the front inner corner of the H that's forming into the spinal cord. It 
goes down into the lateral corticospinal tract—this is all one neuron still—and that's the 
white matter just lateral to the back horn of the H (medial to the edgiest edge where the 
spinocerebellar tracts live). In the spinal cord that axon goes from that white matter 
there in the lateral side of the back horn, into the grey matter to synapse on the front 
middle part of the front gray horn. That's the lateral intermediate zone and lateral motor 
nuclei, and that's the synapse with your alpha motor neuron.
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The ventral cortico spinal tract starts in the cortex, too, but more medially in th ecortex 
(lateral is more lateral = P). This also goes through the internal capsule and basis 
pedunculi and basis pontis and medullary pyramids and such, but it doesn't cross over 
until you're in the cervical spinal cord, and even then only half of the fibers actually 
cross over. Some of them stay in the ventral column, which is the medial-most and 
anterior-most white matter in front of the ventral horn of the greay matter, and then 
synapse with motor neurons in the grey horn ipsilaterally. Some of them do cross over 
and synapse with the medial intermediate zone and medial motor nuclei in the 
contralateral grey matter. All in all, all the fibers are way more medial, and it's pretty 
much in the middle of the spinal cord that you have these fibers split.

These all come from areas 3,1,2 (primary somatosensory cortex), the premotor cortex, 
the supplementary motor area, and area 4 (the primary morotr cortex of the precentral 
gyrus). Most of the fibers are in the lateral corticospinal tract. The fact that the lateral 
corticospinal tract is so big is how you can have fractionation, where you can use your 
fingers individually.

Some of the cortical fibers end in the brainstem on cranial nerve nuclei (corticobulbar 
tract). Trigeminal motor nucleus, facial motor nucleus, nucleus ambiguus, hypoglossal 
nucleus). Each nucleus gets corticobulbar fibers from both sides of the cortex, but the 
contralateral side gives mor efibers (but this varies in each person). Lower facial 
muscles are all contralateral, while upper facial muscles are bilateral. So imagine those 
fibers coming down from the cortex to the facial nucleus; the ones for the lower facial 
muscles all come from the opposite side, while the ones for the upper facial muscles 
come from both sides. So breaking one side won't totally destroy your upper face 
abilities like winking and blinking and stuff. As far as your tongue goes, only the 
genioglossus muscle gets contralateral fibers; other tongue muscles get bilateral input. 
The corticobulbar fibers going to your eyes go through the superior colliculus of the 
mesencephalon first, and then tectobulbar fibers get to the target areas.

So those are your cortical tracts.

These are your extrapyramidal tracts:

Your rubrospinal tract doesn't start in your cortex. It starts in the magnocellular division 
of your red nucleus, which is pretty small in humans. It's really important for flexors in 
forelimbs and hindlimbs in animals. For us, it's just from the red nucleus to our second 
cervical vertebrae. The fibers cross over in the midbrain where they came from at the 
ventral tegmental decussation, which is a super-anterior bit of white matter. The red 
nucleus is like right in the middle of each side; it's the gray matter smack in the middle 
of the side of the midbrain, and then the fibers of the rubrospinal tract go anteriorly as 
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they cross over through the edgiest edge white matter in the front of the midbrain and 
then travel down through the pons, rostral medulla, and into the caudal medulla, moving
more and more laterally and posteriorly as the fibers go down until in the spinal cord the
fibers end up smack in the middle of the lateral white matter, anterior to the lateral 
corticospinal tract. From there, the axon synapses with the bodies of alpha motor 
neurons in the lateral intermediate zone and lateral motor nuclei. This is the same place
the lateral corticospinal tract synapses, in interneurons 5, 6, and 7. We use the red 
nucleus as a cerebellar relay for feed-back circuitry, so this tract helps us with some 
adjustments to motor function in response to cerebellar sensory input.

Tectospinal tract also starts in your midbrain, but in the superior colliculus. The fiber 
then travels anteriorly down through the midbrain, crossing over in the midbrain so it's 
already on the opposite side when it's in the pons. It travels through the medial pons, 
very, very medial and right in the middle of the pons, like it couldn't quite make up its 
mind about crossing over and maybe didn't want to cross over at all. Down in the 
cervical spinal crod the tectospinal tract finally commits to this side it's chosen, and 
travels laterally a bit to get into the anterior horn motor bodies. This is for neck muscles 
via interneurons. This is for visual reflexes! When your suprior colliculis sayd “HEY WE 
SHOULD LOOK AT THAT THING,” BAM, you look, because of the tectospinal tract 
pulling your neck muscles.

The reticulospinal tract and your vestibulospinal tracts work together to give you posture
and equilibrium and balance and all those other fancy words that make you not flail 
around and fall down and slump all the time. The reticulospinal tract has two divisions 
while the vestibulospinal tract has three, nd they both start in the pons.

The medial reticulospinal tract starts in the medial pons anterior to where the tectospinal
tract travels, and then continues very very medially like maybe it wishes it could cross 
over, but never crosses over. It ends up travelling in the medial-most anterior-most tip of
the spinal cord, the inner edge of the butterfly wing, and then synapsing on the medial-
most anterior-most horn of the grey H at the medial intermediate zone and medial motor
nuclei. 

The lateral reticulospinal tract starts in the medulla, just lateral to where the medial 
reticulospinal tract started in the pons. It ends up travelling medially and being with the 
pontine reticular fibers anyway, and everything's really exactly the same except that it 
started in the medulla, and it does the opposite stuff. The lateral RST helps your motor 
neurons flex and your extensors relax; the medial one activates the extensors and 
inhibits the flexors. That's because medial and extensors both have lots of Es, while 
lateral only has one e. Also, medial and pontine have a similar sound.

The vestibulospinal tracts are also lateral and medial. The lateral one starts in the pons, 
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while the medial one starts in the mediulla, so it's the opposite of the reticulospinal 
tracts. Medial and medulla both have the same first letter, but I'm really afraid of 
confusing this one and the order of the reticulospinal tracts. Vestibulospinal have the 
same (medial and medulla) because you wear the same vest all the time, but 
reticulospinal is opposite (medial and pontine) because you don't wear the same 
raincoat all the time because it isn't raining all the time. Ugh that sucks but I don't know 
how else to differentiate them. Anyway, the vestibulospinal tract's lateral tract starts in 
the pons in the lateral vestibular nucleus, very very posteriorly. It stays super posteriorly 
through the medulla, but in the spinal cord it becomes anterior, not quite as 

FORGET EVERYTHING I JUST SAID EXCEPT for where the tracts are 
How to remember it: reticulospinal remember rubber mat (thank-you Najeeb)
when you sit on a rubber mat you use flexors, and mat 

in your legs your extensors are anti-gravity muscles because extensor sounds like 
you're going to soar so antigravity 

anyway, rubber mat has an m and ar in it. When you sit on arubber mat you use your 
flexors, and in the Reticulospinal tract the Medullary part flexes. (so the pontine part 
does the opposite) how to remember medial from lateral: it's a pyramid. If you drew a 
line from the medial nucleus to the lateral nucleus on each side you'd make a pyramid. 
The medial part starts highter up, at the tip of the pyramid .

Meanwhile VIP: when you see the VP, the vice president, at a dinner party, you stand up
using your extensors. V is for vestibulospinal tract, P is for pontine. So in your vestibular
spinal tract, the pontine part does extensors. How to remember that this is lateral: 
because V is for vestibulospina ltract, and if you drew a line from the pontine to the 
medullary nuclei of this tract it's make a V, and you'd see the high part, the pointine part,
laterally. My fantastic book just calls the reticulospinal tracts medullary and pontine and 
the vestibulospinal get lateral and medial, but my fantastic teacaher Sophie wanted me 
to know which one is lteeral and medial in both systems so remember that

Oh anyway finishing out the pathway for vestibular, it's all very posterior, the medial 
nucleis in the rostral medulla is also super posterior and kind of medial (really in the 
mdidle of the half-section), and then they all synapse on the medial intermediate zone 
and medial motor nuclei of the cervical spinal cord where the anterior corticopsinal tract 
synapsedd.

The lateral corticospinal cord is just anterior to the back leg of the H, just lateral to it, 
and just behind the anterior horn. The rubrospinal is a little red cord just in front of it.

Also medial reticulospinal or pontine spinal tract
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And medullary lateral reticulospinal tract

And vestibulospinal tract.

In general terms, we can classify these tracts into two classes: pyramidal and 
extrapyramidal tracts. 

Corticospinal cords are pyramidal. They are upper motor neurons because they come 
from the pre-motor cortex. 

The extra-pyramidal tracts, some of them come from the mesencephalus from the 
superior colliculus. Those are tecto spinal.

The red nucleus anterior to it will give rise to the rubrospinal tracts.

Caudal and inferior to that are the pontine reticular formation, giving you the 
reticulospinal tract.

Just at the base of your brain stem are the vestibular nucleus, which gives rise to the 
vestibular spinal tract. 

All the pyramidal tracts pass down into the brain stem and form a pyramid. These other 
ones are not pyramidal. 

The pyramidal tract come from a whole bunch of areas of the motor cortex and then go 
through the internal capsule where they all meet in a big bunch. They go ipsilaterl in that
big bunch down the spinal cord. At the pyramid of the medulla, the majority of the cords 
cross over and become the lateral corticospinal tract. The ones that don't cross are the 
ventral corticospinal tract. The crossing is called the pyramidal decussation. Then out of 
the spinal cord you get a synapse right at the spinal cord and that synapses with the 
lower motor neuron, which goes to the muscle. Less of the lower stuff crosses; a lot of 
the upper stuff crosses. An upper motor neuron is one touching the cortex; a lower 
motor neuron is one touching the muscle. The anterior corticospinal tract didn't cross in 
the medulla oblongata, but in the actual spine it does cross into area VII of the anterior 
horn. It helps control your trunk, really. They hit motor neurons in the mdial parts of the 
ventral horn for neck, trunk, proximal limb musculature. But not all of the anterior 
corticospinal tract crosses over, because it actually finishes bilaterally. It's more 
common for you to lose distal musculature than proximal musculature. So in rehab you 
often use the proximal musculature to help with the distal musculature.

Areas 4, 312, the premotor cortex, and the supplementary motor area are where the 
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corticospinal fibers come from. There are a few sensory fibers in the primary motor 
area, and a few motor ones in the somatic sensory area, the front one, so sometimes 
we cll that area the sensory motor cortex. That's the primary motor area right before the 
first somatic sensory area. 

No associative neurons for finger muscles. The ability to move your fingers individually 
is called fractionation. And comes from not having associative neurons, neurons go 
directly.

Lateral corticospinal tract is to distal muscles really

SLCT lateral to medial in the lateral corticospinal tract

Corticobulbar fibers
When you think of lower motor neurons you think spinal.

The corticobulbar system has lower motor neurons too. Anything that's in the brainstem 
and below is the lower motor neurons. Anything that's waiting for a fiber motor from 
above to make a synapse to it is a lower motor neuron. 

Corticobulbar is your stuff in your face

The nerves 3, 4, and 6 get info from the cerebral cortex, then to the superior colliculus, 
and then the information goes straight to three four and six. These are tectobulbar 
tracts. These control eye movements during reflexes. Tectospinal is from the superior 
colliculus to the spinal cord cervical level. These control head movements during 
auditory and visual reflexes. 

Cortex damage you will only lose function of the muscles of the inferior face on the 
contrary side. The upper muscles come from the same side, and the contralateral side
—the upper muscles are bilateral. If the damage is in the nucleus the paralysis will be 
the whole same side of the face.

In the rubrospinal tract the red nucleus the fibers cross right way. This is an 
extrapyramidal tracat and doesn't form part of the pyramid. In humans it doesn't go 
much further than the second cervical segment. It's cerebellar relay nucleus for 
feedback circuitry. For other mammals it controls flexor musculature of limbs.

Tectospinal tract 
Decussates early on in the midbrain, from the superior colliculiculus and then it goes 
down past the pyramid into the cervical cord. 
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Medial or pontine reticulospinal tract and lateral or medullary reticulaospinal tract. 
Balance and equilibrium.

Medial longitudinal fasciculus is from the medial vestibulospinal tract.

Spinal cord reflexes and lesions

So we understand spinal cord tracts, both motor and sensory, so now we can integrate 
those into reflexes and lesions

To understand spinal reflexes, you have to understand the snesory part of muscles. 
Muscle spindkels are length receptors they can be nuclear bag fibers or nuclear chain 
fibers.
(check difference between nuclear bag and nuclear chain)
1a when it's stretched depolarizes and II also depolarizes. 1A tells you the rate of 
stretch and the final length, while type II tells you the final length. 
Golgi tendon organs are like ruffini endings. They are at the junction between muscle 
and tendons and they detect muscle tension during contraction and send the 
information through 1b fibers, but they don't respond to passive stretch like muscle 
spindles do.

The strectch reflex means 1a and group II fibers get activated and they take the info 
back to the spinal cord to say “I'm stretched.” That activates alpha motor neurons to the 
same muscles, and to the opposite muscles, where the 1a and group II afferentes 
sensed the stretch. Tha makes the same muscles contract, and the opposite muscles 
get inhibited. Then 1a and group II sense the change, and stop telling you to do stuff. If 
you didn't inhibit the opposite muscles, you'd have clonus. That just makes constant 
discharge because you never fix the problem—everyone contracts, so the muscle 
length that the 1an and II were sensing doesn't change, and so they keep saying “hey, 
contract this thing here!” and you keep trying to do that and not because the opposite 
neurons aren't inhibitied and won't let you contract. When you tap a patient's knee, you'll
see that an injured person their leg won't bounce, it'll just twitch, and kind of twitch 
weirdly. 
Any kind of damage in the afferent or efferent pathway can ruin this system 
Remember this is primarily a spianl system 

There's also the Golgi tendon refelx. Someone who is lifting weights and then suddenly 
drops them is because the Golgi tendon organs sense that there is just TOO MUCH 
tension, and they don't want the muscle to snap, so they just let you go. This protects 
you from injury, but if you're hanging on a cliff or trying to lift superbig things, you're kind 
of pissed off when you're forced to let go all of a sudden.
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Then there's the flexion reflex. Pain receptors in group II and IV connect to cutaneous 
afferents and they excite alpha motor neurons of ipsilatoeral flexors and inhibit slpha 
motor neurons of iipsilatoeral extensors so you end up flexing your limb away from the 
source of pain, and strengthen and put wait on the limb where there isn't pain. That 
keeps your from falling but also draws you away from damage.

The gamma motor neurons are intercalated between alpha motor neurons in the ventral
horn of the spianl cord. They don't get afferents from the muscle spindles. They 
If you activate an alpha motor neuron without gamma motor neurons the intrafusal 
muscle fibers collapse. If you have a co-stimulation both the extrafusal and the 
intrafusal muscle fibers contract. So the gamma motor neurons help keep your 
interfusal muscle fibers taut, so that at super short lengths of the extrafusal muscle 
fibers, they're still reading right, and they're not too long and floppy to read anything. 

If you have upper motor nerve liesion you lose distal extremity strength, dexterity, 
babinski sign, your tone is increased, hyperreflexia, and a clasp knife phenomenon.

If you have lower motor neurons lesions or you hurt your 1a fibers then you lose 
strength, tone, 
insert neurobiology stuff

Brown-Sequard syndrome is when you've had a left hemisection of your thoracic cord.

Parasthesia—depending on where you've had the lsion you'll have different pain 
problems.

Polio binds only to motor neurons in the naterior grey horn of the spinal cord 

Lower motor neurons and upper motor neurons don't interact normally when you pull 
down the bottom of the spinal cord by having a super-stiff filum terminalis pulling pulling 
pulling. If you've got a shortened filum terminalis it sticks to the sacrum and it pulls down
the spinal cord and you have feet not working, chronic foot problems and bilateral gait 
problems and sphincter disturbances.

If lesion's just a bit upward, in the conus medullaris, S3-C0, like a tumor or something, 
well that's where outflow of parasympathetic works. So male erection problems, bladder
problems (have problems peeing), fecal incontinence. Patient has bilateral saddle-
shaped sensation loss around the anus. Lower limbs will be fine. That's the real 
differentiation between conus medullaris and epiconus syndreom. Paralytic urinary 
bladder...Reflexive evacuation is possible but voluntary control is lost. Flaccid spincters. 
So this is S2 down, and you have atonic bladder with urinary retention or overflow 
incontinence (sympathetic is still getting sphincter, but parasympathetic isn't getting the 
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bladder muscles, so you never pee until you start to overflow and then you pee yourself 
and it's awful), constipation (same thing—loss of parasympathetic coordination, so you 
just keep building up until you poo yourself), decreased rectal tone, fecal incontinence...

Epiconus syndreom is L4-S2, and it interrupts limb stuff because lower limb stuff comes 
from L4 and stuff! So sphincter distrubances, saddle anesthesia, and lower limb 
abnormalities. Spastic urinary bladder, so peeing all the time, also pooing all the time. 
Spastic spincters. So this is all above S2. This is spastic. You have a very contracted 
urinary bladder and your sphincters are also spastic.

Higher up, cauda equina is usually one side, sensory nerves irritated, intense root pain, 
usually slipped disk or something...

sphingomyelia –bilateral loss of pain and temperature in upper nad lower limbs, fine 
touch position vibration all intact, patient gets burns and things without noticing. If the 
problem is mor elaterally you will just miss pain and temperature in upper nad lower, but
the cavity can extend anteriolaterally and you have a hole in the middle of the spinal 
cord going towards the motor horns and you get wasting of the arms and flaccid upper 
limb paralysis. If lesion extends laterally, it will attack corticospinal pathways coming 
down, and you will get upper motor neuron problems, spasticity. This is really 
uncommon, and pateitn starts with pain and temperature loss and shawl/cape area, 
then bilateral weakness in upper limbs, then eventually upper motor neuron lesions in 
upper limb.

How MS affects spinal cord—MS more away from the equator—different de-mylination 
of different whie matter of CNS—spinocerebellar, or spinothalamic, or other descending 
tracts affected.

Everyone has the syphillis bug in their gums and it's not pathogenic. But sexually the 
bacteria causes a problem, lymph nodes are enlarged, etc. But triponemia gets into 
blood, palms and sole lesions, mucosal lesions, flue like symptoms, that's secondary 
syphillus. After many years tertiary syphillus is central nervous system enters. Tertiary 
stars in lower part of the spina lcord in the dorsal root, sensations loss from bladder and
rectum and stuff and viscera problems and maybe impotence. Dorsal horn may also be 
affected, grey matter not usually so much affected, usually dorsal columns more 
affected from lower limb patient will lose fasciculus gracilus loss of sensation from both 
legs, tactile discrimiatnion, vibration, position, etc. A tiny bit of anterolateral will also be 
affected.

Motor Cortex

include anatomy and stuff
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Brainstem Introduction

Go over this with neuroanatomy lab handout and clinical atlas

The brainstem's made of the midbrain, pons, and medulla. 

When you're looking from the front, there's kind of a triangle of three round structures 
embedded just under the optic chiasma. The top one, the tip of the triangle, is the 
infundibulum. That's the base of the hypothalamus. Below it, at the base of the triangle, 
you'll see two mammillary bodies, which supposedly look kind of like breasts. Neither of 
those are part of the midbrain.

What is part of the midbrain are the cerebral peduncles, which are the “sheet”-like 
material around that triangle, kind of like wings. In the center of the peduncles you'll see 
a triangular opening, the interpeduncular fossa. The oculomotor nerve emerges from 
this fossa. In the depths of the fossa you'll see some little punctures. Those are the 
posterior perforated substance. Through there, little deep artery branches enter. 
You'll also see cranial nerve III here in the midbrain, leaving from the interpeduncular 
fossa. Caudal to the midbrain the trochlear nerve, nerve IV, comes out. It's the only 
cranial nerve that originates dorsally and crosses (anatomy pg. FIXAL). 

You've got three times of fibers. (does that mean three kinds here in the midbrain?)
Corticospinal
Corticobulbar or corticonuclear means things that finish in the nuclei of the cranial 
nerves.
Corticopontine
You have all three in the midbrain and pons, but not in the medulla.

The pons looks pretty separate from the midbrain. It's got transversal lines or fissures 
across from it, and it's got the big old trigeminal nerve popping out of it, just above the 
mid-pons. Lateral to the trigeminal roots you've got the middle cerebellar peduncle—
that's not pons anymore. So the trigeminal nerve divides the middle cerebellar peduncle
and the pons. You have transverse lines in the pons because pontine axons almost 
always travel contralaterally. As they do this, the axons form the middle cerebellar 
peduncle, so they're called pontocerebellar neurons. Running along the midline of the 
pons' base there's a basilar sulcus, where the basilar artery lodges. Here at the bottom
of the pons, at the pontomedullary junction, you've got cranial nerves six (most medial), 
seven (with two parts, one more lateral and called the intermedius with sensory and 
parasympathetic fibers, pg. FIXAL), eight (vestibulochoclear, JUST lateral to the facial), 
and nine (glossopharyngeal, pointing laterally). 

The medulla has two “pyramids,” two deep descending columns protruding out in front. 
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These are corticospinal tract fibers (no more corticopontine fibers). The pyramids don't 
end until the medulla ends, caudally. They end at the pyramidal decussation, which is a 
blumpy-looking thing where the pyramids blend together for a moment before keeping 
going down in the spinal cord. The pyramidal decussation is sitting right in the foramen 
magnum. 

Why do fibers cross and decussate and stuff? Not sure, but 90 to 95 of the corticospinal
fibers cross. For the optic chiasm, there's a good reason for crossing: it's actually the 
most efficient way to create binocular vision: you'd have to have two visual cortexes 
otherwise.56 For other nerves, we don't know but crossing over might prevent mis-wiring 
during connection formation in the wild 3D map that is your brain.

The inferior olive nucleus has neurons that send their axons contralaterally 

Between the olive nucleus which is behind the hypoglossal
Between the olive nucleus and the pyramids is a sulcus where cranial nerve 12 lives. 
That sulcus is called the venterolateral sulcus or groove.  It's also called the preolivary 
sulcus. Laterally to the olive, or dorsally, we've got cranial nerves 9, 10, and 11. They 
live in the posterolateral sulcus. It's also called the postolivary sulcus. Direcetly between
the two pyramids, right down the middle is the ventral median fissure.

Now let's look at the dorsal part of the brainstem. 

In the midbrain, you'll see four little bumps called colliculi. Two visual—the superior ones
—and two auditory—the inferior ones. All together, they're called the lamina 
quadriheminal. They live in the tectum. That means roof in Latin, and they're kind of 
where the brainstem starts to bend over and have a “roof.” Above the superior colliculi 
you'll see a thingy-majobber poking down from the diencephalon, something that's not 
part of the midbrain, and that's the pineal gland or epiphysis (physiology pg. FIXAL) in 
the epithalamus. So a pineal gland tumor will affect your vision because it's right up in 
your superior colliculi. Towards the bottom of the midbrain you'll also see the trochlear 
nerve running transversely to get to the front. Remember the right trochlear originates in
the left midbrain, and vice versa. You can still see the cerebral peduncles from back 
here. Remember the difference between them and the cerebellar peduncles, which are 
down in the pons.

In the pons from the back you'll see a kind of rhomboid or diamond figure. That's where 
the fourth ventricle lives, and on top of that the cerebellum, which you had to take off to 
see the diamond or rhomboid fossa. Around the fossa you'll see both the superior and 
middle cerebellar peduncles that held the cerebellum in place over the fossa. The 

56(http://www.madsci.org/posts/archives/2001-06/992011276.Ev.r.html)
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middle one is more lateral, and fatter, and the superior one looks like wings, or the back 
of a rich lady's cape fluttering upward. The inferior one is just below the superior and 
medial to the middle, and it's kind of like a little fold. The middle peduncle is mostly 
afferent. The inferior is mostly afferent and the superior is mostly efferent. The superior 
peduncles form part of the roof of the fourth ventricle, while the space between them 
forms the floor. In the fossa, or the floor of the fourth ventricle, you'll see two bumps 
called the facial follicle, and below them the nucleus of abducens (number six) lives. 
The fibers of nerve seven make a loop around that sixth nucleus (anatomy pg. FIXAL), 
and those are the facial follicle. You'll see some stripes running across the pons, at the 
bottom of it, called the stria medullaris. They're a bit harder to see in lab. They're the 
dorsal point that tells you where the pons ends. 

If you'd kept the cerebellum in place you'd see it, like I said, sitting right over that 
rhomboid fossa where the fourth ventricle lives. You'd see a bunch of grooves in the 
cerebellar surface called the cerebellar folia, and if you cut it open you'd see a tree-like
outline of white matter called arbor vitae—the tree of life. Unconscious proprioception 
comes from the cerebellum from spinocerebellar fibers.

If you make a triangle in your mind in the rostral medulla and caudal pons, lateral to the 
facial follicles, you're covering the nuclei of sensory cranial nerves, your cochlear and 
some other stuff.
The limiting sulcus is what separates the sensory area from the motor area. The facial 
and abducens are motor, and there's a sulcus between the facial follicles and the 
imaginary triangle I just talked about.

Down in the medulla the fourth ventricle ends in the apex of the rhomboid fossa, which 
continues into this area. That apex is the obex. It's just the pointy end of the fourth 
ventricle. It divides the medulla into the open and closed medulla. The rostral or open 
medulla is where the fourth ventricle is, while the closed medulla looks closed and looks
like just a straight brainstem-piece. Behind the obex, there's a little canal that continues 
through the closed medulla to carry CSF down into the spine. Above the obex, in the 
open medulla and below the stria medullaris, you'll see some triangles called trigones. 
One trigone, the medial one is the hypoglossal trigone, and the more lateral one, 
more below it, is the vagal trigone. In them are the nuclei that correspond with their 
names. The vagal trigone has a dorsal vagal or dorsal motor nucleus—the greatest 
parasympathetic nucleus we have in our bodies. All the hypoglossal neuron bodies are 
in the hypoglossal trigone. In the closed medulla, you'll see tubercles or bumps: two 
medial tuberculi gracilis, and two lateral tuberculi cuneate. This is where your dorsal 
tract/medial leminiscus system starts its second neuron! The cuneate tuberculus gets a 
little more rostral or reaches a little higher than the gracilis does. On the side of the 
medulla you'll see another bump, the trigeminal tubercle. Dorsally, the medulla's ending 
is harder to find because you can't see the pyramidal decussation. It's approximately 
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where the medulla gets most narrow. 

What if you look at the brainstem in transverse cuts? 

In the midbrain, you'll see the interpeduncular fossa at the bottom of the picture 
(anterior) and you'll see both crus cerebelli around that fossa. There will be a triangle of 
bundles, and the top bundle is the cerebral aqueduct with its periaqueductal grey 
matter, and the bottom two edges of the triangle will be the red nucleus. Around them 
you'll see the tegmentum, and substantia nigra between the tegmentum and the crus 
cerebri which are sticking out like wings. The substantia nigra is full off dopamine, and 
it's the area that's compromised in Parkinson's. The ventral part of the tegmentum 
between and anterior to the two red nuclei also fills with dopamine, but that dopamine is
more “emotional-effect” dopamine, and it's what's messed with in drug addicts. Over 
time, Parkinson's patients taking oral dopamine might change their behavior because of 
dopamine accumulation in that area. The tegmentum is full of reticular nuclei from the 
reticular system. In a rostral midbrain cut, you'll see the red nuclei, but in a caudal cut 
you won't. In a caudal cut you'll only see a crossing, a decussation of the superior 
cerebellar peduncles, right where you saw the red nuclei in the rostral cut.

The pons cross-section's easy to identify, because posteriorly (at the top) you'll see the 
fourth ventricle, with tegmentum around it, and then lots and lots of stripes for the 
transverse fibers, with dots in the front (lower part of the picture) for descending fibers.

In the upper or open medulla cross-section you'll see part of the fourth ventricle, and a 
very obvious medial leminiscus, like a triangle right in the middle. You'll see something 
kind of like flames on either side of the front—that's the inferior olivary nucleus. They're 
really pretty, and only in the upper medulla, so they're a good landmark. Then, anterior 
to that, you'll see the pyramids. They look like the mouth-mandibles of an ant. The 
upper medulla kind of looks like an ant's face. From anterior to posterior along the 
medial leminiscus you've got axons for different parts of your body. More anterior an 
injury will affect your lower body, and more posterior an injury will affect your upper 
body. 

In the lower medulla you'll see so many round bumps and things. In the posterior area, 
at the top of the picture, you'll see four circles for the two nuclei gracili and two nuclei 
cuneatus (remember cuneatus are more lateral). Below them, on the lateral sides, you'll 
see two dots, one on each side for the spinal trigeminal nucleui and tracts, and then 
below the two nuclei gracili righti n the middle you'll see the central canal. The nuclei are
the dots, and the tracts are the white stuff to the sides of them. The spinal trigeminal 
nucleus will deal with your head information. You might see a tiny leftover bit of the 
inferior olivary nucleus, but it'll be way smaller now. You'll definitely still see the 
pyramids in the front, and they look way more pyramid-like now. 
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Raphe nuclei=serotonergic nuerons for arousal (norepinpehrine is more attention)
descending pain pathway
When your brain ste is injured, because cranial nerves are pisilateral, and motor and 
asencding sensory stuff is contralateral, an unilateral brinstem lseion will be ispilateral 
for cranial nerve function, an dcrossed for hemianesthesia or hemiplegia. “alternating 
syndrome” or “crossed syndrome”

a medial brain stem lesion is more likely to injure your medial lemniscus so you have 
ataxia and romber g sign and agrephstheisa and all the other dorsal column problems, 
and contralateral hemiplegia 
where is the injury, above or below the cross over of the medial lemniscus important 
hemiplegia is paralysis it's goig to be spastic because upper motor neuron lesion my 
pyramids are medial so lesioned my corticospinal tract 

laterally placed brain lesions don't hit the corticospinal tract an medial lemniscus, but 
they might hurt my spinothalamic tract, the nucleus of V, my descending sympathetic 
fibers, my estibular nuclei, my cerebellar peduncles, my nucleus ambiguus
if I hurt my spinothalamic tracts I'll have contraltarel pain and temp 
if I hurt my spinal nucleus and V tract I'll have ipsilateral pain and temperature loss from 
my face and loss of corneal reflexes (because V is ipsilateral and spinal nucleus is 
corneal reflexes)
if I hrt descending sympathetic fibers I'll have ispilateral horners
if I hurt vestibular nuclei I'll have vertigo and vomiting and nystagmus which is fast 
uncontrolled eye movements—this is my vestibulochoclear nerve 
if I hurt cerebellar peduncels I will have ipsilateral ataxia 
if I hurt nucleus ambiguus I will have dysphonia, and dysarthria 
dysarthria is ataxia of my mouth stuff,  dysphonia is my voice and stuff don't work

injuries above the mesencephalon breaks cortical input to red nucleus so upper limb 
flexor problems, rubrospinal tract mostly upper limb flexors, the rubrospinal tract can still
be activated and without your cerebrum there's no inhibition—the natural direction of 
your rubrospinal tract is to flex your upper extremities 
but if you cut cerebrum pathway to rubrospinal tract it will flex them all the time 
interestingly enough, the lower extremities will have an increased extensor tone 
because there's decreased input from the cerebrum to them too, there's no one fighting 
back to work with flexors (rubrospinal tract does all flexors, but there's not noticable in 
hind legs; nevertheless, without the rubrospinal tract's input the reticulospinal is flexing 
like crazy on your extensors)
think upper limb flexpors
this is called decorticate rigidity 
it is above red nuclei.
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Decorticate flexes upper, extends lower

decerebrate rigidity is when you have big destruction in you mesencephalon BELOW 
red nuclei and you have rigidity in all four extremities maybe even so bad that patient's 
back is arched off the bed (opisthotonus) 
decerebreate extends everything
your textensor gamma motornuerons are over-acting because no inhibition from anone 
your flexor motor neurons aren't activated because corticospinal and corticorubrospinal 
system is cut 
your somatosensory input is unaffected, so it just keeps exciting the reituclospinal 
system without any input from cortex to say stop—this is gamma rigidity 
decorticate can turn into decerebrate 

locked in synrome 

watch Najeeb for this at some point 
also watch Najeeb for spinal cord lesions before SHELF

the basilar sulcus runs right down the middle of the pons.
On the sides of the pons you'll find the middle cerebellar peduncle.
Move caudally and you see the medulla. There are some pretuberances there. They are
like columns on either side of the central dip there. They are pyramids. The dip between
them is the fissura ventral mediana, ventral medial vissure. If you look laterally to the 
pyramids you'll find small columns or egg-looking protuberances, the olives. Between 
them and the pyramids there are some lines, which are called the ventrolateral sulci or 
post-olivary sulci. If you look laterally to the olives you'll find the preo-olivary sulci. 

In the rostral medulla oblongata there's a small line that divides the ventral pons from 
the medulla oblongata, and that's the pontomedullary junction.

If I hurt reticular formation in pons/midbrain=>coma
midbrain lesion makes slow waves, big amplitude on EEG 
lesions of pons=>alpha rhythm like what you see in a normal sleepy person 
other lesions can give you slow-wave sleep 
pontine lesion, patient lies quietly, has autonomic and somoatomotor reflexes, normal 
eye movements-->coma vigil.
Damage to diencephalon-->decorticate posturing (flexing arm and wrist and fingers, 
extending lower limbs)
damage to mesencephalon-->decerebrate posturing after pain (extending, internal 
rotating arms and legs)
no response to pain with damage to lower pons and medulla 
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cross-sectioning lower pons-->flaccid quadriplegia?

If you hurt the medial medulla, you'll hurt the hypoglossal nerve nucleus, corticospinal 
fibers, medial lemniscus—that means ipsilatural paralysis of your tongue, contralateral 
discriminative touch lost (because medial lemniscus has crossed over now), and 
contralateral hemiplegia because corticospinal has not yet crossed over. This is dejerine
syndrome.

If you hurt the lateral medulla, you'll hurt the spinal trigeminal tract nucleus and lose 
pain and thermal sense on the same side of your face. Your nucleus ambiguus will be 
damaged, causing dysphagia, and making you horse, and making your uvula deviate to 
the other side (because the other muscle pulls it). You'll hurt your vestibular nuclei which
will casue nystagmus, and you'll feel dizzy and sick. You'll also hurt the anterolateral 
sensory system which means you'll have loss of pain and thermal sensation on the 
other side (because anterolateral crossed over waaay down in the spinal cord). This is 
Wallenberg syndrome.

Pons injury, in the front, medial, is Raymond or Foville syndrome. Corticospinal fibers 
are hurt, which makes contralateral hemiplegia. Abducens fibers in your pons are 
injured, so you'll have ipsilateral abducens palsy and see double. Your facial nucleus or 
fibers are injured so that makes ipsilateral paralysis of face muscles. The anterolateral 
syndrome, in Foville, and the trigeminal nerve, are also injuried, and that's foville—
ipsilaterla paralysis of masticatory muscles and loss of pain and temp on ispilateral face,
but contralateral pain and temp sensation. Without that stuff it's Raymond syndrome.

The Gubler syndrome is slightly more lateral to that on the pons. It's when your 
corticospinal fibers are injured (contralateral hemiplegia) and your tirgeminal nerve 
(ipsilateral facial paralysis).

In the midbrain, Weber syndrome happens in your cerebral peduncle, knocking out your
cortico spinal fibers and giving you contralateral hemiplegia, and knocking out your 
oculomotor fibers, which gives you ipsilateral oculomotor paralysis, diplopia, and dilated 
pupils. It also knocks out your corticonuclear fibers, which can mean there isn't good 
conversation between your cortex and your nuclei. So you have contralateral weakness 
of facial muscles on your lower face and your tongue will deviate to the contralateral 
side, and you'll have ipsilateral trapezius and sternocleidomastoid weakness. (weird...)

Claude syndrome hits your red nucleus, knocking out your cerebellothalamic fibers and 
your oculomotor nerve. Benedikt syndrome happens when you've got both Weber and 
Claude together, and that sucks.

Corneal reflex is pontine; lower pons damage means no more corneal reflex (because 
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you hurt sixth nerve)

http://www.dartmouth.edu/~dons/part_2/chapter_17.html 

 and also Haines atlas

Insert Sympathetic Major Pathways 

this should really go in brainstem as an interruption or sub-section, best as a sub-
section
If you hurt your pons or medulla your pupils will be small because only descending 
sympathetic pathways got hurt; if you damage diencephalon you can get constricted 
pupils because you suppress the hypothalamic part of the sympathetic pupillodilater 
system.

in the brainstem lives just posterior to your olive nucleus 
in spinal cord live sin your intermediolateral cell column 
in your head follows blood vessels 
starts from autnomic regulatory nuclei of hypothalamus goes down brain stem down 
spinal crod synapses and then white rami communicantes go into your ganglia
sometimes doesn't synapse, splancthnic pg. FIXAL

Medulla anatomy

In the lower medulla you always want to look for the decussation of the pyramids and 
the meidal lemniscus. 

7, 9, 10

watch Dr. najeeb for this 

spinal nucleus is pain and temperature.

Nucleus ambiguus this is twotypes of neurons: special visceral efferent, and general 
visceral efferent. 

Cranial Nerves and Their Outlets In the Brainstem

Opthalmic division of trigeminal gives innervation to anterior cranial fossa; maxillary 
gives to middle cranial fossa. So if there's a tumor in the supratentorial area that 
disturbs the dura mater, pain will be referred to your opthalmic region (so pain in the 
forehead), or into the maxillary area of the face.
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Cranial nerve number two is pretty easy to find—it's the northmost, meets at the chiasm,
is in the midbrain way above the brain stem. 

Further down, you'll see oculomotor number three way up in the superior brain stem 
between the two cerebral peduncles, coming out of the interpeduncular fossa

Turn the brainstem over, and in the posterior region you will see cranial nerve number 
four originating dorsally and extending ventrally, originating near the cerebral peduncles.
It's the only one that starts dorsally.

The next one is number five, the trigeminal nerve. Look for the pons, and on either side 
of the pons you'llsee some big-ish horns. Those are the trigeminal nerves.

In the pontomedullary junction you'll see medially a pair of nerves running up. That's the
abducens, number six. 

Laterally to six is number seven, and laterally to that is number eight. 

So six, seven, and eight all start in the pontomedullary junction and go in order medially 
to lateraly.

In the medulla you can see the rest. It's kind of hard to see the ones here, because 
they're pretty tiny. You'll see some roots leaving between the pyramid and the olive and 
that's the hypoglossal nerve, number 12. 

Behind/lateral to the olive, you'll find 9, 10, and 11, leaving from superior medulla to 
inferior medulla in order. 9 may be the biggest here.

Cranial Nerve Nuclei 

We talked about the cranial nerves on pg. FIXAL, and that's where you should look to 
memorize what nerves come off of them, what they do, where they go, and so on. But 
here we're going to talk about how lesions in the brain stem can affect different cranial 
nerve functions. It's also important clinically to know where a lesion is in a brain stem 
based on what it's affecting. 

Each cranial nerve has a neuron connection to a cortex, motor or sensory, and then one
or more nuclei where it synapses, and then another neuron that connects to the target 
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organ, muscle, or whatever. I LOVE the picture on pg. 501 of Neuroanatomy through 
Clinical Cases, Second Edition by Hal Blumenfeld. It is way better than any of the other 
two neuroscience textbooks I've used (yes, I've used more than one, lol) and really 
focuses on clinical stuff. The downside is cost, so I'm borrowing it from a friend. You 
really should check it out. 

Anyway, on pg. 501 there's a great picture of the cranial nerve nuclei. It helps to find a 
picture with all the nuclei, and then draw them out over and over again, writing their 
functions next to them. 

You can also find a good tutorial on drawing out the cranial nerves at this youtube 
channel: http://youtube.com/watch/?v=AYRvC8wwZsE

It helps to think about these in a sort of order, so let's talk about them a little bit before 
you draw them.

Up top, behind your superior colliculus, is your lateral geniculate nucleus. That's the 
nucleus for your optic nerve. It helps you see. In the upper medial part of your superior 
colliculus is the Edinger-Westphal nucleus, which controls the GVE portion of your 
oculomotor nerve. That means it helps with the parasympathetic part, the part that 
controls your ciliary muscles and your light reflex. Just below and medial to 

The trigeminal is like the dorsal medial leminiscal system, but for the face. It's got a tract
that goes down the brain stem letting bits of other nerves trail along with it

Put nuclei locations into the pg. FIXAL cranial nerves stuff

Hypoglossal motor axon comes from the cortex on the opposite side, the head region of
motor cortex, and passes through the internal capsule through the corticobulbar tract. It 
crosses over to the opposite side where it reaches the hypoglossal nucleus and the 
second neuron in the lower medulla. Then the secondary neuron innervates the intrinsic
tongue muscles of the opposite side from the origin in the head region of the motor 
cortex. It's common to have an embolism just below the internal capsule because the 
arteries are really small, and that will cause a specific lesion that will hurt the intrinsic 
tongue muscles ability. That's a supranuclear or corticobulbar lesion. In the midbrain the
corticobulbar tract passes through the cerebellar peduncles. They also pass through the
basal pons as the corticopontine tract in the pontine neurons.

If you affect one side of the vagus you're left with a hoarse voice; if you affect both sides
you're mute.

Mesencephalic nucleus of trigeminal does proprioception, and it's the most north 
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below it is the chief sensory nucleus, which does vibration and stuff 
Below it is the spinal trigeminal nucleus which does epicritic touch

Insert Parasympathetic Pathways 

this should really go after cranial nerves 

Blood Supply to the Brain

Out of 5 liters of blood pumped by your heart in total, fifteen percent is devoted to the 
central nervous system. The majority of US neurological hospital admissions have a 
blood flow problem as the chief cause. Blood from your left 

All these blood vessels are floating in your CSF in the subarachnoid space.

Vertebral arteries start kind of in the back from the subclavian arteries, one on each 
side, and then join anteriorly to the ponto-medullary junction to form the basilar artery. 
Before they do that, each artery gives off one little branch that joins with the other, in the
middle, to form the anterior spinal artery. Around that same level the posterior inferior 
cerebellar arteries break off, one from each vertebral artery, to feed either side of the 
cerebellum. Coming off either PICA, or the vertebral arteries, at this level, you also have
two posterior branches that become the posterior spinal arteries. The anterior spinal 
artery goes all the way down the spinal cord, and so do the two posterior spinal arteries
—remember you have two. A little above PICA, coming either off the basilar artery or 
the vertebral artery depending on the patient, is the anterior inferior cerebellar artery. 
Both it and PICA supply the under-surface of the cerebellum, but Aica supplies the 
lateral part of the pons, too while PICA supplies medulla. That is the difference

Next labyrinthine artery follows seventh and eighth nerve all the way up into your inner 
ear.

Then you have some little pontine arteries that come off. These include the paramedian 
arteries, which supply the medial portion of the upper and lower pons, and the short 
circumferential arteries for the ventrolateral pons, and the long circumferential arteries, 
which hit the tegmentum of the pons and lateral parts of the midbrain tegmentum.

Up in your midbrain, above wheere the oculomotor nerve comes off, your basilar artery 
divides into two posterior cerebral arteries. Just below where the oculomotor nerve 
comes off you have the superior cerebellar artery—don't confuse it with the posterior 
cerebral artery, which is for the cerebrum, not the top part of the superior cerebellar. 
They're divided by the third nerve. The posterior cerebral arteries also come off the 
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basilar artery, and wrap around towards the occipital lobe.

Note on those spinal arteries that go down your spinal cord. They get help from 
segmental arteries that are out in the rest of your body. You've got thoracic, lumbar, and 
sacral segmental arteries that communicate with the posterior and anterior spinal 
arteries. The largest one is the artery of adamkiewicz, which is right between the 
cervical and lumbosacral area. Radicular arteries supply the posterior and anterior roots
of the spinal nerves when there are not medullary arteries (the artery of adamkiewicz is 
a medullary artery). These come from segmental arteries from your internal thoracic and
stuff. You've got several spinal veins that then return blood: anteromedian spinal vein in 
the midline, anterolateral spinal veins (two fo them) just where the ventral roots attach, a
posteromedian spinal vein in the midline in the back, and two posteriolateral spinal 
veins where the dorsal sensory roots attach. You've also got little spinal medullar yand 
radicular veins to match the medullary and radicular arteries. Areas of the spinal cord 
that are most vulnerable to reduced blood flow: T4 and L1, which are both just above 
major blood vessel entry sites. That's anteriorly. Posteriorly, it's T1, 2, and 3. 

That all is the posterior or basilar or vertebral system. Your brain also gets blood from 
the anterior or carotid system.

At the undersurface, at the base of the cranial cavity, there's a little canal just for the 
internal carotid artery. It's called the carotid canal, and it connects to the foramen 
lacerum, thorugh which the internal carotid actually gets into the middle cranial fossa. 
The area where the foramen lacerum drops the internal carotid, in the middle cranial 
fossa, is called the cavernous sinus. The arteries come right out right next to the 
pituitary gland. 

One of the first branches is the opthalmic artery, which enters the orbital cavity through 
the optic canal. You know most of its branches from pg. FIXAL. But we failed to mention
one important branch: the central retinal artery, which traces the optic nerve to reach the
retina. Many times you get thrombi fro the valves of the heart into the circulatory 
system. Or from the aortic valve, or the left atrium. Some of these thrombi get into 
carotid circulation, and they can get stuck in the retinal artery and cause blindness. It's a
major clinical feature of problems with the carotid system! 

Another important branch leaves after the opthalmic, and goes backwards. There are 
two backwards ones, actually. One is the posterior communicating artery. What's it 
communicating? Between the basilar system and the carotid system. The other branch 
is the anterior choroidal artery. Yes, the anterior choroidal artery goes posteriorly. It's 
getting to the anterior part of the choroid plexus in the lateral ventricle from the anterior 
circulation. 
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Now the internal carotid divides into its terminal branches. One goes laterally, and one 
goes anteriorly. The lateral branch is the middle cerebral artery, while the anterior one is
the anterior cerebral artery.

The posterior communicating artery connects to the posterior cerebral artery. The two 
anterior cerebral arteries also have a communicating artery between them. And that 
makes a beautiful circle in your brain! It's called the circle of Willis.

The advantage of this ring is that everything is backed up; each system acts as a 
collateral system to the other, so if there's a blockage somewhere the central nervous 
system can still survive. The most common blockages that you'll see in the hospital 
cause aneurysms in the circle of Willis. You can guess that depending on where the 
aneurysm is, you can get optic nerve dysfunction or other problems. The most important
connection of this ring is the connection between the intracranial and extracranial stuff—
the connection between the ophthalmic and external carotid arteries through the front 
system.

The middle cerebral artery travels through the depths of the brain to leave through the 
lateral sulcus. On the way, it gives off central branches that go deep inside nad supply 
deep stuff like basal ganglia, lenticulate nucleus, internal capsule, etc. Those are called 
lenticulostriatal arteries. Outside that sulcus, on the surface of the brain, the middle 
cerebral artery gives off a fan of arteries to your temporal and parietal lobe.

Your anterior cerebral arteries, meanwhile, travel up and back along the top of your 
head, giving offf horizontal stripes of arteries all along the top of your head, crossing the 
midline and the middle sulcus. They're taking care of your entire frontal lobe and the 
upper portion of your parietal and occipital lobes. It's important to note that these 
arteries share your motor sulcus with the middle cerebral artery branches. At the top of 
your brain the homunculus in your motor cortex controls your lower limbs and foot; as 
you trail down the side of your head, you get into arm and upper trunk. So if you have 
weakness in your lower limbs and foot, that's from your anterior cerebral. If you've got 
weakness in your arm and upper trunk, that's the motor area supplied by your middle 
cerebral artery. Remember it'll be the opposite side of your body that's controlled by one
side of your cerebral cortex.

The anterior cerebral artery branches have names. You've got the pericallosal artery 
near the corpus collosum, some orbital branches near your eyes, some frontopolar 
branches for your frontal lobe, and some callosomarginal arteries by the cingulated 
sulcus. There's also the recurrent artery of Heubner, or the medial striate artery, which 
brings blood to the anteromedial part of the caudate, internal capsule, and putamen.

The medial cerebral artery also has names for its branches. The lateral striate or 



Becoming Healers 958
lenticulostriate arteries supply the putamen, caudate nucleus, and front part of the 
internal capsule. There are a whole bunch of them next to the optic chiasm, and they're 
collectively called the perforating or ganglionic branches. They live in the “perforated 
substance” that we talked about earlier in anatomy, between the cerebral peduncles. 
Other arteries from the middle cerebral include the orbitofrontal artery, the precentral 
and central arteries, the anterior and posterior parietal arteries, the angular artery, and 
the anterior, middle, and posterior temporal arteries.

Meanwhile your posterior cerebral artery is feeding the bottom of your temporal lobe 
and your occipital lobe. It makes a calcarine artery to supply the primary visual cortex, 
and the posterior choroidal arteries for the choroid plexus of the third ventrical and the 
body of the lateral ventricle—the back of the choroidal areas. It also gives off some 
vessels that hit the rostral midbrain, the caudal diencephalon, and the glomus.

Strokes aren't the only bad thing that can happen. You could also have anastomosing 
malformations where part of the brain gets bypassed by a weird anastomosis between 
the arteries and veins (AVM).

Veins: look at atlas for the 
superficial middle cerebra lvein, vein of troland, and vein of labbe 
all of those empty into the superior sagittal or transverse sinus 
also look at atlas for the internal cerebral vein, great cerebral vein of galen, septal vein, 
thalamostriate vein, the choroidal vein, the veins of rosenthal, and the ddep middle 
cerebral vein, which all empty into the straight sinus

clonus—twitching rhythmically unvoluntary, violent
fasciculations—small, tiny twitche,sl ike when your eye does after reading

Thalamus 

The thalamus is also called the dorsal thalamus.  Where is your thalamus? Well, if you 
look at the base of the cerebral hemispheres from the front, at a head that's been cut in 
half frontally, you'll see two cheese-shapes laterally, and two egg shapes more medially.
So externally in your brain is lentiform body, which is the cheese. It is made of the 
putamen and the globus pallidus. The putamen is the outside of the cheese, and the 
globus pallidus is the tip facing inward. So from outside to inside we have the putamen, 
then the globus pallidus, then the internal capsule, then the thalamus, and then between
the two thalami the third ventricle. The caudate wraps around the thalamus below and 
above, kind of like a C opening towards the front. Dr. Najeeb says the caudate nucleus 
is a mouse with its head on the front of the thalamus trying to eat the cheese that is the 
lentiform nucleus, while its tail wraps under the thalamus. (On the tip of the rat's tail you 
have anger and sex feelings, at the amygdaloid body.) Basically the thalamus is 
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cushioned inside the caudate nucleus. Around the caudate nucleus is another C, the 
lateral ventricle, above and below the thalamus, and then above the lateral ventricle is 
the fornix, in another C. 

So the thalamus is nestled deep inside all these C-shaped structures. It's the two egg-
shaped things just behind and above the mammillary bodies. Directly under it lives the 
brainstem, which isn't part of the diencephalon, and directly anterior-inferior to the 
thalamus is the hypothalamus. Posterior to it is the pineal gland sticking out like a toe-
thing. On either side of the pineal gland are the habenular nuclei. The two habenular 
nuclei and the pineal body are called the epithalamus. Lateral to that epithalamus and 
its havinular nuclei are the lateral and medial geniculate bodies. The lateral geniculate 
nuclei are also called the metathalamus. The lateral geniculate bodies live just under 
the posterior lateral thalamus, doing visual system stuff, and the medial geniculate 
bodies live just medial to that doing auditory stuff. Right under the thalamus, just above 
the brainstem, is a sheet of grey matter called the subthalamus. 

The thalamus filters all information that enters your brain except the olfactory stuff. 
Again, only nose stuff doesn't go into the thalamus—it goes into the insular cortex 
directly. The thalamus filters. That's it's job, period. Like the secretary of the CEO, it 
prevents overwhelming amounts of interaction and sensation from causing a nervous 
breakdown. It's in the cortex that you process and receive the information that gets 
thorugh the thalamus. Now people with cortical damage can often still sense things,57 so
there's some kind of sensation with the thalamus, some kind of knowing, but that's 
poorly documented, so just take that into consideration, and then ignore it: the cortex is 
where you know things. A tiny part of the homunculus in your sensory cortex extends to 
the thalamus, too, but again, we don't know anything about why or what they do.

Each thalamus is a mass of gray matter that, if you cut it transversely (horizontally) and 
look from the top, has a Y-shaped series of white matter running through it. It's a half-
egg with a y in it. Those are the intermedullary lamina, and they divide the thalamus 
into the medial thalamus and the lateral thalamus on either side of the Y's stem, and 
the anterior thalamus between the fork-part of the Y. The lateral thalamus is further 
divided into ventral and dorsal thalamus. The dorsal part has many nuclei. They are 
called dorsal tier nuclei. The ventral part also has many nuclei. They are called ventral 
tier nuclei. The nuclei of the thalamus talk to each other through the intermedullary 
lamina axons.

The thalamus also has some other white matter around it. Over top of the thalamus is a 
sheet of white matter called the stratum zonale. On the lateral side there's a white 
matter sheet called the external medullary lamina. Wrapped around the ventral 
thalamus, in kind of a C in the lateral front, is some gray matter that's outside of the 
57 9/27/2012 Dr. Barry Condron UVA Intro to Neurobiology



Becoming Healers 960
external medullary lamina. There's one for each thalamus, obviously, and this is called 
the reticular nucleus. Again, it's like two Cs around the lateral front of the nuclei, 
hugging the thalami like two hands gripping two coffee cups.

Within the Y of the internal medullary lamina, you'll see tiny lumps of grey matter. 
They're called internal laminar nuclei, and there are five of them: two in each leg of 
the Y, one where the legs intersect, and two in the stalk of the Y.

In between both thalami there's a little bit of grey matter that extends through the third 
ventricle to connect the two thalami. This is the interthalamic adhesion. 

The swollen back area of the thalami, on either side of the epithalamus, is called the 
pulvinar nucleus. That means pillow. It's part of the lateral dorsal thalamus.

In the anterior nucleus you have:
The anterior nucleus 

In the medial nucleus you have:
Dorsal medial or mediodorsal nucleus in the back 

In the lateral nucleus you have 
Ventral posterior lateral nucleus towards the back

Nuclei can be specific, where they send information very specifically to the to tightly 
localized areas of the primary sensory and motor cortex. Or they can be associative, or 
widely dispersed, where they send information from one input to many different areas of
the cortex for complex responses and information pathways.

Nuclei functions:
• The ventral posterior lateral nucleus receives pain and temperature inputs from

the spinothalamic tract. It also receives sensory info from the medial lemniscus. It
sends stuff to the somatosensory cortex. It's specific.

• The ventral posteromedial nucleus (VPM) is like the VPL, but for cranial nerves
and taste. So it takes stuff from the trigeminal lemniscus, the trigeminothalamic 
tract, and taste inputs to the somatosensory cortex. It's specific.

• The ventral lateral nucleus is motor. It helps with coordination information from 
the cerebellum. Cerebellar output from the cerebellar cortex goes through the 
deep cerebellar nuclei, which talk to the ventral lateral nucleus of the thalamus. It
also gets information from the internal globus pallidus, substantia nigra, and pars 
reticulata. Sends info to the primary motor cortex and premotor cortex. Specific. 
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Lesions can cause synesthesia.58

• The ventral anterior (VA) is much like the VL. It takes basal ganglia info—so info
from all the same places as the VL—and info from the cerebellum to the cortex. 
But it isn't as specific as the VL. The VA sends information all over the frontal 
lobe, to pre-motor and supplementary motor and pre-frontal cortexes, and it's 
very diffuse or associative.

• The ventral anterior and ventral lateral nuclei are important for decision 
making. They get directions and ideas from the basal ganglia, and then tell the 
cortex, “hey, you can do this.” They're always on, always telling your frontal 
cortex to do motor stuff. But they're inhibited by the globus pallidus always. So 
basically when you turn off the globus pallidus, you can do stuff. In Parkinson's, 
the globus pallidus is permanently on because of a lack of dopamine, and that's 
why you can't do stuff. More on this later.

• The pulvinar pillow nuclei we talked about take stuff from the tectum—so visual
stuff—and some other sensory input to the parietotemporooccipital lobes. As you 
can imagine, it's pretty diffuse or associative. It basically deals with your 
behavioral response to sensory stimuli. It's pretty diffuse, just like the lateral 
posterior nucleus, which works with it and does the same stuff.

• The lateral dorsal nucleus and the anterior nucleus do kind of the same thing, 
except the lateral dorsal is more diffuse and the anterior is more specific. They 
take information from mammillary bodies and the hippocampus to send stuff to 
the cingulate gyrus—so that's emotional and limbic stuff. Basically they adjust 
your mood in response to recent memory. Info from the memory section to the 
emotional centers.

• The ventral medial nucleus takes stuff from the midbrain's reticular formation all
over the cortex. This is important, because it may help all the rest of your brain 
stay awake. It's extremely diffuse and associative, as you might imagine!

• The dorsal medial nucleus is also really important. It takes stuff from your 
amygdala, olfactory cortex, hypothalamus, and limbic basal ganglia to your pre-
frontal cortex and frontal cortex. This is connecting emotional limbic pathways to 
the behavior part of your brain. It's pretty diffuse. It gets a lot of info from other 
thalamic nuclei, so when you get input about pain or temperature, for example, 
your behavior changes; alternatively, if you're sad or something, your behavior 
changes.

• There's a group of thalamic nuclei in the midline, the most medial part of the 
thalamus, and they are called midline thalamic nuclei. They are small. They 
take stuff from the hypothalamus, amygdala, hippocampus, and basal forebrain
—basically from the front bottom of your brain—and send info back along the 
limbic pathways to the amygdala, hippocampus, and limbic cortex. Like an 

58 Ro T, Farnè A, Johnson RM, et al. (2007). "Feeling sounds after a thalamic lesion". Annals of Neurology 62 (5): 
433. doi:10.1002/ana.21219. PMID 17893864.
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emotional feedback system. Diffuse.

• All the intralaminar nuclei in the front—the central medial, central lateral, and 
paracentral at the bottom of the Y's fork—work with information from the deep 
cerebellar nuclei and your basal ganglia; from the reticular system in your 
brainstem, sensory pathways, globus pallidus. They send info very diffusely to 
the cerebral cortex and striatum. The two back intralaminar nuclei do the same 
thing, except that they don't get inputs from the cerebellum. They're also very 
diffuse. 
◦ So overall, these nuclei get stimulated by pain and other spinothalamic, 

trigeminal, and ascending reticular things, and help wake up all the cerebral 
cortex. This is your wake-up nuclei! 

◦ Damages to this pathway put you in a coma. 
◦ This is why moving around and getting proprioception to your brain while 

you're studying helps keep you awake. 
◦ Remember, information from other nuclei can trigger these intralaminar 

nuclei, too. (So emotional info affects sleep)
◦ Sometimes during terminal cancer, in extremely horrible pain, we disconnect 

the intralaminar nuclei to relieve intractable pain. 
◦ The largest intralaminar nucleus is the central median nucleus. It is stimulated

by motor info—even stuff like imagining actions can wake it up.
• The lateral geniculate nucleus, as you know, takes stuff from the retina to the 

primary visual cortex, and the medial geniculate nucleus takes info from the 
inferior colliculus to the primary auditory cortex. Both of these are specific. 
Remember lateral light, medial music.

You may have noticed that the lateral nuclei are all pretty much sensory and motor 
(except for lateral dorsal), while the medial nuclei are all limbic system, and the 
intralaminar nuclei are awakeness. VPL, VPM, anterior, and VL are specific. VA/VL are 
motor. VPL, VPM, pulvinar, and  are sensory.

You also should notice that you only 

Thalamocortical projections are copied by a receiptrocolcoritothalamic connection to 
feedback and check what's going on 
the reticular nucleus doesn ot send axons to the cerebral cortex but everyone else does
everything reticular is GABA ergic 
reticular nulceus gets feedback from cortex, but mostly spends time inhibiting the other 
nuclei—doesn't tell the cortex to do anything
Reticular nucleus only gets stuff from cortex, intralaminar nuclei, and ARAS (ascending 
reticular activating system, for staying awake) and sends it to the nuclei, doesn't send 
anything back to the cortex—this is the soldier who does exactly what he's told, and tells
it to his inferiors verbatim.
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the posterior cerebral artery irrigates the thalamus and that's the oNLY blood supply
Korsacof Wernicke's disease you have a problem in your anterior nucleus or your 
mammillary body or your dorsal medial nucleus, due to thiamine deficiency, so your 
emotional responses are bad

Autonomic nervous system

Autonomic nervous system today.
Smooth muscle and cardiac muscle controlled by this.
Sympathetic and parasympathetic system: innervate all targets in the same manner and work 
opposite each other. You could just work with one set of alpha motor neurons coming out of your
nervous system. These two independent systems regulate each other to avoid extraneous 
movements because the stuff they control is so important.

Feeding, fighting, and fucking--the three fs--sympathetic. Also fight or flight response.
Parasympathetic is for relaxed.
You could do both things with each.

Final connections on the sympathetic nervous system use adrenaline as neurotransmission
Sometimes you'll have colonergic neurons instead--they'll connect to a ganglia, which THEN 
connects to adrenergic neurons.
These are something like DRGs on the sympathetic side. Aaaaalll along the spinal cord these 
things hook up to neruons.
But the parasympathetic system is different. Most of the neurons come straight out of the 
stem/spinal cord area at the top, and then you have some that come through from the saccral 
(most bottom) part of the spinal cord.
You can pharmacalogically touch the sympathetic, but it's hard to get into parasympathetic 
because of this wiring and stuff.

Sympathetic contracts blood vessels. Para does not touch.

Sweat glands are also sympathetic. There isn't a parasympathetic input for that.

The adrenal gland on your kidney is another source of adrenaline. Sympathetic activates that and 
releases stuff into your blood system--more systemic effects. That has no parasympathetic input.

Everything else has dual parasympathetic and sympathetic.

sympathetic innervates your pupils. When you're nervous, that activates and they dilate. They 
take in more light. Parasympathetic contracts them to protect your nervous system from too 
much light when it's not stressed.
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Activate the sympathetic nervous system to relax airways, parasympathetic constricts them. (so 
anaphylactic shock, you're activating sympathetic nervous system)

Degeneration of nervous system begins most posterior, most caudal parts, and moves to anterior. 
One of the most lowest/down caudal functions is the saccral parasympathetic. Taht controls 
peeing and pooping. So the first common defect in older people is the loss of this function. The 
motor neurons there are the first to degenerate.

In the spinal cord: Sympathetic--spinal cord dorsal horn DRG synapses with the dorsal horn. The
ventral horn connects with ventral efferent fibers. The lateral horn, between those two horns, is 
where the ventral efferent fibers synapse inside.
Motor part of spinal cord is the top; sensory part is bottom; lateral has where your sympathetic 
ganglia connect. 
Sympathetic usually has a plexus between the spinal cord and the target.

Parasympathetic is a lot more focused. Basically two parts: at the most saccral part, most caudal 
partof the spinal cord, you ahve lateral horn neurons. These are all parasympathetic and 
colinergic. They hit the gut/bladder/genitals. 
Up in the brain stem you have three major areas. Way up next to ocular motor nucleus--that's the 
edinger westphal nucleus. These are motor neurons and parasympathetic motor neurons. Right in
the ocular motor neurons that controls pupils. 
Ther'es a separate neucleus called salivatory/facial nuclei. That controls salivation.
The vagus/ambiguus nucleus controls from lungs to gut.

From vagus going into the gut you get some parasympathetic neurons that have complementary 
sympathetic neurons going into the gut. distributed networks of neurons, hard to identify 
structure. The Enteric Nervous System is pretty much an independent nervous system of itself--
it's regulated by parasympathetic input from vagust nucleus, which is excitatory. You have 
sympathetic input that's all inhibitory. The idea is that if things are really bad (fight and flight) 
you don't need digestion.

Nucleus of solitary tract--very powerful--feeds back up to brain somehow to gather gut info and 
regulate behavior.
A lot of the mechanoreceptors and nociceptors coming out of ENS 
The ENS can code nutrition--in some way tell you you need better, more nutritive food (study on
fruit flies)
All these autonomic infos do go up to cortex.

Insular cortex is affective pain--whether you like it or not. Somatosensory tells you positional 
info about pain, the data about the pain. That's the highest end of the visceral system. It feeds 
down through amygdala, which feeds into hypothalamus. Hypothalamus is at the very ventral 
part of brain--highly vascularized. Many neurons there have feeders into blood stream. It drops 
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hormones into the blood stream to affect general body. It also has many connections into 
sympathetic and parasympathetic system. It's receiving a lot of info from insular cortex. 
Hundreds of tiny peptinergic nuclei in there.
Information ultimately goes down into reticular formation from amygdala and hypothalamus. 
There's a caudal part that controls stance, and a rostral part with connections into cortex. This 
reticular formation seems to 
what
. Then it passes info down to preganglion neurons and primary motor neurons and the rest of the 
autonomic motor system.

All the information from your organs and the solitary tract eventually feed up to insular cortex 
again for sensory info. The insular cortex is the highest area, as far as we can tell, in which all 
this info gets assembled. Insular also organizes taste and mood and a ton of other things.

Box 21A. Cool sections through the hypothalamus. (I think the hypothalamus looks like a 
vagina)

Leptin is released by the hypothalamus. In response to signals from the gut that says I'm full. I've
eaten enough. Some mutations cause you to not know when to stop. You can feed people with 
those mutations leptin, and they will be full. But it didn't work smoothly, because there are other 
signals coming out of your tummy with other chemicals that say full or not, and because leptin 
seemst o have other functions too, so there's side effects.

General rule: sympathetic nervous system is gonna do one thing, parasympathetic is gonna do 
opposite. Parasympathetic is more house-keeping, sympathetic is more fight or flight.

But sometimes it's not always predictable. (3 examples)

Sometimes before a patient with blood pressure meds takes their meds, their blood pressure will 
already go down! So the autonomous nervous system can be trained and controlled.

Heart
SA node--ganglion on heart that independently controlls heart rate. But it's over seen by the 
cardiac plexu and the vagus nerve. That's parasympathetic. Then there's also sympathetic chain 
ganglions from T1-T5 in the spinal cord that are also synapse in on the SA node. If you want to 
increase heart rate, you release adrenaline from the sympathetic. You can put agonists and 
antagonists on that beta-adrenergic receptor there in the heart (beta blockers slow your heart 
rate). If you want to decrease, you can increase cholinergic output from the parasympathetic. 
Unfortunately it's hard to medicate that, so not a lot of real drug targets there.
Trp channels sense blood pressure and send info back into the solitary tract.

Bladder
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sympathetic: close sphincter
parasympathetic: contract bladder
Lots of choreography involved in peeing.
3 systems involved.
First, the parasympathetic input from most saccral part of spinal cord comes in and contracts 
bladder. You don't have control over that.
But you have some alpha motor neurons coming out of the saccrus that control the sphincter. You
can just decide to open or close that.
But as a child that's really had to NOT do. To fight your parasympathetic system--to contract or 
not contract your bladder.
The sympathetic system shuts down bladder so it doesn't work--relaxes. So to pee, you have to 
turn on your parasympathetic to contract your bladder, turn off the relaxation from the 
sympathetic, and activate that middle system of alpha neurons. You only have conscious control 
over that one part.

Sexual function.
Same kind of concept of three systems--but now they have to work in time.
Parasympathetic comes on first--it causes relaxation of blood supply into penis. Increased blood 
supply is an erection. This involves the neurotransmitter nitric oxide. One of the few places in 
nervous system where that is known to work, and where the drug Viagra functions by increasing 
that signalling pathway. (Metabotropic glutatmate receptor in retina in some color pathways also 
thought to be impacted by nitric oxide--you can get temporary colorblindness in people who take
Viagra)
Parasympathetic comes from most caudal part of spinal cord. Input coming from brain stem and 
insular cortex--very diffusive pathway. It's not like you can just turn it on at will. 
Parasympathetic gives erection, but does not allow completions.
Then that goes off.
And the sympathetic nervous system comes on. That contracts smooth muscles and causes 
ejaculation. Remember "point and shoot." P--parasympathetic--for pointing and S--sympathetic--
for shooting.
Time sequence is important. Central pattern generator--is it caudal or in brian stem? Unclear.
Very clear that all kinds of higher insular cortex/hypothalamus function feed into this system.
There are also complicated alpha motor neurons here--read about it in the book. somatic sensory 
with dorsal root ganglia etc.

Edinger-westfall--pupil constriction.
Solitary nucleus--major area where sensory info comes in. Upstream of all that is the insular 
cortex. 
There's hypothalamus, and those two areas (insular and hypothalamus) help you control the brain
stem. The brain stem can do these things by themselves because of solitary nucleus--pretty good 
CPU up there.
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Remember heart, bladder function, and sexual function. I feel like I need to read the book on 
bladder function, because it's kind of confusing which helps you pee and which doesn't.

Parasympathetic uses acetylcohline on its ganglia. Sympathetic pre-ganglionic is also 
acetylcholine. But post-ganglionic synapse on the organ is norepinephrine and 
epinephrine in sympathetic, while it's stil acetylcholine in parasympathetic. Remember 
parasympathetic the gnaglia are really close to the organ, with really long pre-ganglionic
axons. Somatic nervous system is one neuron to the skeletal muscle; autonomic has 
two neurons, one at aa ganglion, and one to the organ.

Parasympathetic is D, because D looks like P. Digestion, defecation, and diuresis. Or 
Poop, Pee, and putting food into your system.

Sympathetic is E: Exercise, Excitement, Emergency, and Embarrassment. Sex, shame, 
swimming, and serious situations?
Pupils dilate to let you see stuff to escape by, to let more light in if you're threatened in 
the dark...
All the parasympathetic nuclei are in the medulla, midbrain, or pelvis, while all the 
sympathetic are in the spine somewhere, with the last ones up at the top at the C-1 
ganglia, but no nerves leave from anywhere except T1.

Fainting is a vasovagal reaction.

The top T-level post-ganglionic is a little longer in sympathetic, with shorter sympathetic,
but the pelvic and abdominal pre-ganglionic are a bit longer before they get to their stuff,
with more splanchnic nerves. This is still much The pelvic and abdominal don't synapse 
within the sympathetic chain, but pass through it with splanchnic nerves, while the 
thorax ones all synapse in the sympathetic chain.

Parasympathetic it's always a really really long pre-ganglionic because Vagal. That's 
except in the pelvis, where you have new ganglia. Parasympathetic is mostly viscera of 
the head, thorax, abdomen, pelvis.

Sewat glands in sympathetic use acetylcholine for both post and pre-ganglionic.

Neuropeptides of postganglionic neurons is Y in sympathetic, VIP in parasympathetic...

Neuropeptide Y and norepinephrine is for blood vessels in skin adnd skeletal muscle

AcH, VIP, calcitonin...

Cholinergic receptors can be nicotinic or muscarininc
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Nicotinic is ionotropic with EPSPs that are fast after Ach. This always makes an action 
potential. Nicotine activates it, helps wake you up. For ganglionic post-synaptic cells 
everywhere.
All sympathetic and some parasympathetic ganglia use muscarinic. They make slow 
EPSPs or IPSPs and use second messengers and they start too late to prevent fast 
action potential of nicotinic activation, but can keep cell from making peptides and firing 
again and again...Peptides released with AcH can make a really long EPSP which 
makes you keep firing again and again for like a minute, so these slow IPSPs let you 
fire at first, but don't let you stay on.
Muscarinic is metabotropic, and some turn you on, and osme turn you off.

Adrenergic receptors can be alpha or beta, beta 1, beta 2, alpha 1, alpha 2...
Receptors can have opposite effects. Alpha receptors from sympathetic vasoconstricti n
skin and visceral organs, but sympathetic beta receptors dilate deep blood vessels and 
increase heart rate.

Inspiratory muscles and expiratory muscles stimulated in the medullaryStretch receptors
and irritant receptors in the lungs send stuff to the pons and medulla to inhibit the nuclei 
there. Hypothalamus can turn on or off the respiration. Respiratory centers in the 
medulla and pons receive this information. Acidosis from peripheral chemoreceptors will
have stimulating on repistory centers. Central chemoreceptors will also have positive 
stimulation on the repisratory centers. Receptors in the muscles and joints also have a 
stimulating effect. A big stretch in the luns turns off, negative inhibit.

Urinary bladder is controlled by parasympathetic detrusor muscle contract. Sympathetic 
inhibitis. So you don't pee during fight or flight. External urethral sphincter is a 
prasympathetic reflex, and also voluntary control. From L1 and L2 come the 
sympathetic inhibition; S2,3,4 is the parasympathetic activation. 

Well then how come people pee themselves when they're scared? After a fight, if an 
animal has lost, it may suddenly pee and poo involuntarily to repel the attacker. So 
sympathetically there can be an over-ride so you do pee your pants, because the 
sympathetic is overwhelmed and just straight up shuts down.

Compression or lesion of sympathetic fibers make horner syndrome, which has miosis, 
ptosis, anhydrosis, loss of vascular tone, turning red...Usually it's just one side because 
just one side of 
JBVGh0gyyYc&feature=related
just one side is injured by tumor

Raynaud's disease is vasoconstriction of blood vessels causing pain via autnomic pain 
afferents from blood vessels. The hand turns white and hurts, either because of col d or 
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emotional distress. Digits also look cyanosed because deoxygenatin of stagnant blood. 
We don't know why,but it is reflexive vasoconstriction.

Table 29-1 last table in the powerpoint of autonomic has everything...
People in car accidents soemtimes ejaculate because Sympathetic

Skin really doesn't have any parasymapthetic stimulation...neither does the liver

Pre-ganglionic Ach 
post-ganglionic Ach para, NE for sympathetic 
Neuropeptides affect post-synaptic cell responses 

post-synaptic cells in ganglia have nicotinic receptors (para...)-->EPSP (curare blocks 
entire autonomic nervous system)
Muscarinic receptors live in ganglia cells (slow EPSPs or IPSPs) of sympathetic and 
some parasympathetic. So the cells in the ganglia have both...remember IPSP shuts off 
the cell after the epsp already went, and peptides help Ach go for a very long time. 
Peptides by selves do not do this, only with Ach
Go pg. FIXAL for adrenergic receptor classifications

Solitary nucleus of 7, 9, and 10 learn on cranial nerves pg. FIXAL
Solitary nucleus has several inputs: anterior part receives taste, intermediate part does 
gastrointestinal, caudal part does cardiovascular and respiratory
The solitary nucleus sends information to: preganglionic neurons in medulla nd spinal 
cord for gastric motility etc; 
medullary reticular formation for complex reflexes (vocmiting center, cardiovascular 
center, respiratory center, shallowing center, micturition center...)
hypothalamus/amygdala/cereberal cortex (so brain) for complex behaviors

breathign: 
medulla: nucleus tractus solitarius, nucleus retroambiguus
break the medulla or below, can't breathe 
break above the medulla, you can breath spontaneously but not voluntarily (because 
you separate from conscious control)
isnpiratory area of medulla-->phrenic nerve-->diaphragm-->you breathe
stretch receptors in lungs-->vagus-->medulla-->stop breathing in
so if you break vagus you will breathe in more, and have problems breathing out, and 
that's apneusis 
cortex+pons+peripheral chemoreceptors on 9 and 10-->apnestic and pneumotaxic 
centers-->inspiratory neurons
apnestic center-->breathe in; pneumotaxic center-->inhibits breathing in
pneumotaxic is rostral (higher up) in the pons so hurtin pons-->apneustic breathing, 
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keeps breathing in and in and in, but vagal helps you breathe out 
lesions above pons don't hurt breathing 

peeing: parasympathetic, not peeing: sympathetic 
stretch receptors in bladder talk to pontine tegmentum—Barrington's nucleus—inhibits 
sympathetic system to help you pee
urine flow makes your urethra contract your bladder to pee

horner syndrome: sympathetic head stuff broken usually on one side, you don't sweat, 
pupil constricted, drooping eyelid; sunken eyeball; lesion anywhere between 
hypothalamus and sypathetic chain

CNS disease where preganglionic autonomic neurons are getting degenerating in the 
CNS is generalized autonomic failure. Happens because of diabetes sometimes (but 
that's postganglionic, the other one is pre), or because of degenerative CNS diseases

Hypothalamus

temperature, cardiovasuclar, sexual bheavior, circadian rhtyhms, lactaion, maternal 
behavior, respiration, water, food intake, blood osmolarity

Mammilary nuclei belong to hypothalamus. Acruae nucleus is above the infundibular 
stalk. There's ventromedial, dorsomedial, then up above the pulvinar near the thalamus 
and anterior commisure, and there's a periventricular nucleus around the third ventricle, 
while the arcuate nucleus arcs around the bottom of the htird ventricle, the lateral 
tuberal nucleus is lateral to the ventroemdial hyothalamic which is lateral to the 
priventricular. The most lateral is the surpa optic. The latera lhypothalamic area is big 
and above those things. The fornix is between the dorsomedial hypothalamic nucleus 
and the lateral hypothalamic area.

Connections to autnonomic system 
Dorsal longitudinal fasciculus connects medial and priventricular zones to the central 
gray, tectum, midbrain tegmentum 
The medial forebrain bundle goes from the forebrain tot he lateral hypothalamus to the 
brainstem 
The mammillotegmental tract starts in the mamillary bodies and goes to the midbrain 
tegmentum. 
Parasympathetic is anteriorly controlled, sympathetic is posterior.
The medial ofrebrain bundle if you look from the top is really really thick that corsses the
hypothalamus to get to the brainstem it is very studied because it connects a lot of your 
emotional zones like amygdala and hhippocampus to barainsstem thorugh your 
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hypothalamus to help with behavior control. Mammilotegmental curves around from 
mamillary bodies, directly behind to the brainstem.

Parasympathetic anterior region of the hypothalamus makes heart rate go down, 
vasodilation, and intestinal motility go up. 
Sympathetic activation in the posterior hypothalamic region will activtae thoracolumbar 
outfloow and make you stressed out with piloerection, heart rate up, blood pressure, 
respiration, gut inhibition, puipl dilation. Experiment on cats by doing a cut through the 
forebrain in the front so you cut all the fibers that arrive at the hypothalamus from the 
cortex. Then the cat is very mad all the time. Sham rage. It makes exaggeratted 
hypothalamic discharge. It very pissed off. I would be pissed off too if someone cut my 
brain. You cut the control from the hypothalamus and now all outflow goes to the 
brainstem without any inhibition. So in addition to always being in pain, we are actually 
always angry? But the thalamus cuts off our pain stimulation, and the cortex cuts off our 
anger?
More sham rage behavior made in brainstem transection.
I don't know I'd be pretty mad, too, if you cut my brain without my permission.
Humans get sham rage via carbon monoxide poisoning and insulin hypoglycemia. The 
expression of the meotion doesn't actually mean the person is feeling the emotion—
they're just acting it out. Higher stress centers means you uninhibit the hypothalamus 
discharge.

Pikilotherm—if you lose posterior hypothalamus your temperature will vary with the 
environment 

pyrogns make fever. During infection, interleukin 1 released by macrophages makes 
temperature senstivie cells in the hypothalamus reset temprature set point and produce 
fever...

food intake--> VMN is our satiety center 
if you have a lesion in the ventromedial nucleus you get hyperphagia where you eat too 
much. If you stimulate the VMN you get aphagia. Lesions of medial mean more food. 
Medial More food. 

While if I have lesions of lateral I lose weight. The lateral nucleus I the feeding center, 
and lesions of it cause aphagia and stimulation of it causes hyperphagia. VMN satisfies 
you when you use it, and lateral nucleus causes hyperphagia

Leptin is a highly-studied peptide that stimulates the hypothalamus 
Fat tissue makes leptin. It tells your corticosteroids to stop, and tells you to stop eating. 
It tells you to grow, and to make babies, and to have more thyroid and sympathetic 
function, and more immune function. So if you're not eating very much you stop 
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mensturation
Oh wait that's why I'm becoming so irregular...
Some people are leptin resistant, we don’t' know why, but then even though they have 
more adipocytes they don't respond to leptin or maybe they don't make leptin and then 
they just keep eating and eating and not using the energy like they should. 

When you take out cancer tumors you can accidentally destroy the food intake center. 
In children who have leukemia, the leukemia can attack one of those nuclei and they 
start to eat too much.

Circadian rhtym: activity, corticosterone release, feeding ,drinking, GH, sleep, calcium 
excretion all go on a 24 hour schedule. The suprachiasmatic nucleus is a pacemaker. 
The retina sends info to the superachiasmatic nucleus which tells the pineal what to do. 
It tells the pineal to release melatonin. In other animals its the same hormone, but the 
receptors cause different behavior (so they're nocturnal).

Hypothalamus important for autonomic nervous system, influence on endocrine system,

Havinular commisure is above pineal gland on the thalamus. Hypothalamus is sheet of 
grey matter in front of thalamus, wrapping around the front of the third ventricle. It has a 
right area and a left area. The back of the hypothalamus is the mammilary bodies.

Hippocampus has a subiculus it is bumpy and stuff on the hippocampus which is really 
low down and the fornix curves from it up and around the thalamus and into the 
hypothalamus and then into the thalamus. It is a big C around all the other layers of stuff
around the thalamus, the fornix is, and it connects the hippocampus-leafy-bump thing 
that's behind the amygdala way at the bottom just behind the pituitary gland, the fornix 
connects that to the hypothalamus. Within the hypothalamus the fornix connects to the 
mammilary body

has two sections lateral and medial
here there is lateral and medial plane. The fornix enters and divides into laterla and 
medial thalamus. the medial hypothalamic area is where these nuclei live. In the lateral 
hypothalamic area there's a big diffuse bundle of tracs and stuff, it's very busy there. 

What it does: The lateral area gets hungry when it's stimulated. Too much stimulated it 
also makes you angry. Anger and hunger areas are very near to each other. When 
there's too much hunger, you get angry. That is because they can sense hypoglycemia 
with their little glucose sensors.
The medial plane has centers for satisfaction (specicially the ventromedial nucleus)

medial plane Has three sections from anterior to psoterior
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preoptic and supraoptic region: 
where the stuff is: in front of and bove optic chiasm (has preoptic nucleus is the most 
forward, has paraventricular nucleus obve and behind that, has anterior nucleus right 
under that shaped like a long knife cuddles behind the preoptic, directly behind it, has 
supraoptic nucleus below the anterior nucleus, like the anterior nucleus is ak nife 
pointing at it, has suprachiasmatic nucleus in a sheet right under the supraoptic)
What they do: 
this whole front area helps with parasympathetic activity, increasing vagal activity and 
sacral autonomic repsonses, decreased heart rate, vsodilation, more intestinal motility, 
etc...para and anterior and vagal have a lot of as in them that's how you remember
also heat regulation happens when the anterior hypothalamus sense too much heat and
responds by making you vasodilate, sweat, and pant. It's interleuking 1 released by 
macrophages that makes you have a fever: the interleukins lie to the temperature-
sensing cells of the anterior hypothalamus and tell it to let you get a little hotter. 
Anything that makes you feverish and hot is a pyrogen. So anterior senses stuff and 
deals with heat response; posterior responds to cold and has the descending pathways 
running through it. Interleukins lie and re-set your anterior so it turns off and posterior 
works and you get all hot to kill bacterias. Anterior antartica; posterior pyrogen. Anterior 
wants you to go to antartica; posterior wants you to get set on fire. If your psterior's 
broken, anterior wins, and you freeze.
preoptic nucleus releases gonadotraopic releasing factor compounds that go to the 
median emimence and through the blood supply from that area it sends compounds into
anterior pituitary and they stimulate FSH and LH release. Preoptic nucleus helps 
determine sex. It makes GnRH and is bigger in men than in females. It controls 
gonadotropic hormones from anterior pituitary. So the size of the sexually dimorphic 
area of the preoptic area will help decide how masculine you will be. So a bigger size, 
cuased during embryo, will make you release more masculine hormones during life. So 
circulating hormones during pregnancy... check out this slide to clarify this. Sexually 
dimorphic nucleus may have something different in sexual attraction. When you are a 
fetus and your hypothalamus is developing androgen levels may affect your 
development of your sexually dimorphic nucleus. Prenatal exposure to androgens have 
a masculinizing effect (androgens not from mother, but from baby boy himself...I guess 
a baby boy born from a man might be even more masculine because of the exposure?)
magnocellular cells in paraventricular and supraoptic nucleus make vasoprssin and 
oxytocin to go to hypothalamus. That's because organum vasculosum, circumventricular
organ in the lamina terminalis right next to hypothalamus, senses plasma osmolarity—
no BBB right there—and tells nuclei what to do. Also, carotid bodies, aortic arch, and 
atrium talk to nucleus solitarius to tell magnocellular neurons what to do. There's also a 
thing under the fornix—the subfornical organ—which has no BBB and senses 
angiotensin II. That turns it on, and tells it to tell magnocellular neurons to make ADH.
Paraventricular nucleus also makes CRH<<--cortisol is important!. It's not the 
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periventricular nucleus, which is more medial; it's anterior and just behind the anterior 
nucleus, and it makes oxytocin.
Suprachiasmatic nucleus gets information from the retina and then acts as a circadian 
rhtyhm pacemaker by telling the havinular nucleus to tell the pineal gland “hey, release 
melatonin”. This is also for ultradian rhythms, and it's how birds know to lay their eggs in
a certain season. (Pineal gland also makes 5Ht and CCK)
The anterior nucleus controls body temperature. Anterior and air conditioning have the 
same first letter, and this keeps your body temperature down at 37. It always cools you 
down. It forces your blood vessels to dilate so heat can be dissipated from it. This is 
also called the anti-rise center, since it's against temperature rise, and it also inspires 
sweating. It also works on parasympathetic functions. 
The supraoptic nucleus, just behind the suprachiasmatic nucleus, makes ADH and 
neurophysins. 

Tuberbal region--
where is the stuff: in here is the dorsomedial nucleus, ventromedial nucleus, and 
arcuate nucleus. The dorsal medial nucleus is just under and behind the paraventricular
nucleus, and just behidn the anterior nucleus (makes sense). The ventromedial nucleus 
is ventral to that, right under it, belly-side to it, and at the bottom of them all is the 
arcuate nucleus in an arc over the infundibular stalk of the pituitary gland, sitting right 
under the third ventricle.

one more nucleus is periventricular nucleus. It is in all the tuberal region kind of, but it's 
more medial than the tuberal region nuclei that I mentioned. You know how the arcuate 
nucleus is kind of uner them?. The periventricular is connected to the arcuate nucleus, 
and wrapping around the ventricle.s the arcuate nucleus is right under the third ventricle
you see. Some books like the high yield just call the periventricular the arcuate, like the 
arcuate is the whole thing wrapping around, but I releases different stuff: it relases TRH,
and somatostatin (growth hormone inhibiting hormone) so it's really different

what it does:
the arcuate nucleus releases GnRH, GHRH, GHIF, and PRIH (inhibits prolactin or turns 
on growth hormone and stuff releases gonadotropin-relesaing hormone)--release stuff 
into the blood of the hypophyseal portal capillary system which carries the stuff to the 
pituitary. (maybe also TRH and CRH and PRF and dopamine—dopamine inhibits 
prolactin production, so lack of dopamine means up in prolactin production which 
means low FSH and LH and ammenorrhea)
periventricular nucleus releases TRH and somatostatin 
ventromedial nucleus tells you you're full so you stop eating
dorsomedial nucleus makes you wild and angry and savage (without hunger stuff, that's 
the difference between this and the lateral region). But without it you become very 
domesticated and quiet and flaccid and obedient. 
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posterior region
where is the stuff: has the posterior nucleus nad mammilary bodies. Posterior nucleus is
right behind dorsalmedial nucleus, and mammilarby doeis are behind the whole 
hypothalamus sticking out at the bottom like you know 
what it does: 
this posterior region does sympathetic activity through thoracolumbar outflow—
emotional stress and fight or flight
taking off inhibition to this region and you get sham rage, probably because of 
sympathetic response being on all the time
this is also the region that starts making you shiver, vasoconstrict, decreased sweating 
when it's too cold. All the descending temperature pathways go through posterior 
hypothalamus, so if you destroy this, you don't just become really cold—you vary 
completely with the temperature. Even though the anterior is still working, and could 
cool you down, it can't communicate. So problem with anterior, you become too hot, 
problem with posterior, you become too everything, which is called a poikilotherm. 
Remember posterior=pathways=poikilotherm
From the mammilary bodies there are tracts that go to the thalamus. Remember 
mammilary bodies receive fornix. Mammillary bodies help with feeding behavior 
movements, like moving your lips and mouth and stuff. Also part of Papez's circuit. And 
without vitamin B1 you get hemorrhage here,a nd that's called Wernicke's Korsokoff 
syndrome and you see this in alcoholics sometimes and you also get degeneration in 
dorsomedial nucleus of thalamus and periaqueductal gray matter and superior and 
inferior colliculi. Ocular palsies (because nerves from periaqueductal gray area) and 
ataxia (incoordination of movement) and retrograde amnesia (forget all the things before
the amnesia) and anterograde amnesia (forget all the things after the amnesia and tell 
lies confabulations to fill gaps in the memory). Someone with hypoglycemia who comes 
to the hospital and you give high amount of glucose sometimes it wil ltrigger worse 
thiamine deficiency—that's if the person is a chronic alcoholic—the little thiamine that's 
left gets used up in glucose metabolism, and develop these lesions. So give B1 when 
you give glucose to hypoglycemic alcoholics. Korsakoff's syndrome: Chronic alcoholism 
can make lesions in the mamillary bodies, floor of the fourth ventricle, periaqueductal 
gray, and paraventricular regions of the thalamus and the hypothalamus. These lesions 
match on either side, and they look like they're bleeding out or undergoing necrosis. 
This leaves the patient with a strange ataxic gait, eye movement disorders (conjugate 
gaze doesn't work anymore), and weird mental stuff like hallucinations, delirium, patient 
doesn't know time and place anymore, memory's messed up, and confabulation, which 
means the patient has fictional stuff in his or her memory that they believe really 
happened.

some important connections:
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the medial and periventricular zones of the hypothalamus talk to the central gray, 
tectum, and midbrian tegmentum through the dorsal longitudinal fasciculus. 

The lateral hypothalamus projects to and carries fibers through itself from the medial 
forebrain bundle to the brainstem. That's from forebrain to brainstem. The medial 
forebrain bundle connects the anterior perforated substance, hypothalamus, septal 
area, mesencephalic tegmentum, and autonomic nuclei. Some of its descending fibers 
hit the raphe reticular nuclei and the solitary nuclei. Some of its ascending axons 
contain monoamines from the brainstem, carrying information to the cerebral cortex. 
Some fibers terminate in the hypothalamus. The MFB carries olfactory info into 
thalamus.

Mamillotegmental tract is from the mammilary nuclei to the midbrain tegmentum. Don't 
confuse it with the mamillothalamic.

The goal is to talk to the dorsal motor nucleus of X, nucleus solitarius, nucleus 
ambiguus, and sympathetic preganglionic neurons of the intermediolateral cell column 
in the thoraco-lumbar sipnal cord.

Hypothalamus also connects with pituitary (pg. FIXAL). Long-loop feedback when 
bloodstream re-reacheds hypothalamaus; also short-loop feedback when hypophyseal 
blood is going backwards and ultra-short feedback where releasing hormons then inhibit
their own realese

Limbic info comes into hypothalamus from amygdala through the stria terminalis and the
ventral amygdalofugal fibers, and from the hippocampus (which is further back, 
remember) via the fornix.

GVA and SVA information comes into hypothalamus via the central tegmental tract and 
the dorsal longitudinal fasciculus.

The thalamus, retina, erotogenic zones, also send information up into hypothalamus.

 Mammillary peduncles carry information from the reticular formation of the brainstem.

The main output fibers are the dorsal longitudinal fasciculus and the fasiculus mamillaris
princeps. 

Hypothalamus talks to spine directly through unmyelinated, ipsilateral fibers in the 
lateral part of the brain stem and lateral funiculi of the spinal cord to end in 
preganglionic autonomic neurons in spinal segments T1-L3 and S2-4.
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Ciliospinal center of Budge is where the T1 to T3 sympathetic neurons are born for eye 
preganglionic sympathetic neurons. Wow, that's really low down. Hypothalamospinal 
fibers can talk to the ipsilateral Budge center and change sympathetic response of eye 
structures. That's why when you interrupt the hypothalospinal fibers above T1 you get 
ipsilateral Horner's syndrome. 

Other output fibers go from the medial hypothalamus to the midbrain tegmentum and 
periaqueductal gray to make your body respond to your emotions. So like when your 
heart rate goes up and your blood pressure changes when you're mad.

Craniopharyngioma—most common supratentorial tumor in kids—what happens? 
Pituitary stalk tumor that puts pressure on the hypothalamus, causes hypothalamic 
syndrome with adiposity, diabetes insipidus, temperature regulation disturbance, 
somnolence. All problems having to do with the anterior/preoptic region of the 
hypothalamus. This also puts pressure on the optic chiasm to make bitemporal 
heteronymous hemianopsia. 

Vision

Sight at the eye-level59

The eye is the window into the brain, in more ways that one: in the early developing 
embryo it's basically an extrusion or part of the brain, and the genes that makes parts of
the retina are the same kinds of ones that make your brain-parts. Remember how 
before the chiasma, it's called the optic tract, and after it, it's called the optic nerve, 
going into the eye? Well, even the optic nerve is more of a tract than a nerve, since it's 
covered with oligodendrocytes and protected by dura mater like the rest of the brain. It's
the biggest input into your brain. 

When the optic nerve gets into your eye, it's the optic disk, which is a little circle in the 
lower lateral area of your eye where you actually don't have any sight sensors. That's 
your little blind spot. Why don't you see a blind spot, or hole in your vision, normally? 
You might try to find your blind spot by holding a pencil, vertically, and looking at it as 
you pull it up and down in front of the lateral side of your visual field. You'd imagine that 
at some point you'd see the pencil disappear, or have a hole in the middle of it, because
there's a blind spot there, but you'll still be able to see the pencil even if you put it right 
in front of your blind spot. Why? Because the brain knows the pencil shouldn't have a 
hole in it, so it fills it in. Your brain is very tricky and smart. 

The outer area of your eye includes 

59 Majority of this section comes from notes taken during 10/4/12 Barry Condron lecture, UVA.
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the sclera, which is the white stuff, 
the limbus, which is the circle around your iris and surrounded by your sclera, 
your uvea 

In your eye, you've got a lens. You can review this on pg. FIXAL of histology. The lens 
can accommodate light—that's what we call the way your lens can stretch thicker or 
thinner to accommodate the light. Unaccommodated is the normal way it sits. Over time 
your lens becomes more and more calcified, more and more unable to relax into the 
right shape after stretching and adjusting. It stays all accommodated. You can go to 
anatomy pg. FIXAL to see all the pieces that help your eye accommodate, like the pupil,
pupillary sphincter, zonules, and cilia.

Outer area: sclera, limbus, cornea, uvea, choroid, ciliary body, ciliary muscle, and iris. 
(histology pg. FIXAL)

Holes in your eye: anterior champer, posterior chamber, vitreous humor, canal of 
schlemm
(you can get glaucoma in these)

The retina is a light-sensitive sheet of cells in the back of the eye. It's the inmost area of
cells, right up against the vitreous body of fluid. When ophthalmologists drop a little Ach-
inhibitor into your eye, your pupils relax, and they can see all the way into your retina. 
The retina is really a part of the brain—info coming out of the optic nerve is already 
partially processed there. The guy who sees a baseball coming towards him has just 
one snap-shot of image to do all his calculations from. It's too slow to send that all back 
to the brain first, so some of the processing happens in retina.

Retina: pigment epithelium, neural retina, ora serrata 
(retinal detachment can happen because those little pies are just barely inserted into the
retinal pigment epithelium; it is when there is trauma because the pigment and rod/cone
layer aren't very tight together, it can also happenin really bad myopia or if you have 
inflammation of your choirid and blood flow reduces which is called reinoschisis...after 
detachment your outer retinal ayers die and you can get blind)

In your retina layer, in the back of your eye, you've got two major structures—the 
macula and fovea. The macula is a circle of unusual, very acute, high density 
photoreceptors. A lot of the space around the retina is not used as much. The fovea is 
the point of HIGHEST concentration of photoreceptors—reading, fine visual texture 
discrimination.

Cones—color. Rods—not color.
Rhods have rhodopsin, cones have iodopsin. 
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Rods are more peripheral, cones are more in the center. 
Cones begin with a C, like Center and Color. 
Rods—low light vision, movement perception. Most of your moving parts like limbs are 
rods so think of rods and movement.
Cones—less numerous than rods, like 7 million. Because color isn't as important to 
survival as seeing that thing coming at you, moving.
One cone feeds to one bipolar cell etc. Cones adapt more. You have a full resolution 
with your cones. Rods on the other hand, converge. You have about 20 rods feeding on 
one bipolar cell. This means that your cones are very focused on visual acuity and fine-
tuning, but you lose a lot of rod information when you converge.

Two visual streams--low resolution but high sensitivity for the rods, but not as sensitive 
but high acuity for color.

Rods and cones are organized in your eye. Right in the center, in the fovea, it's mostly 
cones. The sides are focused with rods. Your peripheral vision, which is rod-based, is 
much more sensitive, while the center isn't so sensitive but very high-acuity. So you can 
better notice that hawk attacking you from the side because of the sensitive rods.

Three main layers of cells
Photoreceptor layer receives light, sends it to bipolar cells that have two poles on them, 
and those connect to G, the ganglial cells or retinal ganglial cells that go directly into the
brain

Horizontal cells between the photoreceptors and the bipolar cells, modulating them.
Amacrit cells between the bipolar cells and the ganglial cells.

Types of cells in the retina: cones, rods, bipolar cells, ganglion cells, horizontal cells, 
amacrine cells

amacrine clles are interneurons without axons that help excite or inhibit the bipolar and 
ganglion cells next to them. This is so you can excite the bipolra and ganglion cells right
in the path of the light, and inhibit the ones next to it, so you can see boundaries and 
shadows. (centra-surround) configuration). 
Amicrin cells--those are the ones between the bipolar and the ganglion cells, and they 
do the calculations. Help detect movement and computation of vectors. They say, "Hey, 
I saw something, and then you saw it afterwards, so it's moving down this way".
On-center cells: light excites the center of their receptive field, light inhibits when it's 
around them. Off center cells: light in heir center turns them off, and light around thm 
excites them.

At the back of the eye you have a pigmented epithelium that constantly repairs the 
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photoreceptors, and that's where the photoreceptors are, so light comes in past all the 
cells, through all the three layers of cells, THEN hit the photoreceptors, and the info 
comes back down/out, and goes into the brain. The retina is 'backwards'. the argument 
is that those cells are so sensitive to light they can be degenerated by light.

Ten layers: retinal pigment epithelium, rods and cones, outer limiting membrane (tight 
junction of muller cells), outer nuclear layer (nuclei of rods and cones), outer plexiform 
layer, inner nuclear layer (cell bodies-->retinal interneurons and muller cells; horizontal 
cells at distal edge; bipolar cells in the middle; amacrine cells near edge; bipolar cells 
concentrate and reinforce dim-light stimulation), inner plexiform layer, ganglion cell 
layer, nerve fiber layer (with the optic disk of the blind spot and the lamina cribosa)

Figure 11.5

There are a small number of the retinal ganglian cells that are by themselves 
photoreceptors. they control circadian rhythms etc. They were discovered by a student 
in gilmer hall that no one believed at first. Iggy Provencio, the guy who taught the 
previous class was that student.

Your photoreceptors have disks. Those photoreceptors are continuously losing parts of 
themselves--if you inject a radioactive tracer and label parts of it, photoreceptors will 
cycle up, and move to the surface of the epithelium where they get eaten by the 
epithelium and dissolved up. Figure 11.6 Light damages those photoreceptors over 
time.

Unfortunately, you can't re-build photoreceptors, and as we get to live longer losses of 
cells is becoming a problem we want to deal with.

How it works

Figure 11.7, hyperpolarization. We hyperpolarize, not depolarize. Resting state is -40 
mV. In the dark, your retina is firing. Turn the light on, it hyperpolarizes, and goes OFF. 
That's how the retina is ON. Your retina is MORE on when you are asleep. Fast, but not 
massively fast, are these cones.

Your eye takes images at about 30 hz, about 30 per second.

As the light into your eye increases more and more, there's a limit to where you can see
the differences in intensity. Your eye becomes saturated. That's why the difference in 
the hyperpolarization curves as light becomes more intense becomes smaller and 
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smaller.

At night, your cell is producing cGMP in the dark. cGMP binds to cGMP-gated ion 
channel, this one has a binding site INSIDE, and lets in sodium and calcium. Membrane
depolarizes, and you can't. You also have potassium channels in here continuously 
trying to reset the membrane. This keeps the cell at -40 mV, always depolarized/firing. 
Once you turn the light on, the cGMP disappears, and you don't have enough to open 
the Ca and Na ion channel, so you get hyperpolarization (it shuts off).

There's a specialized G-protein-coupled-receptor-like protein or cofactor called 
rhodopsin. Retinal changes conformation when hit by a photon. It seems that retinal and
rhodopsin are kind of bound to each other, they change their shape to get that system 
going. That changes it's structure when it sees light. Rhodopsin's change activates a 
phosphodiesterase, which breaks down cGMP. So light hits rhodopsin, rhodopsin 
activates G-protein, which activates phosphodiesterase, breaks down cGMP, cGMP 
can't open those sodium calcium channels, and you get your hyperpolarization (those 
channels close). And that's how your eye responds to light. 
The system cares a lot about light-damage, so it always turns over your cells. Al-trans-
retinal has to be continuously recycled. The molecule that changes its structure--the Al-
trans-retinal--has to be totally recycled, recycling rate is controlled by a set of proteins 
that keep the system updated. 

There's also a calcium system--when calcium comes in it tries to regulate the entire 
process.

All the proteins involved in retinal, the calcium system, etc are involved in RP. There's 
just one pathway that's a little more on than normal, the system falls behind, too much 
calcium or something, cells start to die. Retinitis Pigmentosa they just die a little faster 
than normal.

Someone with RP tends to begin becoming blind on the sides.

Our eyes are RGB based. The spectra are greatly overlapping. There is not pure 
colorblindness, because these are broad-range proteins that detect color--they don't 
particularly detect one color, so a mutation will just be a shape that makes it not detect 
as well or something like that.

It's easy to miss a rhodopsin on an x chromosome and then not be able to see one color
or the other.

Green wavelenth light is 510
blue is 475
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red is 650

Every cone talks to two bipolar cells--Draw out the figure 11.18 circuit, he will have you 
draw it. Bipolar cells are referred to on or off. They either come on when they see light, 
or come off when they see light. So you have two kinds of ion channels, one for each 
cell. The off-cell that fires in the dark has your standard ionotropic AMPA ion channel, 
depolarized by glutamate. The result is that when light comes off, the off-cell fires and 
sends info to its ganglion cell. Think of the plus staying as a plus--glutamate turns ON 
the AMPA. When light comes on, the on-cell's inhibition is removed, and it comes on 
and fires, and activates the on-center ganglion cell associated with it. The on-cell, your 
negative sign, can't have AMPA, so you have a metabatropic mGlutamate receptor. 
Glutamate turns OFF that cells. Think of that as a negative turning into a negative. The 
sensor cell stops firing, the on-cell starts firing.

So remember, the sensor cell the rod/cone turns OFF in the light. Then it stops 
releasing glutamate, what happens to the on and off center ganglion cells? The on-cell 
fires, the off-cell does not. 

on-centr=on
off-center=off

The horizontal cells in figure 11.21. Horizontal cells in the eye help modulate the light 
coming in and out, sense how much there is
They are all inhibitory, so they help establish contrast, too.
The photoreceptor connects into the bipolar cell into the ganglia. They're all connected 
into the horizontal cells, and the horizontal cells inhibit all the photoreceptors around it. 
Center-surround inhibition. This happens throughout the nervous system--when you 
activate part of the nervous system, it turns off its neighbors to make its signal more 
contrast, more noticeable.
Center surround inhibition--desensitize the neighbors around a particular neuron, so it's 
got increased contrast--spatial gain--the eye does that. Very important for how you 
perceive spatial targets

neurons in your retina are sensitive to different shapes, so if you insert an electrode into
an eye neuron you can see which shape it's sensitive to by when it starts upping the 
frequency (you show a triangle, and it starts bududududud, you know that sensor 
senses triangles)

Retinal ganglion cells--> parasol cells or midget cells 
parasol cells have big cell bodies, big fields, pay attention to movement and big 
stimulus; talk to magnocelular layers of lateral geniculate (magnum is big)
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midget cells (pbeta or B cells) have small cell bodies, small receptive fields, many of 
them, sensitive to colors, fine visual details. Talk to parvocellular layers of lateral 
geniculate nucleus.

Eye supplied by central retinal artery which makes arterioles which can only get into the 
bipolar cells layer; everything below that gets blood from choroidal vessels.

Eye: Binocular zone is more in the middle, monocolar zones extend further out on either
side of either eye

Clinicals from the eye: 

Retinitis Pigmentosa--RP--when photoreceptors die, blindness around my age where 
you start losing photoreceptors in your fovea etc.

Glaucoma is pressure issues in fluid distribution between posterior and front chamber.
Floaters is where little bits of your retina breaks out and starts floating around in the 
vitreous humor (the posterior chamber). Almost everyone has these as their eye 
stretches as they get older. You build them up.
Cataracts are where you get bad cells in your cornea.

The lens as your skull is still growing and you stretch out--that's mid-teens and when 
most ppl develop myopia (stretching out the lens so the focusing is wrong, nearsighted).

Age-associated macular degeneration--defective vascularization. Remarkably common. 
This is turning up more and more because people live older and long enough to deal 
with it. There are drugs that deal with it by toning down the vascularization so you don't 
get growth of capillaries into there. Put a needle in your eye and fix it, but you can't do 
that with older people--their eye won't repair from that. Getting drugs in there is hard.

Papilledema-->increased intracranial pressure pushes optic nerve disk into vittrous 
chamber, so pale or choked disk in the eye because retinal veins collapsed...vein 
swells, edema in eye, check before sampling CSF

Vision in your brain: pathways to the cortex

The cortex is all the stuff that you know about--the info coming in that you know about

Cortical blindness happens when your eyes are working just fine, and the info is going 
in, but there are lesions in your cortex in the visual area so you think you can't see
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There's info coming out now that indicates that you can see even with just a few cells, 
and so they can install these chips now so you can see again--they just needed a few 
more photoreceptors
(Remember the fruit flies, that the maggots can find the other maggots)

Being able to move our eyes together and on target is one of our most sophisticated 
action
The optic nerve out of the eye comes down--all the axons on the nasal side (there's 
nasal and temporal) always cross. They cross the midline to the other side of the brain. 
Temporal axons stay on their own side.
It makes sense because the nasal retinal see the same point that the temporal retina 
from the other side sees (draw lines from the nasal retina and the temporal retina, and 
you'll see the direction in which they see) so the nasal retina that has the same image 
as the opposite temporal retina crosses over to feed it the same info.

This means then that the visual field when you divide it is complicated in our eye.
Retinal fields are the image on the retina (vs the visual field that's actually out there). It 
goes through the lens, so it's upside down and reverse--it goes through all kinds of 
convolutions--and then the brain decided what's up and down. There's no physical 
absolute reality in the brain--the brain just decides based on what seems to work. If you 
put mirrors on someone's glasses that turn things up or down, over time they begin to 
see things as right-side up that are originally upside down.
Each retina, each point in space, combines and connects back to the same wiring in the
brain. There's more focus on lateral vision as opposed to up and down.

At the edges of the visual field are things that only one eye sees.

The axons cross at the optic chiasm
The genes that are associated with determining how many axons cross and don't are 
tightly linked with the genes that decide where your eyes are at
Optic nerve before chiasm; optic tract after chiasm. All the same structure, really.

It gets into the brain, ends up in cortex. Figure 12.5

Retina sends information to lateral geinculate nucleus-->primary visual cortex; superior 
colliculus-->eye movements; hypothalamus-->circadian rhythms; pretectums-->pupillary
light reflex.

80 percent end in LGN, ony about 20 percent end in midbrain, getting there through the 
brachium of the superior colliculus

Your visual cortex in the back of your head has a macula, where most of the axons are 
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projecting, and then there's a binocular portion on top, and a monocular portion on the 
bottom.
There's a rift right in the middle called the calcarine sulcus, between the binocular and 
monocular portions
The LGN (lateral geniculate nucleus) receive the axons from the eye and then take the 
info into the cortex. gotta be able to draw Figure 12.6, practice with it to see which ones 
you can come up with if you cut where.
Some animals like a cat are completely blind to non-moving objects because our 
cortices are only sensitive to moving objects, but our eyes are actually constantly 
moving or adjusting so we can see still things
Certain neurons are only sensitive to movement in some directions
Orientation tuning curve--each neuron is maximally tuned to bars that are moving 
whatever way
complex cells versus simple, simple is xy, complex can see in directions only sensitive 
to movement in some directions

Organization of primary visual cortex--several layers.
Layer 4 is your input
There are lots of inner neurons and interconnections between the layers
The outputs are two-fold--6 is your descending output towards the motor cortex, back 
out of the brain. Layer 2 and 3 are the ascending layers--they go up to the higher 
processing.
Each area of cortex has a column going down with six layers, and the computation gets 
sent out to layer 6, down the process, and higher-level processing goes to 2 or 3.
If I throw a beach ball at you, info comes in layer 4. Layer 6 says in motor cortex to 
jump, layer 2 and 3 says "why is he throwing that at me" back into your emotional 
cortex.
This idea that all cortex is built with this kind of computation has made people think we 
can work this out by identifying the pixels in this column.
We can figure out also in the cortex where the visual maps are--where are the squares 
or columns that are oriented a certain way to prefer certain movements.
The column sees one point in space (one x y) and breaks into subregions that see the 
same x y but prefer different orientations of movements.
An orientation column is focused on one xy, but it's broken down into a map of 
subregions all focused on movements in that xy.

Columns are next to each other, coming from the left and right eye, have conversation 
between the cells in them to determine whether or not an object is in focus.
LGN is broken into layers also, very eye-specific layers--left-eye, right eye, left eye, right
eye--combine up into the ocular columns when we get into the cortex
The P and M cells--two principle kinds of LGN.
magnocellular cells detect motion (M-Motion).
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pariocellular cells distinct for color and detail.
When these go up into the cortex, the visual distinction (M and P) becomes really hot up
in there with respect to how the information is ascended. The visual cortex (primary, 
secondary, etc--V1, V2, etc)-0primary visual cortex has almost no layer 6 output--very 
serious ascending into 2 and 3. This bifricates into two V2 areas. One segment cares a 
lot about faces, emotion, colors, detail, colors and details--that's up into your parietal 
lobe. The other V2 connects to a V4 and into your temporal lobe. MT is your physics 
generator. MT processes high-end movements and understands eliptical trajectories 
and gravity
Your temporal lobe comes up in asking "what's 13+7" but MT comes on for 13 times 7.3,
because that's computation instead of memorization.

M for motion, and M for area in MT. 
Your P stream goes into area V4 and focuses on object recognition (all your memories 
and things in the temporal lobe, object recognition)
Remember nasal temporal visual field.
hemianopsia--can't see one visual field.

10/16/12
The 10% of the optic pathways spread into all kinds of parts in the brain--circadian 
rhythms, etc, autonomic nervous system. Only 90% goes through the main pathways 
we discussed

LGN--thalamus--two main parts, magnocellular for movement and pariocellular for color 
and detail
Out of the thalamus into the cortex there are multiple parts, primary V1 and then two 
main streams into V2, one goes into V4, which is detail, and the temporal lobe of 
memory and reading and things like that
The other part goes into area MT, which specializes in movement, the physics engine.
We are one of the few animals that can track a moving animal smoothly, without doing 
snapshots. We track our head with it--other animals have to take brief snapshots of the 
movement
Two major outputs from the layers--layer 1 is up and processing, out into identifying 
faces, etc
Very little out into the primary visual cortex down in 6, but if it does, it goes straight into 
motor for visually guided hand movements etc that's descending inputs
In the cortex we speak of columns
Two main independent organizations
First--orientation columns--verticle chunk out of cortex, and each one is a single pixel, 
and that has a whirl pattern where the neurons around that have different selectivity to 
movements--all dedicated to one pixel in space, but have different orientation 
preferences for movement in that pixel
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Up into V2 it starts to care about shapes
But movement is the big thing the cortex cares about in V1
Independent, and overlaid on that, are columns of left eye vs. right eye, multiple pixels 
represented. It's not eat orientation column comes with a left eye or right eye, it's a bit 
more complex, but there are columns of cells so you can focus understanding whether 
the object is in focux, depth perception, etc--using the fact that the info is coming from 
left or right eye you're creating three dimensionali\ty
All this stuff develops in the first two years or so
These visual streams compete, so when you have one faster than the other you put a 
patch to help the lazy eye catch up

LGN-->optic radiation-->primay visual cortex
Magno/parasol cells (parasols are big)-->two LGN ventral magnocellular layers -->fast-
moving stimuli
Parvo/midget cells-->four dorsal parvocellular layers-->color fine detail
Opposite eye-->1,4,6 opposite LGN
Ipsilateral eye-->layers 2,3,5 ipsilateral LGN
Superior visual field projections to LGN get to visual cortex through LATERAL loop of 
the optic radiation in the temporal lobe. This is called Meyer's loop. Inferior visual field 
stuff goes under the parietal lobe cortex.
Primary visual cortex: contralateral visual hemifield, with fovea in the back, and 
peripheral stuff in the front. 
Upper visual field-->lower bank of calcarine sulcus
Lower visual field-->upper bank of calcarine sulcus
High density of ganglion cells in fovia, so visual cortex has a lot of fovea information.
Foveal vision is usually not lost in lesions because its cortical representation is so much
Sometimes you have macular sparing, which is when everything but your macular field
is injured, and that happens only in lesions close to the primary visual cortex.

Eye Movement

Light reflex happens when someone shines a light in your eye, and the visual 
information tells the pretecturm. Teh pretectum sends info to the Edinger Westphal 
nuclei, which sends axons thorugh CNIII into ciliary ganglion, which goes to the pupillary
constrictor muscle. Both direct and consensual pupillary reflex normal.

11/15/12

Opto-kinetic response.
Sharp decay in function--1 Hz to 5 Hz.
There's one system that controls your eyes until about 5 Hz of speed--after that point you get 
vestibular-ocular reflex going. The vestibular-ocular system really only starts working at all at 1 
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Hz.That system requires momentum to work, and at that point you can still see objects still.
The point when everything turns into a blur is when the vestibular-ocular reflex can't work 
because the momentum has gotten the fluid flowing in your ears and you just can't see anymore.
The visual cortex connects into many parts of your brain and so it can give you vertigo--you can 
interpret visual slippage as body movement.
Visual slippage is when your visual field is moving.
When you're at a stop light and there are two big trucks next to you, and they start moving, and 
you feel like you're slipping backwards--that's because your brain interprets you as moving. 
That's visual slippage tying in to vertigo in the rest of your brain because the visual cortex ties in 
to the motion sensors.
200 milliseconds comes up again and again.
It takes about 200 milliseconds before a patient can move their eyes to a target--if you have them
tracking on a computer screen to a very small object, and they chill there, and then you move the 
object and it takes them about 200 milliseconds to move. 
5 Hz and 200 milliseconds are numbers to remember.

Smooth pursuit
Dragon flies and a lot of insects have it, but most vertebrates do not. Primates do.
When an object moves, you can track it smoothly--after about 2 or 3 200 millisecond 
computations, you create an equation to track it. Instead of jumping to follow it like a cat does, 
you track it smoothly. Area MT starts tracking using your physics generator.
This ability doesn't work until you're 2 or 3. Thats' why little kids are impressed by a ball tossed 
from hand to hand--they can't track.
A lot of the frames in smooth pursuit are made up, so after a period of time the child will be able 
to track and they get bored with you tossing the ball back and forth.
MT feeds into your cortex with that equation it came up from, and generates a set of commands 
to help you track.
This is also where the abstract math happens.

Abducens and ocular motor system are wired up together. That medial rectus muscle is always 
synced with your lateral rectus muscle. That's how your eye works.
But from the ocular cortex you can get a command that overrides that.
"Burgeons" "burgess?"
You need two images of the same object always--so you cross your eyes when things get close. 
That makes you violate the rule of having your eyes congruent and working together. Now they 
work against each other and start to cross your eyes.

There are 6 muscles in each eye. we've already seen one pair--the medial and lateral rectus. 
Lateral is temporal motions, medial is bringing the eyes toward your nose. Also superior and 
inferior. Superior pulls up, inferior pulls down. Then there are two obliques--superior and 
inferior. If you get defects in them, that doesn't show up too badly. Obliques are complicated--
they kind of rotate your eyes.
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Trochlear nucleus crosses the midline and controls the--superior oblique. The ocular motor 
nucleus controls everything else.

Horizontal gaze nucleus--PPRF
and vertical gaze nucleus.
PPRF is in the brain stem, close to the abducens. This is how the cortex talks to the abducens for 
lateral eye movements. Activate it and it'll activate the abducens. This causes lateral eye 
movements.
Most degenerative diseases start from the posterior and track up. The vertical gaze center is the 
last center to be lost. The result is that vertical motion is the one option that often remains to 
slowly brain-dying patients. So that's often the way they communicate. That's because it's the 
most anterior motor nucleus of the brain stem.
Saccades--each dot in 20.1 is when your saccade stops. A saccade is that 200 millisecond 
jump/calculation.
The PPRF controls the abducens which controls the ocular nucleus and then you get movement.

The frontal eye fields are near the motor cortex. Very prominent on the human brain. Two 
connections--one down to PPRF. There's also one going into the vertical gaze center.
The frontal eye field is going to tell the eyes where to move.
The frontal eye field is going to illicit all the computations we talked about. Opto-kinetic 
response, burgeons (? virgeous? How to spell?) the cross-eyes system. 
There's also information going down into the superior colliculus. The superior colliculus controls
all eye movements in lower mammals.
So two completely redundant systems to control horizontal gaze.
Superior colliculus has almost perfect map. Two hemispheres representing two visual fields. they
represent moving objects or objects of interest on that field.
The superior colliculus has a visual layer right in off the retina. Then under that there's a motor 
layer, which connects into gaze center. That connection has a vector build into it. The 
information feeding out of that vector has exactly the amount of activity to go into vertical and 
horizontal gaze center. The you get an X-Y coordinate sent down into each of those. There's also 
a middle layer which feeds off the inferior colliculus, which has your sound map.
You can use that connected info--either sound and vision or both--to turn your head to look at a 
target.

With the exception of the vestibular nuclei, which feed right into the abducens, everything else 
starts at superior colliculus or V1. We use the V1 pathway more.
A lot of computations happen in the middle temporal area--MT. MT's sole function is 
differences--differences between images, etc--opto-kinetic response, smooth tracking, etc. People
don't know where vergions/burgeons comes out of.
Main feed coming out of MT goes to frontal eye field. All that info goes down and feeds into 
gaze centers.
The caudate nucleus seems to be specially designed for eye movements. It's part of the striatum, 
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but gets separated in development. It connects into the substantia nigra pars reticulata and then 
back up into superior colliculus. It's a back-up system.
It takes at least 200 milliseconds to do a lot of these computations. 5 Hz. The vestibular nucleus 
is a lot faster because info doesn't have to jump through the brain.
3 nuclei in the brain stem--abducens controls medial and lateral rectus muscle. Trochlear controls
superior oblique. Oculomotor controls everything else.
Vertical gaze center is the last center to go in teh brain.
There are 3 descending methods for controlling eye movements--saccades, opto-kinetic, and 
smooth pursuit.
VERGENCE is how you spell the crossed eye thing. Vergence.

11/20/12

For right eye abducens--PPRF trigers abducens which triggers right lateral rectus; abducens also 
crosses midline through MLF into the left oculumotor nucleus, which triggers the medial rectus 
of the left eye, so the eyes work in conjunction

Frontal eye field (extra nucleus) that goes down to the caudate and has its own basal 
ganglia loop and feeds into gaze centers. Saccades, opto-kinetic response, and smooth
pursuit happen here

Your PPRF pontine gaze center listens to your contralateral vestibular nuclei for 
reflexes. Then it talks to the ipsilateral abducens and the contralateral oculomotor. So 
your right gaze center will pull your right abducens, and your left oculomotor, and make 
you look right. If you're injured, you will look away from the injured area. 

To do conscious eye movement, your contralateral cortex has to talk to the horizontal 
gaze center, the PPRF. You can't initiate without this. Your left cortex will tell you to 
move your eyes right. But your right vestibular cortex will tell you to move your eyes 
right.

If you hurt the cortex, the reflex will be slow. If you hurt the mesencephalon, you lose 
the medial rectus (oculomotor). 

Auditory System

away is hyperpolarized 
when they turn towards and bow to the kinocilium they are depolarized

Olfaction and Taste 

Cerebellum and Movement
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Insert neurobio notes

Dr. C.T. Leonard says, in his book The Neuroscience of Human Movement, which my 
professor Dr. S. Jimenez-Dietsch quoted: “The mystery of the cerebellum lies in the fact 
that we have a fairly good idea about what it does—we just don't know how it manages 
to do it.” Your cerebellum, she says, would measure a meter across if you laid it out flat, 
and it has like half of all your brain neurons! Even though it's that small little lump at the 
back of your neck! Wow. Your cerebrum decides what to do, but your cerebellum 
decides what muscle you're going to use in what order, who's going to relax when the 
other guy contracts, and basically coordinates everything (function 1). It avoids 
excessive movement so you don't stab yourself in the face when you're eating. It also 
maintains muscular tone 24/7 (function 2), and maintains balance and equilibrium by 
changing your posture in response to falls or other reflex emergencies (function 3).

The cerebellum has folias that are the folds running transverse. It has left and right 
cerebellar hemispheres, and we call the middle part the vermis. There's a paravermian 
zone around the middle part before you get into the lateral hemispheres. The vermis 
looks like a worm in the middle. Other than the vermis, these zones are kind of 
imaginary. The hemispheres have lobes: anterior, posterior, and a very tiny 
flocculonodular lobe in between them, if you're looking from the inferior side it's kind of 
like a little T with a very long top cross, and a tiny bitsticking into the vermis. The 
flocculonodular lobe has a little nodule right in the middle, if you're looking from the 
bottom, and a flocculus is the T parts. There's a posterolateral fissure going transversely
near the flocculonodular nobe. The anterior lobe is near a biggeer primary fissure.

You can always tell the superior part of the cerebellum because it is flat, and the bottom 
is all round-ish.
Primary and horizontal fissure
primary fissure give syou the anterior and posterior lobes of the cerebellum.
Horizontal fissure is exactly in the middle of the horizontal back bump, connects the 
peduncules, separates posterior lobe into superior and posterior

You also have a few peduncles. The inferior one is the restiform body, the middle one 
goes to the brachium pontis, the superior goes to the brachium conjunctivum. The 
middle is the biggest. Superior has the most output fibers, while the other two are 
mostly input. That's because the superior one is better than the others and gets to tell 
the body what to do. = P The middle goes to the pons, the superior fibers going down 
cross at the level of the mesencephalic tegmentum. They end in the red nucleus and 
thalamus. If you hur the inferior cerebellar peduncle, you lose most of proprioception. 
The cerebellum needs all kinds of sensory information, but when the inferior is damaged
it loses most of everything, especially the priprioception stuff. The cerebellum is motor, 
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but it needs all that sensory stuff to do its job, even vision and hearing and stuff.

There are a bunch of little lobe things, which are if you make a sagittal cut you can see 
they are “brnaches” of the inner white matter tree, but from the outside they just look like
little lobes and tongues nad bumps. The linula is the little tongue thing at the top closest 
to the tectum. Most medulloblastomas start in the lingula or in the vermis and cause 
damage to the flocculonodular lobe. Even after you take it out it's prognosis is very bad 
and it kills kids. The fourth ventricle you should know where it is. The tonsil of the 
cerebellum is the round lump closes t to the fourth ventricle on the bottom. The uvula is 
just on top of the tonsil of the cerebellum, facing donw, one of the tree branches pointing
down, the second one from the ventricle, while the nodulus is the third one from the 
fourth ventricle. The superior medullary velum is the veil separated the fourth vntricle 
form the cerebellum—it's the superior one. The infreior one is the other veil separating 
the cerebellum from the fourth ventricle, and it is the lowr one, so if you're looking at a 
sagittal cut, it is the lower leg of the triangle where the fourth venticle is. The lingula is 
part of cranial nerve one, and the uvula nad nodulus are 9 and 10, respectively. The 
tonsil is the part that herniates into the foramen magnum when intracranial pressure is 
too high, and crushes the descending motor tracts. 

You've got deep cerebellar nuclei. The dentate nucleus looks kind of like the olive 
nucleus. It is for synergy and coordination and stuff. The fastigial nucleus is for balance 
and equilibrium. The globose and emboliform are for maintaining muscle tone. So each 
function has a different deep nucleus. The fastigial is most medial, and if you make a 
gransferse cut and look from atop, you'll see the fastigial as too little central eyes 
looking at you right in the middle, and then a globose and emcoliform, two globose are 
like two dots next to those middle eyes, like a weird creature with four ears, and then 
the emboliform are like big tear drops lateral to those globose dots, and then way 
outside that are the wing-looking dentate. Remember those imaginary longitudinal 
zones—the intermediate has the fastigial nuclei in it. The nuclei of the fastigi lives in 
vermis, the interpositus (globus and other thing) live in the paravermis, and the dentate 
live in the himspheres. The fastigial nucleus sends output to the vestibular nuclei and 
the reticular formation. The nucleus interpositus (globus and emcoliform) send 
ifnormation mostly to the red nucleus (magnocellular) and a little bit to the thalamus, 
too. The dentate nucleus sends information to the red nucleus (parvocellular portion), 
but mostly to the thalamus. From the dentate nucleus you've got pieces going to the 
olive for feedback, and pieces that go to the red for feedback, and pieces that go to the 
motor cortex. That's called the dentate-rubro-thalamic tract. The nuclei are always being
excited, all the time, even if you're sitting quietly, so you need your purkinje cells to shut 
them up. 

Purkinje cells?
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Well, there's outer grey matter and inner white matter. The inner white matter is called 
medullary substance. You've got five types of cells in there.
Basket cells –make synapses with the purkinje cell bodies and looks kind of spindly and
wrinkly and broken
Stellate –live in the molecular layer and look kinda star-like and make synapses with the
dendrites of the purkinje cells
Purkinje—they look really big, live in the cortex, dendrites look like long strands of hair 
sticking up like alfalfa from the purkinje layer into the molecular layer
Granular –lok like octopuses, are really deep down 
And Golgi –look fat and bulbular and get information from the purkinje cell

The molecular layer has stellate and basket
The purkinje cell layer has purkinje
The granule layer has granular and golgi

When fibers enter the cerebellum their name changes and they're called mossy or 
climbing fibers. 

The climbing fibers come from the inferior olive. They are olivocerebellar fibers. They 
make synapses with purkinje cells. The inferior olive is the principal olive nucleus of the 
cerebellum. It gets info from everywhere—the cerebral cortex, red nucleus, 
mesencephalic tectum, spinal cord, reticular formation, and basal nuclei, but most 
importantly spinal cord—and sends it to the cerebellum. When the climbing fibers bring 
sensory stuff to the purkinje fibers, they fire violently to shut up different parts of the 
deep nuclear cells. The purkinje fibers are all sitting in a map, kind of like the 
somatosensory map in your somatosensory cortex. This is kind of weird but little 
collaterals from the climbing fibers synapse with the deep cerebellar nuclei before 
getting up to the purkinje cells in the cerebellar cortex, and they're excitatory, so the 
climbing fibers excite the deep cerebellar nuclei, and then excite purkinje cells that turn 
the nuclei off. Olivarcerebellar fibers cross the midline into the opposite (contralateral) 
side and then climb purkinje cell dendrites. Each purkinje cell gets only one climbing 
fiber, but the loyalty isn't mutual—climbing fibers get to be more loose, and they have 
many purkinje cells. The ONLY axon that goes down is the purkinje cell axon—all the 
other cortex cells are only going up. Those nuclei are always trying ot excite your body, 
and the loyal purkinje cells are trying to calm things down. CLIMBING FIBERS TELL 
YOU WHAT SENSORY STUFF IS HAPPENING TO YOU SO YOU CAN DO STUFF IN 
RESPONSE.

Meanwhile, the mossy fibers make synapses with the granule cells in the granule cell 
layers. They are bigger than everyone else. They tell your cerebellum that you're 
moving and stuff. MOSTLY PROPRIOCEPTION STUFF, also vision and vestibular—
BASICALLY TELL YOU WHAT YOU'RE ALRADY DOING, FEEDBACK. They excite 
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eeverybody by exciting the granular which excite everybody else by exciting thecortex 
where the stellate cells and dendrites of the purkinje cells and the basket cells live. The 
golgi inhibit the granular cells right by the mossy fibers so everybody doesn't get too 
excited. The purkinje inhibits the golgi so you can excite everybody. But you can't have 
the purkinje always exciting the golgi, because yo ucan't be excited all the time, so the 
basket and the stellate inhibit the purkinje so it can't inhibit the golgi and so everyone 
can quiet down. This on-going conversation, like some kind of family, is awesome. 
Mossy fibers also excite deep cerebellar nuclei on their way up before hitting the 
granule cells. They want to keep veryone excited. Granule cells and mossy fibers are all
very loose, and they make multiple connections to everyone. Sensory info from the 
cerebral cortex also goes through the mossy fibers, through the pontine nuclei, through 
the pontocerebellar fibers, through the middle cerebellar peduncle, to cross over 
contralateral. Vestibular info gets there with visual information through moss yfibers, too.

Input subdivisions (vestibulocerebellum etc.)
The cortex of the cerebellum is divided in to three areas 
vestibulocerebellum/archicerebellum is mostly the flacculonodular lobe for balance of 
head and eyes
it gets primary input from the vsitublar nuclei thorugh the inferior cerbellar peduncle 
primary vestibulo cerebellar fibers  are vestibular nerve 
secondary vestibulofcerebellar fibers are the vestibular nuclei There's also a feedback 
circuit form the vestibular system. It talkes to the archicerebellar cortex, which talks to 
the fastigial nucleus, which talks to the vestibular nuclei, and from those nuclei you get 
tracts which are vestibulospinal and we talked about before, and they are lower motor 
neurons and they do things. Also you go to the neuclie 3, 4, and 6 for cranial nerves. 
Someone with damage here will be kind of moving funny with really swaying 
movements as the cerebellum tries to regain balance.

Then the spinocerebellum or paleocerebellum is mostly the anterior lobe 
gets from the spinocerebellar tracts, proprioceptive stuff like stretch receptors, golgi 
tnedon orgnas, skin receptors, unconscious priprioception...this is so cerebellum knows 
what you are doing so you can adjust muscle tone.

Pontocerebellum or neocerebellum is mostly the posterior lobe 
it gets stuff form the pontine nuclei 
from corticopontine fibers in the ipsilateral cerebral cortex...mostly sensory and motor 
cortices stuff. Pontine nuclei send info across midline as pontocerebellar fibers. Those 
fibers go up through middle cerbellar peduncle, end as mossy fibers. Cerebellum now 
knows about the motor commands from cerebral cortex. This is called the Cortico-
ponto-cerebellar pathway. Cerebral cortex says “I want to scratch my head”. It sends 
info to deep pontine nuclei. They talk to the middle cerebellar peduncle through 
transverse pontine fibers. They cross over contralaterall to the neocerebellum. The 
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neocerebellum talks to itself a bit through all those mossy fibers and such, and then it 
talks through the crossing over of the surprior cerebellar peduncle, which makes a 
coordinating plan. It sends that coordinating plan back to the VA/VL of the thalamus 
through another crossing over, which tells the upper motor neurons of the cerebal cortex
what to tell the lower motor neurons. So since we have two cross-overs, you'll have 
ipsilateral problems if you have a cerebellar lesion.

So much feedback going on. Most of the red nucleus is used for feedback for the 
cerebellum. Parvocellular is for the central tegmental tract and gets ot htei nferior olive, 
which then talks to the cerebellum. The magno part of the red nucleus goes straight to 
the lower motor neurons to make it do stuff. Input to the cerebllum comes through 
mossy and climging fibers to cerebellar cortex, some of thos efiers go collateral to dee 
pcrebellar nucleus to excite them, the rest of the fibers continue to purkinje axons which
turn o the deep cerebellar nuclei, the nuclei then talk to the thalamus or the vestibular, 
reticular nuclei, or red nucleus. All the nucliei that talk to the things that arne' the 
thalamus activate the LMN right away, while the fibers going to the thalamus go to the 
cerebarl cortex so the crebrum knows what is going on. 

Clinical stuff of the cerebellum
ataxia means without ordr, lack of coordination.
Truncal or appendicular attaxia—lesion just in the cerebellar vermis. Unsteady posture 
sitting, standing, and drunk-like broad gait. Nothing else abnormal—you can move arms
and legs normally if you're lying down and your trunk is supported. That's truncal. 
Appendicular is when your movements of extremities is messed up. It's always 
ipsilateral, while truncal is bilateral. A lot of times you have both in each patient. 
Tandem gait (straight line touching toes of one foot with heel of the other) is test for 
truncal ataxia. Can't do it, means truncal ataxia.
But how to tell difference between this and damage due to dorsal oclumn-medial 
lemniscal system? Ataxic gait doesn't care about visual cues, while sensory ataxia can 
be fixed with visaul cues. That's why Romberg tests dorsal column lesions.
Vestibulra lesion—pt swayt towards side of the lesion. But over time nervous system 
compensates and maybe patient does well on Romberg.

Asynergia—jerky and irregular movements, not smooth movements. Pt cancompensate 
by learning to “decompose” complex movements into different steps and then 
consciously coordinate what the cerebellum usually does. They have to think joint by 
joint.

Dysmetria—where you put your limbs in the wrong place. Limb maybe doesn't reach 
where you want it to (hypometria) or you keep overshooting when you want to put your 
hand somewhere (hypermetria or past-pointing phenomenon).
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Dysarthria: speech problems from cerebellar lesion. They can comprehend, and 
grammar is normal, but the speech has weird fluctuations and volumes, like it's bursting 
out of the person in steps.

Dysdiadochokinesis means you can't perform rapidly alternating or fine repetitive 
movements like that flip-back and forth thing from the neurological exam.

Hypotonia—floppy, a limb might swing back and forth after reflex contraction because 
it's so soft like a pendulum

Tremor—when you ask the patient to extend arms in front of him with hands open, and 
he oscilates at the shoulder, you can know there's a problem. Also if the patient touches 
nose and touches your finger and touches nose and touches your finger, when your 
finger's an arm's length away. Also when the patient has those extended arms and you 
tap, the patient's arm should return really quickly to the right spot, but if they have 
lesions it will swing really far down and really far overshoot up. 

Nystagmus is when you oscillate your eyes a lot. Could meat your oculogyric muscles 
aren't coordinating in the cerebellum. 

Cerebellar defects can improve in time. Also cerebellar is ipsilateral (while cerebral 
lesions are contralateral)

Medulloblastomas in the fourth ventricle can obstruct CSF flow, so they cause 
papilledema, strabismus , and diplopia, but als ocerebral stuff like truncal ataxia. It's a 
children's tumor from the lingula or inferior vermis (9/10) in inferior vermis. Really 
malignant, kills a lot of people.

Arnold-Chiari malformation—cerebellar tonsils sticking through foramen magnum, 
blocking fourth ventricle foramina or blocking other stuff, usually spina bifida is pulling 
the cerebellum down. 

Alcohol intoxication is bilateral, but mimicks crebellar atxia.

Chronic alcoholism can cause cerebellar degeneration. (malnutrition) Degeneration of 
superior vermis, anterior lobe, spread backwards. Purkinje cells dying. Truncal instability
and leg ataxia but not upper extremity ataxia. Gait ataxia. Onset 40 to 60 years. 

8/27/2012 Benedikt's syndrome is if there is a infarction in the tegmentum and hurts the 
superior cerebellar peducnel decussation so there are motor impairments but the 
person is not hemiplegic because corticospinal tracts are okay. Compression of tectum 
is parinaud's syndrome, weber's syndrome is alternating suprioer oculomotor 
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hemiplegia

perkinje cells are really complex in your cerebellum for neural processing--they have a 
signal that come into them saying 'this is what i want it to do'--the perkinje cell gets 
feedback of where your finger is actually touching while you tell it to touch something--it 
compares what you want to do and what you're actually doing so it's a comparator that 
receives feedback to ensure that you do what you want, so each neuron fires, they have
ion channels that don't just fire once--they stay firing because each cell 'remembers' 
"this is what should be happening"

All proprioceptive info goes up to clark's nucleus, then gets sent up to cerebellum
80% of the axons 9.9 there are minor circuits that don't follow these paramters but yeah
info goes to clark's, cerebellum, and that has a map of all your muslces, joints, and tendons and 
knows where they all are. cerebellum is keeping track of your motor sense. The ones from your 
upper-body go straight up into cerebellums. clark's is really important for your trunk balance, 
your movement, etc
A small portion do go into homunculus of thalamus, but we're not covering that or 
considering that, we don't know what those circuits do

Basal ganglia "htat's you1"
A lot of diseases of choice seem to come out of there

Feed-forward (anticipation) brain sends info to circuits and says "this is how you will work"--a 
brain overriding all the gain--something across the brain, best place to measure neurological 
development in children is if I stand and pull a drawer towards me, about 1/5 of a second before I
pull the table I'll lean back. I'll lean back because my brain decides there will be a momentum or 
inertia issue
Young kids don't have feedforward, so they'll pull themselves forward with the drawer, but older 
kids do, so they'll anticipate and lean back--very defined signals, actually weighing the drawer 
and adjusting appropriately
"Listen!" and you perk up your ears, kind of, anticipating the sound signal
You can also feed-forward and tell yourself to be hypersensitive to pain

11/1/12

All sensory inputs have to go up to the motor cortex eventually
Basal ganglia has two parts--motor, and emotional
It decides what to do, but also what to feel. It's one of the most studied and least understood areas

The motor cortex sends out and efferent code--a code of outputs that have all the actions you're 
gonna do
That all comes out in one little package
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It sends that info to the rest of the brain (efferent copies) so that the rest of the brain knows what 
you're doing
The cerebellum stores that information, and then after two to three seconds compares the efferent
copy to what actually ended up happening
That helps make motor corrections.
The basal ganglia also helps correct emotional or socially inappropriate actions.

11/13/12

Vegetative patient scott routley turns out to be conscious--very dramatic
I think about Terri Schiavo again, and how she was probably able to communicate
Hey so the place where the cerebellum compares what you want to do with what you really do is 
the inferior olive nucleus

That's 200 ms later the inferior olive takes the comparative snapshot to determine what we're 
doing
In lower vertebrates, the cerebellum does the basal ganglia's job
In insects, there's something called the central complex that does that
That's the place where you converge information and come up with a decision

The cerebellum is pretty small in humans. It has 3 parts, the cerebrocerebellum, the 
spinocerebellum, and the vestibular cerebellum.
Cerebrocerebellum takes all converging information from sensory cortex, kind of like the basal 
ganglia does
Spinocerebellum takes proprioception etc from your spine
Vestibular cerebellum takes the vestibular system directly (balance)
People can live without parts of their cerebellum 
That's because we basically have two decision making loops, cerebellum is lower

Clark nucleus and Cuneate nucleus feed into thalamus and somatosensory, and also into 
cerebellum

The output of the cerebellum goes up through the VA/VL up into the cortex to converge with teh 
basal ganglia information-wise

Pontine nuclei take everything from the cortex and feed into the cerebellum

So two major inputs--one from clarke and cuneate, one from pontine.

There are multiple humunculi in the cerebellum

Figure 19.5 The humunculus is fragmented, and doesn't have a tail like people used to think--
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hands and lips are mostly listed. The last one is correct, not the other ones.

The cerebellum is like a mini-cortex.

so out-put from the cerebellum
Deep cerebellar nuclei take info from the cerero cerebellum and the spinocerebellum. The 
vestibular cerebellum feeds directly back into vestibular nuclei (which were feeding into this 
structure--so the input and the output goes straight back through the same circuit area)
The cerebro and spino cerebellum feed into deep cerebellar nuclei and then through the 
brainstem back into the motor cortex and premotor cortex

Cerebellar cortex goes to deep cerebellar nuclei goes to VL complex of the thalamus, and into 
the cortex.

All the info from the deep cerebellar nuclei also feeds into the red nucleus (parvocellular). It 
looks like it's 50/50--half info goes down into spinal cord etc, half of it goes into red nucleus. 
The inferior olive also connects back into the system into the red nucleus.
The red nucleus is basically a time delay so you can compare what you want to do and what's 
actually happening
That's the loop feeding from the spinocerebellum, back into the red nucleus, then to the inferior 
olive, and back in to the cerebellum

The cerebellar cortex goes into deep cerebellar nuclei, connects to parts of the brain stem, like 
the superior colliculus and reticular formation. The superior colliculus controls eye movements. 
The reticular formation is the descending part of the brain stem involved in motor planning--the 
thing that guesses the momentum and weight of a drawer you're going to pull. Updating your 
balance, trunk muscles, etc.
Direct feed from cerebellum to vestibular nuclei, feed from deep vestibular nuclei to motor 
neurons, and another feed from that into the superior colliculus so you can move your neck 
muscles

Vestibular system has direct feed right out of the cerebellar cortex into the superior colliculus.
17.2 look at the descending circuits.

Feeds into the cerebellar cortex--the spinal cord has cuneate and Clarke nucleus, then there's the 
vestibular nucleus, and the inferior olive. Then there's hte frontal cortex in through the pontine 
nuclei. So four inputs.

Output--all inputs from cerebro and spino cerebellum feed into the deep cerebellar nuclei, they 
feed into the premotor and motor cortex and brainstem. The vestibular feeds out into vestibular 
nucleus, and then into the reticular formation and superior colliculus.
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One problem with spiny neurons is that they're polymorphic--their shapes are very different one 
from the other--so it's hard for people to see what they look like and understand them. It's 
different with the cerebellum--there's one major cell in there called the purkinje cell. It's exactly 
2-dimensional. It's like a fern (19.9). these branches are completely stacked up--a bunch of sheets
over each other in flat patterns. Spiny neurons are all interwoven and complicated, but these just 
stack flat on top of each other, so it's easier to record from these stuctures.

The Purkinje cell is the main integration from the cerebellum, the sole output. This does the 
computation and sends the info out. Info either goes straight into vestibular system, or into the 
deep nuclei. 
19.10 circuit. This circuit is the same throughout the cerebellum over and over again.
The Purkinje cell has two inputs. first, from the mossy fibers that come out of the Pontine nuclei.
(The Pontine nuclei takes info from the whole cortex) Mossy fibers connect to granule cell, 
which has weird parallel fibers that make single synapses with each purkinje cell as they pass 
through them. So if you take any Purkinje cell, it's seeing thousands of parallel fibers. Mossy 
fibers, granule cell, connecting in very distributed manner into purkinje cell.
Purkinje cell is gaba-ergic. Connects into deep cerebellar nuclei. (In the vestibular system of 
course purkinje cell doesn't go to deep cerebellar, it goes straight to vestibular nucleus) Half of 
that info goes into red nucleus and inferior olive. The Inferior olive then sends climbing fibers 
back up to synapse and input on the Purkinje cell dendrites with the same place where the 
parallel fiber input first came in from those granule cells.

Figure 19.11. all info from the mossy fibers splits. It can also short circuit right onto the deep 
cerebellar nuclei instead of going through purkinje cells. (That's a positive circuit, with positive 
output) The other half of the info that goes into the purkinje cell comes back into the deep 
cerebellar nuclei as a negative.

The info comes out of the inferior nuclei back into the deep cerebellar nuclei with a positive 
connection, and then the climbing fibers also go back up to the purkinje cells again as we 
mentioned and that info comes back through the purkinje cell as negative. So two nested loops 
here.

Figure 19.11 climbing fiber is thought to be a kind of modulation, training feedback.

purkinje cells are tonically activated--they turn OFF during movement. Same with deep nuclear 
cells

Cerebellum has lots of diseases. in alcoholism, one of the first defects that shows up in the brain 
causes cerebellar necrosis of tissues. Degeneration of these cells are irreversible.
Lot of mutations associtated with purkinje cell degeneration. Easy to get mutations in these 
because not ocmpletely essential. This usually sets in AFTER you'd reproduce, so not selected 
against.
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Input from the cortex goes into the pontine nuclei, comes out from the cerebellum by deep 
cerebellar nuclei, half goes up through VA/VL back to cortex. Half into goes into red nucleus, 
infereior olive, and back in. From vestibular cortex, info goes back into vestibular nucleus, and 
then back into cerebellum. Also there's info coming from the Clark/Cuneate into cerebellum. All 
information goes up through mossy fibers and granule cells into Purkinje cells, all info comes out
of Purkinje either through deep cerebellar nuclei and out to targets, or goes through red nucleus 
and inferior olive and then comes back up through climbing fibers, which have excitatory 
connections into deep cerebellar nuclei and into the main body of the purkinje system again.
Two excitatory connections, two negative onto the Purkinje.
20-15 ms of time delay between return loop and original loop
Delays track the goal, what muscles should be doing, and compares that to what they 
actually do.

More cerebellum stuff 

tentorium cerebelli is the line betwee nteh cerebellum and the cerebrum.
Superior cerebellar penduncle attaches cerebellum to mesencephalon, contains efferent
fibers from cerebellum to thalamus.
Middle cerebellar peduncle attaches cerebellum to pon and contains mostly 
pontocerebellar fibers (this time afferent, to the cerebellum, instead of away).
Inferior cerebellar peduncle attaches cerebellum to the medulla oblongata and contains 
both afferent and efferent fibers.

Lots of folia, or leaves, separated by sulci, which are transverse.

Vermis is median part. Hemispheres are lateral. This distinction is really only easy to 
see on the inferior surface.

My personal garden is in the cortex: molecular layer, purkinje cell layer, granular layer

granular fiber makes simple spikes 
climbing fibers make complex spikes

Basal Ganglia And Decisions

Your basal ganglia are made up of three parts: the corpus striatum, substantia nigra, and 
subthalamus. 

The corpus striatum is the part you normally think of when you think of basal ganglia, the 
caudate and lentiform nuclei. The lentiform nucleus is made up of the putamen and the globus 
pallidus, and together the caudate and putamen are called neostriatum while the globus pallidus 
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is called the paleostriatum. The caudate wraps around the thalamus next to the corpus callosum; 
the lentiform nucleus is a little cheese-triangle that sits lateral to the thalami, and if you take a 
transverse cut of a brain you'll see it, with the broad base, the putamen, pointing outside, and the 
point of the cheese triangle, the white-ish globus pallidus, pointing inside towards the internal 
capsule. The globus pallidus has an external and internal segment; I've seen them in lab, but 
they're kinda tough to see.

The substantia nigra's got two parts, the pars reticulata ventrally with GABAergic neurons, and 
the pars compacta dorsally with dopaminergic neurons. The substantia nigra lives in your 
midbrain, almost where it joins the pons.

The subthalamus contains the subthalamic nucleus of Luys and the zona incerta.

In addition to these main nuclei, the nucleus accumbens and the olfactory tubercle also help with 
basal ganglia stuff. The nucleus accumbens is where the anterior putament meets the head of the 
caudate nucleus. The olfactory tubercle is where the fibers of the olfactory tract end in the 
anterior perforated substance. These two together are called the ventral striatum. In addition to 
getting input from the same areas the major nuclei get input, the ventral stiratum get stuff from 
the limbic system. That's called the mesostriatal pathway, and it's how you express your 
emotions. You know, like if you feel happy, you might involuntarily smile, or if you're nervous 
around someone, you might involuntarily take a submissive posture, all through the mesostriatal 
pathway.

The basal nuclei make decisions by giving orders to the motor cortex through the thalamus, and 
they listen to the cortex, thalamus, and brainstem to make those decisions. 

The most abundant afferents (inputs) to the basal ganglia are the corticostriate afferents. They're 
glutaminergic (so excitatory) and they come from the whole cortex, with the biggest input from 
areas 3, 1, 2, and 4 (the sensorimotor cortex). Sensory and motor cortices talk to the putamen, 
while the cortical association areas talk to the caudate. 

You also get input from the intralaminar thalamic nuclei, from the centromedian nucleus. This 
tells the striatum what other systems are doing, movement-wise.

Finally, the main nuclei get input from the substantia nigra pars compacta. The substantia nigra 
pars reticulata is the opposite—it's an output center for the basal nuclei. You can remember this 
because reticulata starts with the same letter as “react.” The nuclei listen to the pars compacta, 
but react through the reticulata.

The nuclei also act, or send efferents through, or have output from the globus pallidus' internal 
segment. This is the main output from the basal nuclei. The basal nuclei's main job is to talk to 
the thalamus, which will then tell the cortex what's up. The basal nuclei focus on the motor 
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thalamic nuclei—VA/VL, the intralaminar thalamic nucleus (the centromedian and parafascicular
nuclei), and the medial nucleis (dorsomedial nucleus). The fibers from the globus pallidus to the 
thalamus are called pallidothalamic fibers, and they go in two pathways: the fasciculus 
lenticularis, and the ansa lenticularis. They live in the internal capsule, and then eventually join 
the cerebellar output fibers (the dentate-rubro-thalamic fibers, pg. FIXAL) to make the thalamic 
fasciculus going into the thalamus. The basal nuclei always talk to the motor cortex through the 
ipsilateral thalamus, which means they talk to the thalamus on the same side: right to right, and 
left to left. But if you injure the basal ganglia, you'll have a motor problem on the opposite side 
of your body, because even though the pallidothalamic tract doesn't cross over, the pathway 
between your motor cortex and your spine does (remember from pg. FIXAL).

The basal nuclei really don't like talking to the brainstem, and they never talk to the 
spinal cord or the cerebellum.

Heroin increases dopamine, used experimentally to help with parkinson's

11/29/2012

Tourette's--basal ganglia disease--you choose the most unacceptable you can right 
now. There's an inversion, and you always choose the worst thing--that sounds like a 
guidance disease--the axons that should have linked to one place of the brain have 
some kind of chemical driving them to cross over and link opposite.

Two pathways in decision making--direct and indirect--we're talking about direct today.
18.1 Motor components of the human basal ganglia.
This is a circuit you have to draw out.
Basal ganglia are deep inside--we're going to ignore the subthalamic nuclei, which is the indirect 
pathway.
One part of the basal ganglia is the striatum--it's split in half into caudate and putamen by the 
internal capsule. It's not that way in all animals, and they both have similar function.
The globus pallidus connects to those, and below, in the midbrain, is the substantia nigra.
The entire cortex converges on the striatum (the caudate and the putamen)
Striatum connects to globus pallidus that connects to Va/VL of the thalamus, which brings info 
up into the rest of the brain.
The VA/VL sends commands up to the thalamus telling it what to do.

You have two sides with two completely different command systems on each side, and we don't 
know how they synchronize. You get one single action, so they must synchronize somewhere. 
Almost all human mental disorders of thought etc get pointed here. This is like the person living 
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on the street who gets blamed every time there's vandalism or whatever. Because it's in the right 
place at the right time--so it's not always the source.

18.2 A portion of the cortex converges on the caudate, another portion on the putamen. The 
caudate is basically a subsection that's related to eye movement. It connects down to the 
substantia nigra pars particulata, which then connects to the substantia nigra pars compacta 
where all the dopaminergic neurons are. There's a lot of function just in that simple circuit. 
(Think cocaine and Parkinson’s) Dopamine affects the putamen and caudate for a lot of disorders
(schizophrenia, etc) and we don't know why they work. It's like a big sledgehammer.

18.3 Spiny neurons. They look spiny, like sea-stars. They have tens to hundreds of thousands of 
post-synaptic junctions on their branches. Each junction connects to one pyramidal cell coming 
out of the cortex. Each spiny neuron has a tons of connections to pyramidal cells--is there a map?
Each spiny neuron has a huge milieu of information--sound, vision, where your body is--just 
massive convergence of info. How these cells are patterned and organized is a big fight right 
now. How do these cells determine their connectivity?
They connect into the globus pallidus. This connection is very specific--not like the one coming 
from the cortex, this massive convergence--this is just one to one. The spiny neuron's axon wraps
around the globus pallidus dendrite and makes a beautiful set of synapses like that. So the spiny 
neurons bring a whole ton of info down onto one globus pallidus. That globus pallidus is firing 
all the time, 1 to 2 Hz. When the spiny neuron fires, it inhibits or turns off the globus pallidus.
these spiny neurons are in your caudate and putamen. The ones in your caudate connect down to 
the substantia nigra pars reticulata. Dopaminergic neurons connect down to the spiny cells and 
then into cortical pyramidal neurons.
Dopamine makes synapses more excitable.
As you increase the amount of dopamine, these convergences work more easily to fire. A lack of 
dopamine makes it very hard for the cortex to drive these cells to fire.
The cortex sends all this info into the striatum; it wants to drive spiny cells to fire. You want to 
set the gain just right so things happen.
Too much dopamine or too much info--too many striatal cells--this leads to impulsiveness and 
hyperactivity. Too little and you can't do what you want to do (like Parkinson’s).
The substantia nigra pars compacta--it's job is to control the gain and adjust how many things 
you do.

18.5 The circuit of decisions
The Putamen circuit.
Cortex fires onto the striatum in the putamen. The putamen is going to control the globus 
pallidus. that's negative--inhibitory--a gabaergic connection. The globus pallidus is again 
negative into the Va/VL complex. The Va/VL is excitatory, and they go into the frontal cortex to 
excite it. The excitatory input is somewhat tonic--always on--the VA/VL basically always makes 
you act. It has master control over your motor thoughts. If you turn all this on, you would try to 
do everything all at once. This is kept in check by tonic inhibition by the globus pallidus. The 
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globus pallidus and the VA/VL together means you do nothing. When you inhibit the globus 
pallidus, in small portions, then you're basically sending permission for the VA/VL to do some 
things. The Putamen inhibits the globus pallidus' inhibition.
18.6 demonstrates this. Apparently these spiny cells are very beautiful. You look at codes in the 
cortex and light them up. The idea is that there's a certain pattern or code of info that goes into 
one spiny cell to basically tell it the particular situation so it can make a particular decision.
Caudate
The caudate goes down to the substantia nigra pars reticulata. That goes down to the superior 
colliculus. The caudate inhibits the substantia nigra, which inhibits the superior colliculus. Lower
vertebrates like birds don't have the putamen circuit--they just have this caudate circuit.
Fire the caudate, the substantia nigra pars reticulata goes off, and then the monkey can move its 
eyes. This portion of the substantia nigra is basically inhibitory--very similar to globus pallidus, 
always on and inhibiting the superior colliculus.

18.8 What about dopamine?
Dopamine has two functions, direct and indirect, focus on direct. (Indirect is for Huntington's)
Dopamine comes out of the substantia nigra pars compact onto the caudate/putamen. It adjusts 
the excitatory input from the cerebral cortex so only a small portion of the striatum fires. How 
does the dopanergic system know what's just right? We don't know.
18.10 When the dark band is down to about 20 percent on the substantia nigra, you have 
parkinson’s.
Dopanergic neurons are going to die either way. Now a days you use drugs that adjust the D1 
receptor and firing rates in your substantia nigra. Your D1 receptors eventually start 
desensitizing.

The Awakenings--people missing dopamine and can't activate their striatum. That's when L-Dopa
was developed for Parkinson’s. Scientist gave these folks the L-Dopa--a whole bunch of people 
woke up, their last action was age 12, but then the L-Dopa stops working. = ( So they go back 
into their comas.

Barry Kidston sitting in orgo heard you can make heroin. He took that and using his mom's oven 
made heroin in his kitchen. One day he was rushing to class, and he decided to speed up the 
reaction by heating up the oven a little. That ended up making MPTP besides the MPPP 
(synthetic heroin). MPTP is selectively taken up by dopamine neurons. So it blocks them. The 
next morning he had end-stage Parkinson’s--no dopaminergic neurons. A lot of his friends began 
developing the same symptoms, and he ended up committing suicide. This happens every so 
often.

If you lose function in substantia nigra, you can't turn off the striatum. So the striatum just keeps 
inhibiting the globus pallidus, which keeps on inhibiting the VA/VL. In Parkinson’s this happens 
and you don't have inhibition of the globus pallidus, and you can't make movements. You're not 
inhibiting the inhibitor, so you're just permanently inhibited.
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Huntington's you lose spiny neurons. If they die, then you can't inhibit the globus pallidus. The 
system becomes hyperactive. That's weird. Loss of spiny neurons and the system becomes 
hyperactive. The system doesn't filter out the commands that you get.

Box 18C. Deep Brain Stimulation. If you stimulate the striatum, or inhibit some parts of the 
brain--this does work. You can activate parts of the striatum or remove sections of the globus 
pallidus so you can get a loss of inhibition.

18D Basically two loops we've talked about.
The basal ganglia gets info from a lot of areas--frontal cortex, etc, and that comes back up to the 
motor cortex. That goes to the putamen, globus pallidus, VA/VL, back to motor cortex.
Then there's the Caudate, substantia nigra pars reticulata, down to the superior colliculus.
There are also two non-motor loops.
Prefrontal loop--very specific from frontal areas (highest areas of decision making) and that goes
through a portion of the circuit that we showed. It has no connectivity into motor neuron--you 
can just daydream with this loop. It doesn't have a connection back out into motor area, but it can
regulate thoughts. No simple outcome. If it's going to cause an action it has to get over into a 
motor circuit.
Then there's the limbic loop.
The limbic loop comes out of the insular and cingulate cortex. Affective--emotions and 
mood. This connects through a portion of the circuit, into a part of the putamen named 
the ventral striatum or nucleus accumbens. That circuit goes back up and controls how 
good you feel. If you activate the ventral striatum, you have an explosion of pleasure. 
Orgasms are right in there. The main function of the nucleus accumbens. You can get 
anticipatory pleasure before eating etc. 0_0 Like a mouse can get pleasure pushing a 
lever that once brought candy. (Dude, I totally don't get anticipatory pleasure, I like 
getting the actual thing.) But there's basically a loop here that lets you know you like 
something. (There's also a negative loop that goes through the amygdala)

Nuclei of the basal ganglia are corpus striatum mostly, then substnatia nigra, and 
subthalamus of louis 
The caudate nucleius is part of the corpus striatum 
corpus stiratum is globus pallidus and caudate nucleus and putamen. The neostreatum 
part is caudate nucleus and putamen, and the paleostriatum is globus pallidus. There is 
white matter warpped around these things.

Cortex sends excitatory glutamate to striagum which makes ACH. It sends GABA and 
substance P to the globus pallidus and substantia nigra and inhibit it. They are usually 
sending GABA to the thalamus to inhibit it. Taht's pallido-thalamic fibers. The Thalamus 
then stimulates the motor cortex (Va/VL). The GABA from the striatum inhibits the 
substnatia nigra pars compacta which sends dopamine to the striatum acetylcholine too.
Basically straitum inhibits substantia nigra rticulata to the thalamus, and also inhibits 
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other substantia nigra which normally sends topamine to the striaum to turn it off. This is
the dorect pathway. The dopamine turns on the direct, and turns off the indirect, making 
movement. First parkinson's symptom is absence of movement and then later it gets 
complicated, movement becomes really slow to eat and stuff

The indirect pathway is the corex sends excitatory glutamate info to the striagum, which 
sends GABA or enkephalin to inhibit the external segment of the globus pallidus, which 
sends GABA to inhibot the subthalamic nucleus, which hsends glutamate to excite the 
globus pallidus internal segment and substantian igra pars reticulata. So the direct 
pathway excites, the indirect pathway inhibits. This you have to draw out.I'm going to 
type it out a little easier in a bit.

Pallidothalamic ibers go from the pallidus to the thalamus. They leave the internal 
segment and make two tracts: fasciculus lenticularis (FL) and ansa lenticularis (AL). 
They make the thalamic fsacisulus when they joing the cerebellar output fibers 
(dentatorubrothalamic fibers). These guys cross under the internal capsule from the 
globus pallidus and cross the stream that is the internal capsule, pass the rock in the 
stram that's the subthalamic nucleus, and get to the thalamus. A capsular infarct can 
hurt these fibers. Capsular infarct is common in people with hypertension. Dentate 
nucleus tells thalamus how to coordinate, while globus pallidus tells through 
pillidothalamic fibers what decisions are going to be made. Basal nuclei controls 
movements by influenceing motor cortex through the thalamus and they don't go directly
through descending tracts to brianstem and spinal cord. Globus pallidus talks to 
thalamus to tell the motor cortex what to do. 

Clinicals:

Insert how Parkinson's happens here 

Sometimes you can develop Parkinson's in response to viral encephalitis that hurt your basal 
nuclei, or because of an antipsychotic drug (iatrogenic parkinsonism) or because hypertension 
damaged your basal ganglia (atherosclerotic parkinsonism, elderly pts).

So however they're hurt, the disease leaves the patient with four kinds of symptoms: rigid 
hypertonia, impaired postural reflexes, a resting tremor, and some kind of kinetic slowness or 
dysfunction (akinesia, bradykinesia, hypokinesia).
Rigid hypertonia: You know how in upper motor neuron lesions, you're rigid in all opposing 
muscle groups, all the time? This is different. This is rigidity when you're trying to flex or when 
someone's trying to move your arm. It's plastic or lead-pipe rigidity when someone's trying to 
move your arm. It's cogwheel rigidity, in a bunch of stiff jerks, if you're trying to flex your upper 
limbs.
Posture: A postural reflex means you're good at transferring your body weight and changing your
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posture when you're doing something like turning a corner or pivoting. If you've got parkinsons, 
your basal ganglia don't anticipate the posture change, and you can't just pivot on the ball of your
foot—you have to take like three to five steps to turn around, or you'll fall. If you're pushed, you 
won't step to help yourself—you'll fall stiff, like a hewn tree. This is a super-big problem for 
elderly patients with Parkinson's because falls can really mess up your quality of life (see pg. 
FIXAL).
Resting tremor: It's really important to distinguish this from an intention tremor. In cerebellar 
disease, you only tremble when you're trying to do a movement. In Parkinson's, you tremble all 
the time. It'll usually be in just one limb, or one side, and it goes away when you sleep. This 
shows up about a year or two after Parkinson's has already started. Their fingers will kind of do a
movement that looks like rolling a pill because of this tremor.
Akinesia (can't initiate movement), bradykinesia (slow movement), and hypokinesia (makes 
really small, little movements): These patients won't swing their arms when they're walking 
(akinesia), and they have trouble getting out of bed or getting up (bradykinesia) or even dressing 
themselves (hypokinesia). Hypokinesia also means they'll end up having super tiny handwriting 
(micrographia) and super quiet speech (hypophonia). They may get a poker face and slurring, 
too.

Parkinson's also gives a patient a very particular kind of walk. They'll stoop forward because 
their trunk flexors are rigid, and their arms will hang down (akinesia, no arm swing) and they'll 
shuffle. They shuffle really fast because they're trying to catch up with their center of gravity and
not fall (since they don't have that postural reflex). They'll have more upper limb tremor when 
they walk.

These patients have normal strength and sensation, normal superficial reflexes and deep tendon 
reflexes, and no Babinski sign.

Chorea: You've got all kinds of involuntary jerky movements going on, with no pattern, and you 
didn't intend them. In Huntington's chorea, the most common, your basal ganglia naturally 
degenerate because of a genetic defect: the disease starts with lots of fidgeting—crossing or 
uncrossing your legs, adjusting stuff your glasses or your hair always, clearing your throat all the
time, stuff like that—and then you get wilder and wilder movements, with face twitches and a 
dancing gait, until at the end your breathing shuts down or changes. Death comes fifteen to 
twenty years after the first symptoms start, and it's really discouraging because it comes with loss
of intellectual capacity, memory, and psychiatric symptoms, and you know while it's happening 
that your body movements are all out of control. The first thing to go is the GABAergic striatal 
neurons that send inhibitory GABA to the external globus pallidus, and on a CT scan you'll see 
big lateral ventricles because the caudate nucleus is deteriorated.

Some kids who get strep infection (chorea infectiosa) get something like chorea. It starts about 
two to three months after the fever, and it happens because the strep antigens are kinda similar to 
the proteins in your striatal neuron membranes. When your antibodies attack the strep antigens, 
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they also attack the basal nuclei membranes. You can recover from this.

You may also get a chorea gravidarum in early pregnancy. INSERT WHY

Athetosis: As a baby, maybe you got your neostriatum damaged (your caudate and putamen got 
hurt in a CVA, and a blood vessel burst up there maybe during birth trauma or something). Your 
normal movements are slow, but you might get random hyperkinetic twitching of your face and 
tongue.

Hemiballism: Elderly hypertense people might get a CVA (cerebrovascular accident) where a 
perforating branch of your posterior cerebral artery erupts. This damages your subthalamic 
nucleus of Luys. Your quiet, tranquil patient will suddenly fling her arm, flailing out of control . 
It's only on one side, and it'll be the limb contralateral to the injured subthalamic nucleus.

Dystonia: means your body tone is distorted, and your body contorts. It's usually worse with 
voluntary activity.

Blepharospasm: You can't open your eyes—you randomly keep shutting them.

Lingual dystonia: your tongue keeps sticking out without your permission.

Oromandibular dystonia: Lips keep puckering, or sticking out, or getting retracted; involuntary 
opening and closing of the jaw.

Wilson's Disease: Your liver doesn't excrete copper like it's supposed to (histology pg. 
FIXAL) and you get copper everywhere in your CNS. It'll mimic parkinson's, since the 
copper shuts down your basal ganglia as it builds up. In addition to the Parkinson's 
symptoms, you might have dystonia or dysarthria (slurred speech). You'll see the liver 
problems first, so hopefully you can treat that before neurological symptoms develop.

Cortex stuff to split into those cortext things 

One reason that women weren't expected to study and go to school and stuff was 
because we have much ligheter brains than men do, and people thought that had to do 
with intelligence. But actually it's thickness of cerebral cortex that makes a much igger 
difference, and there's no difference between us. The were people with brain damage 
whose brains weighged almost wice that of a noraml man, and einstein's brain was only 
1230 g, which is SUPEr light, lighter than most women at about 1400 g. More than 80 
percent of the cortex is language, calculation, planning, and abstrcat reasoning. 

Theodor von Bischoff said that since men wiegh 1350 g, and women 1250 g, when he 
died he wanted people to weight his brain to prove that men are smarter and that his 
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theory was valid that wise and intelligent people have heavier brains. His brian was 5 g 
lighter than that of the average woman.

Our thinnest cortex is the visual cortex 

Your brain is not supposed tobe symmetric, and there's a group of studies that think that
when you have symmetry, there's a problem in the area that's symmetric 

In the cortex you have retzius cajal cells 
cells of moartinoti, 
basket calls 
and stellate cells 
and fusiform cells 
and principal cells that were pyramidal cells 
retzius-cajal cells rre most superficial 
pyramidal cells are most deep 
Betz cells have dendritic spines and some people think that a person depending on the 
functions they develop during their lives may increase the number of dendritic spines. 
Some cases of mental retardation have also faulty development of dendritic spines. 
Pyramidal neurons are in layers three and five 
granular cells are in layers two and four 
layer one is molecular layer and neuronal stuff 
layer six is multiform layer. Layer 1 is mos superficial. 
Broddmann made a map of th ecortex in 1909 based on different histology and later 
hthey foun that these thingscorresponded with function...

Primary somatic sensory area is brodmann's areas 3, 1, and 2. This isn the post central 
gyrus of the pareital lobe and the paracentral lobule. It gets fibers form VPL and VPM. 
Thalamocortical fibers carry sensory information here. Exteroceptive is everything 
except propioceptive, and these fibers carry both exteroceptive and propioceptive 
information. 1 and 2 are higher processing, 3 is receptive from thalamus
1 is texutre of stimulus
2 is complex feautres of size and shape

The secondary semoatosensory area, or S2, is at the parietal operculum which is where
the longitudinal central sulci meets the lateral sulcus, near the insula. This gets 
information from VPL nand VPM thalamic nuclei and intralaminar thalamic nuclei and 
SSA1. This area will stya intact and is like a back up—if you hurt your predominant 
area, in 3, 1, and 2, this SSA2 area can still maybe sense things, and that's why therapy
is useful: yo ucan keep trianing this back-up area to take over the lost function. It 
asymbolia for pain –S2 talks to limbic system to remember sensations
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Somesthetic assciative areas are in the superior parietal lobe in Brodmann's area 5 and 
7 and these have sterognosis and they're concerned with perception of shape sie and 
texture and identification of objects by contact. Bilateral lesions mean you can't move 
the hand towards an object they see (optic ataxia) and you have asterognosis and 
sometimes neglect of the contralateral half of the body (hemi-asomatognosia). 
7 hand eye coordination

If you hurt the left side of areas five and seven, you'll have aphasia, asterognosia, 
agraphesthesia (you can't recognize numbers drawn on your hand), and dyscalculia 
(you can't do math). But if you get a lesion on your right or non-dominante areas five 
and seven, you'll get the hemispatial neglect thing. You'll ignore everything coming from 
the left, and you'll leave the left side out when you copy the left side, and that'll give you 
problems reading maps or dressing. You will probably also have difficulty interpreting 
speech intonations, and your speech will sound a litlte emotionless, and you'll often 
have anosognosia. That's when you deny having an illness

The parietal lobe is bascially an associative thing, and so it helps you know about the 
halfs of your world. The person might not dress the left side of the body or shave the left
side of his face or eat from the elft side of his face or copy pictures on the elft side of a 
paper. Wow, huh?

What if we're neglecting a spiritual half of our world 
You know, where we think only one half of the world exists?
Oh God we are so little and we'd never know if that was the case

39 and 40 is written comprehension in inferior parietal lobe
finger agnosia means you can't recognize fingers and that's inferior parietal lobule you 
can recogniz hands but not fingers and yo ucan't write without fingers so agraphia and 
yo ucan't tell left from right without fingers and alexia so you can't read and aclculia can't
perform calculations that's lesion of inferior peietal lobule that's gerstmann syndreom 
The biggest cause of Gerstmann syndroem is occlusion of angular branch of MCA or 
neurodegenerative diseases like alzheimer's and fronto-temporal dementia. Sometimes 
arteriovenous malformations in children can also cause this. Also brian tumors, trauam, 
abscesses, and gunshot wounds. 

Primary visual cortex around the calcarine sulcus and Broddmann's area 17 and this 
gets afferent fibers from the lateral geniculate boy of the thalamus via the 
geniculocalcarine tract. Projection from macular area of retina are in the the back of the 
visual cortex, while peripheral retinal fibers are the anterior part. Importnat that is!!!

A patient with an infarct might be okay because in the occipital the're scommunicatio 
nbetween the middle cerebral and the posterior and so on... 
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Depending on the superior part of the retina is the superior part of the calcarine sulcus. 
The representation on the retina isn't the same as the visual field. The superior half of 
the retina is the lower half of the visual field. So your lower visual field is on the superior 
half of the calcarine sulcus. The primary visual cortex is BA 17 and around it is BA 18 
and 19 which are higher level visual cartex association areas and such. 
Cs into midbrain
anterior around
posterior is pinpoint

Eyes: magnocellular talks to areas 7 and 18 (associate with writing; higher visual 
processing) (also 21 middle temporal gyrus)

The inferior temporal cortex has where you recognize face and shapes. The lesion is 
prosopagnosis where you don't know where the hand is in the visual field. 
Prosopagnosis means the individual when someone comes to their house and they see 
the face they don't recognize them, but they recognize them from the voice. They can 
recognize what a nose and what an eyes and so on is, but they don't know the 
individualized face in context. 
parvocellular talks eyes to 20, 21, 37 (blob cortex)

Neurons in the middle temporal gyurs check on object movement in the visual field so if 
this is injured you have movement agnosia or cinetagnosia. The information gets here 
from the primary visual cortex. Middle is motion this is area 20

The primary auditory cortex parietal temporal and inside you can see the insula etween 
the parietal and frontal lobe and stuff and the first temporal gyrus is right behind of the 
insula, the heschl's gyrus just trasnverse and kind of more up while the rest of the 
temporal lobe is more horixzonal. Taht's the primary auditory cotex, in the superior 
temporal lobe, right next to the insular cortex. This gets information from the medial 
geniculate body of the thalamus. It gets fibers from both organs of Corti, mostly in the 
contralateral side. This is brodmann's areas 41 and 42. 

The superior temporal gyurs is really near the middle and inferior temporal gyurs, but 
here if you have a lesion you have acoustic agnosia. You can't recognize sounds of 
animals, speech, mechanical sounds like horns and bells. 

The auditory association cortex is BA 22 and it's Wernicke's area, mostly on the left side
of the headd, and it helps with spoken sound so you can understand spoken language. 
Folks with lesions here can't understand written, either so I gues you have to be able to 
hear a litte in order to read because our language is so verbal. The nondominant area is
specialized for nonspeech auditory information (environmental sounds, muscial 
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melodies, tonal quality of sound). This is comprehension. It's just behind the superior 
temporal gyrus. “Wher'es the medical school?” “Redis my favorite color.” When there's a
comprehension problem it's aphasia. This area is when lesioned it is a aphasia...This 
patient will often talk too much. It's basically the angle between the inferior parietal area 
and the superior temporal area. These are itnegration centers. Because you ca'n't hear 
anything or understand correctly, this person also can't know what he or she himself is 
saying, or writing, or anything like that. This person doesn't know what's going on and it 
shappy. Someone who has Broca damage on the other hand is unhappy and frustrated,
because they understand what you're asking and can't respond right—they know there's
a problem.
Arcuate fasciculusconnects broca's and wervicke's

In 90 percent of us the left is the dominant brain in the sulci and stuff says teacher so in 
most of us that's where language is

The primary gustatory area is BA 43 and it is in the pairietal operculum close to the 
cortical areas that get sensory afferents from tongue and pharynx so just above that 
whole superior temporal lobe place. It gets fibers from posteroventral medial nucleus of 
the thalamus. Getting lesions here can cause hallucinations of taste. Soemtimes a 
seizure that damages this area can cause that. 

The primary vestibular cortex no one knows there they are. They have it partly in 
brodmann's area 40, 21, and 22, and people thought maybe the parietal operculum, the 
posterior insular cortex, the superior temporal gyrus anterior, the primary somesthetic 
area, stimulating all these areas make you faint or feel dizzy. They make you feel 
rotated and motion'd. So ti's kind of somewhere in a big general temporal lobe area. 

Hemispatial neglect:  https://m.youtube.com/watch?v=d4FhZs-m7hA

Motor part 

The primary motor cortex precentral gyrus and paracentral lobule and stufffffff

Ah dude professor we need a break.

Primary motor cortex is brodmann's area 4 and that's where the motor homunculus is 
and body is disproportionate and main source of input are other motor areas of the 
cortex, the somesthetic cortex, and ventral lateral thalamic nucleus VLP. Remember 
that each half of the motor cortex controls the opposite half of the body. 

30 to 40 percent of the motor cortex starts the fibers of the pyramidal tract. The sensory 
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axons and sensory area also go into the pyramidal tract? Oh about 30 to 40 percent of 
the pyramidal tract starts in the motor cortex and the rest is sensory fibers. 

Premotor cortex is brodmann's area 6 and it's before the motor. You create new motor 
program or when you change it or anything else that all happens in the premotor cortex.
If this part of the cerebralcortex is hurt then you can't do sequential and ocmplex 
movements like walking, writing, or lacing your shoes. That's called apraxia.Apraxia is 
when you ask someone “show me how you slice a loaf of bread” and they can't.

The fonrtal eye field is in area 8. If you sitmulate the right area 8 you conjugate 
movemtn of the eyes to the left. IF you damage area 8, your eyes will look towards the 
side of the lesion. There isn't any kind of fiber that goes from here to the eyes. It just 
helps conjugate, and then talks to the premotor cortex, and stuff works that way. If the 
area is damaged, you'l look towards the side of the lsion. Because you do contralateral 
stuff. So your right side is injured, and trying to tell you to look leftbut it's injured, while 
youre left is telling you to look right, so you end up looking right. 

Ideomotor is when they know what they want to do, and can do it automatically but can't
carry it out when they have the idea in their head. Can't open a door, wlk, stop, etc if you
tell them to. If you tell him, he can't do it.

Ideational apraxia is when even though the individual movemtns are correct, they're in 
the wrong sequence. You can't perform the whole slicing a bread, but you can lift a 
knife, and you can hold a knife, and you can perform the down cut—you just can't put 
the whole program together. So mail a letter is a problem. They won't write it, put it in 
the letter, can't seal it, stamp it, and put it in the mailbox. But they can stamp a letter.

Broca's area is the other language area. The person loses articles and gerunds and 
words like es and a bunch of words start missing. The patient knows twaht they need to 
say. This is part of traingular gyrus 45 and frontal operculum 44. This is someone who is
very frustrated because they know what they want to say and can't. Because the sides 
of the head are different, some of these Broca patients can sing and stuff even though 
they can't talk. They learn to use their nondominant area. They won't recover it all, but 
they can get some of it back. Tehre are studies that say women tend to have more 
bilateral Wernicke's and Broca's areas. But there are authors who say no, we all have 
the same. 

Prefrontal cortex and phineas gage 
Phineas Gage's story is super-sad. Personality changes
prefrontal cortex is will and affect and critical thought. The medodorsal nucleus gets 
information from the preforontaol cortex. Inhibitory prefrontal cortex on attack rsponse 
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depend on intact pathway from prefrontal to mediodorsal nucleus put in own words 
This is the guy who got a spike through his skull and became a jerk all of a sudden and 
had aggression and rage. They think e lost the connection between the mediodorsal 
nucleus and prefrontal cortex so his anger is just always on. After a while intellectual 
functions slow, but it's not like you become less intelligent, just slower at processing the 
things you know. You become reckless and stubborn.
Lobotomy comes from this knowledge, that taking off part of the pre-frontal area to 
change the patient opposite. Some patients who are schizophrenic and crazy if you cut 
the part that is cortex (not the inhibitory parts) you cut out their aggressive thoughts. 
Just the cortex, not the connection. They don’t' do this anymore because it's messed up.

Melody tends to be right side, writing physically tends to be left side. Rhtyhm is left side 
because it's math. 

All the white matter under the crotex has three types of fibers 
commisural which connect two hemispehres, association which connect same 
hemisphere and they're U shaped fibers from one cortical area to another, and 
projection fibers are fibers that enter and leave cerebral hemispheres to and from lower 
areas, so like from your thalamus to your cortex.

The anterior commisure communicates the two temporal lobes and his near the 
olfactory area. The hippocampal commisure is memory and olfaction connection. 

Some patients with awful awful seizures that you don't want to spread over into another 
hemisphere, you cut in half their corpus callosum to save the brain and often the brain 
will stop acting crazy and you can control epilepsy with medications. Fortunately, their 
intellect and behavior don't change, but there are some tasks they can't do. These 
scientists discovered that the commisural fibers communicated bla bla bla bla blab la
Some scientists did a calosotomy and they covered one ey and then the other. And they
showed them things, they taught them something to do. And the one that had learnd to 
get water in one site for exampl,e couldn't do it with the other eye because there asn't 
communication between the two hemispheres. 
Speech goes to the left, right side is mute but still has memory and sensation, spatial 
abilities are beter on the right, perception is better on the right, two sides work 
independently like they're two minds.

There are six or seven main association fibers. Arcuate fibers are the U fibers. The 
arcuate fasciuclus is part of the longitduinal superior fasciulus and it is in the top-ish per 
and it connects Wernicke's area with broca's area. That connects language with 
comprehension of language. Another fasciculus is the unicinate fasciuluc ans it 
connects frontal with temporal. The others their names say where they are going. 
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If you cut the link between Wericke's and Broca's damage to arcuate fasciculus means 
conduction aphasia. Output is fluent, but you misuse words. You can't repeat words, or 
do verbal commands, or name objects, and you know the defecit and you get frustrated.
You can understand language mostly.

Projection fibers are concentrated in internal capsule and fan out to the corona radiata 
in the central white matter. There's an anterior limb, a posterior limb, and they're around 
the lentiform nucleus. The front part spearated the lentiform fro mteh caudate nculeus, 
while the back part separates the thalamus from thelentiform. The retrolentiform internal
capsule is behind the lentiform nucleus and auditory stuff is sublentiform
anterior limb is frontpontine fibers 
sublenticular part contains rest of optic radiations 
superior bacnk of calcarine surface retrolentiform is the optic radiations 

Limbic system

It's called the limbic system because it forms a border or limbus around the brain stem. 
Broca discovered it, and he thought that it was mostly for smell. Later, James Papez 
found out that emotion isn't in just one brain center, but actually in four basic structures, 
all arranged in this limbic area. All sensory-motor system that wants to get to the 
hypothalamus has to get through here.

To remember the limbic system, remember HOME: homeostatic functions, olfaction, 
memory, emotion, and drives. 

It's got parts in the telencephalon, diencephalon, and midbrain, with c

There are many kinds of memory. You've got working memory in your fprefrontal cortex. 
Working memory is when you remember something like a few digits for a short time, but
you had to repeat it over and over again (as opposed to a short term memory where the
thing stays in your head for a few hours anyway). This is when you remember a phone 
number to write it down later.

You've got long-term memory that's divided into declarative memroy, and procedural 
memory. Declarative memory means you remember events, or you know facts, and both
of those happen in your hippocampus and nearby corticol areas and the diencephalon.

Procedural memory is your skills and habits (like riding a bike), which happens in 
striatum mortor areas of cortex and cerebellum.
Procedural memory is also emotional associations like amygdala. 
Procedural memory is also conditioned reflexes which is in your cerebellum.
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If I stab my uncus I'll stab my amygdala

Afferents to amygdala: cortex, hypothalamus (gets already-processed input)

The amygdala is that little thing at the tip of the rat's tail that's the caudate nucleus 
wrapped around the thalamus...
It's very much in the center of your temporal lobe anteriorly, it's important for love and 
friendliness and it's got a series of nuclei that 
Basolateral nucleus, central, and corticomedial nucleus
Basolateral and cocritocmedial nuclei send their separate output pathways through that 
front pointy thing, which Kenira calls the central nucleus

The central nucleus may tell the dorsal motor nucleus of the vagus to parasympathetic 
activate (ulcers, urination, defectation)
it tells parabrachial nucleus to increase breath 
it tells ventral tegmental area to have behavioral arousal (dopamine)
it tells the locus coeruleus to increase vigilence with norepnienphrine 

the tells the nucleus reticularis pontic a caudalis to have an augmented startle 
response. 
It tells the trigeminal facial motor nuclei to have facial expressions of frea 
it tells the paraventricular nucleus to release acth and glucocorticoids. 

Fearful faces activate the amygdala. They've done studies with different faces. 
Basolateral: projects through amygdalofugal pathway to mediodorsal of thalamus, 
prefrontal and orbital, and hippocampus, PAG—periaqueductal 
-It tells the priaqueductal grey to have behavioral arrest freezing this is why you freeze 
when you're scared to hide from predators, and you can measure in a lab how scared a 
mouse is by how long it freezes in the face of a threat
MOHPP
--contains GABA inhibitory neurons

Corticomedial: Stria terminalis talks to lateral hypothalamus (sympathetic), septal 
nuclei, basal nuceli of meyner LSB instead of LSD
--projections to the lateral hypothalamus and makes you sympathetic activate and 
incease your heart ate and blood pressure and paleness. This is why stress can change
your blood pressure.
--It tells the nucleus basalis to acitvate the cortex. ACH
--ventral stiatum does your motor response to emotions (this the connecting line 
between your caudate and putamen)
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Your visual cortex is sitmulated the same way with a normal picture and a strange 
picture, but your amydala gets an initial spike of shock in a weird picture.

A lesion in the amydala can hurt your ability to identify motivtaional and emotional 
events and their significance. 
Electrically stimulating amygdala can give you emotional attacks of rage. 
The rabies virus attacks the temporal lobe, and that can lead to violent behavior.
Some people have congenital amygdala degeneration. Wow that sucks. Bechara et al., 
Science, 1995. This person could never associate like the rats could a blue dot with 
shock. Blue square equals shock, and she knew that, and she could figure it out, but 
that's it. She accepted it and didn't “care” so to speak.

If you've got bilateral removal of the amygdala and inferior temporal cortex you become 
tame, you lose fear, you eat whatever, you become kind of hyper sexual (autoerotic 
sexual activity) 
And you respond to a lot of visual sitmulus weirdly 
This syndrome has a name look it up

The hippocampus is important and helps you make new memories (you don't store 
information there) and in studies post-mortem of PTSD, schizophrenic, and depressed 
patients there's a reduction in the hippocampus. Estrogen can change the structures 
here. Neurogenesis can happen here—you're not born with a set of neurons and that's 
it. This is one of the areas of the most neurogenesis. It's in the temporal lobe, but below 
and behind the amygdala. It connects to lots of the brain.T The classic trisynaptic circuit 
brings all information to hioppocampus comes from the entorhinal cortex through the 
perforant path. Perforant path talks to granule cells in the dentate gyrus which are like 
sardines and really tightly packed. Those axons of granule cells send projections to 
some cells called pyramidal cells of C3 and they are called mossy fibers. The mossy 
fibers carry the information to the Schaeffer collaterals, the CA1 pyramidal cells. The 
CA1 pyramidal shells then send the information back o the entorhinal cortex, fornix, or 
sensory cortex.

The entorhinal cortex is both the entrance and the exit for the hippocampus. It sends 
informatin to lots of areas: priprhinal cortex and parahippocampal cortex, and from there
information gets to the unimodal and polymodal association cortices. 

The ventral tegmental area is super rich in dopamine. Behind it is the locus ceoreuleus, 
with lots of noradrenergic input, and behidn it is the raphe nuclei with lot of serotonergic 
ninput, and all these nuclei are sending information into the hipocampual formation 
along with amydala and thalamus and some other stuffs (maybe look at slide for this 
input page thing)
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An event happens and anterograde amnesia after that you can't make new memories 
An event happens, and you can't remember events that were before it that's retrograde 
amnesia. The anterograde amnesia is in your hippocampus.

HM is a patient in 1995 who suffered from an intractable epilepsy and nothing worked 
for this pateitn so his doctors and parents decided that the best thing to do would be to 
do a bilateral resection of the temporal lobe because that was one of the focal areas 
where the seizures were. Wow that sucks. The epilepsy resolved—this person was 
studied for many many years, like 15 years before he died—and it was a pivotal 
memory neuroscience case because after the surgery he could no longer form a new 
memory. Went to the same hospital, saw the same therapists, same doctors, and every 
single time it was like he was meeting them for the first time. 
Thank-you God so much for giving us memory ho shit I couldn't imagine that 
But even though thi patient had no declarative memory, they could do procedural 
memories which have nothing to do with temporal lobe, so he could form procedural 
memories and things. 
There's another story where a patient has herpes simplex encephalitis which caused a 
bilaeteral medial temporal lobe damage. This person was supposedto write a journal of 
what they did, and what they did was “I am awake” all the time. At 7, “I'm awake”, at 8, “I
just woke up,” etc etc etc. One of the notes is “I am alive, and awake, all systems 
working.” SADDDD
London taxi drivers have to have really cool hippocampi. They have better 
hippocampuses than the rest of us, larger than us, because they have to remember SO 
MUCH so fast. They also have to go through a really intesne training program. 
You can also interrupt memories. A group of patients tried to remember shows they'd 
seen on television between 1957 and 1972. Before and after electroshock therapy 
Normally of course as the show was older, it was harder for them to remember names, 
but after electorshock therapy they couldn't even remember names from just 2 years 
ago.
We need cognitive maps. IF you go to lunch and park in front  of JC Penny and don't 
look at what you're doing and you come back out and don't know where your car is 
because you were talking on the phone. But if you leave and consciously say “I am in 
front of JC Penny's” then when yo ucome back from lunch at the mall you will remember
where to find your car. The hippocampus has place cells which are an ensemble of 
neurons that we know let us navigate in space. We have a serires of active neurons fom
a rat in this picture and they put it in a grid and they could see that there were neurons 
that would fire in very specific areas within the cognitive map. This is how we can make 
spacial maps which are so important for function. A normal mouse and a mutant mouse.
You put it in a big sand that's all empty. Ther'es a bunch of cells that fire in the normal 
mouse when it's in the upper cuadrant of the sant box. The mutant mouse has a gene 
for a calmodulin-dependent kinase that's not working in the hippocampus so no 
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glutamate synapses working. So the wild type mouse will have organizes, consisten 
signals—upper righ tquadran of the map is where his place is and the maybe hwere the 
food is, but the mouse who's mutated can't do this and his neurons fire all over the 
place, anywhere. 
You can put a rat in a pool on a little floating things. The rats can swim but they hate 
water, so you put the rat and leave him in the water, but the platform is always in the 
same place, and then you put the rat on the platform this time and let him stand up and 
look at where he is, and then when you put him in the water, he will always look and 
figure out where the platform is. That rrate is using the hippocampus to form a spacial 
map so it comes from point A to point B faster.  

One of the concepts that's important is long-term potentiation which is on pg. FIXAL. 
There's one form that's NMDA receptor dependent, and one that's non-NMDA receptor 
dependent. You can strengten a connection between two neurons if you raise the 
contact area between them and make more axons touch each other from here. LTP 
induces new synapse growth

When you lose air in the brain then one of the fastest plaes to get ischemia is in the 
hippocampus.  In the C1 area, Somer's area
somer's sector
Patient's who are clinically depressed don't form as many new cells, bad neurogenesis 
in their dentate gyrus and near the hippocampus. With estrogen replacement you can 
growth the kinds of contact you have between these different cells. Alzheimer's involves 
lots of plaques and tangles in your hippocampus. These plaques and tangles grow from 
the hipocampus up. The ystart in the entorhinal cortex, then they go into the 
hippocampus, and thenthey get into the neocortesx and up. They usually have problem 
forming new memories. So you stop using a lot of glucose in the memory areas, you 
aen't using glucose in your brain and you'll get a 0 or something like that on the MMSE 
and there isn't a lot of glucose utiliztion in the whole brain and you're not using it and it's 
sad. 

Alzheimer's starts in entorhinal cortex, then subiculum, CA1, then basal nuclei of 
meyner and thalamus and hypothalamus, then it goes to association neurons in cortical 
areas and serotonigerc in brain stem are affected later
Primary sensory and motor cortex are spared

mammillothalamic tract: coneects mammillry bodies of hypothalamus to thalamus (part 
of Papez circuit)

Papez: anterior nucleus of my thalamus, cingulate gyrus, cingulate gurs into my 
enthorihinal cortex, dentate gyrus of my hippocampus, into my CA3, into my CA1, into 
my subiculum, into my fornix post commisural fibers, into my mammilarly of my 
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hypothalamus, thorugh mammiolathatmaic tract, itno anteriorn culadi ae ad a 

Septal nuclei are: nucleus accumbus, basal nucleus of meynert (which is surrounded by
sutantia innominata), and the diagnonal band of Brica—cholinergic like the basla 
nucleus nucleus of meyneart
they are made of paraterminal and subcrotical gyrus

Olfactory tract projects to priiform of the uncus, amygdala central medial something, and
the enthrothinal cortex of the hippocampus

Kluver-Bucy—bilateral amgydala lesion angry sex people, hyper phagia, visual agnosia 
(psychic blindness)

Three types of olfactory deficits: hyposmia, dysosmia, anosmia

type of head injury that could tear olfactory nerve as it terminates in olfactory bulb—
fracturing cribiform plate 

remember next to your oflcatory bulbs you have a gyrus rectus between them, and two 
oribtal tyri on either side

Locus ceruleus (noradrenaline)
serotonin is raphe nucleus 
dopamine is ventral tegmentum 

Sleep

You're probably at least vaguely familiar with sleep-studies, where people check your 
brain activity using an EEG. EEGs measure your EPSPs and IPSPs. As those add up in
areas of your brain, they ulimately create voltages large enough for a machine to read 
them on your scalp. You don't measure action potentials because those are too fast, 
and so they don't really sum to make extracellular voltages—you can think of them as 
being strictly across your cell membrane. Because you're measuring voltages made up 
of many EPSPs, you'll get a better measurement when all the neurons in an area are 
doing the same thing. Makes sense, right? If ten cells are inhibiting, and ten more are 
trying to excite an area, you'll get a really small reading, but if all twenty cells are trying 
to excite an area you'll get a decent excitatory wave. When you're asleep, you're more 
synchronized. So your waves are bigger in your sleep.

You might hear someone talk about sources and sinks. What's that mean? Okay, well 
when you've got an EPSP, you're trying to depolarize a cell enough for an action 
potential to happen, right? So what you're doing is trying to get sodium into a cell, or in 
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this case, group of cells. In the area where your EPSP is happening, you're sinking a lot 
of ions. You're sinking ions into the desired area so that group of cells will fire. Those 
cells, they're hogging all the ions. They're sucking them away. They're the sink. Well, all 
those ions rushing towards the sink cells have to come from somewhere. The cells they 
come from are called the source. This is a lot like a battery. I don't know if you know 
how a battery works, but it works because ions rush from a positive end to a negative 
end. It's like that here. We call the source the positive end, because that's where all the 
positive ions are, and then the sink is the negative end, because it's attracting all those 
positive ions. The source and the sink together are called the dipole.

If your dipole is pointing with the positive end towards your scalp, you'll get an up-wave 
on your EEG. If your dipole is pointing with the negative end, the sink, towards the 
scalp, you'll get a dip in your EEG. That means your EPSP is superficial in your cortex, 
right, because your sink is where your EPSP is, and it's drawing things towards the 
scalp. So a mountain menas the opposite—it means you've got a deep EPSP, where 
your sink is drawing ions away from the scalp.

This is super-useful. You can check the sensory cortex by seeing if you get an EPSP 
when you give the patient a stimulus to their skin—that's called an evoked potential—
and you can even get something like evoked potentials in the motor cortex. That's 
where you use a magnetic coil near their head to get an electrical field happening (kind 
of like what happens when you put a magnet next to a computre, except it doesn't 
damage you), and you can trigger parts of the motor cortex and see what EEG they give
off. I read also about a really tiny, weird branch of the military trying to use EEG signals 
to establish communication between soldiers without talking, like a kind of telepathy, 
where a machine reads your EEG signals and transmits them to another soldiers. The 
electrical current your brain gives off is super cool and has lots of implications!

But we were talking about sleep. When you're awake, you've got low-amplitude, 
desynchronized EEGs that are firing all the time—that's called high frequency—but 
when you're asleep you switch into a bunch of really synchronized, high-amplitude, low 
frequency waves. You're not thinking as frenetically when you're asleep—you're more in
agreement with yourself, massaging your brain with long, slow, deep waves. That's slow
wave sleep. It's got four stages that you go through. Four is the deepest, and has the 
longest, lowest-frequency waves. Once you reach it, you go back through three, two, 
one again. There's a little funny interruption in stage 2, where you get short, high 
frequency bursts, but most of 1-4 and 4 to 1 is long and slow.

After you've done one cycle of 1 to 4 and 4 to 1, you go into REM. This is like being 
awake. Your EEG will show high frequency, low voltage, desynchronized patterns. This 
is where you get your intense dreams, and where your mind rehearses events you 
recently experienced—memory consolidation. Men will experience penile erection, and 
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all your muscles have to be inhibited except your breathing, eyes, and middle ear bones
to make sure you don't act out your dreams.

After you've had REM, which is about 20 percent of all your sleep—more if you're a little
kid, and less if you're elderly—you'll go back into another set of slow wave 1 to 4. That's
a whole cycle: 1 to 4, 4 to 1, REM, and then 1 to 4. You usually get about four or five of 
these total cycles per night.

When you're done sleeping, your reticular formation wakes you up. That's the job of 
your tegmentum in your caudal midbrain and rostral pons: your ascending reticular 
activating system. That includes the dorsal raphe nucleus in your midbrain, which fires 
serotonin; your locus ceruleus in your pons, which fires norepinephrine; and your two 
cholinergic areas, the lateral dorsal tegmental nucleus and pedunculopontine nucleus in
your midbrain. These make up your ARAS. The ARAS is what makes someone in a 
coma different from someone with lock-in syndrome—since the ARAS is intact, the 
person is awake. Your ARAS also has a little buddy in the posterior hypothalamus, a 
group of histaminergic cells, that also helps promote wakefulness—that's why anti-
histamines make you drowsy, actually. They turn off the posterior hypothalamus and 
make you want to sleep.

So when you need to get into your slow wave sleep, your aminergic and cholinergic 
neurons in the ARAS have to turn off. As you get into REM, it's kinda weird, but your 
cholinergic neurons turn back on. The main difference between REM and being awake 
is that your aminergic neuron systems are still depressed in REM. Your cholinergic 
neurons are responsible for keeping you from doing crazy things during REM. They tell 
glycine-firing inhibitory neurons in your spine to turn off your spinal motor neurons. REM
behavior disorder happens when this doesn't work, and you start acting out your dreams
—and if your dreams are violent, that's a problem for your bed partner. This is different 
from somnambulism, or sleep walking, which happens in stages 3 and 4 of slow wave 
sleep, not in REM, and isn't acting out your dreams: you're not conscious of what you're 
doing, your body's just kind of doing stuff without you, like making you pee your bed or 
make a sandwich.

REM sleep's awesome because like I said it increases after learning to consolidate your
memory. But did you also know that if you keep rats off of REM sleep for four to six 
weeks, they die of sepsis from immunodeficiency? It's important for regulating your body
weight, temp, and immune system. It's also a big deal for growth, as you know, and as 
you get less growth hormone around age 30 you also REM less. Babies in utero are in 
REM sleep basically all the time—they're dreaming in there, way more than you or I 
dream. I wonder what they dream about?

In cataplexia you have the same inactivity of muscles thaty ou have in REM and also 
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you go straight into REM in narcolepsy60 

Behavior: Specifically, Language

Behavior and higher order processing travels through your brain in a certain order. 
Information starts in your sensory cortex, travels to your higher order sensory cortex, 
and there the information can split to go into three cortexes that talk to each other: the 
limbic cortex, PTO cortex, and prefrontal cortex. These are your multimodal association 
cortices. From your prefrontal cortex, information then goes to your premotor cortex, 
and then your primary motor cortex gets stuff done.

Language usually comes from the left side of your brain—that's for both right-handed 
and left-handed people, although about thirty percent of left-handed people and four 
percent of right-handed people get their language fro mthe right side instead. You 
usually test dominance with high-tech imagine, but in the old days, they'd use the Wada 
test, where you'd have the patient raise his right hand and start counting aloud, and 
then you'd inject sodium amytal into his left carotid. The sodium amytal would reach the 
left middle cerebral artery first and then turn off the left cerebral cortex. When that 
happens the patient's arm would fall—because it's the left side that controls the right 
hand—and if counting also stops, you can tell speech is on the left. Comprehension 
happens in area 22, Wernicke's area, which is in the dorsal/top area of the superior 
temporal gyrus. The area will look larger on the left for most people. The production part
of speech lives near the motor cortex that controls speech muscles, and as you know 
that's Broca's area, 45, which lives in the frontal operculum. I've also heard it said 
parietal operculum, but the important thing is that it lives in that corner of the lobes right 
over the insular cortex (that's what operculum means). The arcuate fasciculus which 
takes information from Wernicke's to Broca's travels up through the angular gyrus, 
which is just above and behind Wernicke's area, and then follows the lateral/Sylvian 
fissure all the way to Broca. We now believe language is further processed along the 
way, following this fasciculus, through the supramarginal and angular gyri, with 
contributions from the prefrontal cortex.

When a spoken word comes into your ear, it arrives first at the primary auditory cortex in
areas 41 and 42, the superior temporal gyrus. Then it goes to area 39, the angular 
gyrus or PTO association cortex. Area 39 then talks to area 22, Wernicke's area. See 
how this is following the pathway we talked about at the beginning of this section? 
Sensory, higher order sensory processing, then one of the multimodal association 
cortices (in this case PTO and Wernicke's). From Wernicke's, the information needs to 
go to Broca's before going to the premotor cortex so you can reply.

60http://www.ninds.nih.gov/disorders/narcolepsy/detail_narcolepsy.htm 
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You don't need Wernicke's when you're reading—it uses the visual cortex, areas 17 and
18, which then talk to area 39, the angular gyrus or PTO association cortex, and then 
straight to Broca's if need be. However if you want to repeat something you've read 
aloud, you'll definitely need Broca's so you can have grammer and word structure. 

You've probably noticed area 39 is pretty important for speech, so that you can 
“abstract” it and process it into something meaningful. That's why a lot of textbooks 
include it as part of Wernicke's area, and say the angular gyrus and the top back of the 
superior temporal gyrus belong to Wernicke.

If you damage Broca's area, you'll have expressive or Broca's aphasia. When you talk, 
you'll leave out most of the words of your sentence. This is frustrating, becuase you can 
comprehend speech, so you hear what's wrong with what you're saying or writing. Deaf 
people with Broca's aphasia will be able to understand sign language, but similarly they 
won't be able to write or sign. Remember how your Broca's language area is usually in 
the left side of your brain—the right side is more for emotional “tone” and musicality of 
speech? Well doctors have found that if your left side's damaged, you can still sing a lot 
of words, so they teach the patient to sing to communicate. Sometimes patients with 
this aphasia will also have apraxia of the left limbs and face, which means there are 
learned movements you can't do, even though you've got the coordination, the 
understanding of the movement, and the motor ability to do the movement. You're not 
incoordinated, you just can't cut bread on that side. It's a motor planning issue, like 
Broca's. These patients may also have weakness on the right side of the body 
(hemiparesis).

If you damage Wernicke's area 22, or area 39, you'll have receptive aphasia. You can 
talk, but you'll talk strangely, and speak excessively, and use the wrong words or add 
words because you can't hear yourself making mistakes. You can't read or write, and 
since you don't hear yourself making mistakes, you don't know there's a problem and 
you're a happy camper. Folks with this problem sometimes have right homonymous 
hemianopsia, where you just can't see the right side of your visual field with both eyes.

You've got a supramarginal gyrus just behind the postcentral gyrus, in the parietal lobe. 
It lives in front of area 39, the angular gyrus. Well, this area's where the arcuate 
fasciculus runs. If you hurt that, you'll be able to talk and comprehend, but you can't 
connect between the two areas, so you can't read aloud, name things, or repeat what 
someone else says to you. You'll understand what they said, and you could say it if 
you'd come up with it, but you can't repeat it. That's conduction aphasia. Folks with this 
apahsia sometimes also have apraxia in all their limbs and face—again, they've got 
trouble carrying out learned, planned movements despite perfect coordination. They 
also may have defects in sensation on their right sides.
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We've found lately that hurting the left thalamus or caudate can also cause aphasias—
these subcortical aphasias tend to recover.

So that's behavior, with language as an example. You can see more cortical lesions and
issues in the cortex sections on pg. FIXAL.

Epilepsy

Epileptic seizure: abnormal, excessive activity of a group of cerebral neurons. 
Disorganizes one or several brain functions. 

Epilepsy: where this happens over and over. Second-most common neurological 
abnormality in humans.

Simple epilepsy: you get lots of auras, like tingling, flashing lights, fear, dejavu, and a 
weird sensation in your epigastric region. No impairment of consciousness.

Complex epilepsy: You get some change in responsiveness and alertness, and you 
usually have amnesia about what happened. You may start chewing or smacking your 
lips or even starting to do the dishes and walk around strangely.

These are both types of partial or focal seizure, which means it's just one area. Partial 
complex is the most common kind of epilepsy.

Generalized epileptic seizure: happens at the same time in both cerebral hemispheres.
Absense seizures or petit mal: you go unconscious but don't lose muscle tone or sleep. 
Sometimes you'll have many in a single day, and sometimes you miss them, especially 
in children, because they're just a few seconds long and the patient's alert and doesn't 
remember them afterwards.

Tonic-clonic or grand mal: This is what you think of as your convulsing seizure, with a 
bunch of nasty ictal phases.

Pre-ictal: aura or premonition or strange behavior beforehand. During this phase you 
can have a tonic period, where you become stiff, and then stop breathing for like a 
minute.
Ictal: during convulsions. Neurons already discharging weirdly. This is also called the 
clonic phase, with rhythmical jerking, frothing, urinary incontinence, and so on.
Post-ictal phase: you're done convulsing, and you sleep. Sometimes family members 
will now think you're dead. You'll probably be confused, disoriented, or fatigued, and you
may have Todd's paralysis, which is like a stroke 'cuz you can't move the side where 
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you had the convulsion. Don't worry, that goes away in a few hours.

As the epileptic activity spreads, your muscles activate one after another along the 
homunculus in your motor cortex, and that's called the Jacksonian March.

So what if your patient comes in having had one of these? As a doctor, you gotta ask 
what happened before, after, and during the attack; a lotta times you'll see strange 
behavior before the seizure, and the person's dazed or confused during it, and these 
symptoms, along with any sleep or confusion after the seizure, will help you figure out 
what's the best treatment. If you witness the seizure, look for stiffening, pay attention to 
which body-parts are jerking, and watch for slumps, falls, and incontinence.

What causes seizures? Genetic conditions, cerebral infarcts, and electrolyte 
imbalances. An encephalic cyst you get because of birth trauma can also cause 
epilepsy; when you take your MRI, you'll see a strange lump in the middle of your brain 
mass. Someone with epidural or subdural bleeding can also get epilepsy. You can learn 
how to look for those in an MRI on pg. FIXAL. Someone who's parinatally asphyxiated 
will also get seizures, and their MRI will show up with a number of extremely brilliant, 
bright areas. Someone with lissencephaly, a completely smooth brain, will often have 
seizures. If your brain cells didn't migrate properly during brain formation, you might end
up with really big atria in your lateral ventricles—big holes in the back, when you're 
looking at an MRI—and that's called corpocephalia, and usually comes with learning 
problems and seizures. In a neurodegenerative disorder, you'll see lots of white stuff 
growing over the brain over time in the MRI, and that might cause convulsing once it's 
gotten bad enough. Sometimes your MRI will look totally normal except for tiny 
malformations in the hippocampus, and other parts of the brain—there might be just a 
tiny bit of whie matter or gray matter where it shouldn't be. That's cortical dysplasia. 

You're more likely to have a seizure if you've got scarred brain tissue—say after a 
cerebral infarct, for example, where a blood vessel broke. Normally your astrocytes help
buffer extracellular potassium, so when you've got too much they push it out to other 
areas, or out to your blood, but in scar tissue, there aren't a lot of astrocytes around to 
do this, so you could get potassium build up. Just like next to any neuron, lots of 
potassium outside the cell means the potassium inside's not in a big hurry to get out—
so not really trying to hyperpolarize the cell, which means you're essentially depolarizing
and firing the cell.

When you're looking at an EEG, patterns that are really big and spikey can mean 
epilepsy. You gotta look for the Three Hertz Spiking Waves pattern. In the span of one 
second, you'll see three big spikes, each followed by a big slow wave, and that means 
epilepsy. (The wave's showing you that your cell's depolarized for a while because of an
influx of calcium.) Convulsions happen after you've had this pattern for six seconds or 
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so. When you read an EEG, you can tell which part of the brain's messed up by looking 
at the letters on the left side. F is frontal, T is temporal. Even numbers indicate pieces 
on the right side of the brain, left means odd numbers and Z is right in the middle. 

An EEG can't tell you the difference between partial complex or simple, but it can tell 
you if you've got a partial or focal epilepsy, since you can tell which areas are affected at
the same time. In partial epilepsy for the most part everything looks normal and small 
spike'd, and then there will be random Three Hertz Spiking Waves in one specific brain 
area.

So how do we fix seizures?

In about 50 to 60 percent of patients you can control their seizures with just one drug, 
and you can use c-c-c-c-combos of drugs to help control the other fifteen to twenty 
percent. (Mortal Kombat—seizures!) Unfortunately, you've got like twenty to thirty 
percent of patients whose seizures you can't fix. Try not to fail when you're choosing the
first drug, because for every event afterwards it becomes harder and harder to control 
seizures by adding a new drug. Gulp. 0_0

We've got two vague groups of anticonvulsants available: traditional, and new 
generation. New generation anticonvulsants aren't more effective than the old ones—
and some of them aren't as powerful at all—but a lot of them don't have the nasty 
secondary effects of the older ones.

Phenobarbital, phenytoin, carbamazepine, benzodiazepines, valproic acid/valproate, 
and ethosuximide are all traditional anticonvulsants. Phenobarbital and 
benzodiazepines work by getting you to make lots of inhibitory neurotransmitter, GABA, 
to turn off the crazy firing. Phenytoin (dilantin), carbamazepine, and valproic acid work 
by blocking your voltage-gated sodium channels so they can't fire. You use these for the
very big, serious, tonic-clonic seizures, but also for those partial/focal seizures. 
Ethosuximide blocks calcium channels in your thalamic neurons—so you can guess it 
doesn't work for tonic/clonic, generalized seizures, since it's so specific. You use it for 
absense or petit-mal seizures instead, which kind of makes sense because you know 
those thalamic nuclei connect with your systems for awareness and stuff like that. You 
can also use valproic acid for absence seizures.

All of these traditional guys have their issues. Phenobarbital causes learning problems. 
Phenotyoin can hurt your liver, bones, and learning. Carbamazepine also hurts your 
liver. Valproic acid kills your liver, gives you thrombocytopenia (so your blood doesn't 
clot very well), and makes your hair fall out. Ethosuximide can hurt your sleep and your 
mood. A lot of these drugs also have non-linear pharmacokinetics, which means it's 
hard to dose and measure their effects in a normal doctor's office, because they doses 
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just can't go up based on a simple formula. So you always have to give the patient labs 
so you can follow up with the correct dosages. There's also the problem of drug 
interactions. So with phenobarbital, phenytoin, and carbamazepine specifically, you 
usually don't use the drug for a long time—they're more for emergency room situations. 
To remember these names, just remember BPEPCV—Be Peppy about your Curriculum 
Vitae! Because once you cure all these epilepsy patients you can put that on there!

So we usually try to start a patient on a new generation anticonvulsant instead. These 
include felbamate, gabapentine (actually used more for psychiatry than neurology), 
lamotrigine, levetiracetam, oxcarbazepine (like a new version of carbamazepine), 
topiramate, zonisamide, and the newest ones (which are used for really 
intractable/“uncurable” patients who've got complex or mixed convulsions), banzel, 
vimpat, onfi, and cannabidiol.

CHAI TEA BREAK
Wait, cannabidiol? Yup, it's based on marijuana extract. It's a super-promising drug, and
it even lowers the edema associated with some epilepsies. It's not a nation-wide drug 
yet, because it's going through Stage 2 of FDA approval, and that'll take another four or 
five years or so. But in Colorado, England, and Ireland people are already using a THC-
free marijuana extract to help deal with seizures. THC is the addicting compound in 
marijuana, the one that makes you high, but the plant actually has a lot of other 
chemicals in it with many, many medicinal benefits: I've known responsible people to 
take marijuana for serious headaches, and some soldiers use it to deal with PTSD. This
is why I'm pretty much pro legalization of marijuana: I think everyone should be able to 
use its medicinal benefits, not just people who break the law. Legalizing it would also 
take away marijuana's power as a gateway drug, since drug lords could no longer use it
to hook people on really nasty horrible things like heroin and cocaine, which I've seen 
personally destroy lives. I'm pretty much down with any way that we can take business 
away from the drug lords and keep people away from those nasty drugs, and I'm 
convinced that legalizing marijuana would do that. If people don't have to buy it from the
drug lords, they won't. And keeping people away from the drug lords keeps them away 
from the nasty stuff. But this is a highly debated subject, and I hope you'll do your own 
research on marijuana's medical benefits versus the social ramifications of legalization. 
What do you think?

If you can't fix a patient's seizures with medication, you've also go some surgeries 
available. This is for super-horrible seizures that are trying to spread to other parts of 
the brain and ruin everything—you'd rather cut off a part of the temporal lobe, where the
seizures usually begin, or cut the corpus callosum, to keep the seizures from spreading 
to another half of the brain. Some seizures are caused by weird firing of the vagal nerve
with information from the heart, so they'll put a pacemaker in the heart to block and 
disagree with the bad impulse, correcting the vagal nerve to prevent the seizure. As you
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can imagine, messing with your vagal nerve might cause some weird side effects—like 
voice changes and things like that—but for people who have to take three or four 
medications maybe this is better than losing your liver, your hair, your personality, and 
your ability to learn. The doctor's goal isn't just to eliminate the seizure, you see: it's to 
improve the patient's life as much as possible while doing as little harm as possible. You
and the patient have to figure out what's most valuable to the patient, and what he 
wants least to lose.

Delta theta alpha beta
stage 2 has high K and low frequency spindles
stage one is long and slow 
SWS has thalamus bursts which are rhythmic, tonically hyperpolarized action

decibels is 20log multiple of ten 

cortical association goes to the caudate
End neuro

Cerebrovascular Accidents

Neurological Exam

yUse the videos from neuroexam.com

short version

more involved version 
mini mental part:
memory tests limbic system 
language tests left hemisphere 
test for parietal dysfunction
test for right parietal dysfunction 
sequencing tasks (numbers) test for frontal dysfnction 

test level of consciousness first with name, location, and date, then ask for attention 
with spell a short word forward and backwards or numbers forward and backwards 
(normally repeat a string of four backwards)
this tests brainstem reticular formation, thalamus,a and cerebral hemispheres
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test recent memory with three items
remote memory ask about historical events or stuff like that 
this is testing limbic stuff in the medial temporal lobes and medial diencephalon 

anterograde amnesia: trouble with new facts after lesion
retrograde mnesia: trouble with stuff immediately before
if the memory loss isn't one f these, then it could mean something else in the brain is 
injured 

language
pay attention to language, ask pt to name objects
ask pt to repeat words and sentences, read, write something 
looking for broca area damage, wenickes area damage, subcortical white and gray 
matter, thalamus, caudate nucleus, etc

look for dominant parietal lobe function (usually left lobe): Gerstmann's syndrome 
(calculations, right-left confusion, finger agnosia, agraphia)
do numbers backwards
ask them for names of each finger—but do quick screening with “touch your right ear 
with your left thumb”
ask them to write name and sentence 

apraxia—can't follow motor command, but intact motor--”brush you hair”
comatospe patients who have decorticate rigitdity may have a lesion in cerebral 
hemispheres and corticospinal tracts; if the arms are clenched with fists up, like hugging
self—to tell they have apraxia and not receptive language problem, you do the tasks 
and see if they can identify

Some people ignore half the universe. This is neglect. People with a bad left arm, for 
example, might not even know it's paralyzed or that it's theirs. When they draw a clock 
or cut a line in half they'll act on only half of the object. Testing for this by asking them to
draw or construc something is called a construction task. When there are lesions of the 
parietal lobe, neglect happens.

You can also use construction to check frontal lobe lesions, like by asking them to 
continue a pattern you draw to the end of the page. That's perseveration. You canalso 
have them tap with table with a fist, open palm, side of an open hand, and do that as 
fast as possible. Motor impersistence is when they are so distractable, when you ask 
them to do a command they can keep it up only for a while--”look to the right” and they 
quickly forget what you asked. No go no is also a frontal test. They move a finger if you 
tap the table, stop it when you tap with two fingers. Other changes in personality or 
judgement reported by family members is also frontal lobe stuff.
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decerebrate rigidity: lesion in diencephalon midbrain or pons
if arms are clenched to sides with fists down, like walking like a man

Go through the cranial nerves 
optic, eye movements and eyelids, facial sensation, facial expression, taste anterior 2/3,
vestibulochochlear, taste, lifting laryxn and pharyxn, dilating the pharynx, gag reflex, 
uvula, palate elevation, voice, shoulder shrug, tongue movements

Is the patient's forearm like a marshmellow?

Hemiparesis

scissors gait with spasticity in the legs so they cross

steppage gait—they lift their feet so high because they've got foot drop of LMN problem 
usually peroneal nerve problem 

sensory ataxia—walking like drunk—neuropathy, post column damage 

cerebellar ataxia—eye problems, balance problems, in addition to walking like drunk. 
Way more there 

parkinson's gait—shuffling

against gravity with strength, lifting elbows, 1-4.
see if he moves the hand when in bicep position. 1 can't do anything, 2 movement is 
weak, 3 is something, 4 is can lift against gravity, 5 is can lift against resistance
check proximal and distal limbs
whack for bicep, tricep, and wrist—practice this
touch nose and then touch your finger—if they miss they might have tremor or 
something in the back of their head
cortex problem is contralateral muscle weakness sensory loss upper motor neuron, 
spasticity

brainstem will have all tht plus cranial nerve deficits and dysarthria 

in the spina lcord they'll have weakness/spasticity but it'll be bilateral always with 
sensory level to tell you where the damage is
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neurological exam 

A&Ox3, fluent speech and repeptition, emmory and recall, PERRLA, EOM, no 
nystagmus, face symmetric 

tuning fork ask when it stopped vibrating—if the vibration is wrong they probably have 
balance and walking problems
tuning fork

put the tip of their finger down, close eyes, ask them if it's contracted up or down
if they're wrong all thetime they probably also have walking problems. 

Look for midline tongue, symmetrically rising palate, normal shoulder shrug, normal 
muscle tone, power 5/5 

DTRs +2

normal RAM's/FNF

normal gait 
sensation normal to PP/Temp/Pos/Vib
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Chapter 10: Recognizing and Saving Victims of 
Human Trafficking and Abuse

Women who leave their batterers are at 75 percent increased risk of being murdered, 
says Dr. Cangiano. 
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Chapter 11: Microbiology
I'm super-excited about this class—learning how to take down the little bad guys of 
medicine, and telling them apart from the little good guys! We're starting with 
immunology, and we'll get into bacteriology, virology, mycology, and parasitology. 

Immunology
Dr. Rivera-Amill recommends the Murray, Rosenthal, and Pfaller Medical Microbiology, 
Seventh Edition, and Kenneth Murphy's Immunobiology.

The actual science of immunology goes as far back as Chinese documents in 5,000 BC 
that noticed you're better at fighting a disease the second time. In 430 BC, the Greek 
historian Thucydides mentioned that those who survived a really big Athenian plague 
could help the sick without catching it again, and finally in 1700s Europe Lady Mary 
Montague inoculated her children against smallpox—English physician Edward Jenner 
in 1798 followed her lead and found you could protect people from the disease by 
sticking them with a needle dipped in burnt pus. Our famous buddy Pasteur theorized 
that vaccines work by introducing weak, inactive, or mimicking versions of the pathogen 
that didn't actually hurt the body, training the body to fight the true pathogen, and today 
vaccines still operate on that principle.

The immune system protects us against four classes of pathogens—extracellular 
bacteria, viruses, intracellular bacteria (parasites), and parasitic worms—through four 
functions: immunological recognition, effector functions, regulation, and memory. You've
got innate and adaptive immunity. Innate immunity exists before exposure, and you 
need it for an immediate response and local inflammation. This immunity has no 
memory and does not improve, and it's activated by natural cytotoxic cells like 
macrophages, neutrophils, eosinophils, and NK cells, which get the system to kill 
invading microbes and activate the adaptive immune responses. Sometimes the 
neutrophils and macrophages can control the pathogens without going into inflammation
and adaptive immunity activation.

We divide innate immunity into anatomic barriers, physiologic barriers, 
phagocytic/endocytic barriers, inflammatory barriers, and biologic defenses like 
commensal microbes that live in our bodies. Phagocytic/endocytic barriers are 
monocytes, neutrophils, and macrophages, while physiological barriers are your 
body's temperature, low pH, and chemical mediators like lysozymes, interferons 
(antiviral factors), and complement serum proteins that damage the membranes of the 
invaders. Inflammatory barriers are things like vasodilation allowing increased 
transport and permeability to influx of phagocytes between blood and other tissue—it's 
just your general pain, redness, swelling, and heat response stimulated by invading 
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organisms, cytokines, and damaged cell/white blood cell products—and anatomic 
barriers are the skin and mucosal substances like tears and saliva.

Let's take a second to talk about the biological barrier of your natural bacterial flora, 
and how it works with innate immunity. You normally have gram positive cocci like staph
aureus, Staph. epidermidis, and strep, along with some gram positive bacilli like 
corynebacterium and Propionibacteriam acnes. These are the normally harmless 
bacteria that can cause soft tissue infections in drug users who “skin pop,” or inject 
needles just under the skin instead of into their veins, pushing skin bacteria into the 
underlying soft tissue. But new molecular detection methods are finding so many more 
kinds of bacteria living on your body—many kinds of the microorganisms on you are too
fragile to be cultured, so they weren't easy to study before we started scanning their 
DNA. Here are some different areas of your body, and the normal bacteria on them:

• Skin: Coagulase-negative staphs are like 90 percent of culturable aerobes on 
your skin, but RNA gene sequencing has shown that they're actually only like 5 
percent of all skin bacteria. Anaerobes like Prop. Acnes mentioned above live in 
your follicles and glands, in deeper skin layers. Staph. epidermidis sometimes 
gets in plastic catheters and lives there and then gets into your blood stream in 
the hospital.

•  Eye, especially the conjunctival sac: Gram positive cocci include Staph. 
epidermidis, Staph. aureus, and Streptococcus pneumoniae. Gram positive rods 
include the P. acnes and aerobic corynebacteria (diphtheroids). Gram negative 
cocci include Moxarella and Neisseria.

• Mouth and nose bacteria: Oh man, there are lots here. You've got gram positive 
cocci—the Staph species, Strep. sanguinis, Strep. mutans (which makes gellish 
glycans that make plaque, and then get stuck to your teeth and make acid that 
dissolves them)—and the same gram positive rods in the eye and skin. You've 
also got gram negative rods like Haemophilus and gram negative cocci like 
Neisseria. Those are your most common aerobic bacteria, but you've also got 
anaerobic bacteria like Bacteriodes, Fusobacterium, and Prevotella; spirochetes 
like Borrelia and Treponema; and Actinomyces. Normally these bacteria behave, 
but S. pneumoniae can cause bacterial pneumonia in older folks when their 
resistance goes down, and S. mutans can get into your blood stream after dental 
surgery. That's only a problem because Strep. mutans likes to colonize plastic 
things, and if you've got prosthetic heart valves it might like to live there and 
cause infective endocarditis.

• Intestinal tract: Did you know 20 percent of poop is bacteria? Most of these are 
anaerobes (over 99 percent), and a lot of them are Bacteriodes. You've also got 
Clostridium and Lactobacillus anaerobes, along with some gram positive cocci 
(Enterococcus, Peptostreptococcus, Staph, and Strep. viridans) and gram 
negative rods (Enterobacters, E. coli, Kiebsiella, Proteus, Pseudomonas...) E. 
coli is super-famous down here, but actually it's only 0.1 percent, even though it's
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the cause of most urinary tract infections. Bacteroides fragilis can cause intra-
abdominal abscesses. Any hole in your intestine can cause peritonitis because of
bacteria escaping to where it shouldn't in your abdomen.

• Sexy-place bacteria: Your urogenital tract! The gram positive Lactobacillus helps 
make vaginas really low pH, and that's important, because it keeps other 
pathogens from growing. Candida albicans, yeast infection's fungus-y culprit, can
overgrow if you don't keep that pH low! Pee's normally sterile, but your lower 
urethra can get bactera-ized with skin and perineum bacteria, too. Other vagina-
bacteria include staph, corynebacterium species, bacterioides, mycoplasmas and
actinomyces, and gram negative rods like Klebsiella, Proteus, and 
Pseudomonas.

I've complained about what can go wrong with these bacteria, but usually they're 
awesome because they eat up nutrients and take up space that harmful, invading 
bacteria want, they help newborns develop an immune system by saying “hey look, 
there are other kinds of cells there than just you,” they help you absorb some nutrients, 
and some of them even make their own antimicrobial juices. As long as the balance is 
maintained, the only bad thing that any of them do is sometimes convert food into 
carcinogens (that's the problem with the food-sweetener cyclamate: sulfatases turn it 
into bladder cancer-causer cyclohexamine!).

Macrophages of your innate immune system don't just wait until they bump into 
bacterias by chance—they actually chase them down looking for the gradient of cell wall
components dropped by the bacteria. They've got mannose receptors, glucan receptors,
and scavenger receptors that bind cell-wall carbs of bacteria, yeast, and fungi. Toll-like 
receptors (TLRs) also help them bind different microbial parts. They don't distinguish 
between one gram negative bacteria and another—like the rest of the innate system, 
they're general and generic in their pursuit. To phagocytose a bacteria, first the 
macrophage must attach it to psuedopodia, ingest it in a phagosome, fuse that with a 
lysosome, let the lysosomal enzymes digest, and then release the crumbs from the cell. 

Watch video of margination here http://webaccess.psm.edu/Classes/CLASSES-
MD/FIRST%20YEAR/Microbiology%20I/Block%20I/Immunology/Immunology
%20Videos/Lecture%20%201_The_Immune_Response.mov

It's at the end of this digestive phase that you've got that famous MHC complex 
presenting antigens to get the adaptive immune system going. If the local inflammatory 
response started by digestion of the invaders doesn't work, the cytokines and 
macrophage messages will get to lymph nodes and activate a more systemic 
inflammation. 

Adaptive or acquired immunity has four basic principles—antigen specificity, diversity, 
memory, and self/nonself recognition—that lymphocytes and antigen-presenting cells 
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control. The innate system can only recognize what's foreign, but the adaptive system 
can recognize you and yourself. It's more “self-aware,” and the role it plays in auto-
immune disease is dependent on the depth and range of power that self-recognition 
gives. There's always a lag phase in adaptive immune response initially, while the 
second response is much faster, without much of a lag phase, and much bigger. You 
can check this with a mice experiment, where you introduce a transplant you know 
they're going to reject. You might find that the first time it takes like 10-14 days for them 
to reject, while the second time it will take more like 4-8 days. That means there's 
immunological memory.

You gather your adaptive immunity with infection and vaccination, and also with 
placental transfer of antibodies and antibody injections. The latter two methods are 
passive—your immune system didn't have to work to create those new antibodies.

There is another way to divide your immune system. Humoral response is antibodies-
based, while cellular response is all cell-based. T lymphocytes (Thelper and 
Tcytotoxic), macrophages, and natural killer cells work your cell immunity, while B 
lymphocytes, plasma cells, and complement molecules work your humoral immunity, 
(which means your immunity based on chemicals floating around and interacting with 
pathogens). Note that the NK cells and complement molecules are innate, while the 
other things mentioned here are adaptive, and that macrophages and other phagocytic 
cells do both innate and adaptive immunity by communicating between the two 
systems.

Lymphocytes all have some kind of receptors on their surfaces. B cells have antigen-
binding receptors, or antibodies, on their superfices, while Th cells have MHC II and 
TCR and co-receptor CD4. Tc cells have TCR, MHC I, and CD8 co-receptors. You can 
remember the co-receptor difference because 8 is a much bigger, more deadly number 
than 4, so 8 goes with the Tc cells. The TCR receptor and the CD co-receptors are both 
part of the MHC complex. When Th (helper T) cells get presented an antigen, they start 
more cell mediated response by releasing a bunch of cytokines. When Cytotoxic T cells 
(Tc) recognize an antigen presented to them, they may kill the presenting cell. That's 
super-useful for viral infections. They're also activated by the helper T's cytokines.

Adaptive immunity is much slower and more variable than innate immunity, as well as 
more highly selective and improvable over time. That's because while things like 
neutrophils get their receptors coded by genes that don't change, that just stay the 
same forever, lymphocytes get their receptors coded by the somatic segmented 
methods we talked about in biochem pg. FIXAL. If you lack innate immunity, you get 
uncontrolled infection, because no one ever eats anything and presents anything to 
your adaptive system to make it really work, so you're pretty much lacking both 
systems. If you lack adaptive immunity, the infection gets contained at first, but it can't 



Becoming Healers 1039

be cleared and controlled in the end because you don't have the ability to really 
specifically recognize what's wrong with you or to improve your response. You're just 
kind of brute-forcing it. You need both systems to work.

Normally your combined response happens in three phases: innate in 0-4 hours, early 
induced innate response in 4-96 hours, and adaptive immune response after 96 hours. 
The early phases need you to recognize pathogens by the germ-line receptors—the 
always-the-same receptors—in the innate immune system. 

Making your immune system cells 

All your blood cells from from a hematopoietic stem cell that may or may not be 
pluripotent. Hematopoietic stem cells grow on a mesh, their cradle, which is made of 
stromal cells. Stromal cells provide molecular factors to help your hematopoietic cells to 
differentiate, and they include mostly connective tissue like fat cells and fibroblasts. 
Macrophages and endothelial cells can also be stromal cells. 

The pluripotent hematopoietic stem cell can turn into a common lymphoid progenitor or 
a common myeloid progenitor.

The common lymphoid progenitor can turn into B cells, T cells, or NK cells, and 
immature dendritic cells. They do this in response to the Ikaros factor.

The common myeloid cell can turn into a granulocyte/macrophage progenitor, or into a 

The medulla ossea of your bone marrow has to regulate the production and 
differentiation of immune cells to prevent auto-immune disease. This happens with 
cytokine production from the stromal cells, but also with cytokines from other cells, 
along with genetic regulation of which receptors the stem cells express. (If the stem 
cells don't have the right receptors to receive the right cytokines, it doesn't matter what 
the cells around them say)You can always apoptose cells that aren't working out.

Apoptosis looks different than necrosis. Necrosis can lead to inflammation because 
intracellular contents get released as the cell membrane lyses—it's death with a cry for 
help, “look I'm dying, something's wrong, see my cytokines” while apoptosis is a silent 
execution. The cell fragments 

The bcl-2 , bcl-Xl, and bcl-Xs genes prevent apoptosis, and if it's up-regulated 
inappropriately you could get B-cell lymphoma. Normally B-cells that are active have 
BCL-2 downreluglated and cytokine receptors up-regulated, so if you need to stop it 
from activating other cells it's easy to tell it to apoptose (a T cell can do that) while it's 
also able to differentiate into plasma cells (for making new antibodies) or B memory 
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cells (for having receptors available to grab the same antigen next time).

Lymphocytes

B Cells get their letter from where they mature: in our bone marrow, or in the bursa of 
fabricius in birds. 

B cells have lots of immunoglobulins on their surfaces. They're hard to tell the difference
between them and T cells in histological slides—you really have to use antibody 
flourescent technology to look for CD45, MHCII, CD 35, 21, 32, B7-1, B7-2, and CD40. 

Plasma cells have more Golgi and other packaging stuff (RER) and cytoplasm so they 
can make more antibodies. So you can tell the difference between them and small 
ymphocytes. Small lymphocytes get activated by an antigen, and then they go into G2 
(gene activation). Then they are very big lymphoblast S, making DNA. Then they go into
G2, where they divide. Now you have many memory clones of that antigen-recognizing 
cell. Each time of division you'll have one out of maybe four products that will become 
an effector cell (plasma cell) that can make more kinds of antibodies and produ

T cells also have CD28 and CD45 on them. They get their letter from where they 
mature, in the Thymus. T cells can get born with both CD8 and CD4, and over time they
lose one to become one kind. T-regulatory cells can produce CD4.
You've got many kinds of T-helper cells (four at least)
Cytotoxic cells kill virus-infected cells. T helper cells can activate infected macrophages,
help B cells make antibodies, encourage neutrophil response, help your skin barriers 
strengthn, help your B-cells convert to plasma cells (Tfh), make natibodies 

Natural Killer Cells are big granular lymphocytes that are different than T-toxic cells. The
y don't require someone to present antigens to them. They can detect levels of MHC-I 
and MHC-II though. If MHC-1 goes down in an infection MHC-1 usually shows 
endogenous problems and there's a virus infection that hides MHC-1 so the cell can't be
killed by the cytotoxic C cells. The NK cells can detect that reduction and see, “hey, a 
virus is trying to hide here,” and kill the cell. They also have a membrane receptor CD-
16 that binds Fc rom IgG. They will kill the antigen-presenting cell by binding to that Fc if
they think it's bound something dangerous. NK 1-T cells have some T-cell receptors on 
them. Interferon alpha and beta (released by virus-prone cells) stimulate them to do 
their job

--go ask her about CD-16 importance

Fas L binding Fas makes apoptosis happen. The NK cell makes that happen. FAS 
triggers Caspase which makes death cascade which makes apoptosis. Or perforin from 
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NK cells can penetrate the cell membrane and put granzyme int othe cell and make 
caspase happen . Both are ways NK cells kill cells 

CD 3, CD4, CD 8, CD 28, CD40, and CD45 are important. CD 3 can hel pyou find out 
how many T cells there are versus B cells since all T cells have CD3. It's the signal-
transduction part of the TCR. Both use CD28 to help stimulate the antigen-presenting  
cells (works with B7 so the T cells release cytokines and the B-cells are responsive to 
them). CD40 is important because no T-cells use them (t-cells use the CD40 ligand to 
match it, like the third handshake between T-cells and B-cells). CD45 are in all the kinds
of lymphocytes.

CDR 1 and 2 bind MHC
CDR3 binds antigen peptide

Myeloid progenitor cells can make neutrophils.

Neutrophils are phagocytes in the bone marrow. They are like 70 percent of your 
leukocytes. They've got lots of granulation. They also have antibody receptors. 
Polymorphonuclear=multilobed nucleus. Do what they have to do, die and convert into 
pus. Early stages they have just an elongated band nucleus before it lobes. They have 
recptors that recognize the constant region of free-floating antibodies (Ig somethings). 
Free-floating antibodies can make antigens precipitate, but they can also act as 
flags--”hey, there's an antigen here!”

Neutrophils that die in the tissue after eating a bacteria then get eaten by a 
macrophage.

Eosinophils are also phagocytic cells that are known to go with parasites and some 
allergies. If you have too many you can have asthma. They recognize the superfice of 
the parasite and release damaging granules. Parasites are way bigger than eosinophils 
so they won't try to phagocytose it, but instead poson and kill it. They have basic 
proteins within granules 

Basophils are not phagocytes, they are like the mast cells, they make histamine and are
for 

You don't really get allergies in non-industrialized places because basophils have so 
much work to do. An over-clean lifestyle causes 

Doctors treating allergies with parasites (helminthic therapy)

C3a/C5a analphylatoxins trigger mast cells to release granules. It triggers their calcium 
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cascade to do that and to also make phospholipase A2 make arachidonic acid, which 
can make lipooxygenase pathway (leukotrienes making vasoaction, 
bronchochonstriction, chemotaxis) or cyclo-oxygenase (prostaglandins and 
thromboxanes which affect bronchial muscle, platelet aggregation, vasodilation...) 
pathways

Mast cells that are resting have lots and lots of granules. Mast cells that are activated 
look tentically because they're releasing all their granules and you can see the 
membranes all sticking out and opening.
they have IgE antibodies stuck to Fce receptors (so antibodies to immunoglobulin E, not
as in they have immunoglobulin E but they have antibodies to it there). Fcepsilon 
receptors recognize the constant region of immunoglobulin E. IgE antigens then 
stimulate degranulation of mast cells. IgE doesn't have to be so specific. So a mast cell 
can be activated by like a thousand different antigens that aren't actually one specific 
one. That's different than the Ig that's on B-cells which is more specific. Mast cells 
actually don't have IgE on their surfaces, they recognize it's constant region. They're not
like B cells which are running around with actual Ig on them binding to antigens 
specifically.

B-cells start with IgM and then can differentiate into other Igs

Macrophage is an activated monocyte (same kidney-shaped nucleus but different 
cytoplasm with less round, more wrinkly edge. Macrophages have two principal ways to 
notice invasive things. First, they can interact with bacteria itself with their surface 
receptors. Then they engulf and degrade it, and display its parts on their surface for 
everyone to see. Second, they can notice antigens or components that float free from 
the bacteria. They phagocytose that, too, but it stimulates transcription that makes them
release cytokines. So they can either grab and kill bacteria, or tell your body that they've
detected bacteria in the area. 

You've got two ways to kill bacteria: oxygen-dependent (respiratory burst) and oxygen-
independent. You can use reactive oxygen intermediates and superoxides and stuff like 
that to burn the bacteria. You can also use reactive nitrogen intermediates. Those are all
oxygen-depdenent. Oxygen-independent uses hydrolytic enzymes, lysoymes, tumor 
necrosis factors (only macrophages) and defensins. Neutrophils are more powerful at 
these kinds of things (both respiratory bursts and defensins) since their whole job is 
destruction and they don't bother to present antigens.

Chronic granulatmous disease—lots of neutrophils; uncontrolled fungal 
infection...granulomas of macrophages that ate stuff and couldn't kill it (pneumonia, 
lympahdenitis, skin absecces, viscera like liver...) white blood cells can't really uptake 
stuff; deficiency in respiratory burst (macrophages can't respiratory burst-kill the stuff 
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they uptake) nbt test—macrophages won't turn blue if they don't oxidize that shit that 
they uptook chemical changes color when oxidized

The activated macrophages also spit out cytokines, like we said. Those include:
• interleukin 1, which promotes inflammatory responses and fever 
• interleukin 6, and TNF-a, which help your innate immune system 
• complement proteins, which call for inflammation and pathogen elimination
• hydrolytic enzymes, which call for inflammation
• interferon alphas (IFN-a) which activate cellular genes so cells become antiviral

—they stop producing proteins so viruses can't use them 
• tumor necrosis factor, which kills tumor cells
• GM-CSF, G-CSF, M-CSF, which call for hematopoiesis

When you present antigens from a bacteria you killed, and you're a macrophage, you 
present using class II MHC molecules. On the other hand, if the antigen's a self-antigen,
something from inside the cell like because of a virus, the macrophage will present on 
MHC I. 

Rule of 8s: MHC-II matches CD4, MHC-1 matches CD8, they both multiply to 8

Also MHC-I gets to the surface from endoplasmic reticulum via Taqs that let it into the 
endoplasmic reticulum and put stuff on it and then put it out on the surface; MHC-II lives
on little endosomes and when you phagocytose something the clip that covered the 
MHC-II comes off and 

TAQ deficiency means you have bare lymphocites (MHC-I deficiency means bare a lot 
of things! So natural killer cells will attack your own thing)

See, the MHC-II lived on the endosome, and had a little protein blocking its variable 
region. That protein is broken in the environment of the endosome and there's just a 
little clip left. When the endosome carrying the antigen binds with the MHC-II 
endosome, little clip goes away so antigen can bind, and then the whole vacuole goes 
up to the surface so MHC-II can present it.

Various little deficiencies can cause various chronic problems:
• Leukocyte adhesion deficiency means you don't have CD18, which phagocytes 

use to migrate, so you get lots of infections with capsulated bacteria.
• Chronic granulomatous disease (CGD) means you don't have good NADPH 

oxidase so your phagocytes don't make O2-, which means they're not good at 
oxygen-dependent phagocytosed killing, so you get lots of bacterial and fungal 
infections.
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• Chediak-Higashi syndrome means you've got a problem with vesicle fusion, so 

your endosomes can't fuse with lysosomes and burn up the bacteria.
• Glucose-6-phosphate

You've got four types of dendritic cells: Langerhans, Interstitial, Monocyte-derived, and
Plasmacytoid-derived. These guys take up antigens and present them to TH cells. They 
always have lots of B7 co-stimulatory molecules, and lots of MHC. Macrophages have a
'quiet' period where they aren't presenting stuff and expressing stuff, but dendritic cells 
are always ready to present stuff. It's kind of like neutrophils are killers, dendritic cells 
are presenters, and macrophages are hybrids that can do both! Dendritic cells are kind 
of the bridge between innate immunity and adaptive immunity because they trigger the 
adaptive immunity the first time. Macrophages can activate most memory-cells, but 
really only dendritic cells can activate virgin cells (non-activated T-cells). The dendritic 
cells live all kinds of different places. Langerhans live in epithelial tissue, interstitial live 
in lyph node and spleen and nonepithelial tissue, and the monocyte-derived can turn 
into macrophages instead of dendritic cells. 

Follicular dendritic cells look like normal dendritic cells, but they don't make MHC-II, so 
they can't present antigens to TH-Cells to activate them. You find them in follicles inside 
lymph nodes where you find lots of B cells. They can find and concentrate and filter lots 
of small free-floating antigens so everything else can come find those antigens—for that
purpose they've got lots of membrane receptors for antibodies. These guys don't come 
from bone marrow like everyone else does.

Lymphoid organs and tissues of the immune system

We can classify lymphoid organs into primary and secondary. Primary mean thymus 
and bone marrow, and that's where the cells originate. Secondary is everything else, 
where the cells differentiate and act. 

In the thymus, your t-cells develop and mature. This means that after it's gone, you 
better hope you've gotten lots of memory and lots of good t-cells made, because you 
won't make any more! (Histology pg. FIXAL, Biochemistry pg. FIXAL) By the time they 
leave the thymus your T-cells already know if they're CD-4 or CD-8 positive. You also 
have dendritic cells and macrophages in the thymus, to clean up all the dead T-cells 
that never get a chance to work or escape. 

Bone marrow's where B-cells come from. Stromal cells interact with B-cells and help 
them develop and help select them so you eliminate B-cells that react against your own 
body. 

Small lymphocytes travel through your blood and pass into different lymphoid organs 
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and then go back into your lymphoid vessels.

Lymphatic vessels help filter your tissues. All lymph nodes look like little beans or little 
kidneys, and inside them you find macrophages, B-cells, and T-cells—also follicular 
dendritic and dendritic cells. Some of these cells live there in these lymph nodes, and 
some circulate. The new or naïve cells keep circulating through and past lymph nodes 
until they find someone to interact with; once they interact with someone, they stay in 
the lymph node to share the information they've found. Lymph nodes have mostly B-
cells in their cortex, and mostly T-cells in their paracortex, and plasmatic cells mostly in 
their medullas. There's some migration among layers, obviously. The B-cells like to 
gather around germinal centers. All the lymphocytes enter into circulation and may enter
residence in the lymph nodes just the way any cell decides to reside in a tissue with its 
adhesion factors. Dendritic cells come to bring antigens that've already been processed.

The spleen does the same stuff that your lymph nodes do, but in the blood instead. It's 
not connected to the lymph vessels. It filters out your blood. Congenital asplenia 
happens when you're born without a spleen. 

MALT tissue is less structured than other lyphoid tissue. They have lots of 
activated/memory T-cells even without infection, lots of effector and regulatory T-cells, 
lots of secretory IgA antibodies, and these all sit near the natural microbes of your body 
just to make sure they don't act up! These are all important to controlling your tolerance 
to food. Your food's outside stuff, so you need dendritic cells and inhibitory 
macrophages to warn your body “hey, we're used to this, this is okay.” 

You have adenoids, palatine tonsils, and lingual tonsils. The adenoids are the tonsils 
you call tonsils, the palatine tonsils are kind of streaks in the side of your mouth, and the
lingual tonsils are located in the back bulges of your tongue. 

In your MALt you've got M cells, which don't process antigens but collect them and then 
pass them to the other surface. Basically they're specialized cells that collect antigens 
and push them through the mucosa down to the lymph areas. So bacteria can be sitting 
on top of them, just minding its own business, and then WHUMPF! It's sucked through 
the mucosa and processed by the lymph tissue underneath. Scary!

Cutaneous-associated lymphnoid tissue has keratinocytes, langerhans cells, and 
intradermal lymphocytes which are CD8 T-cells. You've got CD-4 and CD-8 T-cells and 
macrophages throughout your dermal layer. 

Antigens and stuff

Biochem pg. FIXAL to talk about what is an antigen
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Immunogenicity is the ability to make the immune system (cellular or humoral) respond 
to you. So a B cell and an antigen have this ability.
Antigenicity is similar but different. It can combine with antibodies and cell-surface 
receptors. That's it. All immunogens have antigenicity, but not all antigens are 
immunogens because not all of them can trigger an immune response. Haptens, for 
example, are antigens that don't trigger an immune response because they're so tiny 
and they can't do it alone; they need carrier molecules before they make your body 
angry enough to have an immune response. (Biochem pg. FIXAL for more on haptens) 
Good hapten example: sometimes, some people have red blood cells that penicillin 
likes to stick to. On its own, penicillin is a hapten and the body doesn't respond, but that 
complex makes the body generate antibodies against all the parts of that complex: 
against penicillin, and worst, against the red blood cell. 

Tolerogen is something where the response is generated, and then there's a reduced 
response when you're exposed the second time. Our own antigens are tolerogens. The 
T-cells and B-cells have to learn to tolerate our own bodies.

Things are more immunogenetic if they are:
Stranger
Bigger
More complex
Easier to process and present on an MHC molecule

Adjuvants: things that when you mix them with an antigen and inject with it, you 
enhance the immunogenicity of that antigen. They make antigens hang around longer, 
they enhance co-stimulatory signals, they increase local inflammation, they stimulate 
non-specific proliferation of lymphocytes. You can use aluminum potassium sulfate for 
this. It forms granulomas: it makes your body have a harder time fighting the antigen, so
you make lots of lumps of un-dissolving antigen and macrophages and neutrophils 
releasing their granules trying to stop it, and that's a granuloma. It also delays antigen 
release, and makes the macrophages take it up and present it faster so you can trigger 
more adaptive immune response.

Two kinds of self-recognizing: “Do you have what I have,” checking for self-antigens, 
and the opposite, “Do you have what I don't have?” which look for any of a broad 
number of things that look different from us. Toll-Like Receptors are in the latter 
category.

NADHPH Oxidase—big enzyme complex in phagosome membrane makes this happen.
P47...gp91 is in the X chromosome

Autoimmune disease: 
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Rheumatic heart disease, where a strep infection causes your immune system to make 
a bad mistake! This is because molecules on the bacteria are similar to those on the 
human heart, so immune responses against the bacteria actually end up attacking your 
heart!
Graves' Disease: hyperthyroidism, where you attact thyroid stimulating hormonr 
receptors, and in response they're continually stimulated
This is because the immune regulatory system didn't stop self-reactive lymphocytes 
from activating
Case: Problem when you can't activate your oxygen burst chronic granuloma disease, 
most common error is in the gp91 X-chromosome gene for part of the NADPH oxidase 
complex in the phagosome membrane...test with nitro blue tetrazolium which goes from 
yellow and trnaspartent to purple when it's reduced...you hope it'll get taken up and 
reduced b the oxygen complex...pneumococcal is susceptible to catalase, even though 
it can't be killed by the NADPH complex, so kids with CGD can still kill it

Immunoglobulins/Antibodies

Immunoglobulins are made by B lymphocytes. When they differentiate into plasmatic 
cells, and secrete those immunoglobulins, then they're called antibodies. Antibodies are 
the secreted form that circulate, while immunoglobulins stay like receptors up on the cell
membrane.

Antibodies neutralize antigens, while immunoglobulins facilitate the beginning of a larger
immune response. 

So first you have a resting B cell, with all of the same immunoglobulin on its surface, 
and then it meets its antigen, and then it becomes a whole bunch of antibody-secreting 
plasma cells, which will help precipitate the antigen. That's actually pretty important, 
taking it out of solution like that—it's like ripping off its wings. The precipitate also 
summons other parts of the immune response to come help.

Antibodies are glycoproteins built like you already know on page FIXAL. Remember two
heavy chains, and two light chains, but the middle of the heavy chain is kind of wobbly 
and it's an irregular structure. That's the hinge region. Funny, thing, these guys can wag 
their tails and bend their elbows and stuff like little dogs, because of those irregular 
domains. That gives you a little flexibility when you're binding antibodies that don't fit 
perfectly. Remember also you've got two antigen-binding sites, one on each arm of the 
Y, and those sites include parts of the heavy and light chains.

Isotype
Allotype
Idiotype
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The isotype is what makes it IgG or IgA, and that's based on different amino acid 
sequences. Each isotype gets a different constant region of genes to code it.

Allotypic differences are smaller. They're the differences between one IgG and another 
IgG, from another person. Your immune system won't like someone else's IgG.

Idiotypic differences are the normal differences within your body between two IgGs or 
two IgAs—the difference in the variable region. You'll have the same idiotype in one B-
cell and its clones, but in a different B-cell within your body it'll be a different idiotype.

In us, 60 percent of our light chains are kappa and 40 percent are lambda.

We have some regions that are hyper-variable. Those are the antigen binding sites. 
You've got three hyper-variable regions in each variable domain. These are also the 
complementarity determining regions.

All the binding of an antibody to an antigen is through non-covalent forces. If they were 
covalent, it would be really hard to deal with turning off a response—for example, if you 
had an auto-immune problem, and the bond between antibodies and antigens were 
really strong, they wouldn't stop binding for a long time, and you'd keep the 
inflammatory reaction going for a long time. You want to be able to let go eventually. So 
it's good that they're not covalent.

Epitopes—the actually parts of the antigen that hit the antibody—can be linear or 
discontinuous. 

Fab recognizes the antigen; Fc is constant and anchors it to the B-cell and mounts an 
immune response. With only the Fab site, and no Fc for the immune system to 
recognize it and realize it's a signal, nothing happens.

IgA, IgD, and IgG have a constant region in the heavy area, a hinge region, and two 
other constant areas. IgE and IgM have four constant domains and no hinge region. IgG
uses heavy chain gamma; IgM uses mu; IgA uses alpha; IgE uses epsilon; IgD uses 
delta. The IgG heavy chains have four subclasses with slightly different amino acid 
sequences. IgA has two subclasses, alpha 1 and alpha 2, in its heavy chain. The other 
antibody classes don't have subclasses in their heavy chains. The light chain of all of 
these are always kappa or delta. 

IgA makes dimers in the blood. IgM forms a pentamer.

IgG is 80 percent of all your immunoglobulins. It's got two gamma heavy chains and two
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kappa or delta chains. IgG1 has two disulfide bonds; IgG2 has four disulfide bonds, like 
IgG4; and IgG3 has a really really long set of a whole bunch of disulfide bonds. (These 
are the normal bonds between the heavy and light regions that help hold them 
together.) So IgG3 is really long and big, and that makes it easy to get eaten by 
proteolytic cleavage at its hinge. But IgG3 is also really good, the best of all, at binding 
to C1q and activating complement immune systems. We only want that activated some 
of the time, so it's good that IgG3 is easily eaten, and we don't have so much of it. It 
only lives in the range of a week (half-life is one week), while everything else has a half-
life of like 21 days.

IgE will also have really low concentrations. That's good, because it usually in 
mastocytes gives us allergies. It's great in areas where you've got lots of parasites, 
because there its job is to fight parasites, but in really clean areas it just gives you 
allergies. So you don't want too much of this. It's an awful way to die, as a parasite—
once you touch IgE, activated eosinophils will bind to you and pour toxic granules all 
over your surfaces. Ouch! So IgE is a powerful jackass.

Immunoglobulin A is only like 10 to 15 percent of your total immunoglobulins in blood, 
but it's the most common Ig in your secretions (like breast milk and tears and mucous). 
It's got two isotypes (IgA1, IgA2). A1 is usually in blood, and A2 in secretions.

Immunoglobulin A gets recognized by the poly-Ig receptor and starts the transport from 
the basement membrane to the lumen or superfice of the mucous. So it helps transport 
immune things through from inside you to outside. It's the to or a immunoglobulin, if you 
speak Spanish—la immunoglobulina que lleva al cabo el parte de traer cosas a, o ir a 
fuera.

Immunoglobulin M 

IgG lives the longest, on average, while IgE has a half-life of like 2 days. Again, that's a 
good thing.

IgG like to diffuse extravascularly, better than anyone else.

People see a lot of other cell receptors and molecules that are like immunoglobulins—T-
cell receptors, MHC molecules, CD4 and CD8—a whole bunch of molecules actually 
have similar structure. Also adhesion molecules that macrophages use to get from the 
blood into the connective tissue where they need to work.

CD3 translates the signal from the outside of the T-cell to the inside of the T-cell so the 
T-cell can do its response. It's in all T-cells. 
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Asplenia—autosomal recessive, very rare because normally thre are problems with 
other stuff in the thoracic cavity, not just a gone spleen. Susceptible to bacteremia

Toxin immunization 
Toxins normally bind to cellular receptors, make the cell endocytose them, and kill the 
cell, but if you've made lots of antibodies that'll block that from happening and protect 
the cells.

How do you read an antibody titer test? I e-mailed her about it, the response is there 
just copy-paste

I don't really understand the difference between antibody/vaccine second time reaction, 
and antibody/allergy second time reactions.

Antibodies activate complements. The complement is a bunch of serum glycoproteins 
that can perforate cell membranes. That helps you kill pathogens. IGM and IGG3 mostly
activate the complement system. IgM is the most effective because just one IgM 
complex, which is already all complexed together, can already bind C1q to activate C1r 
and then C1s. While you need two IgG molecules, which don't hang out in that big 
complex, to get C1q to bind. Basically you form a pore in the virus membrane and make
it lyse and die.

Antibodies also bind antigens on target cells and NK cells bind to their Fc receptors to 
find those target cells and through that cross-linking the NK cells can send liquids that 
make the target cell apoptose. 

IgA is mostly in your MALt and urogentical and stuff system. IGG, IgM and IgA are all in 
circulation. IgG and IgA are distributed everywhere. IgE is on your skin and connective 
tissue. IgG can go from mother to child during pregnancy. IgA passes from mother to 
child during breastfeeding. Babies can make IgM right after they're born, but Ig doesn't 
come until a few months...

It is during B-cell development that you have all that gene rearrangement that we talke 
about on pg. FIXAL. The Pro-B cell does complete heavy-chain g rearragnement. The 
Pre-B-cell does light-chain gene arragnement. Then the immature B cell changes its 
RNA processing (splicing and stuff), and it can start making IgM. The mature B cell then 
can mak IgM and IgD. When the B-cell's activated, it will be some kind of plasma cell 
with either M or G or A or E. It first starts making M but as it gets more specific it will be 
either G or A or E?

All cells except B cells have Ig genes all fragmented and unexpressed. Only in the B 
cell do you recombine and express these things.
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L is leader peptide, V is variable region, C is constant region...
Cis-regulation.
VDJ joining somatic recombination...
D is only for heavy chains.
P-region nucleotide addition, N-region nucleotide addigion—it's flexible the way the 
union of different segments come together, and that imprecision gives you the ability to 
be adding and taking away little bits. You have without that already like 2.25 million 
possibilities of combination, so its crazy how you have EVEN MORE because of the 
flexible union.
The light chain is just VJ.
The C region is just C, and that's the constant region. D is the diversity region.
You can make 356 different light chains times like 6000 something different heavy 
chains, and that's where you're getting like the 2.25 million possibilities. It's crazy.

Recombination video

RAG is recombination; one RAG complex recognizes one recombination sequence, the 
other recognizes another, and so you cut out what's between them, and what's left is the
V and J next to each other. At that point the B cell can't go back because it loses the 
DNA it cut out. When the Rag cuts it leaves little DNA hairpins at coding ends. Then it 
opens the airpins and makes palindromes. Then you can add a few nucleotides to those
palindromes and that's stuff. TDT is the random adder-of-things to the palindromes. 
Tnose are called n-nucleotide additions.

The hypervaraible region is CDR3 which has the imprecise linking of these genes. It's 
got a V-L junction and a V-D-L junction that are imprecise.

Nucleotide addition DOEs happen in light chain DNA, the slide is wrong

Major Histocompatibility Complex

Activate cellular and all-around immune response
Three major classes
Class I, Class II, and Class III
Class 1 presents peptides to Tc cells; Class II presents antigens to Th
Two classes of MHC molecule 

MHC-1 inhibits natural killer cells which will kill you if you don't have enough MHC. 

DP alpha, DQ beta to make number two...
Eqach DP DQ and DR has an alpha, and each has a beta.
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In adaptive system the primary response is slower and more weak

Effector T-cells don't live very long. They make the TH cells release cytokines via CD4, 
and the Cd8-equipped cells become killing-effective

When CD4-TH cells release cytokines, there are two types. TH1 and TH2. TH1 make Il-
2, IFN-gamma, (interferon gamma) and TNF-beta (tumor necrosis factors). This is more 
cell-mediated sstuff. TH2 makes IL-4, IL-5,Il-6,IL10 and that helps activate B-cells. But 
these guys can help each other and kinda do each other's jobs; it's grey, not black and 
white. 

If there was an error in 5b, 8, 7, or 9 of the C lysis pieces that tell the cell to lyse, the 
system wouldn't work. There is redundancy in there somewhere though...low blood 
pressure, pulse, respiratory rate, temperature elevated, rash of reddish-purple colors 
with ltos of little points on her chest and palate and extremities and red throat and 
stuff...they give her cephtriaxone for the meningitis and collect CSF.
Neisseria meningitis...lots of WBC in CSF

meningitis and gonorrhea from different strains of a same bacteria can happen

MHC-II activates CD-4 because MHC-II is on antigen-presenting cells while 
Everyone has mhc-1 but professional antigen-presenting cells use MHC-II

TLR and IgM and T-cell independent activation of B-cells 
the other way is when you see a giant thing and it's on a aparasite or something

IgM first response because in your blood 
The second time you get a dose of an antigen (3 or 4 days layer usually but can be 
years) IgG

muscous is IgA

IgE is allergies

T1s make macrophages more effective for killing, and they make more IL-12 get 
released so they can have more Il-12—they are stimulated by Il-12
Il-12 both sitmulates and is released by T1helper cells

Il-6 makes hepatocytes make acute-phase proteins. Those include c-reactiveprotein, 
serum amyloid protein, fibrinogen, mannose-binding lectin which looksl ike SP-A/D 
which looks like C-1 which helps activate complement system. All of this helps ctivate 
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complement system. 

Failure of the immune system 

People born without CD 40 or CD 40L will have chronic infections and immune 
deficiencies. Autosomal is CD40 deficiency, CD40L is X-linked (predominantly in males).

Where you have the problem during hematopoesis will make immunodeficiencies.

Problem at stem cell level—reticular dystenesis.
Problem with myeloid progenitor cell—congenital agranulocytosis
Problem with lympohid progenitor cell—SCID (severe combined immunodeficiency 
without B-cells or T-cells)
Problem with neutrophils—chronic granulomatous disease 
Problem with monocytes and neutrophils—leukocyte-adhesion deficiency 
Problem with pre-B-cells can make x-linked agammaglobulinemia or secevere 
combined immuno deficiency if it also involves pre-te-cells
Problem with pree-T-cells in the thymus—DiGeorge syndrome has no thymus
Problem with mature B-cell could be x-linked hyper-IgM syndrome or common variable 
hypogammaglobulinemia or selective immunoblobulin deficiency that keep it from 
turning into plasma or memory cells.
Problem with mature T-cells can be Bare-lymphocyte syndrome 
Problem with b-cell turning to memory B cell or mature T-cell is Wiskott Aldrich 
Syndrome
Problem with antibodies where you don't make them because you're missing a protein 
tyrosine kinase that helps the signaling from the B-cell receptor BTK that makes you 
make and recombine antibodies—X-linked agammaglobulinemia. Without the Btk pre-B-
cells don't turn into B-cells.
Deficiency in C3b deposition leads to infection with pyogenic and Neisseria bacteria.
Deficiency in membrane-attack complex components (C5-C9) leads to Neisseria 
infection. 

SCID—no t-cells or cell-mediated immune responses, maybe ecause problem in genes 
coding for cytokine receptors, MHCII, or other proteins and enzymes that help Ig and 
TCR rearrange.

You treat immunodeficiency by replacing what you're missing. Antibodies, recombinant 
like INF-gamma, Il-2, replace normal copy of defective gene, replaace missing cell type 
with bone marrow transplant.

Donor and recipient must share HLA
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Secondary immunodeficiency is when it's induced, either because of a chemical, or 
something like AIDS/HIV. 

A lentivirus is a slow virus, a kind of retrovirus that usually targets immune system cells. 
HIV-1 is all around the world, while HIV-2 is usually in western Africa. HIV has a genome
that's compatible with our mRNA, so rather than coding from DNA forward it codes 
backwards from mRNA. That's why it's a retrovirus. There are plenty of receptors that 
help HIV into the cell, not just CD4, even though T-helper cells are the biggest target. 
It's a virus that looks like a little Aztec sun. It modifies the membrane by fitting a 
chemokine receptor and uses its own receptors GP120 and GP41. GP41 helps it 
function, and GP120 helps it stick to the membrane. If it uses chemosine cd5 it tends to 
attack macrophages. The virus that's usually transmitted through sex hits macrophages 
first, via chemosine 5 thing. Intravenous infection is usually the other one. It protects 
itself from the complement system. It inserts is genome into the genome of the cell. 

First HIV gp120 binds CD4. Then GP41 and CXCR4 on the cell fuse together to make 
the cell membrane fuse with the virus. The viral genome and enzymes get into the cell 
in a nucleocapsid. The capsid explodes and releases enzymes and the genome. The 
virus has to code reverse transcription of ssRNA and makes RNAj-DNA hybrids. The 
HIV has to bring reverse transcriptase with it. Basically it goes from RNA backwards to 
DNA, and then puts the DNA into our DNA. Ribonuclease H degrade the original RNA 
template which makes a second DNA strand so you replace the RNA-DNA hybrid with a
double-stranded DNA. Then you tend to get more cancer because the virus inserts right
in front of an oncogene. Also once the bad genome is in your genome you make viral 
particulates and basically start making viruses like they're vesicles getting packaged 
and sent out. CD-4 binds HIV-1, but you need a second receptor to get infected. T-cell 
version uses co-receptor CXCR4, while the macrophage straing usses CCR5. 

HIV in the brain is different than HIV in other organs. All HIV acts differently based on 
the compartments. 

Rust color in intestine biopsy of Hiv-patient. More T cells are helper T-cells if you're 
HIV-. HIV- has lumps in the GI tract. 

Anti-viral drugs make you have more CD4 cells. How can you act? You coud inhbit the 
reverse transcriptase. You could inhibit fusion. Or inhibit integrase which puts the bad 
DNA into ours. Or inhibit the protease that makes their porteins. 

Trying to make a vaccine for man-of-war. The second dose killed the dogs—anaphylaxis
instead of a prophylactic, protective reaction the second time around. 

Manipulating the immune response 
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Inactivated vaccines are treated with heat or radiation and killed so that's like influenza, 
rabies, Salk polio

Live-attenuated viruses or bacterial vaccines are mutated but still alive, and that's viral 
stuff like measles, mumps, rubella, Sabin polio or bacteria like BCG vaccine against 
mycobacterium tuberculosis

Ther'es another idea to use DNA inject it into cells and the DNA produces RNA and so 
on and so forth and so you're promoting the activation of the cell and humoral response.
Because the protein was intracellular in your own cell, it's noticed by both MHC-1 and 
MHC-II. The problem with this kind of vaccine is that it doesn't work. It oculd be the 
delivery method. They're trying to figure how to improve the internalization of the DNA. 
They're trying to use this for flu vaccine. 

Monocolonal antibodies you can engineer and make to decrease immunogenicity but 
still have the same antigen specificity. They can be fully from another species, or 
chimeric (two species), or humanized (similary to human), or fully human. Fully human 
is Umab. 
Adalimumab is anti-TNF-alpha, so against an immunoglobulin cytokine that causes 
arthritis. A lot of these are immune system suppressors that you use to be anti 
antibodies that are overreacting. You can use anti-CD3 to inhibit T-cell activation, for 
example, during kidney transplants. 
Ipilimumab for example is against CTLA-4, which is expressed in regulatory T-cells. If 
you inhibit regulatory T-cells you'll see more CD4 response. Increased helper response. 
You can use that to take out metastatic melanomas that are trying to hide from you. You 
eliminate regulation so there's more attack on your tumor.
There are also a lot of specific cytokines you can give people for 

Most common transplants are kidney, blood, cornea, and bone marrow. Autograft is a 
transplant from yourself; isograft is your twin's transplant, or your clone's transplant if 
you're in the future; allograft is the most common, a transplant from another human; and
a xenograft is from some kind of animal. The first rejection happens within 7 to 10 days, 
and the second time you try again it'll take half as much time. Iso and autografts live the 
longest. MHC antigens are the big compatibility question, but minor histocompatibility 
antigens also matter. Sometimes it's the other way around, like in bone marrow, where 
the bone marrow T-cells attack the person. You have to try to avoid that you transplant 
already-mature T and B cells in marrow—you want them to be teachable. The most 
successful trnasplants involve kidneys and corneas. You have to change the reaction 
between the immune system cell and the tissue, so if you can turn off the co-stimulation 
by blocking CD-28 of the T-cell poking around the transplant tissue, or different 
cytokines, you can maybe avoid the transplantation. ABO compatibility is a big deal; 
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HLA compatibility is a huge deal too, not just with MHC-I and MHC-II but with other 
HLAs too. 

Trypan blue test—it enters the cell when the cell membrane is broken. So you use it to 
check if someone has the HLA antigens you want. You give their cells an antibody to the
HLA you're looking at, and if the natibody sticks, and you add the complement system, 
the cell will get a bunch of holes in it and take up Trypan blue. If the cell doesn't have 
the HLA you've made an antibody too, well the complement system will never stick and 
the holes will not form and there won't be any blue taken up.

You can also do a mixed leukocyte reaction. You irradiate your donor's cells to inhibit 
the cell cycle. That basically turns off the donor cells. So now when you put them to the 
recipient's cells, you see what the reaction is. If the recipient cells react, than you know 
they're reacting against the quiet donor cells even thoguh the donor cells haven't done 
anything. The recipient cells will start taking up radioactivity as they hurt the donor cells 
and you just count how much radioactivity you have in your sample as the recipient cells
proliferate with what they've taken up.

When you do a transplant the recipient shouldn't have an infection, and shouldn't have 
hypertension. They should have 100-200 mL of blood from the donor given to them 
every one to two weeks to help the graft survive. 

Virology 

Structure and Characteristics of Viruses

A virus can be active, or inactive, but not alive or dead. It's a bunch of macromolecules 
in a protein shell, and it can't do anything without a host body—most of them can't even 
move on their own. A virion is one complete virus with intact macromolecules and an 
intact shell. Jacob Henle hypothesized the existence of viruses in 1840, but because 
they didn't have any direct evidence no one believed him.

Chai Tea
On a slightly unrelated note, I feel like I should just say as many crazy non-evidenced 
but well-thought-out things as possible, because inevitably one of them will come true, 
and I'm always hearing these stories of someone who had a great idea, but couldn't 
prove it at the time. Statistically the more ideas I come up with the more likely one is to 
be true, right?

Adolf Meyer and Dimitri Ivanofsky and Martinus Beijerinck  leaf extract causing tobacco 
disease without bacteria but growing in the growing plant tissues, first animal virus was 
first and mojuth disease discovered, first human virus yellow fever in 1901. We didn't 
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see viruses until 1939 with electron micrography.

Some viruses collect an extra piece of membrane from a cell's lipoprotein membrane.

A naked virion is a nucleocapsid that has just DNA or RNA and structural proteins, no 
organized capsule That's like the picornavirus (hep A; fecal-oral route), the adenovirus 
(conjunctivitis), and tobacco mosaic virus (the studied plant virus mentioned). A naked 
capsid is environmentally stable, gets released from cells by lysis, and because its 
proteins are so stable and it doesn't need a special lipid membrane it's easy to spread, 
can survive a long time even if it dries out, can handle your gut, can ignore some 
sewage treatment chemicals, and can ignore certain detergents. The antibodies on it 
may also be enough to protect you from it.

An enveloped virion is a nucleocapsid with a glycoprotein membrane, like HIV, herpes, 
influenza, and hep B. Having a membrane means it likes mucosa and mucous 
membranes, which makes HIV sexually transmitted. The membrane isn't really 
protecting the nucleocapsid as much as making it possible for it to handle and stick to 
new surfaces. Detergents that destroy the membrane will take away its infectivity. The 
membrane does however make the response to the environemtn more labile—acid, 
detergents, drying, and heat that hurt the membrane will make it less infective. The viral 
membrane comes from cells, and modifies cell membranes to use forr itself. This kind of
virus can get out of the cell by budding: it doesn't have to just lyse and escape. If you're 
this kind of virus, you need wetness, you can't handle the gut. Because the virus never 
has to leave the cell membrane (it can bud) you'll need an intracellular immune 
response in addition to an extracellular one.

The capsid and envelope pretty much just protect the nucleic acid genome from 
damage. They also help get that stuff into the  cell actively by binding to receptors and 
coaxing the cell to open up some how.

Virus capsids have different shapes and symmetry. Some of them are helical. Others 
are icosahedral. And others are complex. 

Icosahedron means it has 20 triangluar facets, and 12 points, and 20 edges. It has 5:3:2
axes around which it can rotate or be symmetric. 
Tipula iridesscent virus is a good example. Icosahedral symmetry doesn't mean you'll 
have icosahedral shape. A socer ball has icosahedral symmetry and could be made up 
of many icosahedrals put together.

A complex one isn't icosahedral or helical. Poxvirus is brick-shaped, with ridges and a 
core and lateral bodies and stuff.
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Bacteriophages have way huger DNA compared to little viroid stuff.

Prions are infectious proteins. They are what causes mad cow disease and the human 
versions, Kruetzfeldt-Jakob, Kuru, etc. 

Viruses can cause diseases by either changing individual cells (death, fusion, bad 
changes like malignancy), or by changing processes that we use (immune response, as
in HIV). After you acquire the virus, there will be a incubation preiord that could be 
asymptomatic, or make non-specific early symptoms. After that the virus has to 
overcome your defenses and start causing its specific symptoms.

How cytopathic is the virus? How much does it kill cells? Is the immune system 
competent or immune? Is the immune system hypersensitive or going to go crazy 
inflammatory and hurt the host? What's the number of the virus particulates 
accumulating in the cell? Is the person eating healthy? How old is the body? All of these
affect a virus's ability to work.

The main difference between virus families is if they use DNA or RNA, and if they have 
envelopes or no. Then you look at symmetry.

Memorize virus families and their examples

Viral replication

A one step growth curve tracks the viruses growth in terms of infection viruses per cell. 
First you've got one virus, then you've got none—because the virus emptied itself into 
the cell—and there's an eclipse period. Then you've got assembly of new virions using 
the cell's machinery, and that's exponential growth of viruses in the cell, and then a 
plateau, and the viruses leave. There isn't a death phase for viruses, which is very 
difference from a bacterial growth curve where you'll see a down streak after the 
plateau.

So this is kind of what the curve will look like with the parts I mentioned.

Viruses can have productive or non-productive infections. Productive infections stay and
kill cells and make more stuff. Non-productive infections can be latent or abortive. An 
abortive infection is when somehow the viral genome just can't stay in the cell, and the 



Becoming Healers 1059

cell deletes the genome and no further infection has. Latent means you just always 
have the virus genome in your cells, but they don't make new viruses. This can turn into 
a productive infection, like when you have Shingles that sits in your nerve roots for a 
long time and then suddenly flares up.

The virus first uses our receptors to stick to our cells, either through an interaction of its 
protein capsid with our proteins, or through an interaction of its glycoprotein coat with 
our sugary receptors. The Epstein-Barr virus uses our complement system receptors, 
CR2, to get into B-cells; Rhino virus uses ICAM-1, which we used to promote adhesion.

Next, either the virus envelope fuses with our membranes, putting proteins inside us, or 
the naked virus has to straight-up move into our cell. Viruses without membranes can't 
fuse with us. Alternatively, an enveloped virus can trigger your cell to endocytose it. 
Then the acid in the endosome makes the envelope proteins change, and the virus 
fuses with the endosomal membrane and sticks its material out into your cell. Note 
that's pH-dependent, while fusion from the outside is pH-independent (although of 
course a crazy pH-change in your extracellular matrix could hurt the membrane of the 
virus). The naked viruses either trigger receptor-mediated endocytosis and lyse the 
endosome, or make a little pore they can hop into our cell. Poliovirus makes an 
endosome-pore, while adenovirus gets endocytosed.

Next the virus genome needs to get out of its coat. Reoviruses only let their capsid 
disintegrate partially, and the replications of DNA happen kind of inside the capsid. 
Other viruses lose their coat completely.

RNA viruses usually replicate in the cytoplasm, unless you're influenza or a retrovirus. 
DNA viruses usually replicate in the virus, unless you're a poxvirus, which is one of the 
most complex and biggest viruses that exist. All RNA viruses except retroviruses and 
pararetroviruses (like hepatitis) do their work in the cytoplasm.

We divide DNA viruses into ssDNA and dsDNA viruses. Most DNA viruses use double-
stranded DNA, but parvoviruses use ssDNA. Most DNA viruses have an icosahedral 
nucleocapsid except poxviruses which are complex. Double-stranded DNA viruses 
include papovavirus (papilloma, polioma, vaculating), adenoviruses, herpesviruses, 
poxviruses, and hepadnaviruses (uses full-length RNA to later make genomic RNA).

RNA viruses classify into if they're double-stranded or single-stranded RNA, and then if 
they're positive or negative RNA—positive being the mRNA, negative being its 
complement. Double-stranded RNA includes reoviruses. +RNA viruses include 
picornaviruses, togaviruses, flaviviruses (dengue), retroviruses (HIV), coronaviruses 
(SARS). -RNA viruses include paramyxoviruses, orthomyxoviruses, rhabdoviruses 
(rabies), bunyaviruses (pretty rare), and filoviruses (hemorragic viruses like Ebola). 
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Viruses can go from single stranded DNA to double tranded DNA to their mRNA, from 
ssRNA to DNA/RNA hybrids then dsDNA then mRNA (like how retroviruses work), from 
ssRNA to mRNA, from dsDNA to ssRNA to mRNA, from ssRNA to a differetn ssRNA to 
mRNA, and so on.

Viruses use different enzymes based on what genetic material they start with. DNA 
viruses will use either their own DNA-dependent DNA polymerase or ours. RNA viruses 
will use an RNA-depnendent RNA polymerase of their own making (because we don't 
have one that they need) or maybe use an RNA-dependent DNA polymerase (reverse 
transcriptase) to make DNA (that's another enzyme we don't have). Otherwise, they use
our normal cell enzymes.

DS DNA viruses just go ahead and transcribe their genomic DNA using our machinery. 
Single-stranded DNA viruses have to do something else...

SS +RNA viruses can use their genomic RNA as mRNA. Retroviruses transcribe 
backwards, like we've mentioned, and DSRNA viruses use their negative strand as a 
template.

All viruses use our ribosomes to translate their mRNAs. They make structural proteins 
to build their capsid, and they make non-structural proteins like enzymes or transcription
factors that help them proliferate. 

Viruses have a problem though. We tend to use monocistronic mRNAs, which means 
we make one protein per mRNA. So if viruses want to make many proteins from their 
one mRNA strand, they're going to have a problem using our machinery. So viruses 
might make multiple monocistronic mRNAs, like we do, or the virus might make primary 
transcripts that get spliced differetn ways to code more than one protein. It may also use
our machinery for post-translational modification. 

-RNA has to turn into +RNA before you can use it to make protins. These guys make an 
RNA-dependent polymerase to help them do that. Paramyxoviridae use receptor CD46 
to fuse with our membranes and transcribe in the cytoplasm turning their -RNA into 
+RNA and then make more viral genome that's -RNA, and also to turn their -RNA into 
mRNAs which gts translated and assembled to RNA and protein. They get out by 
budding. 

Influenza virus

How do these avoid the MHC-1 complex? Some viruses actually make the cell withdraw
MHC-1 complexes, others mess with the internal machinery so their proteins aren't 
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displayed
Do any use MHC-1 complex to infect other cells? Yes, HIV, so it can avoid getting 
actually into your blood, it can travel through MHC-1 from a presenting cell to a dendritic
cell

Double-stranded DNA viruses like rotavirus has two capsids so it can hide from your 
gastrointestinal fluids.

+RNA,-RNA, and DSRNA don't need a Dna phase. +RNA don't need a transcriptase to 
put RNA polymerase change, ut the other two do need RNA-dependent RNA 
polymerases or transcriptases to make them work. The -RNA isn't infective, because it 
can't do anything—you need the + strand to work, so you need the RNA-dependent Rna
polymerase to make the +RNA to make infection happen. This is interestign because 
the genome of lots of viruses is infective on its own. But dsRNA viruses also can't make 
anything without Rna-dependent Rna polymerases. +RNA can hop straight to 
translation.

Viruses that don't need membranes will usually just lyse the cell. The only reason a 
virus buds is to steal cell membrane, not to have mercy on the cell. 

Some viruses need time to mature before they want to leave the cell. Or they need 
proteases to cut their proteins into functional units.

Viral genetics-->disease

Viral pathogenesis—how they cause diseases—is mostly related to viral genetics. That 
affects how we fight viruses, how they fight us, and how we diagnose them. 
(Unfortunately, for most viral diseases there isn't a specific lab CBC diagnosis—HIV is 
an exception) Lastly, viral genetics also controls how we use viruses.

Viral diseases can be either local or systemic. HPV is a local virus; ebola is a systemic 
virus. Some viruses cause both. Karposi's sarcoma virus (old term for HIV), for 
example, can cause both local sarcoma and T-cell cancer. To fight our immune system, 
a virus might:

• Proliferate so many times that there's time significant micro-evolution, and under 
the high selection pressure of our bodies, you evolve viruses that are faster, 
better, and stronger; high mutation rate in viral genomes helps this

• Hide in your cells through a latent infections (like syphilis or HPV in males) until 
there's a better time to really infect you; inside neuron cells is a great place to 
hide because we avoid attacking our neurons—they don't regrow! So if you're a 
virus, the CNS is a good place to go. Think blood-brain barrier!

• Infect your immune cell and either use them to proliferate, or suppress their 
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function 

How to detect viruses?
• We can detect viruses with electron microscopy, but unfortunately that's not 

common in hospitals. So, uh, that's the only way we can see a virus.
• We can try to detect their genome instead, like through PCR. That and ISH are 

super-useful.
• Cell culture methods can help you find cytopathic viruses, but it takes like one or 

two weeks for the virus to kill the cells, so by the time you tell your attending “hey,
I found this virus,” he'll say, “uh, the patient's dead, bro.”

• ELISA is quick, and very useful.

For most viral diseases we don't have specific treatments, only vaccine prevention. To 
treat a virus you need to understand its specific target, and unfortunately most targets 
are inside cells—and you'd rather not kill your cells. The specificity required is intense, 
and usually it's towards viral enzymes that we don't normally have or viral structures 
required for replication. You'll also try to target:

• Viral attachment—neutralize abs, use dextran sulfate to hurt attachment proteins 
(unfortunately this is way too toxic), use attachment proteins to competitively 
inhibit viral attachment—this could be important in HIV, because HIV is very 
specific in its attachment to T-cells.

• Viral penetration—amantadine (influenza), rimantadine (influenza)
• Viral uncoating—tromantadine (prevents both uncoating and penetration of 

herpes simplex), arildone, disoxaril<--double check these three
• Viral transcription—use antisense oligonucleotides to get in the way of viral RNA-

dependent transcription (fomivirsen); interferon proteins to block transcription. 
RNA-based drugs are a very creative idea, and were popular for a while, but after
twenty years we still have only one RNA-based drug, and that's the fomivirsen. 

• Protein synthesis—interferons 
• DNA-replication—For small viruses, it's harder to inhibit DNA replication because 

they only use our machinery, but for larger viruses that come with their own 
replication machinery we've got places we can inhibit non-us enzymes.

If you take a live attenuated vaccine, you will have immunity forever, or at least for a 
very long time, because the virus antigen sticks around a longer time and triggers your 
body to keep making antibodies. Unfortunately any kind of whole virus is more likely to 
trigger a bad immune reaction, because we incubate all whole viruses vaccines in cells, 
and sometimes purification isn't complete and we inject bits of those cells into patients, 
and that causes a bad immune response.
Vaccines are also slow. It takes about two weeks for you to make the initial IgM 
antibody, and almost a month to make the IgG antibodies you want. Immune serum 
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globulin injections are kinda better in this way, because then you have the 
immunoglobulins right away, but vaccines provide longer term immunity, usually.
The best antiviral therapy we have is for HIV. 
Interferons 
Double-stranded RNA viruses can induce really strong interferons that create specific 
antiviral responses.

Viruses mutate, recombine, and re-organize their genomes
Viral evolution only works because of the high population of viruses in each infection. 
Any mutations that interfere with the virus's function will ruin its chances of survival, and 
as you may know it's incredibly rare to get a good mutation. But it's easier for a viral 
population to get a good mutation than a human population, just because viruses breed 
faster. DNA viruses have very low mutation rates. RNA viruses tend to have more 
mutations because the RNA polymerase tends to dissociate from the template and re-
associate in a different place. That can result in deletions. Many mutations, especially 
point mutations, don't have any effect at all.
So the most important viral evolution isn't mutation, but natural selection just via 
population and selective stress. That's not addition of genetic diversity in the population,
but deletion, whereby only the strongest viruses survive to breed. You're killing off 
inferior genomes, not adding. That's an important distinction (especially for creationists, 
but that's another conversation for another day). Point is that it's a misconception to 
imagine viruses getting better and better with “new” genetics. The “original” virus 
population was just less effective at infection because it didn't have to be very effective 
to survive—as your body whittles away the weaker viruses, the game is amped up not 
by viral individual improvement, but by a population forced under high selection 
pressure that kills the weak so they're no longer competing with the strong, and the 
strong can multiply unhindered.
Nevertheless, virus mutants are a big deal, partly because viruses mutate way more 
frequently than we do, because they multiply like crazy. 
Viruses also recombine their genetic sequences often. RNA viruses don't really 
recombine much.
The influenza virus 
Every twenty years we get a new crazy RNA virus because of antigenic shift—like 
SARS, new influenzas, etc etc.
Drift is different—it is accumulating mutations over time. Shift is where you recombine 
with different strains and end up making a stronger one with the genetic material 
already out there. So like when an avian influenza virus meets a human influenza virus 
and makes a highly pathogenic human virus. That's basic breeding.

Chai Tea Question 
So, viral evolution. We know viruses primarily evolve through re-arrangement or deletion
of current viral genomes, rather than addition of new information. With this knowledge, 



Becoming Healers 1064
do you think a virus population could ever evolve into living organisms? Or into anything
other than a stronger virus? Do we have any direct evidence of viruses evolving into 
anything other than viruses, or bacteria evolving into anything other than bacteria? I'm 
talking like clinical-level, experimental evidence here, the kinda stuff the FDA would 
require for a drug, without extrapolation based on surveys or historical remnants. Does 
that kind of evidence exist? Can you think of a specific example?
Viruses as gene therapy (ppt ending)

Retroviruses

As we've said like a million times, retroviruses have an RNA genome that they then 
transcribe backwards into DNA using a reverse transcriptase—it's that DNA that we 
replicate for them, and then transcribe back into their RNA so they can proliferate. How 
nice of us.

Retroviruses cause leukemias and lymphomas in birds and rodents, and they're part of 
a group called lentiviruses which are divided into oncoviruses and retroviruses. Most 
lentiviruses cause some kind of immunodeficiency. 

Most retroviruses are single-stranded +RNA and enveloped. They usually cause 
diseases with long incubation periods and latency (which makes sense, since they have
to go the extra mile and change their RNA into DNA backwards rather than straight up 
replicating like other viruses do). 

HIV is the most well-known example. It targets CD4+ T-helper lymphocytes, but can 
also integrate into macrophages (M-tropic strains) and dendritic cells—basically things 
that receive information from antigen-presenting cells. Disease onset is longer for HIV-2,
and it's mostly restricted to west Africa.

Related to chimpanzee polio vaccine 
Or some hunters in Africa came in direct contact with chimpanzees
So then it came to carribean
A flight attendant brought it from the carribean to the US and was very promiscuous and
shared it around

HIV-1 is split into group M and group O and gropu N
From Group M B is most common in the US, C is in cuba. CRF (circulating recombinant 
form) might make a new form. Expression can be different based on the individual 
person. Especially if you re-infect with two different types

The genome of HIV has three major gene regions, gag, pol, and env.
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HIV-1 also uses co-receptors like CCR5 and CXCR4. The one that uses CCR5 is the R5
strain and it's more M-tropic which is most of HIV-1 strains. The X4 viruses that tend ot 
use more CXCR4 is about 50 percent of infected individuals, and that's more rapid CD4 
T-cell loss. This happens over time. The R5 tends to be sexually acquired, while the X4 
tends to be acquired in blood, but people will usually develop both. Over time R5 will 
evolve into that second strain, the t-trophic strain. All of the HIV receptor uses CD4, its' 
a matter of which co-receptor you're using, too. Then the membranes unite and the 
nucleocapsid enters the cell cytoplasm. Then you change the RNA into a double-
stranded DNA. You do this by first making single-stranded DNA to hybrid with the single-
stranded RNA, and then use that to make double-stranded dNA. That's your provirus, 
which gets in to the nucleus of the cell and needs an integration complex in order to 
stick in the DNA of our cells. Then you translate HIV mRNA in our ribosomes. 

Reverse transcription starts in the R and U5 regions from the 5' end of the RNA 
template. You start with a tRNA primer. 

Early on, HIV makes regulatory proteins to protect itself like Nef and Rat.

HIV is super-variable because it has a fast replication cycle, a high mutation rate, and 
recombinogenic properties in the reverse transcriptase. It doesn't really correct itself, at 
all, which is okay because it replicates so fast that any viruses that don't work just fade 
away into obscurity, while all the mutations that work are fantastic. 

So antigens are really variable, in their gp120 domains, which makes it hard for you to 
make good antibodies against it. Even anti-retroviral drugs exert pressure on the virus 
that helps evolution of populations, and you get drug-resistant variants, so we've always
got to be a step ahead of the virus. Combined therapy is better because it requires the 
virus to develop three or four mutations before it can avoid the drug. That makes it less 
probable that it will win. Host cell range...R5 verses X4 and the recombination you can 
get. 

Long-term non-progressors make up about 5 percent of HIV-infected patients. They 
have their own robust CD8 T-cell immune response against the HIV that keeps the virus
from replicating too much, and they may end up infected with HIV for more than 7 years.
Their CD4 counts tay stable, and they don't take anti-retroviral drugs. 

Some people are exposed but don't get infected. They have problems with their co-
receptors that don't let the virus enter the cell. Usually this is because of a deletion on 
the CCR5 receptor. 

¼ of long-term survivors of HIV are CCR2 and CCR5 mutants. So AIDS puts selective 
pressure on our population, too. 
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The type of MHC HLA haplotype people have may also be protective. B35 HLA is not so
great—it gets infected fast—while A*6802, A*202, B18, B27, and B57 are good at 
resisting HIV. 

Vaccines? People have made versions of the whole-cell vaccine in monkeys, but it 
usually kills young monkeys. Also, the wide crazy number of changes in HIV makes it 
super-hard to make strain-specific vaccines. You can't predict the genotype like you can 
with influenza. What about naked DNA vaccines? 

Get Reese to explain to me that testing gap thing

http://www.baronerocks.com/mnemonics/mnemonics-microbiology/171-rna-sense-virus-
mnemonic-1 
memorize these viruses 

http://www.baronerocks.com/mnemonics/mnemonics-microbiology/172-rna-virus-
mnemonic-2

HIV reese thing
antibodies—time to develop—98% of people will show antibodies three months AFTER 
exposure—but at 6 months is the certainty point 
most contagious immediately after you're infected—this is often before you've been 
tested
promiscuity issue and paste the picture reese gave you
so you only know about that first person, the person you had sex with three months ago
—you don't know about all those people after
so basically have sex every three months at a time
if you have a low viral load you can have sex, and you can use protection
receptive partner is more at risk
oral sex is lower risk

Bacteria

In a major case in Puerto Rico in 2008, says Dr. Irela (FIXAL) the CDC found that 28 
deaths from the fairly common Klebsiella pneumonea bacteria came from one simple 
source: bad handwashing on the part of the doctors. Our war against the microbes 
ranges in scope from simple procedures like that cleanliness issue to engineering 
complex aggressive drugs and multifactorial population control in the case of epidemics.
If you've been alive for more than ten years, you've probably seen your share of 
epidemics and scares, but Dr. Irela also reminded us that bacteria can be friend as well 
as foe—she recommends the book “The Wild Life of our Bodies” by Rob Dunn as an 
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illustrative overview of this.

So let's get into it.

Cell structure

Cell wall—peptidoglycan (not in mycoplasamas; eukaryotes may have cellulose or quitin
but they'll enver have a peptidoglycan wall)
Capsule 
Cell membrane 
Cytoplasm
Ribosomes—(70S, 30 S and 50 S in prokaryotes vs. 80S in eukaryotes; eukaryotes also
have 70S in mitochondria)

Gram positive organisms are violet and purple in crystal violet and iodine, relatively, but 
they are purple in decolarization with alcohol and aceton while the gram negative are 
not purple. You star with unstained, then you go crystal violet, then you go iodine, and 
it's clear, violet, then purple, and then decolarization is purple versus clear (gram 
negative). When you use saffron then the gram negative turns red while the gram 
positive stay purple. P is for both positive and purple. 

The idfference is important. Gram negative are mostly rods and diplococci and mostly in
your GI tract. They usually cuase infections in wounds, UT, GIT, lungs, and meninges. 
This isn't one hundred percent, but if you have to make a fast decision about an 
antibiotic, knowing gram negative versus gram positive can help you choose a good 
antibiotic short-term. Gram negatives are endotoxins and may have systemic toxic 
effects. Tehy're mosre senstiive to Abs and the Complement system. Gram positive are 
more sensitive to penicillin, and they 

L-forms bacteria don't have cell walls

Cell walls are one of the most important antibiotic attack sites because they're made of 
unique components found nowhere else in nature, they're important for the survival of 
bacteria, and they're part of what actually hurts us during an infection. Gram negative 
bacteria have a thin peptidoglycan layer and an outer membrane of LPS. Gram positive 
bacteria hav a thick peptidoglycan layer. Gram positive have more P.

In gram negative bacteria there's a little periplasmic space between the thin 
peptidoglycan layer and the outer membrane of LPS. They've got proteases in this 
space that help kill antibiotics.

The peptidoglycans are mostly NAG and NAM in alternating chains. N-acetyl-
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glucosamine and N-acetyl-muramic acid. Just NAG can make teichoic acids which are 
polymers of glycerol phosphate and sorbitol phosphate. But NAG-NAM-NAG-NAM is te 
way the chains work for the wall. The binds between NAM and NAG are called 1,4 
glycosidic bonds and this is what our lysozymes in our tears and mucosa try to break 
down. Also attached to the NAM you've got four amino acids, usually LDLA—L-alanine, 
D-isoglutamic acid-L-lysine, and D-alanine. They all attach to the neighboring string of 
peptides using peptide bonds. So you've got a net connected vertially by sugar bonds, 
and horizontally between NAMs by peptidebonds. The peptide bond isn't ON the NAM, 
it's just that the peptides are attached to the NAMs. The peptidebonds are the penicillin 
target. It prevents their formation. This is maybe a thick layer of a hundred layers in 
gram positive. In gram negative it's a lot thinner.

NAG-NAM may be part of the pro-inflammatory pahway because their GP/TA when they
lyze binds to some of our proteins which binds to receptors on macrophages near TLR-
2 and they start releasing all kinds od cytokines.

Gram positive cell walls also have C-polysaccharides like in strep that we use to 
differentiate strep from others 
Mycobacteria have waxes so they don't hold gram stain 
Protein A and M protein are also markers. M protein is of Group A of strep.
The loss of the cell wall leads to cell lysis in hypotonic media or protoplasts in hypotonic 
media 

Teichoic acid is like 50 percent of the cell wall all through the mesh.

LPS in gram negative is endotoxin. Makes fever (pyrogenic) and activates complement 
system and induces B-cell proliferation and cascade of coagulation and so on. It's made
up of three important areas. The o-antigen is a repeat of four units of mannose, 
galactose, and other sugars. Then there's a core polysaccharide, below that a 
disaccharide diphosphate, and fatty acids. The disaccharide and fatty acid are part of 
the lipid A. 

Also have lipoproteins and porin proteins. The outer membrane creates the periplasm 
and has active transport mechanisms. The gram negative bacteria also have the 
advantage of various pores and porins and stuff, while gram positive bacteria just have 
to rely on passive diffusion through that thick peptidoglycan layer. To deal with the lack 
of food availability this causes, they have to be able to adjust their metabolism to eat 
just whatever's available.

Porins and what they suck up

Receptor for bacteriophage lambda
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TonB receptors are very specific, are energy dpendent, are used for the bacteria to take 
in scare large molecules like vitamin B12 and lactoferrin. 

The glycocalyx is a thick transpartent layer of polysaccharides and polypeptides athat 
are antigenic and make smooth, mucous-like colonies. These are capsules. They 
interefere with phagocytosis and make a bacteria way more virulent, even though 
they're not required for life of the bacteria. India ink you can use to see it.

Flagella have all these parts and there are many different kinds of them that we need to 
know 

When there's a chemotactic agent it helps them move towards it which can be either 
food or a trick 

A chemorepellent triggers their MCP receptor which triggers CHeW which 
phosphroylates CheA which pohsphrylates CheY which turns on switch proteins on the 
flagellum which force it to move in one way. Clockwise rotation is tumbling. 

An attractant phosphorylates CheZ instead, dephosphorylates CheY, and changes the 
siwthc protein and the bacteria flagellats in counter-clockwise rotation and swims.

So the bacteria is literally forced to move based on what's around it.

Pili are little protein hairs not used in motility that are encoded by plasmid genes and 
almost exclusive of gram negative.

There are two kinds: the common pili which are adhesions and have a role in 
colonization and cirulence factors 

And the other sex pilus which helps gram negative bacteria sometimes exchange 
genetic material. One bacteria can stick a pilus into another bacteria to allow for genetic 
variability.

They don't have a nucleus but they might have a nucleoid, which is a single 
chormosome of like 4000 genes and 5 million double stranded base pairs. The genome 
is haploid, supercoiled, circular, and there are no histones. (biochem pg. FIXAL)

They also have endospores which only bcillus and clostridium bacteria have. These are 
a big survival mechanism. Bacterial spores are not reproductive. Endospores is what a 
seriously injured bacteria might turn into. It resists heat, radiation, pressure, desiccation,
and chemicals, and you can get some bcteria to turn into them by autoclavin. These 
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aren't repdocutive like in plants like ferns which use spores to reproduce. The 
endospores have calcium dipicolinate, peptidoglycans, and keratin that are unique to 
them. They're made up of a cortex, a protoplast membrane, an outer cortex layer, and 
spore coat. This is al lcontrolled by a gene that's all coordiated by time for a change in 
sigma chains of the RNA polymerase . Rna polymerase has a sigma chain that 
recognizes promoters and the bacteria sigma chains change to regulate this. You need 
two pores to make an endospore. The mother cell and the prespore. The mother cell will
engulf the prespore and become the cortex and the outer coats and things. The 
prespore has to turn off its metabolism...The mother is basically taking precautions to 
protect its baby (which it becomes—it half-divides right before, so the mother makes a 
baby and then wraps herself around it to protect it from everything). 

Bacterial genetics

DNA fragments collected by bacteria, either from other bacteria or from the outside, can 
either be degraded, stabilized by circularization, or integrated into the bacteria's DNA. 
When bacteria degrade unprotected DNA it's called restriction; when they methylate it, 
or bind and cut it, it's called modification. Modification can either keep the DNA from 
being used, mark it as something that needs to be digested, or clip it for incorporation. If
the new DNA survives restriction, and there's a homology that indicates it might be 
similar enough to the bacteria's normal DNA to be useful, it can get recombined. RecA 
and RecB enzymes help bacteria recombine foreign or exogenous DNA into their 
normal DNA, producing genetic diversity. It's like taking a new recipe to make similar 
cookies to a kind you already like. Bacteria may also recombine non-homologous DNA, 
without RecA, and put it into their DNA based on its size and sites they have. They 
might have att sites that are good for transposase and excisase and integrases to work 
on the new DNA and incorporate it at those sites. This is like throwing a whole new 
recipe into your book, for something totally different, like monkey brains. It only happens
with transposons and special bacteriophages.

Bacteria can collect new DNA for recombination via transformation, transduction, or 
conjugation. 

Transformation is when a bacterial cell dies and liberates DNA fragments. The other 
bacteria eat up its DNA, and then inside the cell decide whether to use it or not. The 
bacterial cell that's eating the new DNA is only considered transformed when the new 
DNA is integrated into the its DNA. Gram positive streptococci and bacilli do this by:

• First making a competence factor that induces synthesis of new proteins, 
one of which is autolysin.

• Autolysin exposes a cell membrane DNA binding protein. 
• DNA binding protein will bind any DNA that's outside the cell ever. 
• Endonuclease cleaves that new DNA into 6-8 kb fragments. 
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• And a DNAse degrades one DNA strand, leaving a strand it can 
incorporate if it's homologous, degrade if it's not. 

Gram negative bacteria are more highly selective—they don't have competence factors 
and just grab any DNA. They aren't so promiscuous. They look first for a species-
specific 11 bp sequence and only take in double-stranded, homologous DNA that they 
know they can use.

In transformation, a lot of times you don't incorporate the foreign DNA all the way into 
the bacteria chromosome, but you do put it into little circular DNA plasmids. 
Endonucleases help glue double-stranded foreign DNA into these circular plasmids.

Transduction happens during viral infection. Bacteriophages can either infect and 
cause lysis, or they can cause lysogeny, which happens when a bacterial cell holds on 
to the latent, integrated viral DNA as a prophage. In lysogeny, the viral DNA would 
undergo non-homologous recombination, at att sites, and sit in the bacterial DNA for a 
while. Some viruses can only cause lysis, while other viruses can choose between lysis 
and lysogeny. A virus that only causes lysis wouldn't really bother to get its DNA 
incorporated into the bacterial DNA: it just goes ahead and gets its proteins produced 
from free cytoplasmic DNA and then hops on out of there! The Cro and Cl coding 
regions FIXAL

This sounds like it's only a bad thing for bacteria, but sometimes, accidentally, when the 
virus is packaging itself to leave the bacteria, a bacterial gene might get incorporated. 
So the nucleocapsid is infected with bacterial DNA! It's no longer really a virus, but a 
pseudovirus, not carrying virus DNA, but carrying bacterial DNA. This pseudovirus can't 
replicate because it's missing some of its genes, and when it infects another bacteria all 
it's going to do is insert bacterial DNA into the other bacteria. In this process any kind of 
bacterial DNA has equal chance of getting into the virus.

There's also specialized transduction where an imprecise excision causes genes 
adjacent to the att sites, where the bacteriophage's DNA inserts into a bacteria's DNA 
but misses a little piece. Or, while the virus is leaving and taking its DNA back and 
packaging it into new little viruses, it accidentally takes a little piece of bacterial DNA 
with it. In this case only pieces of bacterial DNA near the att site, either on the 5' or 3' 
end, have a chance to get integrated into the virus.

Conjugation is when one bacterium loves another bacterium very much...
So yeah, this is bacteria sex. One bacterium sticks a pilus into another bacteria, and 
shares its DNA through the new connection. We call the one with the F or fertility factor 
the male bacteria, because F factor determines whether or not it'll grow a pilus. The 
donating, male bacteria makes sure to replicate and make a copy of its donating DNA 
and F factor before it gives it away. That happens during the sigma mode, which is 
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actually during the penetration; both cells share the DNA roll for a second through the 
pilus while it's being simultaneously copied and transferred in a sigma shape. When the 
male donates DNA, it donates the F factor, too, so the new bacterium is also male or 
F+. If the donating plasmid is too big, the whole plasmid won't be copied, just a piece of 
it, and the female cell will receive new DNA information but won't become F+.

We can also call this sexduction. That's when a high-frequency recombination (HFR) 
cell will integrate its F plasma into its chromosome, and then it can either turn into an F 
plasma, or a hybrid F' plasmid, which is a little bigger because imprecise bacteria 
means it brought with it a piece of bacterial chromosome when it was cut out of the 
chromosome. An HFR cell is the cell with the F plasma still integrated into its 
chromosome 
Usually when an HFR cell puts a pilus into an F- cell is when the plasmid is too big, and 
the whole plasmid isn't copied, and the female cell receives new DNA but doesn't 
become F+.

Gram positive cells do conjugation without a pilus. (double-check this part with the ppt)

These bacterial DNA changes can help a bacteria become resistant to antibiotics. They 
could resist antibiotics through endogenous resistance, which is when they use their 
internal gene mutations, or the enzymes in their periplasmic space, but they can also 
resist through exogenous resistance, which is when they take in new plasmids or DNA
from each other to help each other survive. We call a resistant plasmid an R-plasmid. It 
usually has two parts: an r determinat that helps it replicate, and an r-factor that 
...RTF...FIXAL

We can use plasmids to track bacterial spread during epidemics by looking for certain r 
factors or specific gene plasmids. This helps us figure out where the epidemic started, 
and where the first infection came from.

Transposable elements also help bacteria get resistance. Remember from biochemistry 
pg. FIXAL that thse are your mobile genetic elements, your jumping genes that hop via 
non-homologous recombination into just about any spot in the DNA. These are double-
stranded linear DNA fragments that can get really huge, up to 40,000 bp, and they've 
got some palindromes at their ends. That means they can hop into site either forward or
backwards and it's pretty much the same at the ends. They usually have R determinants
which are little cassettes of information that carry antibiotic resistance. They encode 
their own recombination enzyme, transposase. Composite transposons are Tn 
elements and they have two inverted sequences They make two sticky ends which are 
single-stranded and then get their ends filled in. The palindromes come from this sticky-
end insertion—you cut at the top ATCGA starnd, and the bottom TACGT strand, and 
now they are on either side of the trnaspoon, but when you fill in the spot you'll put a 
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TACGT under the ATCGA and an ATCGA over the TACGT and now you have a double-
spot. That can cause mutations and stuff. An example of an invertible element is genes 
of flagellae. 
Barbara McClintock in 1983 got the Nobel prize for discovering transposition and used it
to show genes turn physical characteristics on and off. She stopped publishing her data 
in 1953 because no one believed her.

Antibiotic defense mechanisms

We've got all kinds of good targets for antibiotics. And bacteria have all kinds of good 
ways to fight back.

Bacteria can inactivate or modify our antibiotics.
Bacteria can just overproduce the target (so make a ton of folate if we block folate, so 
the ycan get around our block with sheer brute force of numbers)
Bacteria can decrease scuumulation intercellarly of the antibiotic by blocking their own 
uptake or increasing their waste production.

Bacteria can degrade the drug.
Bactera can use an efflux pump to pump the drug back out.
Bacteria can alter the antibiotic through enzymes. 
Bacteria can mutate their DNA gyrases so they can't be bound by natibiotics.

You keep bacteria from growing by preventing peptidoglycan formation in the cell walls. 
That's how penicillin works. Bacteria have transpeptidases that do that last step of cell 
wall formation. Penicillin and other beta lactam antibiotics binds them. If you're a gram 
negative bacteria, you might fight this by making beta lactams have lower affinity, and 
don't bind penicillin. Or you can use beta lactamases which degrade penicillin in the 
periplasmic space. Gram negative bacteria also have a whole 'nuther outer envelope 
that blocks antibiotics even from getting to the wall, and bottlenecking antibiotic 
molecules through small little channels.

Some antibiotics disorganize the cytosplasmic membrane so that their permeability is 
different and the cations leak out and the cell dies. The bacteria fight this by 

GAH YOU ARE TOO FAST WOMAN

Some antibiotics inhibit nucleotide syntehsis or prevent DNA from acting as a template 
by acting as nucleotide analogs and blocking the polymerases. You can also straight up 
inhibit polymerases and DNA gyrases. The bacteria resist this by mutating their DNA 
gyrase subunits A or B, or altering one amino acid in the DNA-directed RNA 
polymerase, so the antibiotic can't bind to the DNA polymerase anymore. 
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Some antibiotics inhibit ribosome function. They might bind to it and make it misread the
genetic code. Or they might block tRNA from getting into the A site with amino acids on 
it. Or hey might stop the peptidyltransferase from passing the protein chain to the next 
tRNA. A bacteria might change by methylating two adenine nucleotides in the 23 S 
compared to its 50 S unit so the antibiotic can't bind its ribosomes anymore. FIXAL 
double check this slide 

Some antibiotics inhibit other biochemical targets by blocking folate metabolism by 
blocking tetrahydroflate making. That's an important growth factor that helps bacteria 
make DNA, RNA, and bacterial cell wall proteins. Bacteria MUST make folate from 
PABA—they ca'nt take it in. So if you block that they can die.

How do we fight back from the fighting back? 
Don't overuse antibiotics
Make sure you KILL the bacteria completely in your pateint by making them take the 
whole course (otherwise you're just leaving some bacteria alive, and it's like a trianing 
ground for super-bacteria!)
Improve hospital hygiene
Develop inhibitors of inhibiting enzymes and make new antibiotics and modify existing 
ones. Problem is it can take 12-24 years while a drug's in development before it's done
—and resistance can develop so fast, throwing all that work away.

Diagnosing bacteria

Start with clinical presentations and organ symptoms 
Then a muestra of the bacteria you suspect—take the sample carefully and culture it—
this can be a problem because the bacteria might grow really slowly or be picky about 
where it wants to grow
If there isn't a lot of time, choose an antibiotic based on gram negative or positive using 
microscopy and gram stain 
It can take days to culture the bacteria and give a specific antibiotic that speaks to that 
bacteria's particular weaknesses 
You can use ELISA, Western blot, immunoflourescence, etc to find specific antigens 

Those are all phenotyped based tests.

Genotype based tests you look for the DNA or RNA fingerprint of the bacteria using 
DNA microarrays, PCR, DNA sequencing (specifically for 16S ribosomal RNA genes), 
southern or northern blots, ribotyping, and so on and so forth. Bacteria have almost all 
been sequenced, so it's not as hard to double-check a genome like this as you might 
think. You can also use genotype-based tests to look for resistance plasmids, different 
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strains, and check outbreaks—where do certain strains of bacteria tend to live? So 
where did this one come from?

Chart put in here—which ones grow slow? Which ones are fast killers? Why should we 
use DNA tests?
Clostridium takes al ong time to isolate so it's good to use DNA test 
Neisseria meningitidis takes forever to grow, and its rapid diagnosis is important 

To do a genotype based test you have to break the cell first using detergents like SDS 
or Tween-20, or high pH, or bad temperature, or even sound. 
Then you digest the proteins with proteinase K.
Then you use phenol to extract proteins, lipids, CHO.
Then you precipitate the nucleic acids with ethanol plus salt. The salt helps to eliminate 
the charge and pull nucleic acid out of solution.
Then you can use spectrophotometry at 260-280 to estimate how much DNA you have. 
Then you can cut the DNA into pieces using restriction enzymes—you're trying to cut 
the DNA at known-ish sites.
Then you can run gel electrophoresis on this DNA to separate it out by molecular 
weight. You can use polyacrymalide or agarose gel to sort the DNA plasmids. You use 
pulse-field electrophoresis for big chromosomal DNA, which you'd cut with 
endonucleases. Besides your unknown DNA you run marker DNA that you already 
know how big they are, and you can compare the unknown DNA to your known DNA. 
YOu just look at them and see which samples look like each other, or what samples 
have a size distribution similar to a DNA of a microbe you know about. You stain the 
DNA with ethydium bromide so you can see it easily, and so it can flouresce under 
ultraviolet light.
Then you can also test that DNA with your southern blot for a specific probe. This is 
helpful for big chromosomal DNA plots where you are looking for a specific sequence 
instead of the weights of a bunch of plasmids. There are commercial kits that will do all 
these steps easily for you with directions. 

What if you need to do electrophoresis for SO MANY samples? There's software that 
will compare many electrophoreses to each other so you're not looking at each of them 
manually ('cuz you know it might be hard to put them all next to each other!) so you can 
try to track where an infection came from. 

This is DNA fingerprinting. 

We don't use southern blot as much any more because the kits are faster for other stuff.

But there's something called a dot blot which is like a modified southern blot. Used to 
check for HPV and evaluate cancer risk. You isolate DNA from a swab or biopsy and 
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then you put the DNA in a little drop on a membrane like you'd use for Western or 
Northern blot. It makes a little dot. You then use a probe looking for the specific strain 
you're looking for, like maybe HPV type 11 low risk, and if the patient's dot shows up 
looking like your control dot, like the dot you KNOW has HPV type 11, you can tell her 
what she's got. 

FISH or flourescence in situ hybridization look it up

Ribotyping is faster and more specific, too. It is helpful to tell how related organisms are,
and you don't have to work to amplify the DNA because it's always amplified and 
needed. It's very species-specific. You cut the ribosome DNA and run the DNA on the 
gel and then do a probe membrane which is looking specifically for ribosome DNA so it's
easy to check the pattern of the DNA for which bacteria it is. It's like a Southern Blot, but
just for ribosome DNA, and very very specific.

There's automated ribotyping now to check this stuff faster.

Riboprints comes from DuPont to automate the process by lysing the cells with 
restriction enzyme and the machine has a library of patterns in its memory already so 
then it comapres your smaple to its database and it can try to find the bacteria.

Riboprints have gotten outdated too though!

It's so cheap to do Dna sequence technology for bacteria now that you just go ahead 
and sequence the 16S rRNA gene and compare it with a library of specific sequences 
for other bacteria. This is the gold standard for bacterial identification now. You could 
use the machine MicroSeq 500. 

A fluchip is an exmaple of a DNA microarray where you can check the gene activity in 
flu...

Also detect multiple human hepes viruses at a time with DNA microarray technology 
Basically you are looking for mulitple DNA 

PCR kits already exist for bacteria identification like BioChain, which are also symptom 
based to help make it easy for you to find the right PCR for your patient. They also use 
this to diagnose HIV and heptatitis with viral load tests. Western blotting for HIV can 
give lots of false positives and can also not tell you how much virus they have (their viral
load). So RT-PCR is helpful (pg. FIXAL biochem) so you can see if a sample has a LOT 
of HIV or not based on PCR time. You wash and add an indicator that shines light and 
the more light means the more virus. Also for Hep C and others. RT-PCR is great 
because it looks at how far along the virus is already. 
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SYBR green assay and ethidium bromide. SYBR green dye binds to double-stranded 
DNA and can tell you about the prcr time. The faster the RNA is converted into DNA and
amplified, the more SYBR green you will see. So the earlier curve of light. THe faster 
the curve shows up, the more DNA there is. 

You can use this to find E. Coli in urine too.

These tend to be expensive right now, and they're so specific and sensitive that if you 
dirty a sample there's going to be a false positive. These also require lots of laboratory 
personnel training and lots of extra rooms and lots of clean rooms and sophisticated 
equipment. This is tough and expensive to set up.

Normal Flora and Body Host Defense Mechanisms

Microorganisms make up 60 percent of the biomass on this planet, and that's okay! We 
get along with most of them.

Normal flora are called commensals; bad flora are called parasites; and microorganisms
that hep us out are called symbiots. Carriers are organisms that could become 
pathogens, but for now just live on you waiting for their chance. They could get 
transmitted to someone else, colonize, and cause sickness there. A colonization 
happens when a normal bacteria on your body over time develops a resistance to your 
normal defenses and becomes dangerous. A nosocomial infection is one you got from 
the hospital or elsewhere within the health system.

A bacteria is only clinically significant if 
If you isolate an organism and cultivate it, and it keeps growing again and again, just the
one organism, that's causing disease (instead of it fyou get different kinds or just a little 
in the isolate)
If you get bacteria in a place that should be sterile, like CSF or blood, that's an issue.

S. Salivaris lives in your tongue surface because of tropism—receptors on the host cell 
that make it nice to live there. In our intestinal epithelium we've got receptors for E. coli. 
You may also have specific ligands present like lipoteichoic acid for S. salivaris and type
1 fimbriae for uropathogenic E. coli.

Vitamin B12 and Vitamin K get helped to be produced by microorganisms
Normal flora takes up space and food that invaders need to use, they make bacteriocins
that kill invaders, and they make antibodies that may kill invaders, too.

The greatest population of colonies of bacteria is in your large intestine, with your mouth
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second. You have less in the urogenital tract actually.
Sterile body sites include blood, CSF, synovial fluid, and deep tissues like your heart 
and lungs. 

In your skin, diphteroids like propionibacterium acnes like to live. Around your orifices 
like your nostrils and anus you should find Staphylococcus aureus and S. epidermidis. 
Sometimes if you're taking a blood sample for a bacteria, you'll find S. epidermidis in 
your sample not because of infection, but because it's easy to contaminate your sample 
when you're taking it past skin.

Axillary candida can cause athlete's foot and chronic skin problems. Diphteroids can 
cause acne. 

Think of the conjunctiva as skin: it's got S. epidermidis, S. aureus, propoinibacterium 
acnes, and some streptococci. 

The nose, again, is like skin. S. aureus, S. epidermidis, and diphteroids. But in your 
nasopharyns you get non-hemolytic and alpha-hemolytic streptococci, Neisserias, 
Streptococcus pneumoniae, Streptococcus pyogenes, Haemophilus influenzae, 
Neisseria meningitidis, and Moraxella catarrhalis. The most common pneumonia (not 
nosocomial) is the strep. One, just because this tends to live there in your body, so you 
treat that first if a patient comes in with pneumonia.

In the external ear you can get gram negative rods like pseudomonas spp sometimes, 
but usually skin flora. Also some corynebacterium and coagulase-negative staphylocci. 
Rarely you'll see bacillus...

Respiratory tract: the lower tract do not have normal flora. There shouldn't be bacteria in
there because of the alveolar macrophages, the mucous made by the ciliated cells, and 
the lysozymes in your nasal mucous.

In the mouth you've got SO MUCH bacteria. Gram positive and gram negative and 
anaerobes. Streptococcus, neiserria, actinomyces, veillonella and yeast fungus. 
Anaerobes include porphyromonoas, prevotella, and fusobacterium. These are different 
from the intestinal ones. Not usually bacterioids, those live in the large intestine. 

Pulmonia caused by alcohol blackout because you can't sneeze or vomit your normal 
stuff and it gets into your lungs, or your mouth bacteria gets into your lungs 

Also in the mouth is S. parasanguis and S. mutans S. mutans might cuase your cavities.
S. salivaris also lives there.
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In the stomach the pH is so low, so there shouldn't be any bacteria. The microbactor 
pyloris can live there because it makes its own acidic protection anyway. The duodenum
doesn't have a lot of stuff either. But the jejunum can have candida, enterococcus 
faecalis, lactobacillis, diphteroids. The ilium can have 

The colon has non-sporing gram positives, gram-negatives, anaerobes, spore-forming 
and non-spore-forming rods. Most of these are anaerobes: 200:1. E. coli is only like 0.1 
percent of the population down there. You've got some protozoans. Trichomoas 
hominis...

gonna have to go over these slides again 

Different food can mean different bacteria. Breast-fed infants tend to have more 
bifidobacterium genus. Formula-fed infants will get more lactobacillus spp. Solid-food 
adults get more gram negatives and anaerobes. 

Also large intestine is ruminococcus, clostridia, lactobacilli, peptococcus, 
peptostretpococcus, eubacterium, bifidobacterium, bacterioids 

Kidneys, ureters, urinary bladder are usually free of organisms, but distal genitourinary 
tract and stuff near skin can have S. epidermidis, enterococcus faecalis, 
corynebacterium. Female genitallia will have lactobacillus, and will change during 
menstruation.

You control these bacterial populations by blinking and washing with tears in your eyes; 
by peeing and having acidic urine and lysozymes and vaginal lactic acid down below; by
flushing out your digestive tract, having enzymes and bacterocins in your digestive tract;
by having sweat and sebum and natimicrobial secretions and lactic acid and low pH in 
your skin; by phagocytosiss and antibodies and ciliated epithelium and mucous in your 
respiratory tract. The low pH of lactobacilli also protect the vagina. Continually shedding
your skin also dislodges a lot of bacteria. Keeping low moisture on your skin also helps.
Our mucous also makes igA in both gastrointestinal system and in your respiratory tract.

5.6 is your pee pH.

Gram-negative Bacilli Bacteria—specifically in the respiratory tract

Bordetella pertussis

This is well-known for the persistent, harsh, loud cough it causes in patients—whooping 
cough. These bacteria are oxidase positive, which means they turn purple when you're 
testing for oxidase with stains, and very aerobic. They make white colonies in Bordet-
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Gengou agar, and they're picky, and it takes them about four days to grow. This means 
you have to tell the lab tech to let these guys grow a few days before they throw them 
out, because otherwise you'll never get to see the culture. These guys can't move. 
They're small rods.

Species include: parapertussis, pertussis, bronchiseptica, and avium. The number of 
species keeps growing and growing, partly because of evolutionary speciation, but 
mostly because as molecular biology improves we differentiate between species with 
much greater accuracy. Not all species of bordatella attack people. Parapertussis 
makes a severe bronchitis, but not as bad as the pertussis kind.

These guys have a capsule that protects them from phagocytosis by hiding them and 
being too slippery for macrophages to stick to them. They've also got exotoxins that kill 
our cells, along with filamentous hemagglutinin (FHA) which is a protein that helps the 
bacteria stick to the cells it wants to attack. We use FHA and the exotoxins to make 
vaccines against this bacteria.

Bordatella pertusis uses FHA to stick to ciliated respiratory epithelial cells, multiply, get 
into respiratory epithelium, and live there. It uses pertactin to stick to stuff, too. It can 
also live within macrophages.

Exotonxins include pertussis toxin (ptx), invasive adenylate cyclase, lethal demonecrotic
toxin, and tracheal cytotoxin. Ther Ptx is the worst, and only present in the pertussis 
brand. It's made up of six similar subunits, S1-S5, with two identical S4 subunits. The 
Ptx increases adenylate cyclase and cAMP in our cells. That activates pancreatic islet 
cells and causes hypoglycemia. The pertusis toxin is a pretty big molecule. It keeps 
GDP and Pi from un-binding from the inhibitory subunit of G proteins, so G protein can't 
inhibit adenylate cyclase. So you just keep using up your phosphates up at cyclic AMP, 
and just keep activating things all the time. 

The filamentous hemagglutinin is like it's legs that it uses to stick to the cilia of the 
epithelial cells. It glues your cilia together and then they can't push bacteria and things 
out. 

The adenylate cyclase toxin can either be an exotoxin, or a membrane protein of the 
bacteria. It slows down phagocytic activity and also chemotaxis (so phagocytotic cells 
can't move!). It's dependent on calmodulin and a lot like anthrax in causing local edema.
It's also a hemolysin. 

The demonecrotic toxin causes necrosis.

The tracheal cytotoxin kills ciliated cells and makes you release IL-1 pyrogens.
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Fimbriae are like FHA. They help bacteria attach to host cells. 

Clinically, whooping cough goes through a catarrhal stage, a parosxymal stage, and a 
convalescent stage. YOu start with paroxysmal cough, an inspiratory whoop sound, and
a lot of mucous. This can last between a week to a month. It's hard to diagnose this 
condition because the catarrhal phase has a very normal cough and typical cold 
symptoms, and unfortunately it's super contagious at this time, and easier to diagnose 
with bacterial isolation swabs. When you get into the convulsive phase, it's a lot harder 
to isolate the bacteria (although there are more antibodies now so maybe you oculd 
identify using those), because it's already left the respiratory tract and gone down into 
the cells, or into the lungs. You have to get a nasopharynx specimen from very deep, 
and it takes like four or five days to grow the culture, so all in all this is a tough one to 
diagnose. On top of this, not all labs have the Bordet Gengou Blood Agar you need. So 
the best identification is the direct flourescent antibody test. It would be lovely to do a 
nucleic acid detection, but not all labs have that. 

This bacteria only travels from person to person. It only likes to live in people. It's really 
contagious, with maybe an 80 percent attack rate, and it travels in respiratory droplets 
when we cough and so on. Vaccination has driven this rate down, but older folks, who 
tend to be immunocompromised are susceptible to being infected again.

Haemophilus influenzae

This is a rod, or pleomorphic coccobacilli. It's aerobic, but sometimes it can be 
anaerobic (unlike the bordatella which HAS to be aerobic). It's both oxidase and 
catalase positive.61 It likes to grow in chocolate blood agar, and to grow it has to have 
factors X and V, which are heme and NAD respectively. 

75 percent of healthy kids and adults have this as part of their normal flora. It's got both 
encapsulated and non-encapsulated types. Being a coccobacillus means you've got lots
of little coccos that get together to form a rod. It's got satellitism, which means it grows 
in presence of other organisms, because like straph and strep for example like to 
produce NAD, and so haemophilus will grow next to them to eat all that up. To verify 
hemophilus you can also put half your agar with factor X, and half with V, and what 
grows in the middle where there's both will be hemophilus.

Hemophilus doesn't have any exotoxins, but of course since it's gram negative it has 
LPS, an endotoxin. 

61Catalase also distinguishes between staph and strep. (pg. FIXAL)
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Clinically, the encapsulated strains are a lot worse. They cause septic arthritis, 
meningitis, septicemia, osteo myelitis, cellulitis, pericarditis, pneumonia, and epiglottitis. 
The non-encapsulated strains can cause batermei,a pneumonia, sinuisitis, 
conjunctivitis, and otitis media.

This only lives in people, and also travels through our respiratory droplets.

Klebsiella pneumoniae

This lives normally in your colon as large, long rods that get together to make big, slimy, 
mucoid white colonies on blood agar. It's less picky than the others we've talked about. 
It's got a large capsule and doesn't make exotoxins, although of course it has LPS.

It's lactose positive. Vogues proskauer positive (which means it makes acetonin). 
Simmon's citrate postivie. Urease positive. It ferments glucose, sucrose, and lactose. So
you've got lots of ways to identify it.

It makes Friedlander's pneumonia. That's really common in alcoholic patients who've 
vomited and not been able to clean up. Very common as a hospital-acquired 
pneumonia, or in folks with COPD. It causes bronchonpneumonia, lobar pneumonia, 
fever, and currant jelly sputum. The resistance is very high if it's hospital-acquired, so it 
tends to cause deadly hospital-based outbreaks. It can also case UTIs, wound 
infections, and abacteremia when it's gotten from a hospital.

Legionella pneumophila

This causes legionaire's disease. It was discovered in a philadelphia regimnet of 
soldiers within the last hundred years (late 1900s). It's a gram-negative rod. It's aerobic. 
It's intracellular, which is one of its mechanisms of defense to hide from our immune 
system. It takes about five days to grow on Buffered Charcoal Yeast Extract with cystein
and iron (BCYE) so it's also a picky organism. It needs cysteine. It's been known to 
attack immunocompromised people like HIV patients.

It's got a monotrichous flagella (which means it has just one) and no capsule. It does 
have exotosxins which cause neutrophils to lyse.

It can survive from 40-60 degrees Celcius—really hot temperatures—and it can live in 
the water. It multiplies usually between 20-43 degrees Celsius—so anyway temperature
wise it's pretty hardy. It also likes to survie and multiply by the protozoans in water. It 
likes to live near amoebas. 

You diagnose it because it's got brown pigment, it's catalase postiive, and you use a 
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direct flourescent antibody test. The urinary atigen is really specific for legionellas, and if
it's positive your patient definitely has it. Unfortunately that's so specific that it only picks
up one kind of legionella, the most common serovar 1, but there are other legionellas 
that cause disease. So if your patient comes back negative, but is still sick, they may 
still have a ligionella.

Legionair'es disease is a weird pneumonia that can come from either the hospital or the 
community. It causes a more gentle pontiac fever, too, which doesn't have as high 
mortality. YOu can get it from air conditioners, whirlpool baths, saunas, humidifiers, 
contaminated water supplies, and any other inhalation of aerosols or contaminated 
water in the air. This isn't really spread person to person.

Pseudomonas aeruginosa

These are gram-negative rods. They have to be aerobic. They live extracellularly, and 
make long, thin rods, growing on nutrient agar. They have a blue green color with a 
fruity odor. Your patient will often smell fruity, too.

They've got flagella, a glycocalyx, and they like to grow on Mac Conkey agar (like E. 
Coli). They don't ferment lactose and other stuff like that.

They've got piluses and that one flagellum. They make an alginate slime to protect them
—it's antiphagocytic because it's hard to penetrate. Their LPS endotoxin causes shock, 
and they make a whole bunch of exotoxins: toxin A, hemolysin, phoshpolipase C (which 
destroys tissue), pigments, proteases, exoenzyme S, and leukocidin. 

In the lab, they're both oxidase and catalse positive, also simmon's citrate positive. The 
aeruginosa strain is blue-green, while both flourescences and aeroginosa strains turn 
flourescent (that's cuz they make pyoverdin which glows). Pyocyanin is what makes 
them blue-green. They tend to smell grape-like because of 2-aminoacetonephenone. 
Grows in blood agar and Mac-Conkey.

They adapt to all the minimal nutrition requirements—they're not picky. They've got wide
metabolic diversity, and show up in a lot of different habitats. 

Exotoxin A inhibits protein synthesis, which causes necrosis.

Exotoxin S getsi n burn wounds and lung infection and acts like exotoxin A.

Hemolysins break membrane lipids.

Phospholipase C causes atelectasis.
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This can infect everywhere. Skin, musculoskeletal surgical or burn wounds, respiratory 
tract, bactermia, endocarditis, UTIs, CNS, localized infections...it's usually the most 
severe pneumonia that you get from a hospitla. It's everywhere, but most ommon in 
moist areas and hospital sinks. It likes raw veggies, human skin, mucosa, and wet 
respiratory equipment. It might live on your tomatoes.

You've also got gram-negative rods in your urinary tract.

E. Coli 

This can be motile or non-motile. It fermets lactose. It's methyl red positive. It's Voges-
Proskauer negative (doesn't make acetonin) and doesn't make H2S. It won't grow if 
you've got potassium cyanide near it.

It uses adhesins, CFA 1 and CFA II (colony factors, which are adhesins). It's got type 1 
fimbriae, P fimbraie, and S fimbraie. Also intimin. Fimbria is how it normally holds on to 
stuff but intimin lets it stick to things without those long fimbriae. It's got K antigen and a 
capsule.

It's the most common cause of UTIs, in 80 to 95 percent of all cases. It can be 
community acquired. It might cause cystitis, and it prefers short urinary tracts (so 
women).

Proteus spp virulence factors 
It's got a toxin called urease. It splits urea into CO2 and ammonia, which increases our 
pH and gets us to make stones. It also is toxic to epithelial cells and its pili help 
phagocytosis happen.  It's another common UTI causer. It also forms pyelonephritis 
which is flank pain, fever, etc, and urolithiasis. 

Remember viruses:
ptfccr--positive rna viruses ftpccr

farbop--negative and helical and enveloped

poprr caraf—all the viruses that are RNA 
hhapppy virus—DNA virus

flavivirus—flavorful viruses like tropical fevers and st. louis
arena virus rodents dig in the sand so lymphocytic choriomeningitis, lassa fever by 
eating pee from rodents
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filovirus—ebola, marburg—feeling...hemorrhagic fever...no filo for those monkeys

Bacterial genetics:

DNA gyrase is a therapeutic target
RNA polymerase, too; rifamycin hurrts beta subunit of RNA polymerase 
actinomycin blocks RNA polymerase attachment to DNA
TTGACA and TATAAT and ATG are promoter sequences, they go in that order
the sigma subunit of the RNA polymerase promotes binding and activating gene 
sequences
sigma finds promoter sequences and closes the polymerase to tighten stuff up
rna polymerase stops at GCGC inverted repeat and AAAAA
drug targets: ribosomal subunits, initiation factors, and elongation factors, in translation
bactoprenol

Clostiridum botulinum 
Associated with sausage
Spores resist water and and boiling
These are obligate anaerobes, which means they NEED to not have oxygen 
They look kind of like tiny sausages to me 
They create neurotoxin A, B, e, and F 
This is important for treatment because when you want to treat a patient one of the 
ways you use it is prevention and stuff is to use antitoxin
Mechanism of neurotoxins: strongest that's known for all bacteria; irreversible 
acetylcholine block in the neuromuscular junction 
Flaccid paralysis, bilateral, symmetric
Starts from above and goes below 
Notice that the eye muscles won't quite work 
This comes from food like home-canned veggies, fruits, and fish (these guys live in the 
soil)
We talk about outbreaks because people get together to share food
Mortality is high and usually people are already dead by the time you make the 
diagnosis
The first case that occurs almost always dies, and then the other cases you can keep 
alive 
Clinically your patient will have nausea, dry mouth, and diarrhea 
The toxin is pre-formed, in the food—you don't eat the bacteria and then it makes the 
toxin, usually you already eat it 
That's why the incubation period is shrot and you start seeing symptoms in 12-36 hours 
It's the toxin
You'll see problems with cranial nerves III, IV, and VI (eye movement) and that'll cause 
blurred vission 
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The lower cranial nerves that touch musccle will then be affected wit hdysphagia, 
dysarthria, and hypoglossal weakness 
Then there's extremities and trunk problems and as you go down you get respiratory, 
autnomic, etc function.
Because this hits the neuromuscular junction, the sensory system will be unaffected.
It's the respiratory muscle problems that kill yourself
You won't have fever
The autnomoic problems will include strange heartrate, strange sweat, etc etc
Other botulism is infant botulism where soil or honey gets eaten by children and the 
bacteria colonize the colon 
Don't give honey in the first year of life because the botulinum spores aren't good for 
them (we can kind of handle them )
So you'll see constipation, feeding problems, muscle problems like hypotonia and 
drooling and paralysis and eventually death (SIDS)
Sometimes they recover in 4 to 5 weeks
Wound botulism happens when spores enter the wound (so like through black tar 
heroin)
You can diagnose already with clinical stuff. That's faster, and you don't have to wait for 
the samples of blood, stool, and food before you treat clostridium. You confirm with 
those things: toxin assay like ELISA, culture for bacteria but that takes a while and is 
more for big epidemics, and you can test the serum on mice (bioassay, this is standard)
You have to know the difference between this and myasthenia gravis and guillain-barre
Myasthenia gravis is tougher because you also start from the eyes; difference would be 
tensilon test (usually you see clostridium cases super-late, so exercise test would be 
difficult because they can't exercise at all! So you look at history, too; folks with 
myasthenia gravis often have had the thing happen before, while clostridium is first-time
problem)
Treatment of botulism: antitoxins (horse serum against A, B, and E)
antibiotics 
surgical debridement of injury to get the stuff out 
respiratory support for that paralysis
We don't have a natural immunity to this, and we never build up an anatural immunity

Clostridium difficile 
In a lot of bacteria, it's a tag-team: Cytotoxin B helps enterotoxin A get in, but in this 
case cytotoxin B kills cells, enterotoxin A causes diarrhea and stuff, and they're both 
toxins 
These are normal flora, or they can colonize you, it depends 
You usually get this from the hospital 
Spores survive on fomites or surfaces (what's a fomite) bed/sheet, towel, curtain of 
hospital
These can move, and they form spores, and they kill from outside the cell
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Clinically you might see a serious diarrhea that stops and fixes right away when you 
stop giving antibiotics, and give them yogurt instead 
Pseudomembranous colitis can happen thought, where the megacolon has inflammed, 
and diarrhea is really bad and bloody and foul-smelling and everywhere and the colon is
really hurte and dark in X-ray and huge
this can be fatal
It can explode your intestine and cause peritonitis
Wow htat is the worst
So sometimes you'll do a colostomy to prevent the colon from explosing
Excretion transplant—try to give them bacteria from other patients in the rectum 
(EWWWWW OMG THIS IS THE WORST)
Do endoscopy with stoo lculture and toxin assays, you'll see yellow nasty overgrowh all 
over the colon 
ELISA tests for toxin A and toxin B but the presence of the bacteria isn't enough, you 
test for the toxin not the bacteira
Also you can use PCR
Start metronidazole or vancomycin (and pray it's not resistant)
Use elctorlytes and fluid replacement, and prevent with lots of bleach and stuff (hand 
sanitizer doesn't work) and by being careful with antibiotics

Clostridium perfringens 
Look like trains train cars all stacked one after the other 
Spores get either eaten or through injury 
They will cause a crepitant cellulitis, which means that it crackles like soda bubbles 
when you touch the skin, you'll see the problem about three days after the trauma 
Usually causes minimal systemic toxicity
Edema and discoloration and bad smell 
The leg will look big and red for example and it is nasty 
Most of the anaerobes make smell 
Putting dirt on your pigfood and when it gets cold you can get meat contamination by 
toxin A in papa new guinea normally gets children, also slef-limiting diarrhea this is food 
poisoning and gives you entritis necroticans where your belly is big like a pig pigbel 
and normally it's the jejunum that's necrosing because of beta toxin

clostridium tetani 
motile extracellular has to be anaerobic 
it resists alcohol and formalin, oh man, but you can kill it at hight pressure and 121 
degrees celsius
Tetanus sucks
Starts with lock-jaw, and then rigidity in the abdoment and in the whole body, and tonic 
seizures, respiratory fialure, autnomic instability 
Sometimes it looks like they're laughing and there's nothing they can do
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ALWAYS have abdominal rigidity
Can be cephalic 
They sya that when the umbilical stump gets infected in mothers who don't have good 
immunity for tetanus then the baby isn't protected form tetanus, and one half of all 
neonatal deaths in devleoping countries come from this 
They won't eat, they're irritable, they are rigid and spasm and the mortality is above 70 
perent 
You diangnose tetatnus with electromyography, 
check differential diagnosis of hipocalcemia or strychnine poisoning or encephalitis or 
some other acute abdomen issue
Treat with wound care, antitoxin, immunization
These are all gram positive rods

Gram Negative Bacteria

Tom Cruse is a huge ass(megacolon), who is pretty hard to swallow (megaesophagus), 
but he has a big heart (dilated cardiomyopathy) and he knows how to kiss red lips 
(transmitted by reduvid bug, aka kissing bug). Trypansoma Cruzi—Chagas disease 

Fungi

Dermatophyses

The representative disease for this family is Tinea. She's a ringworm, and she gets a 
different last name depending on where she infects you. Capitus for head, Tinea cruris 
for genitals, manuum for hands, pedis for feet, and then corporis for any other part of 
the body. 

She gets to you from people, dogs (microsporum canis), and cats, through direct 
contact.

Then she seeks out heat and humidity—moist skin, jock-itch kinda places—and infects 
your superficial keratinized areas like skin, hair, and nails. Tinea can then get a different 
name, if she wants—versicolor. That's when you get tan to pink spots on your skin. 
They'll look really faint on light-colored skin, and really flaky and ashy but dark on dark 
colored skin, and they patch and flake off. Versicolor—colorful, and versatile.
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How is versicolor versitile? Well, those patchy skin scrapings are useful for diagnosing 
Tinea! You put them on a glass slide under potassium hydroxide, and you'll see hyphae.
You could also shine UV light from a Wood's lamp on those lesions, and they'll light up.

You get rid of tinea and her dermatophyte family with local antifungal creams that have 
miconazole in them. Other azoles work, too.

Sporothrix schenckii

Sporo's a dimorphic fungus, which means he's got two shapes. He can be round, or he 
can be cigar-shaped. Schenckii sounds like someone who would totally shank you, and 
he's also a super-tough-guy who uses cigars, you see. He's so tough you'll know him 
when you see him, and that's how you diagnose him.

Despite his rough exterior, Sporo's got a gentle heart. He likes to grow in soil, so he's 
often seen causing Rose Gardener's Disease. Once you find him lookin' all girlish in the 
garden, he gets defensive. Then he gets into you through TRAUMA. The moment you 
get a little prick on your finger from a rose, BAM! He's gonna punish you for making him 
look lady-like. Sporothrix schenckii will then cause a local pustule. If he can, he'll get 
into your lymph nodules, and there'll be ulceration up your arm along the draining 
lymphatic system.

You can beat Sporothrix with Itraconazole. Itra sounds like a sexy Italian woman, and 
she's totally sporo's weakness.

Coccidioides immitis

Cocc is another dimorphic fungus. In tissue, he tends to be spherule, and he's from the 
southwest—like Arizona or California. You know how out west there are a lot of 
paleontologists and researchers and stuff? Cocc is classy like them, out there in the 
desert. He likes bugs.

He likes bugs so much that he makes his babies look like them. Arthrospores are 
spores that look kind of like spiders. You inhale his babies, and then they become 
spherules, like him. They spread through your bloodstream, and start building up in 
granulomatous lesions in your bones and meninges. If he's just in your lungs, there 
won't be symptoms—you'd have to check for antibodies and run a skin test to find him—
but some people develop erythema nodosum, where they get red, tendor nodules on 
places like their shins or other extensors. Erythema nodosum is often named for where 
Coccidioides lives, which is in the desert: valley fever or desert rheumatism.

Coming from the Southwest hasn't made Coccidioides any less racist. He's kind of like 
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an Old West cowboy, I guess. He likes to injure Filipinos and African Americans, but 
that's mostly because of where they live—in his frontier. He's also not nice to pregnant 
women in their third trimester.

When Cocc's in your body, you can catch him with a skin test, usually within two to four 
weeks of infection and usually mostly in people who've had the disease leave their 
lungs. You'll see his spherules. You can also just put coccidioidin or spherulin on the 
skin, and you'll see a 5mm induration 48 hours after the injection. That's your body 
being hypersensitive to cocc's cousins, and saying “yeah, yeah, I have that! I seen that 
guy!” If you decide to culture Cocc—by which I mean grow him in a plate, since he says 
he'll never adapt to your culture—you'll see hyphae with those buggy-looking 
arthrospores.

If he's not severe, you can fight him with azole drugs, but Cocc's a hardcore nasty 
cowboy guy sometimes, and if he's actually causing lesions in your lungs or 
nephrotoxicity, and making you lost magnesium and potassium—well, you need to use 
amphotericin B. Amphotericin sounds like amphi, like both, and Cocc hates people who 
are both of anything (like mixed race and stuff like that) so it beats him right out of you.

Histoplasma capsulatum

Histoplasma's another dimorphic fungus. In your macrophages, she'll be an oval, 
budding yeast. Histoplasma's got a big plasma TV, and she' a very material girl, and you
know how those girls can be really gaspy? Like “GASP OH MY GAWSH”--well, that's 
how you get her in you. You inhale her spores.

Her spores are microconidia. She's like, totally WAY into ice cream, and cones and stuff.
So little cones. Microconidia. Your macrophages get all up on that ice cream and ingest 
it, and then Histoplasma grows inside you, all safe and cuddly. She doesn't like to get 
her hands dirty outside of a big, strong, manly macrophage.

But Histoplasma's got an adventerous side, even though she's super-girly. She likes to 
grow chickens, and to explore bat-infested caves. If you hang out near those areas too 
long, you can get pneumonia from her. This will hurt your liver and spleen.

You find Histoplasma using a skin test for histoplasmin, which is an extract of the 
mycelia mold form, and you'll see 5 mm of induration within 2-3 weeks after infection 
and for a long, long time afterwards. She's sensitive to azole drugs.

Body heat changes shape: Blastomyces, histoplasma, coccicioides imidis, and 
sporothrix. 
Mold in the cold, yeast in the beast: All of these four grow at 37 as yeast, in your body, 
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and as molds in 25 or below.

Blastomyces

Blasto sounds tough. So she's a hardcore New Yorker who doesn't mind the word 
Broad. She's basically a tough gal from the 1950s or whatever. So she doesn't mind 
being called a broad. In fact, she's a single broad-based bud. She's got a wide shape 
and she's fine with that. 

You get her by inhaling airborne spores, and she infects you via the respiratory tract. 
She'll make babies by budding off of herself. You can fight her with azole drugs.

She's also dimorphic.

Paracoccidioides Brasiliesnses

Para's a world traveler. She's been to Brazil and Paris (hence the name). Since she's a 
traveler, she takes the shape of a traveler's favorite weapon, the pilot's wheel, like the 
turning thing on a ship. So she's arranged in multiple buds in a circle like that. 

You meet Para by gasping her in. That's because you're so overwhelmed by all her 
world-travelling stories. Lesions will start in your lungs, and you'll see her characteristic 
pilot's wheel shape in pus or microscopic tissues. 

Remember that sexy Italian lady who defeated Sporo? Well, Para's so internationally-
minded, Itra's her weakness, too. Itraconazole defeats Para.

Candida albicans

You probably know candida because she tends to cause vaginitis and yeast infections 
all down up in there. Normally, though, she's a harmless little oval yeast with just one 
bud. She's part of your normal skin, mucous membrane, and GI tract flora, but when 
you suppress your immune system or get antibiotics that suppress the other little critters
living there, she goes a little crazy. She freaks out because you killed all her neighbors
—she gets like a hydra, like a medusa, and grows psueohyphae all of a sudden. She 
might even make germ tubes if she gets into your blood. Basically the nice little oval 
yeast suddenly starts sprouting tentacles because you freaked her the frick out.

You can calm her back down by killing her with azole drugs.

Cryptococcus neoformans 
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Crypto's a creeper. He's not dimorphic, but he is an oval, budding yeast with a 
polysaccharide capsule—like he's got something to hide. Couldn't just be a normal 
budding yeast, has to run around with this all-out trench coat thing and a hood. (Not that
it's bad if you wear that, but he wears it because he's creepy) He's a weird creepy dude 
who likes to hide in the dirt and tend pigeons. Not that it's bad to tend pigeons, but 
Crypto's a sociopath who likes to hang around in their poop.

He's so creepy he'll pretend to be the flu, or pneumonia, when he's inhaled into your 
lungs. If he gets into your blood, he'll get into your brain (meninges). Like a true creeper,
he likes to mess with your brain.

If you take spinal fluid, and dump a little india ink into it, you'll see Crypto show up 
unstained. He doesn't stain with India Ink because he's white and pale. Not that being 
white is bad, but this creepy white guy is super-pale because he hates the sunlight 
because he thinks he's a vampire. So he won't stain with India Ink. He's super sickly, 
and allergic to latex, though, so the latex agglutination test will show him up, and it 
detects his polysaccaride capsule-trench-coat thing.

Remember amphotericin B, which got rid of our racist cowboy Coccidioides? Again, 
being both works really well on messed up white dudes (sorry, white people, nothing 
wrong with being white—these particular white dudes are bad). So remember 
amphotericin B for this creepy pigeon-dropping loving, polysaccharide trench-coat 
wearing, unstainable white dude, too. 

We use a different drug if he's flown up into your meninges. Since he likes birds, and 
birds fly, what would happen if his birds flew away? Well, if he flew up into your 
meninges, you can solve the problem with flucytosine.

Aspergillus fumigates

Asper's a cute little fungus ball. You'll recognize him like that in your lungs, and in 
allergic bronchopulmonary aspergillosis. He actually lives only as a mold, with septate 
hyphae that branch at a V-shaped, 45 degree angle, and that's why he looks like a 
fungus ball. You'll recognize him if you see him, and that's how you diagnose him. Like 
most fuzzy and furry lint-balls, he gets into your lungs via inhalation. You inhale his 
conidia form, which is a little asexual spore that's formed by his hyphae. You'll see little 
conidia radiating off him in chains when he's a mold.

You get rid of him with amphotericin B. Anything tha'ts both just confuses the cute little 
guy to death.

Mucor & Rhizopus
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This duo wants to be a super-villain tag-team. Mucor sounds super scary, while rhizopus
sounds like a dumb side-kick. They both form molds with nonseptate hyphae. What's it 
mean to be nonseptate? You know how hyphae are those lines that grow in a 
mushroom, and a fungus that grows in hyphae grows in these long lines instead of 
these round budding things? Well septae are the divisions in the hyphae, like the 
striations on a worm. These guys don't have septae in his hyphae—they're smooth 
criminals. Their hyphae are at straight right angles. None of that fuzzy silly-V stuff from 
aspergillus; these guys are tough right angle straight edge types.

You inhale their sporangiospores, which look like nicely-trimmed trees all closed at the 
top (it's called a conidiospore if the branches are all open and splayed out like it's fall). 
Like I've been emphasizing, mucor and rhizopus want you to think they're tough, but 
actually they're wimps who pick on people with ketoacidotic diabetes and leukemia. 
They get through the mucosa, get into their tissues and vessels, and cause necrosis 
and infarction. They'll even erode in the bones of the cranium, causing life threatening 
meningitis and/or encephalitis. The disease is called mucormycosis.

You have to surgically take out the necrotic tissue these jerks leave behind. 
Amphotericin B, our very fantastic “both” hero, will stop them both. These are dudes 
who think they're more than they really are, and that's pretty much amphotericin's 
specialty so far.

Pneumocystitis carinii or jirovecii

Carinii and Jirovecii are the names of two sweet little nurses who prefer to hang around 
immunosuppressed patients that they preys upon. They're very feminine sweethearts 
who like silver, and you can diagnose them via silver staining of the lung tissue. 

But as sweet as they seem, they're actually psychopaths. They'll set your chest on fire—
kind of like some lovers do—by causing inflammation in your lungs, in your interstitial 
space and in your alveoli. 

You stop them with TMP-SMX. That's because sulfur totally grosses them out.

End microbiology


