Cytoplasm: Murder in Rabbit Ridge
FRAMING ANALOGY
Rabbit Ridge is a small town with few notable events and even fewer people.
The sight of two police cars parked outside of a house on 187 Orchard Street, and
a pair of uniformed officers setting up crime scene tape, attracted a lot of attention from the locals. From the outside, the one-story ranch house looked like all
its neighbors in the noontime light. Detective Klump and Sgt. Stubb stood on the
stoop looking in.
“Something is definitely not right in there,” Sgt. Stubb said after staring into
the living room for a full minute. He shook his head slowly. “Nope, not right at all.”
A small crowd of curious people was beginning to gather. Ms. Johnson, who
lived at 183 Orchard Street, had called the police when she saw a puddle of blood
seeping out from under the front door. Now she seemed about to explode with
exasperation. “Not right?” she repeated. “There are human intestines all over the
danged carpet! There’s blood all over the furniture and a human heart on the table!
There is a pair of kidneys nailed to that wall! Is ‘not right’ maybe a little bit of an
understatement here?”
“Intestines,” Sgt. Stubb said, shading his eyes and pointing to the carpet.
“Those are the long ones, right?”
Ms. Johnson was jumping up and down with impatience. “Well?” she demanded. “Aren’t you going to call the forensics people? Like on CSI? I watch a lot
of television and I know how things are done!”
“They’re on their way, Ma’am,” Detective Klump told her. “Butit’s pretty obvious that someone got killed.”
Ms. Johnson stared. “You mean
you know who did it?”
Klump calmly replied, “No,
Ma’am, but we know somebody did
something and it’s a fair guess to say
that there has been a murder.”
Sgt. Stubb coughed near Detective Klump’s left shoulder. “But
there’s no body, Detective. How can
we be sure someone’s been killed?”
Klump turned toward his subordinate officer with a furious hiss.
“I can see there’s no body, Sergeant.
These … parts … aren’t supposed to
be out here, they’re supposed to be
inside somebody. My years in law enforcement have taught me that when
you see a person’s insides on the outside that’s never a good thing. I’m no
doctor, but I know that much.”
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“Maybe it would help if I told you whose house this was,” Ms. Johnson said
sarcastically. “You know, like if you investigated.”
“Whose house was it, Ma’am?”
“Bob Martin lived here.”
“Bob the mailman?” Stubb turned to Klump. “Hey, you know what? Good
news! I think I solved the mystery!”
“You mean you know who the killer is,” Ms. Johnson almost shrieked, “and
you’re still not going to do anything?”
“Oh, I have no idea who the killer is,” Sgt. Stubb assured her hastily, “but this
might explain why no one’s been getting any mail.”

Scientific Connection
Internal organs are called “internal” for a reason. If you see blood
and guts lying around, you can safely assume that whoever or whatever they came from is dead. The indirect evidence for violent death
is extremely strong even if you can’t see the body itself. This logic also
applies to cells and is used clinically to determine organ damage and
dysfunction. Organs are made of tissues and tissues are made of cells. If
a large number of cells in an organ get killed then it is safe to say that the
organ is not going to function as well as it used to, just as if you murder
the only mailman in town then letters won’t get delivered.
How do you know that an organ has been damaged without being able to see inside a person’s body? The answer lies in the indirect
evidence: the “blood” and “guts” of cells. When a cell dies, it lyses or
“pops”, sending its cytoplasm and proteins into the blood. If cytoplasmic proteins are present at high levels in the blood, you can assume that
the cells they came from have been killed or seriously damaged.
Different tissues are made of different cell types, each of which
has tissue-specific proteins in its cytoplasm. This means that sometimes
you can determine which organ has been damaged based on which
proteins you see in the blood. The following vignettes will explore the
tissue-specific intracellular proteins that indicate when an organ has
been damaged. By recognizing and identifying these clues, healthcare
workers take on the role of “detectives”, trying to make a diagnosis and
therefore determine the identity of the “murderer” causing the disease.

Take Home Message
Cytoplasm is packed with proteins. When intracellular proteins are present at high concentrations
in the blood it indicates cellular death and organ
damage.
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STORY 1: 75-YEAR-OLD WOMAN FOUND DOWN
The old woman lay at the foot of the stairs, her head bleeding. Shaking, her
grandson crept closer. “Grandma,” he whispered. She didn’t move. Terrence Barrow felt like crying, but he remembered what his parents told him: In an emergency, you use that phone we gave you to dial 911, and then you call one of us.
Several hours later, while Terrence clutched her hand, Sarah Barrow said
with exaggerated patience to the ER physician attending her, “I feel fine, young
lady, and you claim the scans don’t show any brain damage or concussion or whatever fool thing you can get from a bump on the head. You say I didn’t have a stroke
either. The last thing I remember is walking down the stairs. I must have just
tripped and fallen—I understand we old ladies do that sometimes—but now that
you’ve patched me up, Terrence and I have a movie to watch and some cookies to
eat, and we’d like to go home.”
The doctor shook her head firmly. “Not just yet, Mrs. Barrow. The tests show
that you had a heart attack. You need to stay with us a little longer so we can check
for complications and talk with you about preventing another attack.”
“But I didn’t have any chest pain or anything! How can you be so sure? What
tests?”
“The blood we took while you were unconscious showed high levels of cardiac
troponins—those are proteins found in the muscle cells of the heart, and they’re
supposed to stay inside of those cells and never be in the bloodstream.”
Sarah sighed. “All right, Terrence, you better call your daddy again and tell
him to bring over my things when he comes.”

Scientific Connection
The most dangerous injury is the one that you miss and fail to
treat. When someone is found unconscious, you cannot assume that
they just tripped and fell. Possible causes of syncope (the medical term
for fainting or passing out) have to be explored: it may be something
like dehydration, hypoglycemia (low blood sugar—very dangerous), a
seizure, stroke or heart attack. Not all heart attacks have the classic,
“movie” symptoms of chest pain and difficulty breathing; many people
have them and don’t even know it. Sarah’s head injury immediately
drew attention because it was visible, and she assumed it was the only
thing she had to worry about. If she had been released from the hospital without further exploration of her condition, she might never have
known about her heart attack and easily could have suffered fatal complications from it in the near future. Because the heart attack was quickly identified, she and her doctors can take preventative action to minimize the risk of complications, and she and Terrence will have more
afternoons together.
The standard series of tests to explore the possible causes of syncope are known as a “syncope work-up”. One test in the work-up is to
examine the blood level of cardiac troponins. These proteins are specific to the cytoplasm of cardiac myocytes, the cells that make up the
muscle tissue of the heart. When the blood vessels that supply the heart
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become clogged with cholesterol deposits, it prevents these cells from
getting enough blood (with its cargo of nutrients and oxygen). These
cells cannot make enough energy to survive and their deaths result in
the release of cytoplasm and cardiac troponins into the blood. A high
level of cardiac troponins in the blood means that a lot of heart muscle
cells have been killed—otherwise known as a myocardial infarction
(heart attack).

Take Home Message
Testing for levels of cardiac troponins in the blood
is one way to determine if the heart has been damaged.
STORY 2: EXTRA STRENGTH LIVER DAMAGE
Dante Correia is 27 and works as a corrections officer. As a result of stress
at work, he suffers from frequent headaches. Two days ago, Dante bought ExtraStrength Tylenol on his way to the prison because he’s heard it’s effective. His
headache was so bad that he couldn’t concentrate, couldn’t catch the little cues
that might mean trouble. He couldn’t go home—he needed the hours, and he didn’t
want to leave the other COs shorthanded. Dante read the bottle and scoffed at the
recommended dose. Two pills? Maybe for a regular guy but no way that would be
enough for him. He took 18.
Shortly after taking this massive amount of medication, he began to vomit
and they sent him home anyway. Now two days have passed. He’s become increasingly weak and confused and has terrible pain on the right side of his upper abdomen. The whites of his eyes have a yellow tone, as does his skin. He goes to the
hospital.
Dante’s blood tests show elevated levels of two proteins, AST and ALT. The
physician who sees him tells him that an overdose of acetaminophen damaged
his liver—maybe beyond repair. If Dante is lucky his liver will get better over the
next few days. If his liver continues to fail, and he doesn’t get—and survive—a liver
transplant, he will die.

Scientific Connection
In recommended doses, acetaminophen is a safe drug and an effective pain reliever. In excessive doses, it will destroy your liver. It is
important to remember that the dose makes the poison: anything can
be toxic in high enough quantities. Drug manufacturers make every effort to inform you (on the side of medication bottles) of the appropriate
amount of a drug to take. As Dante’s case shows, these recommendations should be taken seriously.
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Extra-Strength Tylenol pills each contain half a gram of acetaminophen. The therapeutic dose is 1 gram and each pill contains half a gram.
The recommended upper limit is 4 grams (8 pills) a day. 6-7 grams is
the estimated amount required to damage the liver. The 18 pills Dante
ingested contained 9 grams of acetaminophen—more than enough to
wreck his liver. The yellow tinge to his skin came from jaundice. Jaundice is the visible result of high levels of bilirubin in the blood. Bilirubin
is a small molecule that the body constantly produces as a waste product; it is detoxified and eliminated by the liver. Jaundice is often a sign
that the liver is heavily damaged and can’t do its job.
High doses of acetaminophen are toxic to hepatocytes, the cells
that make up liver tissue. When hepatocytes are destroyed they release
intracellular proteins like AST and ALT, which are considered markers of
liver damage. Blood levels of AST and ALT are used to track the progress
of the liver’s recovery. If the levels increase, more cells have died and
the damage is worsening; if they decrease, the liver might be getting
better.

Take Home Message
In sufficient doses acetaminophen is toxic to the
liver. When liver cells are destroyed they release
the proteins AST and ALT, which are used to detect
liver damage.
STORY 3: YOU CAN’T BELIEVE EVERYTHING YOU READ (ONLINE)
Philip Tavinoff slouched down the Rite-Aid aisle with a 300-mL bottle of Nyquil-D in hand. He had a cover story ready about his mom’s terrible cough, but the
clerk took his money and handed him his bag without even looking up. At home, he
switched on his laptop and looked at the page again: “Dextromethorphan is an opiate, like morphine.” The Wikipedia entry assured him that, like morphine, it would
get him high, although since it wasn’t as strong as morphine he would need to take
more. In the screen’s glow, he read the label on the box and saw dextromethorphan
on the list of active ingredients. No need to read any further: he opened the bottle
and swigged the contents, wincing at the taste. “Better safe than sorry,” he thought,
and chugged the rest.
48 hours later, Philip was definitely sorry and not particularly safe. His upper
right abdomen hurt horribly, even after throwing up several times, but it wasn’t
until his skin and eyes began to turn yellow that his mother took him to the emergency room, where blood tests revealed high levels of AST and ALT. As his condition worsened, the doctor told his mother that since he was a minor, they might be
able to move him up on the liver transplant list, but noted privately that this might
be natural selection in action.
14

Cellular Organelles | Cytoplasm: Murder in Rabbit Ridge

Scientific Connection
Philip did his homework but still got an “F” in amateur pharmacology. Nyquil is not pure dextromethorphan (which is given to stop
you from coughing, not to get you high). Nyquil is actually a mix of
several drugs that are designed to prevent cough, reduce inflammation
and pain, and help you sleep. Taken at recommended doses it is a safe
and effective formulation.
But one of the drugs in the cocktail is acetaminophen, which can
damage the liver in large doses. Every 30 mL of Nyquil D contains 1
gram of acetaminophen. If Philip drank 300 mL of Nyquil then he ingested 10 grams of acetaminophen; it only takes 6-7 to seriously damage the liver. High doses of acetaminophen are toxic to hepatocytes,
the cells that make up liver tissue. This is why his blood levels of AST
and ALT are highly elevated and he has the same signs of liver failure
as poor Dante. Internet sources that recommend the misuse of pharmacological agents to get high are very dangerous. The only people more
foolish than those who provide that information—often, as in this case,
misinformation—are the fools who make use of it. For a pertinent look
at ignorance in action, see either of these links; just looking won’t injure
your brain cells that much.
http://answers.yahoo.com/question/index?qid=20090821195902AAD5AvH
http://answers.yahoo.com/question/index?qid=20090315184847AA2Hx9o

Take Home Message
In sufficient doses acetaminophen is toxic to the
liver. When liver cells are destroyed they release
the proteins AST and ALT, which are used to detect
liver damage. Many over-the-counter drugs contain multiple chemicals, and misusing them can result in severe and unintended consequences.
STORY 4: REASONS NOT TO STEAL YOUR GRANDMA’S MEDICATION
Jessica Bigelow nudged her 16-year-old twin sons and muttered, “Ask your
grandma how she’s feeling.”
“How are you feeling, Grandma?” Marvin and Mitchell asked in chorus. They
glared at each other, but Grandma Audrey, recovering from a car accident, didn’t
seem to notice anything. “Did they give you anything, Ma?” Jessica asked. “You
seem a little out of it.”
“They gave me a prescription for something to take as needed—every four
hours or so. I took one, but I don’t like it. Vicodin, I think it’s called.” The two boys
looked at each other, not a glare this time, and Marvin said quickly, “So, Grandma,
have the ladies from church been by yet?” Pleased by the attention from her usually surly grandson, Audrey began describing the parade of visitors she’d had while
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Jessica looked on approvingly. Neither woman noticed Mitchell’s departure from
the room, or his return with one hand in the kangaroo pocket of his hoodie. Later,
the boys divided up the contents of the Vicodin bottle. “This is supposed to be
amazing,” Mitchell declared. “Like they could cut your legs off right in front of you
and you wouldn’t even care.”
By the next morning, the boys could no longer hide that something had gone
horribly wrong with their plan. Jessica took them to the emergency room, where
they refused to admit that they had taken their grandmother’s medication, but
where a doctor—seeing their yellowed skin and eyes, palpating the painful upper
right area of their abdomens, and noting their weakness and disorientation—immediately tested their blood for elevated levels of AST and ALT. Confirmed in his
suspicions, he put the boys on the list for liver transplants but counseled their
mother to prepare for the worst.

Scientific Connection
Vicodin is actually two medications combined into a single pill:
hydrocodone and acetaminophen. Hydrocodone is an opiate that is
used to reduce pain. It gets public attention because it can provide users with a high and because it can be addictive, but in fact the body
can tolerate a lot more of it at once than Vicodin’s other, less famous
component, acetaminophen. The amount of acetaminophen in Vicodin
changes with the prescription, but it can be as much as 1 gram per pill.
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The therapeutic dose of acetaminophen is 1 gram; 6-7 grams is the
estimated amount required to damage the liver. Taking Vicodin to get
high—that is, taking more pills than the prescribed dose—can easily result in acetaminophen-mediated liver damage, and has done so in many
cases of Vicodin abuse. Studies show that few people know that Vicodin
contains acetaminophen or that acetaminophen is dangerous in large
quantities. Percocet is another opiate/acetaminophen combination.
High doses of acetaminophen are toxic to hepatocytes, the cells
that make up liver tissue. When hepatocytes are destroyed they release
intracellular proteins like AST and ALT, which are markers of liver damage. Blood levels of AST and ALT are used to track the progress of the
liver’s recovery. If they decrease, the liver might be getting better; if the
levels increase, more cells have died and the damage is worsening.

Take Home Message
In sufficient doses acetaminophen is toxic to the
liver. When liver cells are destroyed they release
the proteins AST and ALT, which are used to detect
liver damage. Because Vicodin is a combination of
hydrocodone and acetaminophen, its abuse can
easily result in liver damage.
STORY 5: ALCOHOLIC LIVER DAMAGE
A 56-year-old man is brought into the emergency room by his daughter. He
displays classic signs of acute liver failure (he has a fever, is confused, weak, nauseated, has terrible pain in the right upper quadrant of his abdomen and a yellowing
of his skin and eyes). His daughter tells the emergency room physician that her
father has been drinking alcohol heavily for nearly 20 years since his wife passed
away. Blood tests show elevated levels of AST and ALT.

Scientific Connection
The processing of alcohol by the liver generates toxic substances
that damage and destroy liver cells. Chronic consumption of high levels
of alcohol can seriously damage the liver, resulting in elevated levels of
AST and ALT in the blood. This is a case of alcohol-induced inflammation of the liver—known as alcoholic hepatitis—that is a result of decades of alcohol abuse. The liver is pretty tough and can handle alcohol,
but if it gets pushed over the edge, as in this case, alcoholic hepatitis can
easily lead to liver failure and a horrible death. Certain events can precipitate alcohol-induced hepatitis, such as drinking heavily while taking
anything with acetaminophen. Also, any present infectious diseases of
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the liver (like viral hepatitis) combined with alcohol use equals massive hepatocyte death and huge AST/ALT increases in the blood. You
can think of a viral hepatitis as a slow smoldering fire that is burning up
your liver. Drinking alcohol while you have viral hepatitis is like pouring
gasoline (or Bacardi 151) on that fire and destroying it many times faster
than the viral disease would do alone.

Take Home Message
Repeated alcohol abuse will result in serious liver
damage. Alcohol abuse combined with acetaminophen use or viral hepatitis will increase the extent
and speed of that damage.
STORY 6: LAST MAN STANDING
You have been following the trends in blood levels of AST and ALT in a man
diagnosed with liver failure. You find that over the last week, the levels have actually been dropping! But his upper-right-abdominal pain, his jaundice, his weakness and disorientation, and his vomiting and diarrhea have all been increasing. Is
he recovering or getting worse?

Scientific Connection
The patient is getting a lot worse and will likely need a liver transplant if he is to survive. The fact that the levels of AST and ALT are lower
may seem positive, but that they are dropping while the physical signs
of liver failure are getting worse indicates that there are not many hepatocytes left to be destroyed. The dead cells have already released their
AST and ALT; fewer dying cells means less AST and ALT will accumulate
in the blood.

Take Home Message
Decreasing levels of AST and ALT in the face of
worsening physical signs of liver failure means that
the liver is mostly destroyed.
STORY 7: COLLATERAL DAMAGE
You meet with a 57-year-old patient for a follow-up visit. A few weeks ago, his
blood tested high for cholesterol, which can lead to heart disease; you prescribed
medication to lower his cholesterol. Your tests today are to see if the medication
18
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is working. When you tell him that his cholesterol levels are lower but that he will
need to switch to a different medication, he is confused and demands an explanation. The blood tests that revealed a lowered cholesterol level also revealed tremendously elevated levels of AST and ALT; if he keeps taking the first medication,
you explain, he could damage his liver permanently.

Scientific Connection:
When you take a prescription drug, it doesn’t affect only the part of
the body it’s prescribed for and leave the rest of the body alone; the drug
doesn’t “know” what needs to be “fixed”. A drug is a foreign chemical
that usually affects multiple organs to different extents. Many drugs are
toxic in higher doses and therapeutic in lower doses, and the chemical
process that helps one part or function of the body may harm another.
This potential harm or collateral damage is popularly known as a “side
effect,” often listed in tiny print at the bottom of ads for medications.
Pharmaceutical therapy is always a cost vs. benefit strategy because collateral damage frequently occurs, as it did in this patient’s
case. The drug that his physician prescribed had the desired effect of
lowering his cholesterol, but the side effect of destroying his liver cells,
causing them to release AST and ALT into the blood. There are numerous drugs that require AST and ALT levels to be monitored in case they
damage the liver. (You can see some of them in this article: http://www.
factsandcomparisons.com/assets/hospitalpharm/HepSp4-01.pdf.) If this
patient’s doctor had only looked at whether the drug was doing its intended job (lowering his cholesterol) without checking to see if it was
doing anything else (damaging liver cells, for example) the drug that was
supposed to help him in one way could have severely harmed him in
another. One of the goals of pharmaceutical research is to maximize the
benefits of new drugs while minimizing their potential risks.

Take Home Message
Drugs frequently have adverse effects that should
be weighed against the benefits of therapy. Many
drugs can cause liver damage and blood levels of
AST and ALT are monitored as a way to detect it.
STORY 8: ESCAPE FROM IRAQ

1997, New York City.
Notes in hospital file for Sadiq Ibrahim, male, age 26.
Patient admitted with high fever, vomiting, diarrhea, pain in upper right quadrant of abdomen. Yellowed skin and eyes (jaundice). Blood tests show highly elevated levels of AST and ALT.
19

Cellular Organelles | Cytoplasm: Murder in Rabbit Ridge

When conscious, patient seems agitated. He was reluctant to give
his name or to stay in the hospital. The following is a transcription
of a statement made by patient.
“I don’t mind this pain so much, Doctor. Only three weeks ago I was enduring
much worse. You wouldn’t think, looking at me now, that I was an athlete? I was on
the Iraqi national soccer team, and when we won, everything was great. Big heroes.
But if we lost, soldiers took us to the offices of the Iraqi National Olympic Committee. Doesn’t sound so bad, right? But the president of this Committee was Uday
Hussein, the dictator’s son, and this ‘office’ was a prison and a torture chamber.
His men tied my team captains to Jeeps and dragged them across concrete—they
beat us with rubber hoses while we ran around a track. They pointed guns at us
and ordered us to dive into a swimming pool and swim across it, but this swimming pool was filled with sewage—human waste. I can assure you it was not fresh
either, we could smell it a mile away. If we didn’t dive in headfirst they whipped us
and made us jump again. At least this pain, I feel in a clean bed far away from that
nightmare.”

Scientific Connection
There’s a reason you’re supposed to wash your hands after using
the bathroom. People who contract hepatitis A—one form of viral hepatitis—often do so by getting fecal matter in their mouths (known as fecaloral transmission). Hepatitis A is one of the most common causes of
liver disease and fecal-oral transmission makes it highly contagious and
prevalent. In the majority of cases the body can defeat it and heal, but
it does sometimes do enough damage to cause liver failure. Many states
have begun vaccination campaigns to reduce hepatitis A infection.
When the soldiers forced Sadiq Ibrahim to dive headfirst into sewage he almost assuredly swallowed some and with it the hepatitis A virus. Hepatitis A has a three-week incubation period (between exposure
and the development of symptoms), so Mr. Ibrahim did not begin to
suffer from symptoms until he had already made his escape to the U.S.

Take Home Message
Hepatitis A is a viral infection of the liver that
can cause serious damage. It produces the set of
symptoms consistent with damaged liver cells. It is
spread mainly by fecal-oral transmission, making
handwashing an important part of reducing this
disease.
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STORY 9: A DIRTY STORY
You’re the new doctor in a town so small it only has one restaurant. In your
office today is 20-year-old Bradley, who has a high temperature. He tells you that
he’s been throwing up and “having the runs” for several days, and that he’s had a
stomachache “here”—pointing to the upper right quadrant of his abdomen. His
skin and the whites of his eyes have become yellowish during that time, and when
tested, his blood shows elevated levels of AST and ALT. You ask him if he has taken
or is taking any medication; he says no. You ask if he has eaten anything recently
that could have been contaminated, or that made him feel sick at the time. “Now
that you mention it,” he says, “I went to the Kozy Kitchen a couple days ago and I
was sick to my stomach the next day. I guess it’s kind of a dirty place. I heard one of
the guys in the kitchen yell to someone, ‘Get that donkey out of there and clean up
its mess!’ but I thought he was kidding. Then there was a noise like someone trying
to push a big animal out the back door.”
“A donkey?”
“Yeah, then he said something like, ‘No time to wash your hands, get back to
work.’ But he must have been kidding, right? Aren’t there inspectors and stuff for
that?”
After prescribing a course of treatment for Bradley, you look up the number
of the state Board of Health.

Scientific Connection
This is another case of hepatitis A. Fecal matter contaminating food
is a frequent cause of hepatitis A outbreaks. It can come from food service workers who don’t wash their hands after using the restroom; from
poorly washed vegetables and fruits that might be contaminated with fecal matter before coming to the restaurant; or from the feces of animals,
such as donkeys (but more commonly rats or mice), in the kitchen. The
larger a supplier is, and the further a food product has to travel, the more
chances it has to become contaminated. In 2003, a major outbreak in
Pennsylvania was traced to unwashed contaminated vegetables used
as a garnish in a Chi-Chi’s restaurant. You can read more about it here:
http://www.billmarler.com/key_case/chi-chis-hepatitis-a-outbreak/.
Bradley is right: we do have “inspectors and stuff for that.” Call
your state’s Board of Health if you see something that makes you suspect
that a restaurant is not meeting sanitation standards: you can reduce a
major health hazard to the community and prevent your fellow diners
from suffering as Bradley has.

Take Home Message
Fecal contamination of food can cause outbreaks
of Hepatitis A. Sanitation in the food service industry is essential, both before the food is prepared
and when it is prepared.
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STORY 10: DANGERS OF FINE DINING
It’s summer in Florida, and heavy rains have caused significant flooding in
many areas. Today in the ER you are attempting to get some answers from Laura
Perry, attorney-at-law, 40 years of age, about what might have caused her symptoms of liver damage: upper-right-abdominal pain, vomiting, diarrhea, fever and
progressive yellowing of skin and eyes. Blood tests show highly elevated levels of
AST and ALT. When you ask if she might have eaten contaminated food, she becomes indignant: “I don’t eat in places like that! The last restaurant I ate in was Le
Poisson Enchainé, when our firm went out to celebrate a successful verdict.”
“They’re a seafood restaurant, aren’t they?”
“Yes, and they’re famous for their oysters in particular. Fresh and delicious—
and expensive. I’m sure there couldn’t have been anything wrong there.” But as she
says it, her expression changes. “Raw oysters?” you ask.
“Yes, and … I’ve just remembered, the two partners who went with me had
to call in sick and cancel appointments with clients recently. I haven’t seen them
since. Could it have been the oysters? I would never have expected it from such a
renowned restaurant.”

Scientific Connection
If you guessed that this is another case of hepatitis A, you’re right.
Everyone who ate the oysters is now sick so it’s clear that they were the
cause. But where did the fecal matter come from? The restaurant deals in
raw oysters frequently and has a good reputation, so its handling of the
oysters is less likely to be the source of fecal contamination.
The key to this mystery is the series of rainstorms and resulting
floods. Conditions that cause flooding can cause the sewage system to
overflow and enter other waterways like rivers and bays, resulting in
their contamination. Oysters are filter feeders: they suck in water, retain
any particles or small organisms, and let the rest of the water out. This
filtering allows them to concentrate material in the water. If oysters are
in water contaminated with fecal matter, they will concentrate it within
them, making them reservoirs for food-borne illnesses like hepatitis A.
Cooking reduces, but does not eliminate, the chances of contracting this virus. Hepatitis A is frequently associated with uncooked oysters
and shellfish in general, so eat these foods with caution, especially if
there has recently been a flood in the area where they come from; such
an event is discussed in this article http://www.chattanoogan.com/articles/article_73351.asp.

Take Home Message
Filter feeders like oysters can accumulate toxic
substances if they are in contaminated waters.
Consuming uncooked shellfish can put you at risk
for hepatitis A infection.
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STORY 11: MUSCLE CELL DESTRUCTION: RATTLESNAKE ATTACK
You are a transplant surgeon having a preliminary meeting with Victor Vargas, who has been on dialysis for several years while waiting for a kidney transplant. A donor who is a good match has finally turned up. When you meet Victor
for the first time, you are surprised to see that he has a prosthetic leg, and ask him
if the loss of his leg is connected in any way to the problems with his kidneys.
Victor tells you that five years ago, he was hiking alone in Brazil when he accidentally startled a rattlesnake. He panicked and tripped, frightening the snake
further; it bit him on the thigh as he was trying to crawl away. The nearest hospital
was miles away, and by the time he was able to hobble there, it was almost three
days later. He was in terrible pain; his wounded leg had swollen to nearly double
its normal size and was almost black in color. Doctors gave him treatment to minimize the effects of the venom, but his kidneys had already begun to fail—due to the
extremely high levels of the protein myoglobin in his blood, the result of muscle
cell destruction caused by rattlesnake venom. He is looking forward, he says, to
spending less time hooked up to the dialysis machine, and maybe one day hiking
again.

Scientific Connection
Myoglobin is a protein inside the cytoplasm of muscle cells. As
long as myoglobin stays inside the muscle cell, it performs its function
and doesn’t have any negative effects on the rest of the body. When
muscle cells are destroyed, myoglobin makes its way into the blood
and if it reaches high enough levels, the kidneys can be damaged or
destroyed.
Rattlesnake venom is a mix of chemicals that harm the body in a
variety of ways. One nasty effect of this venom is to destroy muscle
cells in the area of the bite. A bite to the calf muscle from the Brazilian rattlesnake can destroy enough muscle cells and release enough
myoglobin to cause serious kidney damage within 24 hours. The thigh
is much larger than the calf (more muscle cells) and a bite there could
result in the release of much more myoglobin. After three days without
treatment, it is no surprise that Mr. Vargas’s kidneys were destroyed.
The kidney is a vital organ that has roles in maintaining almost
every other organ, so if it is destroyed the rest of your body will soon
follow. One of the kidney’s main functions is the filtering of wastes produced within the body. Dialysis is an imperfect replacement for a kidney, filtering wastes from the blood as your kidneys would, and can
keep you alive until you can get a transplant.
Dead and destroyed muscle tissue has to be cut out of the body;
otherwise, it is a breeding ground for infection. So many muscle cells
were destroyed by the venom that the bitten leg had to be amputated.
This article is a case study of envenomation by the Brazilian rattlesnake
and resultant muscle tissue destruction and kidney failure: http://www.
sciencedirect.com/science/article/pii/0041010185903678.
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Take Home Message
Destruction of muscle cells releases myoglobin,
which in sufficient concentrations can destroy the
kidneys. Kidney failure is likely to follow whenever
a large number of muscle cells are damaged.

STORY 12: ELECTRICAL BURNS: DEEPER THAN YOU THINK
You are an emergency room physician seeing a young man who has a severe
electrical burn on his leg. His name is David Sanderson and he is 16 years old. He
fell in with the wrong crowd and decided to join a gang. The local gang of tough
kids said that he could become a full member if he could graffiti their insignia in 25
different places in town. One place that he chose to tag was an old electrical substa24
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tion. He wasn’t there for long before he was struck by a gigantic arc of electricity
in the leg. He limped away from the substation, in some pain but otherwise feeling
fine. David thought he could tough it out for a day or so, but when the leg began
to swell up, he decided to come to the hospital. He has a blackened scorch mark
on his thigh where the electrical arc hit him and another one on the bottom of his
foot where the electricity left. Aside from the scorch marks and the swelling, there
doesn’t seem to be any visible damage to the leg from the burn. His blood demonstrates extremely high levels of myoglobin.

Scientific Connection
High voltage electrical burns are extremely dangerous because
much of the damage is hidden from sight. Electricity is like an invisible
knife that enters one side and leaves on another, piercing and destroying
everything in between. These burns are much more dangerous than they
look because a lot of the damage is internal and muscle tissue is highly
susceptible to destruction. If muscle cells are destroyed they release
myoglobin, which proceeds to destroy the kidneys if it accumulates in
high enough levels. The electrical arc pierced David’s thigh and exited
at the bottom of his foot, destroying muscle tissue and a huge number
of muscle cells along its course. The damage resulted in the release
of massive amounts of myoglobin and the likely failure of his kidneys.
Electrical service stations are extremely dangerous places and should
only be entered by professionals. This is based on a real story in which
the graffiti artist was not so lucky: http://www.trainorders.com/discussion/read.php?1,1409288. Because of their hidden nature, all electrical
burns warrant medical attention to prevent the accumulation of myoglobin in the blood and the destruction of the kidneys.

Take Home Message
High voltage electrical burns are usually much
more serious than they appear and need immediate medical attention. Electrical burns can result
in the destruction of muscle cells, the release of
myoglobin, and failure of the kidneys.
STORY 13: ELECTRICAL BURNS: BODY OF EVIDENCE
You’re an ER physician in a small town. There’s not much to do here, and
your main patients in the emergency room are high school kids whose attempts
to entertain themselves have caught up with them. Your newest patient, Brandon
Miller, is brought to the emergency room by his friends. Apparently they were
playing a game to see who could climb to the highest point in the town’s electrical
substation. Brandon climbed the highest but then screamed and fell from the tow25
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er hitting the ground with a sickening thud. He has been unconscious since the fall,
but imaging studies do not show any damage to the brain or the rest of his internal
organs, and it seems like he only sustained minor cuts and bruises from the fall.
You remember an instructor in medical school explaining that the most dangerous
injury is the one that you miss. With that in mind, you search the rest of his body
and find a scorch mark on his thigh and another one on the bottom of his foot.

Scientific Connection
Brandon was climbing the tower and when his friend weren’t looking was hit by a bolt of electricity and fell off the top of the tower. Everyone was focused on the damage from the fall and missed the electrical
burn. Since electrical burns destroy most of the tissue that they pass
through many muscle cells were likely destroyed. Because the electrical
burn was discovered quickly, measures could be taken so that myoglobin did not destroy Brandon’s kidneys.

Take Home Message
High voltage electrical burns are usually much
more serious than they appear and need immediate medical attention. The most dangerous injury is
the one you miss and fail to treat.
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STORY 14: CRUSHING INJURIES
Kurihara, Japan, 2011.
As soon as the earthquake’s aftershocks faded, the rescue teams moved in to
look for survivors, working until they were exhausted and others took their place.
But there were many injured people needing immediate attention and thousands
of pounds of rubble to move. It was nearly six hours before rescue workers were
able to free Keiko Asusada from the brick wall that had crushed both her legs, cutting off all sensation and motion.
Blood tests would have revealed high levels of myoglobin in Mrs. Asusada’s
blood if anyone had been able to do them. The hospitals were full of thousands of
injured survivors of the earthquake and tsunami. The rescuers hoped that they
could get her adequate medical attention before her kidneys were destroyed by the
myoglobin.

Scientific Connection
You can probably guess by now that muscle cells have been destroyed and myoglobin has leaked into the blood. The muscles have
been crushed by a massive amount of rubble causing a “crush injury”.
The impact alone can destroy some muscle cells, but more serious is that
the weight compresses the blood supply to the crushed tissue. Muscles
of the arm and leg can go without blood for around 4 hours, but after
that they start to die and release their cytoplasmic contents (like myoglobin) into the surrounding blood. Due to the massive weight compressing the limb blood can’t flow in or out. While the blood in the trapped
legs is accumulating toxic substances it can’t reach the rest of the body
because the debris acts like a giant tourniquet. The trouble begins when
the debris is removed: the blood, now loaded with myoglobin and other
toxic substances, can come back to the rest of the body and damage
multiple organs, including the kidneys. For an article on crush injuries
and the complications that can result from them: http://mediccom.org/
public/tadmat/training/NDMS/crush.pdf.

Take Home Message
Crush injuries can result in the destruction of muscle tissue and dangerous levels of myoglobin in the
blood, potentially leading to kidney failure. The
other toxic intermediates are often more lethal in
the short term.
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