ESEFRIRKEF T T 4SRRI AR

ZH S ERS
- asg
2 B =

Case Files™
Pharmacology

J& = Toy Rosenfeld Loose Briscoe
BXER BER



AEBESRIEKE$E LT E AR HAMEXK
U ]

Case Files' Pharmacology

g B £

=] % Eugene C. Toy, MD
Gary C. Rosenfeld, PHD
David S. Loose, PHD

Donald Briscoe, M ﬁ?ﬁ@)}

mXER EEH

% B (BUKZEHF) 2
EEE PR E R G -%
s W KEERESL  AEE Rk
SR Ul R R IR E
R ot R B
S RN PRUIE B KR
W P AENRE HiCE R EEM AR LR

Bt RISl R BB



AR I & H AR+t
McGraw-Hill

A Division of The McGraw-Hill Compam'csgz

Eugene C. Toy, et al.

Case Files: Pharmacology

ISBN: 0-07-144573-0

Copyright © 2005 by The McGraw-Hill Companies. Inc. All rights reserved. No part of this publication may be repro-
duced or distributed by any means, or stored in a database or retrieval system, without the prior written permission of the

publisher.
Simplified Chinese translation edition jointly published by McGraw-Hill Education ( Asia) Co. and People’s Medical Pub-

lishing House.

ROSTRS P

A A5 R SCTRT 47 BRI AR A B TLAE Hh R A0 38 B 2 55 - R CIEM) HEARA R AR HIR . R 2 IR HUSE B i
A, NG LMER 7 & i b R AR B E4)

BE: ABRFEERHRE ORI E P 5P B REIT 7B, IR AT R A [ P 5 4
e (EREE BREARRE, 20 6E Tk R B FEAR L RO B 2E . B UG 3 e 0 P AR B b R A0 25 B, A BT
EEYE UL, jEEXT:Fﬁ*’iﬁT%iﬂzﬁﬁfhﬁﬂﬁto R 44 Xof R 2 B A 3 A 4T P 25 T 2 4 s 3 B 3
GUE S ESE PS5

EH RS B (CIP) ¥R

EE/ R ER. —bR: ARTAES
fiiAt, 2008.6

(RBIHTRF)

ISBN 978-7-117-09891-5

[ 2% 1. J- 0. Z58E—_E—Hi—
¥, W V. R96

HE AR A 4R CIP $d A% 7 (2008) 45 017097 5
B=F: 01-2006-6096

£ 0 2 % 7
R

hx kg AL

HAREZ1T: ARTAH R (PYELE 010-67616688)
o Hb: JEEWEAR T ERERE3 X 3 2%
R 4. 100078

g HE: http: // www. pmph. com

E - mail: pmph @ pmph. com

Wk 010-67605754 010-65264830

En Ril: JEE SR E R PR &

Z $H: HERIE

FF Z: 787 x1092 1/16 ENd: 29

¥ #. 600 TF

KR % 2008 4F 6 A4S 1 iR 2008 4F 6 A4 1 BRES 1 REDR
FRAEHS: ISBN 978-7-117-09891-5/R - 9892

E i 56.000C

AR, BRUns, FTHARSMEIE: 010-87613394
(JUR BN R & [0 G 5 A 4 & 3 R 1B i)



AEBEFRIERESE L LT A WA B XX
2RI 53 47 7 51

HoRR B

HRMHEH . TEFXFIRIGEHFREM, LEeESEEREITR
LB S O T A JGE B A RN R D B R R S, AR TAE AL 13t
TAEROISHRFIFCEM . HHM ERR £ EEEFTH/REE HRER
R, fERESKESFBERE R R

5 o 388 1o G AR S 51 ot AR S B I PR B ESRE REAT EUBUR A ), A BN T
2 S BE 2 SRR ARG PRECBRARSE & 0 SRR LI H o0 9 2 5 (PBL) 252
R AE FHBE S, WHRLAREIRS. ERkEL, FEERERE
BERENLL, BRRENEEMBERERR. AEERN, HEMAUFEN
FHRIRBIHSIRS

A SO E R BT BRIV EARIFREH R, FFRERE RN
WA EEAR S FIAICHEAT T SUEMINE, ABEMESHRER . Bk, BEAT
ISR EE X E AR IR, XATE ] EERIE,

ARFIE MBI AT 12 4. IBFRE 6 A& (ARIE SR BB LR
2 WM ALES), BMEY6 ARREY AEE EWLE BEY¥ R
B HEY), BTIEHEREL,



_® 5

[i[]] =

A 43R E McGraw-Hill 22 7] R R B A RIVA B H G EZ M. &
SEGNAEEZHMAR, EEHOCHET 52 MRGIRIFIHE, W ERZHE
FHRMEARWN, BEEIrEROIEIERIER, 852K RE, £
TEHYEERY b IF 45 H R A 2B A . XA LA R 0 % 3 (PBL) A
SRR RIEIRE EBERW S, BRHAEEN, BE AR KRMELME R
JRZGELNEANIR, XRABEHN T HMGBEEZRBHRRER, 287
Pk REIES IR S 16 RC BB HER, THER T BRAiBRie 2 ) kIR, A4
MEEGNHEFBRENESE, RFWESRA —ELREKRMIGKRESL; I8
AERHMES THEARBSERB,

AT ERENEE EFNERXAZAEA, RO HHATTER, figs
iRt 2%, BIREKERGFE =TS ORI —L& L #F0 4 R IR
T OB, LOTEREE; QRMAAEMR; OXE—mEIHT AT,

AHAEFRIBRFB/E T ARDA RS SERMEEN K, H
B AR B T AP R I PR2G BRI B 50 IR AN ST AL B B B, RS R B 5T A
M3t Rl A IR ELM T KREBM TR, 7E—IF80,

SEXBERNEERZRAENNENELH¥ZFEORRYE, BEER
FHPUKFMETE, FS, B2, SmEES, H0EC0MEAAEREANFE
7. & BIRAMFEFEHIFIEIE,

Sy
2008 45 A 29 B ki)



«+ 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 memo-
rization.

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 de-
tailed information for the student who wants thought-provoking explanations. The an-
swers 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 comprehen-
sion 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 mechanisms and rela-
tionships, we used open-ended questions in the clinical cases. Nevertheless, several
multiplechoice 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 openended
questions usually asking a basic science question, but at times, to break up the monot-
ony, there will be a clinical question. The answers are organized into four different

parts;
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PART I
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 sci-
ence to the clinical manifestations, and perhaps introducing the student to issues

such as diagnosis and treatment

PART II
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.

2. Definitions of basic terminology

3. Discussion of the specific class of agents

PART III
Comprehension Questions—Each case includes several multiple-choice questions that
reinforce the material or introduces new and related concepts. Questions about the ma-

terial 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 ex-

amination
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PART 1. APPROACH TO LEARNING PHARMACOLOGY

Pharmacology is best learned by a systematic approach, understanding the physiology of
the body, recognizing that every medication has desirable and undesirable effects,
and being aware that the biochemical and pharmacological 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, receptor, the efficacy is the same. ”

KEY TERMS

Pharmacology : The study of substances that interact with living systems through bi-
ochemical processes.

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

Toxicology: A branch of pharmacology that studies the undesirable effects of chemi-
cals 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 re-
sult 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 ab-
sorption, distribution, and elimination.

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

V4 = Dose( mg) drug administered / Initial plasma concentration( mg/L)

Potency of drug: Relative amount of drug needed to produce a given response, de-
termined largely by the amount of drug that reaches the site of action and by the af-
finity 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
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50% of the maximal response, whereas ED-50 refers to the drug dose that is phar-
macologically effective in 50% 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 biological membranes. Im-
portant parameters include lipid solubility, ionization, size of the molecule, and
presence of a transport mechanism.

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 Kkinetics 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 conse-
quence of a circumstance such as saturation of liver enzymes or saturation of the
kidney transport mechanisms.

Bioavailabilify; 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 deliv-
ery directly into the bloodstream, intramuscularly ( IM ) and subcutaneously
(SC). The medication may be depot and slow release, inhalant for rapid absorp-
tion 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 firstpass effect and for nausea, and topical administration when

local effect is desired such as dermatological or ophthalmic agents.
PART 2. APPROACH TO DISEASE

Physicians usually tackle clinical situations by taking a history ( asking questions) , per-
forming a physical examination, obtaining selective laboratory and imaging tests, and
then formulating a diagnosis. The synthesis of the history, physical examination, and
imaging or lab tests is called the clinical database. After reaching a diagnosis, a treat-
ment plan is usually initiated, and the patient is followed for a clinical response. Ra-
tional 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 physiological processes is also best understood on a basic
science level. Pharmacology and therapeutics requires also the ability to tailor the cor-

rect medication to the patient’s situation and awareness of the medication’s adverse effect
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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 medi-

cation choices.

PART 3. APPROACH TO READING

There are seven key questions that help to stimulate the application of basic science in-

formation to the clinical setting. These are:

1.

Which of the available medications is most likely to achieve the desired ther-
apeutic effect and/or is responsible for the described symptoms or signs?
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 a-
gents within the class?

Given basic pharmacological 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?

7. What are the drug-drug interactions to be cautious about regarding a parti-

cular 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 undesira-
ble, produced by particular medications. Knowledge of desirable therapeutic
effects is essential in selecting the appropriate drug for the particular clinical appli-
cation; likewise, an awareness of its adverse effects is necessary, because pa-
tients may come into the 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 cor-
rect diagnosis. The student is encouraged not to merely memorize the comparative
adverse effect profiles of the drugs, but rather to understand the underlying mech-
anisms.

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

As noted above, the student should strive to learn the underlying physiological ,
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 medication
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.

What is the basic pharmacologic profile ( absorption, elimination , volume of

distribution ) for medications in a certain class, and what are differences a-

mong the agents within the class?

Understanding the pharmacological profile of medications allows for rational ther-
apeutics. However, instead of memorizing the separate profiles for every medica-
tion, grouping the drugs together into classes allows for more efficient learning and
better 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 inhibitors
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 pharmacological 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 de-
sired effect in half the population).

Certain Safety Factor(TD,/ED,, ) : Defined as the ratio of the dose that pro-

duces the toxic effect in 1 percent of the population to the dose that produces
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5.

the desired effect in 99 percent of the population; also known as Standard
Safety Measure.

Median Lethal Dose( LDy, ) : 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 therapeu-
tic 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 character-
istics, 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 se-
rotonin syndrome may ensue ( hyperthermia, muscle rigidity , death) .

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 caused by either a heroin
overdose or pain medication may develop respiratory depression, which may be fa-
tal. The treatment of an opioid overdose includes the ABCs( airway , breathing , cir-
culation) and the administration of naloxone, which is a competitive antagonist of
opioids.

What are the drug-drug interactions to be concerned with regarding a parti-
cular 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 prac-
tice, 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
dangerous interactions; once again, understanding the underlying mechanism al-
lows 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
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be used if the patient is taking a calciumchannel-blocking agent such as nifedip-

ine. Magnesium sulfate acts as a competitive inhibitor of calcium, and by decrea-

sing its intracellular availability, it slows down smooth muscle contraction such as

in the uterus. Calcium-channel blockers potentiate the inhibition of calcium influx

and can lead to toxic effects, such as respiratory depression.

(I-1]

[12]

[1-3]

[1-4]

[15]

Comprehension Questions

Bioavailability of an agent is maximal when the drug is

A. Highly lipid soluble

B. Larger 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 insuffi-
ciency.

B. The agent is extensive bound to plasma proteins.

C. The agent is extensively sequestered in tissue.

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

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 intravenously 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 following

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 ineffec-
tive.

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?
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[1-6]

[1-7]

[I-1]

[1-2]

[1-3]

[1-4]

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 intravenously into a laboratory subject. It is noted to have

high serum protein binding. Which of the following is most likely to be in-

creased as a result?

A. Drug interaction

B. Distribution of the drug to tissue sites

C. Renal excretion

D. Liver metabolism v

A bolus of drug K is given intravenously. 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 func-
tion.

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.
Answers

A. Transport across biological 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) intravenously and then measuring an initial plasma concentration
(mg/L). The ratio of the mass of drug given(mg) divided by the initial plasma
concentration( mg/L) gives the V,. A very low V, may indicate extensive pro-
tein binding(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 ag-
onist-binding site and renders it less effective by preventing agonist binding or

preventing activation.



