Preface 3'

This case study book provides an opportun
in the areas of physiology, pathophysiology, an

ative thinking
y. It provides

students with an early introduction to the -based nature of their
future careers as practicing pharmacists arid he are professionals.

The cases are straightforward and s nd they are written at a
level appropriate for student pharm in irst professional year
of study. Written primarily as a revie mental physiological
principles, these cases are also desigfi€d to illtistrate the physiological

basis of medicine and pharmacot
problem-solving skills. L 4
The book is intended as a s
ology and pathophysiolo§
physiology and nerve cg

s as well as to strengthen

al text for courses in physi-
ith cases related to cellular
These are followed by cases involv-
s in the body: (1) the nervous
ord, pain, and autonomic nervous

system and (2) the endocrine sys
cases concerning musele physiology and the cardiovascular, respira-
tory, digestive, renal; and immune systems. Finally, an appendix pro-

of the case studigs'andya glossary provides definitions of clinical terms
t0 student pharmacists in their first professional
year.

xi




chapter one §
Cellular Physiology Q

Hemodialysis

SP is a 42-year-old male with end-stage rg ise SRD). He goes
for dialysis at the hospital out-patient clinie t imes per week for
3 to 4 hours per visit. The hemodialysis em has’three components

(as illustrated in the figure below):

¢ Dialysis fluid compartment
* Blood compartment
¢ Semipermeable cellophane brane

N
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rane is permeable to all molecules except plasma proteins
ells. The dialysis fluid is a salt solution with ionic concen-
ilar to those in normal plasma. The fluid surrounding the
ane is constantly drained and replenished. A sample of the
’s blood prior to dialysis revealed the following;:
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Blood Sample Normal Reference Ran

Plasma osmolarity =~ 285 mOsm/L 280-290 mOs
Potassium 5.2 mEq/L 3.5-5.0 iEq/

Sodium 145 mEq/L 135-1
Glucose 90 mg/dL 70-11 dL
Albumin 43 g/dL 3.5-5.

Blood urea nitrogen 25 mg/dL 7-18 m

Define diffusion and osmosis. Describe the

the rate of diffusion and the magnitude SIS.

L 4

There has been significant fluid r ion in this patient due to

the ESRD and the inability e kidneys to excrete a sufficient
volume of urine. In order t@ r his fluid buildup, should

the dialysis fluid be {8smotic, osmotic, or hyperosmotic
compared to the pla a&

lowing would be an expected component of the
ium, sodium, glucose, albumin, blood urea
hy or why not for each substance.

these substances may diffuse out of the blood com-
ent into the dialysis fluid compartment?



Chapter one:  Cellular Physiology

5. Which of these substances will diffuse out of the blood co
partment into the dialysis fluid compartment resulting i

loss of the substance?
4 \

6. Explain why the dialysis fluid surroundiQophane
membrane must constantly be drained enished.

L 4 \
NG is a 24-year-old male athlete he Boston marathon. The
day of the race was sunny an@ the erature was 83°F. NG sweated
profusely and replaced the los ids‘with spring water as often as
possible. After running approXimat 8 miles, he became confused
and disoriented. Other g ncluded muscle weakness, abdom-

inal cramps, headache
tinue the race when he e ienged vomiting and diarrhea. NG was

Hyponatremia

decrease in plasma olarity and a serum sodium of 120 mmol/L.
Treatment includedgintravenous administration of a hypertonic saline

t is the normal value for serum sodium?
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3. With this condition, is the extracellular fluid likely to be iso!
motic, hyperosmotic, or hypoosmotic compared to the i
lular fluid? Explain.
L 4

<

4. In terms of the extracellular and intrace tments,

describe the effect hyponatremia 0 @ ic and hydro-

static pressures. 'S

5. Does water move intg,or the body’s cells? What other
signs or symptoms may 1t this shift in water?
6. Does hypon ia cause any change in the resting membrane

Potentiab s cells? Why or why not?

7&5 the administration of hypertonic saline solution alle-
this condition?

%
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8. What is the advantage of the intravenous administration o

solution such as hypertonic saline versus the oral admini
L 4 \
9. How could NG have avoided the develop Qtremia?
L 4 \

Membrane Potentials in H, mia

JB is a 62-year-old female wh’v ite rimary care physician. Her
symptoms included musclegeza eakness, and dizziness as well
as gastrointestinal distre vomiting, and diarrhea). Previous
medical history includgs'diabetes mellitus and progressively impaired
renal function. Her physigian withdrew blood for a series of lab tests.
The results indicated that atient had a serum potassium level of
6.2 mmol/L. Other serum electrolytes were within the normal ranges.

1. Whatish emia?
2. the average concentrations of potassium in the intra-
lar fluid (ICF) and the extracellular fluid (ECF)?

%
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3. What is the relative permeability of K* ions in unstimulate
cells?

L 4 \
4. What effect does hyperkalemia have on thglt of K*
ions across cell membranes?
L 4 \

oy

5. What are the average conc of sodium in the ICF and
the ECF? &

6. What is the gelative permeability of Na* ions in unstimulated
cells?

¥

7. ect does hyperkalemia have on the movement of Na*

across cell membranes?
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8. Will hyperkalemia cause the membrane potential to beco
more negative or less negative? Is this change referr

depolarization or hyperpolarization?
L 4 \

What types of cells are affected by changmbrane
potential?
L 4 \

10. Initially, the changes in memNmtial led to the devel-

opment of muscle cramps i ient. How has the excitabil-
ity of the skeletal muscle fi affected?

N\

11. Muscle cramps are followed by muscle weakness. Explain how
changes in brane potential and ion flux cause subsequent
skeletal mustle weakness.

O

1 e most serious effect of hyperkalemia is cardiac arrest. Is it
ly that the heart will stop beating during a heartbeat (while
h

e ac muscle is stimulated to contract) or in between
s? Why?

o
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Membrane Potentials in Hypokalemia

JM is a 64-year-old female who had been experiencing ge
fatigue, weakness and difficulty breathing. Over time, thege sy
became steadily worse and she went to her primary car
Physical examination revealed distension of the jugul
and edema in the lower extremities. Further testing led

hydrochlorothiazide to relieve the edema. After tak
rothiazide for a few days, JM experienced extreme
cle twitching. She returned to her doctor wk
neuromuscular reflexes and a decrease ir@eu 0
firmness of the skeletal muscles). JM was i

r tone (loss of
her physician

that thiazide diuretics have several potential a e effects including
hypokalemia. A blood test was perform confirm this diagnosis.
1. What is hypokalemia? \
4

N

2. Whatis the normal distribution of potassium in the extracellular
fluid and th&llular fluid?

\eet does hypokalemia have on the movement of potas-

3
6 across the cell membrane? Why?
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4. What effect does hypokalemia have on the membrane potentia

of neurons and muscle cells?
4 \

5. Explain how hypokalemia led to the symptoms obs in this
patient.
L 4 \Q

6. The patient’s hypokalemia wiasptr with the intravenous
administration of potassium. ich of the following methods
of administration is recommended: pid infusion of a con-

centrated potassium soluti slow infusion of a dilute
potassium solution? Wy?

Action Potentials, i Tetr;dotoxin Poisoning

PS is a 23-year-old who had been dining in a sushi restaurant.
Approximately 15 min after eating several pieces of fugu (puffer
g sensation in his tongue and the inside of his

mouth. T were followed by lightheadedness, dizziness,
and vomi tried to leave the restaurant, he felt weakness
in his legs collapsed. Upon examination in the emergency room,

the patient was rved to be hypotensive (blood pressure 105/60
mm nd bradycardic (heart rate 58 beats per minute). His superfi-
cial a ep reflexes were markedly suppressed. When a painful

plied to his hand, no withdrawal reflex was elicited.

fibers of the ulnar nerve was impaired. A diagnosis of tetro-
poisoning was made and the patient received therapy aimed
at restoring blood pressure to the normal range.
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Which ion channels are blocked by tetrodotoxin?

O

Why does this blockade impair the generation &)ten-

tials in the sensory nerve fibers?

QO

What effect does the blockade o se ion'channels have on
the resting membrane poten

Vigorous stimula
generation of a

Te action potentials is normal. Why?

t is the cause of muscle weakness?
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7. Whatis a potential cause of death for a patient with tetrodotoxi
poisoning?
4 \

SK is a 28-year-old female who has had recu
logical dysfunction. Four years ago, she
and ataxia that persisted for several days mpletely resolving.
Eighteen months ago, she developed an,intensio
hand that also resolved within a fe e urrently, SK is experi-
encing fatigue, a loss of balance, imp ait, nystagmus, and mood
swings. Magnetic resonance imagin ies revealed multiple
lesions in the white matter of the brdin, 1 cord, and the optic nerve.

1. At what age are pati’e pi diagnosed with multiple
sclerosis? Is this di evalent in men or women?

2. What is the s of myelin in the central nervous system? In
the peri ervous system?
3. neuronal axons covered with myelin referred to as
ite matter? What is the composition of this substance?

%
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4. What is the function of myelin? How does the molecular co

position of myelin cause this effect?
L 4 \

5. Compare and contrast local current flow anQonduc—
tion. Which type of electrical conduction ormally occur
in the affected neurons?

L 4 \

6. What types of nerve fibe elinated? Unmyelinated?
Explain. L 4

7. Describe th ions observed in the white matter. What is the

clinical terf fo e lesions?
SNtaxia and nystagmus. What is the cause of these

toms?
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9. How has the transmission of electrical impulses been affecte
by the demyelination?
4 \
Synaptic Transmission in Seizure DisorQ
DP is a 24-year-old male who had his first tonig ic seizure at the
age of 15. At the beginning of the seizure, thi

@ Xperiences an
immediate loss of consciousness and often ince e. A common
disorder encountered in pediatric neurology, this formief seizure begins

with sharp tonic contraction of the muscle§ char ized by extension
of the extremities. This is followed by thi ic phase which is char-
ti

acterized by rhythmic bilateral co d relaxation of the

extremities. The tonic—clonic phases pers pproximately 60 to 90
seconds. For several years, DP has is seizures with a single
medication, carbamazepine. Howe the last 6 months, he has

experienced a marked increa® in s tivity. His neurologist has
now prescribed a second m di&opiramate, to be taken along

with the carbamazepine,

taneous, uncontrolled activity of
ex of the brain. Explain how this
in the brain can lead to contraction

1. Seizures are the¢
neurons in the cerek
neuronal hyperexcitabilit
of skeletal muScles.

2. W#bsolute refractory period (ARP) in neurons? The
weﬁactory period (RRP)?

RS
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3. The mechanism of action of carbamazepine involves

decreased rate of recovery of voltage-gated Na* channe Iil

their inactivation state. What effect does carbamazepi
on the ARP? The RRP? Y

S

4. What effect does carbamazepine have on uency of action
potential generation in these neuro
L 4 \
s

5. Compare and contrast te mation and spatial sum-
mation of postsynapti nti

6. How is temp ummation in postsynaptic neurons likely to
be altere rbamazepine? Spatial summation?

N why carbamazepine is the primary drug used for the

atment of tonic—clonic seizures.
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8. Compare and contrast excitatory postsynaptic potentia
(EPSPs) and inhibitory postsynaptic potentials (IPSPs).

9.

10. Is topiramate likely to aff Nsummation or spatial
summation? Why?
L 4 \

11. How does topiramate affect the generation of action potentials
in these neurghns?

O
\
O

<
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