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" INTRODUCTION

Often, the medical student will cringe at the “drudgery” of the basic science
courses and see little connection between a field such as pharmacology and clinical
problems. Clinicians, however, often wish they knew more about the basic sciences,
because it is through the science that we can begin to understand the complexities
of the human body and thus have rational methods of diagnosis and treatment.

Mastering the knowledge in a discipline such as pharmacology is a formidable
task. It is even more difficult to retain this information and to recall it when the
clinical setting is encountered. To accomplish this synthesis, pharmacology is
optimally taught in the context of medical situations, and this is reinforced later
during the clinical rotations. The gulf between the basic sciences and the patient
arena is wide. Perhaps one way to bridge this gulf is with carefully constructed
clinical cases that ask basic science-oriented questions. In an attempt to achieve this
goal, we have designed a collection of patient cases to teach pharmacology-related
points. More importantly, the explanations for these cases emphasize the underlying
mechanisms and relate the clinical setting to the basic science data. The principles
are explored rather than overemphasizing rote memorization.

This book is organized for versatility: to allow the student “in a rush” to go quickly
through the scenarios and check the corresponding answers and to provide more
detailed information for the student who wants thought-provoking explanations.
The answers are arranged from simple to complex: a summary of the pertinent points,
the bare answers, a clinical correlation, an approach to the pharmacology topic, a
comprehension test at the end for reinforcement or emphasis, and a list of references
for further reading. The clinical cases are arranged by system to better reflect the
organization within the basic science. Finally, to encourage thinking about mecha-
nisms and relationships, we used open-ended questions in the clinical cases. Never-
theless, several multiple-choice questions are included at the end of each scenario to
reinforce concepts or introduce related topics.

HOW TO GET THE MOST OUT OF THIS BOOK

Each case is designed to introduce a clinically related issue and includes open-ended
questions usually asking a basic science question, but at times, to break up the
monotony, there will be a clinical question. The answers are organized into four
different parts:

Part |
1. Summary
2. A straightforward answer is given for each open-ended question.

3. Clinical Correlation—A discussion of the relevant points relating the basic
science to the clinical manifestations, and perhaps introducing the student to
issues such as diagnosis and treatment.
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Part 11
An approach to the basic science concept consisting of three parts:

1. Objectives—A listing of the two to four main knowledge objectives that are
critical for understanding the underlying pharmacology to answer the question
and relate to the clinical situation.

Definitions of basic terminology.

Discussion of the specific class of agents.

Part 111

Comprehension Questions—FEach case includes several multiple-choice questions
that reinforce the material or introduces new and related concepts. Questions about
the material not found in the text are explained in the answers.

Part IV

Pharmacology Pearls—A listing of several important points, many clinically
relevant, reiterated as a summation of the text and to allow for easy review, such
as before an examination.



SECTION |

Applying the Basic

Sciences to Clinical
Medicine

Part 1 Approach to Learning Pharmacology
Part 2 Approach to Disease

Part3 Approach to Reading
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Part 1. Approach to Learning Pharmacology

Pharmacology is best learned by a systematic approach, understanding the physiol-
ogy of the body, recognizing that every medication has desirable and undesirable
effects, and being aware that the biochemical and pharmacologic properties of a
drug affects its characteristics such as duration of action, volume of distribution,
passage through the blood-brain barrier, mechanism of elimination, and route of
administration. Rather than memorizing the characteristics of a medication, the
student should strive to learn the underlying rationale such as, “Second-generation
antihistamine agents are less lipid soluble than first-generation antihistamines and
therefore do not cross the blood-brain barrier as readily; thus, second-generation
antihistamines are not as sedating. Because they both bind the histamine H, recep-
tor, the efficacy is the same.”

KEY TERMS

Pharmacology: The study of substances that interact with living systems through
biochemical processes.

Drug: A substance used in the prevention, diagnosis, or treatment of disease.

Toxicology: A branch of pharmacology that studies the undesirable effects of chem-
icals on living organisms.

Food and Drug Administration (FDA): The federal agency responsible for the
safety and efficacy of all drugs in the United States, as well as food and cosmetics.

Adverse effect: Also known as side effect; all unintended actions of a drug that
result from the lack of specificity of drug action. All drugs are capable of producing
adverse effects.

Pharmacodynamics: The actions of a drug on a living organism, including mecha-
nisms of action and receptor interaction.

Pharmacokinetics: The actions of the living organism on the drug, including
absorption, distribution, and elimination.

Volume of distribution (V): The size of the “compartment” into which a drug is
distributed following absorption and is determined by the equation:

V, = Dose (mg) drug administered/Initial plasma concentration (mg/L)

Potency of drug: Relative amount of drug needed to produce a given response,
determined largely by the amount of drug that reaches the site of action and by the
affinity of the drug for the receptor.

Efficacy: Drug effect as the maximum response it is able to produce and is deter-
mined by the number of drug-receptor complexes and the ability of the receptor
to be activated once bound. EC-50 refers to the drug concentration that produces
50 percent of the maximal response, whereas ED-50 refers to the drug dose that is
pharmacologically effective in 50 percent of the population.

Absorption: The movement of a drug from the administration site into the blood
stream usually requiring the crossing of one or more biologic membranes. Important
parameters include lipid solubility, ionization, size of the molecule, and presence of
a transport mechanism.
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Elimination: Process by which a drug is removed from the body, generally by either
metabolism or excretion. Elimination follows various kinetic models. For example,
first-order kinetics describes most circumstances, and means that the rate of drug
elimination depends on the concentration of the drug in the plasma as described by
the equation:

Rate of elimination from body = Constant X Drug concentration

Zero-order kinetics: It is less common and means that the rate of elimination is
constant and does not depend on the plasma drug concentration. This may be a
consequence of a circumstance such as saturation of liver enzymes or saturation of
the kidney transport mechanisms.

Bioavailability: The percentage of an ingested drug that is actually absorbed into
the bloodstream.

Route of administration: Drug may be delivered intravenously (IV or iv) for
delivery directly into the bloodstream, intramuscularly (IM), and subcutaneously
(SC). The medication may be depot and slow release, inhalant for rapid absorption
and delivery to the bronchi and lungs, sublingual to bypass the first-pass effect,
intrathecal for agents that penetrate the blood-brain barrier poorly, rectal to avoid
hepatic first-pass effect and for nausea, and topical administration when local effect
is desired such as dermatologic or ophthalmic agents.

Part 2. Approach to Disease

Physicians usually tackle clinical situations by taking a history (asking questions),
performing a physical examination, obtaining selective laboratory and imaging tests,
and then formulating a diagnosis. The synthesis of the history, physical examina-
tion, and imaging or laboratory tests is called the clinical database. After reaching
a diagnosis, a treatment plan is usually initiated, and the patient is followed for a
clinical response. Rational understanding of disease and plans for treatment are best
acquired by learning about the normal human processes on a basic science level;
likewise, being aware of how disease alters the normal physiologic processes is also
best understood on a basic science level. Pharmacology and therapeutics require also
the ability to tailor the correct medication to the patient’s situation and awareness
of the medication’s adverse effect profile. Sometimes, the patient has an adverse
reaction to a medication as the chief complaint, and the physician must be able to
identify the medication as the culprit. An understanding of the underlying basic
science allows for more rational analysis and medication choices.

Part 3. Approach to Reading

There are seven key questions that help to stimulate the application of basic science
information to the clinical setting. These are:

1. Which of the available medications is most likely to achieve the desired thera-
peutic effect and/or is responsible for the described symptoms or signs?
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What is the likely mechanism for the clinical effect(s) and adverse effect(s)
of the medication?

What is the basic pharmacologic profile (e.g., absorption, elimination) for
medications in a certain class, and what are the differences among the agents
within the class?

Given basic pharmacologic definitions such as therapeutic index (TI) or
certain safety factor (TD,/ED,,), or median lethal dose (LD, ), how do

medications compare in their safety profile?

Given a particular clinical situation with described unique patient character-
istics, which medication is most appropriate?

What is the best treatment for the toxic effect of a medication?

What are the drug-drug interactions to be cautious about regarding a particu-
lar medication?

Which of the following medications is most likely to be responsible for the
described symptoms or signs?

The student must be aware of the various effects, both desirable and undesirable,
produced by particular medications. Knowledge of desirable therapeutic effects
is essential in selecting the appropriate drug for the particular clinical applica-
tion; likewise, an awareness of its adverse effects is necessary, because patients
may come into the physician’s office with a complaint caused by a drug effect
unaware that their symptoms are because of a prescribed medication. It is only by
being aware of the common and dangerous effects that the clinician can arrive
at the correct diagnosis. The student is encouraged not to merely memorize the
comparative adverse effect profiles of the drugs, but rather to understand the
underlying mechanisms.

What is the likely mechanism for the clinical effect(s) and adverse effect(s)
of the medication?

As noted above, the student should strive to learn the underlying physiologic,
biochemical, or cellular explanation for the described drug effect. This under-
standing allows for the rational choice of an alternative agent or the reasonable
choice of an agent to alleviate the symptoms or explanatory advice to the patient
regarding behavioral changes to diminish any adverse affects. For example, if a
60-year-old woman who takes medications for osteoporosis complains of severe
“heartburn,” one may be suspicious, knowing that the bisphosphonate medica-
tion alendronate can cause esophagitis. Instruction to the patient to take the
medication while sitting upright and remaining upright for at least 30 minutes
would be the proper course of action, because gravity will assist in keeping the
alendronate in the stomach rather than allowing regurgitation into the distal
esophagus.
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What is the basic pharmacologic profile (absorption, elimination, volume
of distribution) for medications in a certain class, and what are differences
among the agents within the class?

Understanding the pharmacologic profile of medications allows for rational thera-
peutics. However, instead of memorizing the separate profiles for every medication,
grouping the drugs together into classes allows for more efficient learning and bet-
ter comprehension. An excellent starting point for the student of pharmacology
would be to study how a prototype drug within a drug class organized by structure
or mechanism of action may be used to treat a condition (such as hypertension).
Then within each category of agents, the student should try to identify important
subclasses or drug differences. For example, hypertensive agents can be catego-
rized as diuretic agents, B-adrenergic-blocking agents, calcium-channel-blocking
agents, and renin-angiotensin system inhibitors. Within the subclassification of
renin-angiotensin system inhibitors, the angiotensin-converting enzyme inhibi-
tors can cause the side effect of a dry cough caused by the increase in bradykinin
brought about by the enzyme blockade; instead, the angiotensin-1 receptor block-
ers do not affect the bradykinin levels and so do not cause the cough as often.

Given basic pharmacologic definitions such as therapeutic index (TI) or
certain safety factor (TD,/ED,,), or median lethal dose (LD, ), how do
medications compare in their safety profile?

Therapeutic index (TI): Defined as the TD, /ED, (the ratio of the dose that
produces a toxic effect in half the population to the dose that produces the desired
effect in half the population).

Certain safety factor (TD,/ED,,): Defined as the ratio of the dose that produces
the toxic effect in 1 percent of the population to the dose that produces the desired
effect in 99 percent of the population; also known as standard safety measure.

Median lethal dose (LD, ): Defined as the median lethal dose, the dose that will
kill half the population.

Based on these definitions, a desirable medication would have a high thera-
peutic index (toxic dose is many times that of the efficacious dose), high certain
safety factor, and high median lethal dose (much higher than therapeutic dose).
Likewise, medications such as digoxin that have a low therapeutic index require
careful monitoring of levels and vigilance for side effects.

Given a particular clinical situation with described unique patient characteris-
tics, which medication is most appropriate?

The student must weigh various advantages and disadvantages, as well as differ-
ent patient attributes. Some of those may include compliance with medications,
allergies to medications, liver or renal insufficiency, age, coexisting medical dis-
orders, and other medications. The student must be able to sift through the medi-
cation profile and identify the most dangerous adverse effects. For example, if a
patient is already taking a monoamine-oxidase-inhibiting agent for depression,
then adding a serotonin reuptake inhibitor would be potentially fatal, because
serotonin syndrome may ensue (hyperthermia, muscle rigidity, death).
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What is the best treatment for the toxic effect of a medication?

If complications of drug therapy are present, the student should know the proper
treatment. This is best learned by understanding the drug mechanism of action.
For example, a patient who has taken excessive opioids may develop respiratory
depression, caused by either a heroin overdose or pain medication, which may be
fatal. The treatment of an opioid overdose includes the ABCs (airway, breathing,
circulation) and the administration of naloxone, which is a competitive antago-
nist of opioids.

What are the drug-drug interactions to be concerned with regarding a particu-
lar medication?

Patients are often prescribed multiple medications, from either the same practi-
tioner or different clinicians. Patients may not be aware of the drug-drug interac-
tions; thus, the clinician must compile, as a component of good clinical practice,
a current list of all medications (prescribed, over-the-counter, and herbal) taken
by the patient. Thus, the student should be aware of the most common and dan-
gerous interactions; once again, understanding the underlying mechanism allows
for lifelong learning rather than short-term rote memorization of facts that are
easily forgotten. For example, magnesium sulfate to stop preterm labor should
not be used if the patient is taking a calcium-channel-blocking agent such as
nifedipine. Magnesium sulfate acts as a competitive inhibitor of calcium, and by
decreasing its intracellular availability it slows down smooth muscle contraction
such as in the uterus. Calcium-channel blockers potentiate the inhibition of cal-
cium influx and can lead to toxic effects, such as respiratory depression.

COMPREHENSION QUESTIONS

I.1

1.2

Bioavailability of an agent is maximal when the drug has which of the following
qualities?

A. Highly lipid soluble

B. More than 100 Daltons in molecular weight

C. Highly bound to plasma proteins

D. Highly ionized

An agent is noted to have a very low calculated volume of distribution (V).
Which of the following is the best explanation?

A. The agent is eliminated by the kidneys, and the patient has renal
insufficiency.

B. The agent is extensively bound to plasma proteins.
C. The agent is extensively sequestered in tissue.

D. The agent is eliminated by zero-order kinetics.
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1.4

L5

1.6

L7
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Which of the following describes the first-pass effect?

A. Inactivation of a drug as a result of the gastric acids.

B. Absorption of a drug through the duodenum.

C. Drug given orally is metabolized by the liver before entering the circulation.
D. Drug given IV accumulates quickly in the central nervous system (CNS).
A laboratory experiment is being conducted in which a mammal is injected

with a noncompetitive antagonist to the histamine receptor. Which of the fol-
lowing best describes this agent?

A. The drug binds to the histamine receptor and partially activates it.
B. The drug binds to the histamine receptor but does not activate it.

C. The drug binds to the receptor, but not where histamine binds, and pre-
vents the receptor from being activated.

D. The drug irreversibly binds to the histamine receptor and renders it
ineffective.

A 25-year-old medical student is given a prescription for asthma, which the
physician states has a very high therapeutic index. Which of the statements
best characterizes the drug as it relates to the therapeutic index?

A. The drug’s serum levels will likely need to be carefully monitored.

B. The drug is likely to cross the blood-brain barrier.

C. The drug is likely to have extensive drug-drug interactions.

D. The drug is unlikely to have any serious adverse effects.

A drug M is injected IV into a laboratory subject. It is noted to have high

serum protein binding. Which of the following is most likely to be increased as
a result?

A. Drug interaction

B. Distribution of the drug to tissue sites

C. Renal excretion

D. Liver metabolism

A bolus of drug K is given IV. The drug is noted to follow first-order kinetics.

Which of the following describes the elimination of drug K?

A. The rate of elimination of drug K is constant.

B. The rate of elimination of drug K is proportional to the patient’s renal
function.

C. The rate of elimination of drug K is proportional to its concentration in the
patient’s plasma.

D. The rate of elimination of drug K is dependent on a nonlinear relationship
to the plasma protein concentration.
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ANSWERS

I.1

[.2

L3

1.4

L5

L6

1.7

PHARMACOLOGY PEARLS

A. Transport across biologic membranes and thus bioavailability is maximal
with high lipid solubility.

B. The volume of distribution is calculated by administering a known dose of
drug (mg) IV and then measuring an initial plasma concentration (mg/L). The
ratio of the mass of drug given (mg) divided by the initial plasma concentra-
tion (mg/L) gives the V. A very low V, may indicate extensive protein bind-
ing (drug is sequestered in the bloodstream), whereas a high V, may indicate
extensive tissue binding (drug is sequestered in the tissue).

C. The first-pass effect refers to the process in which following oral administra-
tion a drug is extensively metabolized as it initially passes through the liver,
before it enters the general circulation. Liver enzymes may metabolize the agent
to such an extent that the drug cannot be administered orally.

C. A noncompetitive antagonist binds to the receptor at a site other than the
agonist-binding site and renders it less effective by preventing agonist binding
or preventing activation.

D. An agent with a high therapeutic index means the toxic dose is very much
higher than the therapeutic dose, and it is less likely to produce toxic effects at
therapeutic levels.

A. High protein binding means less drug to the tissue, the kidney, and the liver.
Drug interaction may occur if the agent binds to the same protein site as other
drugs, thus displacing drugs and increasing serum levels.

C. First-order kinetics means the rate of elimination of a drug is proportional to
the plasma concentration.

» Understanding the pharmacologic mechanisms of medications allows
for rational choices for therapy, fewer medication errors, and rapid recog-
nition and reversal of toxic effects.

» The therapeutic index, certain safety factor (TD,/ED,,), and median lethal
dose are various methods of describing the potential toxicity of medications.

» There are seven key questions to stimulate the application of basic science
information to the clinical arena.
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