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Notice

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required. The
authors and the publisher of this work have checked with sources believed to be
reliable in their efforts to provide information that is complete and generally in
accord with the standards accepted at the time of publication. However, in view of
the possibility of human error or changes in medical sciences, neither the authors
nor the publisher nor any other party who has been involved in the preparation or
publication of this work warrants that the information contained herein is in every
respect accurate or complete, and they disclaim all responsibility for any errors or
omissions or for the results obtained from use of the information contained in this
work. Readers are encouraged to confirm the information contained herein with
other sources. For example and in particular, readers are advised to check the prod-
uct information sheet included in the package of each drug they plan to administer
to be certain that the information contained in this work is accurate and that
changes have not been made in the recommended dose or in the contraindications
for administration. This recommendation is of particular importance in connection
with new or infrequently used drugs.
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Preface

In this tenth edition of Pharmacology: PreTest® Self-Assessment and Review,
significant changes and improvements have been made. Questions that use
clinical vignettes have been added; the responses require interpretation and
data synthesis. The number of items per group of matching questions has
been reduced in accordance with the new format used on United States
Medical Licensing Examination (USMLE) Step 1. A High-Yield Facts sec-
tion containing two sample Drug Classification Tables has been added;
these tables serve as simple examples for collating and comparing informa-
tion about various drug classes. References have been updated, and this
section is preceded by a List of Abbreviations and Acronyms used through-
out the book.

The author remains indebted to his students and colleagues at New
York University Medical Center for their continuing support and encour-
agement.

vii
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Introduction

Each PreTest® Self-Assessment and Review allows medical students to com-
prehensively and conveniently assess and review their knowledge of a par-
ticular basic science—in this instance, pharmacology. The 490 questions
parallel the format and degree of difficulty of the questions found in the
United States Medical Licensing Examination (USMLE) Step 1. Practicing
physicians who want to hone their skills before USMLE Step 3 or recertifi-
cation may find this to be a good beginning in their review process.

Each question is accompanied by an answer, a paragraph explanation,
and a specific page reference to an appropriate textbook. A bibliography
listing sources can be found following the last chapter.

Before each chapter, a list of key terms or classifications of drugs or
both is included to aid review. In addition, suggestions for effective study
and review have been added afterward.

The most effective method of using this book is to complete one chap-
ter at a time. Prepare yourself for each chapter by reviewing from your
notes and favorite text the drugs classes listed at the beginning of each sec-
tion and the drugs listed in the “High-Yield Facts” section. You should con-
centrate especially on the prototype drugs. Then proceed to indicate your
answer by each question, allowing yourself not more than one minute for
each question. In this way you will be approximating the time limits im-
posed by the examination.

After you finish going through the questions in the section, spend as
much time as you need verifying your answers and carefully reading the
explanations provided. Pay special attention to the explanations for the
questions you answered incorrectly—but read every explanation. The edi-
tors of this material have designed the explanations to reinforce and sup-
plement the information tested by the questions. If you feel you need
further information about the material covered, consult and study the ref-
erences indicated.

Copyright 2002 The McGraw-Hill Companies, Inc. Click Here for Terms of Use.
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High-Yield Facts

SAMPLE DRUG CLASSIFICATION TABLES

TIPS FOR LEARNING PHARMACOLOGY

Pharmacology is best learned by comparing drugs within a particular class
or by their specific use.

A chart highlighting the similarities and differences among the various
agents can be a helpful tool. The charts included in this section are simple
examples. More elaborate charts can be constructed that would include
how the drug is administered, its pharmacological effects, its adverse
effects, its mechanism of toxicity (if known), and significant drug-drug
interactions. For infectious disease agents, the spectrum of antimicrobial
activity and the basis of antibiotic resistance can be added.

Explanations for the abbreviations used in these charts are found in
the List of Abbreviations and Acronyms, which appears before the Bibliog-
raphy.

Copyright 2002 The McGraw-Hill Companies, Inc. Click Here for Terms of Use.



Penicillins

Narrow spectrum
Penicillinase-susceptible
Penicillinase-resistant

Wide spectrum
Penicillinase-susceptible

Cephalosporins
First-generation
Second-generation

Third-generation

Carbapenem

Monobactam

Penicillin G
Methicillin
Ampicillin

Carbenicillin

Cephalothin

Cefamandole

Cefoperazone

Imipenem

Aztreonam

Inhibit bacterial cell-wall synthesis by Streptococci, meningococci,
binding to penicillin-binding proteins, pneumococci, gram-positive bacilli,
inhibiting crosslinking enzymes, and gonococci, spirochetes.
activating autolytic enzymes that
disrupt bacterial cell walls.

Staphylococci.

Similar to penicillin G; also includes
E. coli, P mirabilis, and H. influenzae.

Gram-negative rods and especially
useful for Pseudomonas spp.

Gram-positive cocci, E. coli, and K.
pneumonide.

Greater activity against gram-negative
organisms than first-generation
cephalosporins.

Broader activity against resistant gram-
negative organisms; some derivatives
penetrate the blood-brain barrier.

‘Wide action against gram-positive cocci,
gram-negative rods, and some anaerobes.

Resistant to B-lactamases produced by
gram-negative rods.




Macrolides

Vancomycin

Chloramphenicol

Aminoglycosides
Systemic

Local
Tetracycline

Sulfa drugs

Trimethoprim

Fluoroquinolones

Erythromycin

Vancomycin

Chloramphenicol

Gentamicin

Neomycin
Tetracycline

Sulfonamides

Trimethoprim

Norfloxacin

Inhibits protein synthesis by binding
to part of the 50S ribosomal .
subunit

Inhibits synthesis of cell-wall
mucopeptides (peptidoglycans).

Inhibits peptide bond formation by
binding to the 50S ribosomal subunit,
inhibiting peptidy! transferase.

Inhibits protein synthesis by binding to
the 30S subunit of ribosomes, which
blocks formation of the initiation
complex, causing misreading of the
code on the mRNA template and
disrupting polysomes.

Inhibits protein synthesis by binding to
the 30S ribosomal subunit, which
interferes with binding of aminoacyl-
tRNA.

Inhibit folic acid synthesis by
competitive inhibition of
dihydropteroate synthase.

Inhibits folic acid synthesis by
inhibition of dihydrofolate reductase.

Inhibits topoisomerase II (DNA gyrase).

Gram-positive cocci, mycoplasma,
corynebacteria, Legionella,
Ureaplasma, Bordetella.

Gram-positive bacteria, especially for
resistant mutants.

Salmonella and Haemophilus infections
and meningococcal and pneumococcal
meningitis.

E. coli, Enterobacter, Klebsiella, Proteus,
Pseudomonas, and Serratia species.

Mycoplasma, chlamydia, rickettsia,
vibrio.

Gram-positive and -negative
organisms, including chlamydia
and nocardia.

Used in combination with
sulfamethoxazole.

Gram-negative organisms, including
gonococci, E. coli, K. pneumoniae,
C. jejuni, Enterobacter;, Salmonella,
and Shigella species.
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Drugs for Treating Hypertension

Drug Class Prototype

Action

Sympathetic nervous
system agents

Central Clonidine
Peripheral Guanethidine
Prazocin
Propranolol
Central and Reserpine
peripheral
Vasodilators
Arterial Hydralazine
Diazoxide
Arterial and Nitroprusside
venous

Ca*™* channel-blockers  Nifedipine

ACE inhibitors Captopril
Diuretics
Thiazides Hydrochlorothiazide
(benzothiadiazides)
Loop agents Furosemide

o,-agonist; causes decreased
sympathetic outflow.

Uptake by transmitter
vesicles in nerve depletes
and replaces norepinephrine
in neurosecretory vesicles.

O, -antagonist.

B-antagonist.

Binds tightly to storage
vesicles, which consequently
lose their ability to
concentrate and store
norepinephrine.

Unknown.

Opens K* channels and
causes hyperpolarization of
smooth muscle.

Releases NO, which binds to
guanylyl cyclase to generate
cGMP.

Inhibits voltage-dependent
“L-type” Ca™ channels.

Inhibits conversion of
angiotensin I to
angiotensin II.

Inhibits Na* channels in
luminal membrane in the
proximal segment of the
distal tubule.

Inhibits cotransporter of Na*,
K*, CI” in the ascending
limb of the loop of Henle.
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HIGH-YIELD FACTS
General Principles DNA synthesis inhibitors
Serum concentration vs time Fluoroquinolones
graphs Antimycobacterials
Relationship of drug elimination Isoniazid
half-time (t,,,) Rifampin
Apparent volume of distribution Ethambutol
Drug clearance Pyrizinamide
Drug distribution Streptomycin
Henderson-Hasselbalch Antileprosy agents
equations Antifungals
Diffusion Amphotericin B
Partition coefficients Flucytosine
Bioavailability Azoles
Terbinafine
Log-dose response curves
Antivirals
Anti-Infectives Antiherpes agents
Cell-wall synthesis inhibitors Antiretrovirals
Penicillins Nucleoside reverse transcriptase
Cephalosporins inhibitors
Monobactams Nonnucleoside reverse
Carbapenem transcriptase inhibitors
Vancomycin Protease inhibitors
Cycloserine Amantadine
B-lactamase inhibitors Interferons
. i Ribavirin
Protein synthesis inhibitors
Chloramphenicol Antiprotozoals
Tetracyclines Antihelminthics
Macrolides
Lincosamides
Aminoglycosides

Folic acid synthesis inhibitors
Sulfonamides
Trimethoprim
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Organism Drug
Pneumococcus Penicillin G, ampicillin
Pneumococcus Fluoroquinolones

(penicillin-resistant)
Streptococcus Penicillin G, macrolides (allergic patients)
Staphylococcus Penicillinase-resistant penicillin
(penicillinase-resistant)
Staphylococcus Vancomycin
(methicillin-resistant)
Enterococcus Penicillin G and gentamycin
Enterococcus Linezolid
(Vancomycin—resistant)
Gonococcus Ceftriaxone, fluoroquinolones
Menigicoccus Penicillin G, ampicillin, cephtriaxone

Escherichia coli,
Proteus, Klebsiella

Shigella
Enterobacter, Serratia

Second- and third-generation cephalosporin,
trimethoprim-sulfamethoxazole, ampicillin,
fluoroquinolones

Fluoroquinolones

Imipenem, trimethoprim-sulfamethoxazole,
fluoroquinolones, pipericillin/tazobactam

Hemophilus Second- or third-generation cephalosporins,
trimethoprim-sulfamethoxazole, fluoroquinolones
Pseudomonas Cephtazidime, cefepime, imipenem, aztreonam,
ciprofloxacin, aminoglycoside, and extended-
spectrum penicillin
Bacteroides Metronidazole, clindamycin
Mycoplasma Macrolide, tetracycline
Treponema Penicillin G
Drug Adverse Drug Reaction
Penicillins Cross-allergenicity
Cephalosporins Cross-allergenicity
Contraindicated in patients with history of
anaphylaxis to penicillins
Disulfiram-like reaction with ethanol
Vancomycin “Red person” syndrome
Chloramphenicol “Gray baby syndrome,” aplastic anemia
Macrolides Arrhythmias with coadministration of astemizole
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Drug Adverse Drug Reaction

Clindamycin Clostridium difficile colitis

Aminoglycosides Ototoxicity and nephrotoxicity

Tetracycline Discolored teeth, enamel dysplasia, and bone growth
disturbances in children

Sulfa drugs Cross-allergenicity with other sulfa drugs and with
certain diuretics and hypoglycemics

Fluoroquinolones Tendonitis, Achilles tendon rupture, contraindicated

Amphotericin B
Azole antifungals

in patients less than 18 years old because of effects

on cartilage development
Shocklike reaction
Arrhythmias with astemizole

Isoniazid Hepatotoxicity prevented by coadministration of
pyridoxine

Ethambutol Visual disturbances

Pyrazinamide Nongouty polyarthralgias

Dapsone Hemolysis in patients with glucose-6-phosphate
dehydrogenase deficiency

Antiviral Agent Adverse Drug Reaction

Zidovudine (AZT)
Didanosine (ddl)
Stavudine (d4T)
Abacavir
Efavirenz

Protease inhibitors

Acyclovir
Ganciclovir
Foscarnet
Ribavirin
Interferons
Lamivudine
Rimantadine,
amantadine
Zanamavir

Anemia

Neuropathy, pancreatitis
Neuropathy

Hypersensitivity reaction
Central nervous system toxicity

Hepatotoxicity, hyperlipidemia, nephrolithiasis,

lipodystrophy
Nephropathy
Neutropenia
Renal toxicity
Anemia
Flulike symptoms
Lactic acidosis
Central nervous system toxicity

Bronchospasm
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Cancer Chemotherapy
and Immunology

Cell cycle kinetics

Antimetabolites
Cell cycle sensitive (CCS)—
primarily in the S phase

Plant alkaloids
Vinblastine and vincristine—
CCS—primarily in the
M phase
Ectoposide—CCS—S and early
G2 phase
Paclitaxel—spindle poison

Antibiotics
Bleomycin—CCS—primarily in
G2 phase
Doxyrubicin, dactinomycin, and
mitomycin—cell cycle non-
sensitive

Alkylating agents and hormones—
cell cycle nonspecific
(CCNS)

Cardiovascular and
Pulmonary Systems

Drugs used in congestive heart
failure
Positive inotropes
Diuretics
ACE inhibitors
PDE inhibitors
Vasodilators

Antianginals
Calcium channel blockers
Nitrates
B-adrenergic blockers

Antiarrhythmics
Sodium channel blockers
B-adrenergic blockers
Potassium channel blockers
Calcium channel blockers
Adenosine
Digoxin

Antihypertensives
Diuretics
Adrenergic receptor blockers
Vasodilators
Angiotensin antagonists

Antihyperlipidemics
Resins
HMG-CoA reductase inhibitors
Niacin
Gemfibrozil
Drugs used in clotting disorders
Clot reducers
Anticoagulants
Antiplatelet agents
Thrombolytics
Clot facilitators
Replacement factors
Plasminogen inhibitors

Antiasthmatics
Bronchodilators
Anti-inflammatories
Leukotriene antagonists



High-Yield Facts

9

Drug Adverse Drug Reaction
Digoxin Arrythmias, visual aberrations
Nitrates Tachycardia, headaches, and tolerance
Verapamil Constipation
B-adrenergic blockers Bradycardia and asthma
Quinidine and sotalol Torsades-like arrhythmia
Procainamide Lupus-like reaction
Amiodarone Pulmonary fibrosis, thyroid dysfunction, and
constipation
Prazosin First-dose orthostatic hypotension
Clonidine Rebound hypertension on acute drug cessation
Methyldopa Positive Coombs test
Guanethidine Orthostatic hypotension
Reserpine Depression
Hydralazine Lupus-like syndrome
Minoxidil Hirsutism, marked salt and water retention
ACE inhibitors Dry cough, contraindicated in renal disease
Resins Bloating
HMG-CoA reductase Severe muscle pain
inhibitors
Niacin Flushing

Central Nervous System

Antipsychotics
Phenothiazines
Thioxanthines
Butyrophenones
Heterocyclics
Antimanics

Orthostatic hypotension
Hyperprolactinemia

Amenorrhea-galactorrhea syn-
drome

Neuroleptic malignant syndrome
Agranulocytosis—clozapine

Nephrogenic diabetes insipidus—

Adverse Drug Reactions of Antipsy-
chotics

Extrapyramidal effects—haloperi-
dol, fluphenazine

Tardive dyskinesia

Atropine-like effects—thioridizine,
chlorpromazine, clozapine

lithium

Antidepressants
Monoamine oxidase (MAO)
inhibitors

Tricyclics
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Heterocyclics

Selective serotonin reuptake

inhibitors

0-adrenergic blockers

Adverse Drug Reactions of Antide-

pressants

Combination of MAQ inhibitors
and fluoxetine—serotonin

syndrome

Barbiturates
Ethanol
Antiparkinsonians
Dopamine antagonists
MAO inhibitors
Antimuscarinics
Adverse Drug Reactions of
Antiparkinsonians
Levodopa, bromocryptine—
choreoathetosis

MAO inhibitors and foods contain- o
ing tyramine—hypertensive Antiepileptics

crisis
Opiates
Agonists
Mixed agonists
Antagonists
Anxiolytics
Benzodiazepines

Drug

Phenytoin
Carbamazepine
Valproic acid
Gabapentin
Vigabatrin
Ethosuximide
Benzodiazepines

Use

Valproic acid, phenytoin,
carbamazine

Ethosuximide, valproic acid

Valproic acid

Diazepam, lorazepam

Grand mal seizures

Absence seizures
Myoclonus
Status epilepticus

Drug

Adverse Drug Reaction

Valproic acid
Phenytoin

Carbamazepine
Gabapentin

Vigabatrin

Neural tube defects

Nystagmus, gingival hyperplasia, ataxia,
hirsutism

Diplopia, ataxia

Movement disorders, behavioral aberrations

in children
Agitation, confusion, psychosis
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Autonomic Nervous System

Location and function of adrenergic
and cholinergic receptors

Ganglionic blockers
Neuromuscular blockers

Adrenergic agents

Cholinergic agents
Direct acting
Nicotinic
Muscarinic
Indirect acting
Organophosphates
Carbamates

Quarternary alcohols

Anticholinergic agents
Antimuscarinic
Antinicotinic

Drug

Direct acting
o-adrenergic agonists
B-adrenergic agonists

Indirect acting
Releasers
Reuptake inhibitors

Antiadrenergic agents
o-adrenergic blockers
B-adrenergic blockers

Use

neostigmine
Carbachol, pilocarpine,
physostigmine, timolol
Tacrine, donepezil
Pralidoxime
Scopalamime
Ipratropium
Albuterol
Dopamine
Dobutamine
Ephedrine, oxymetazoline,
phenylephrine
Phentolamine,
phenoxybenzamine
Prazosin
Beta blockers

Epinephrine
Tropicamide

Edrophonium, pyridostigmine,

Myasthenia gravis
Glaucoma

Alzheimer’s disease

Organophosphate poisoning antidote
Motion sickness

Chronic obstructive pulmonary disease
Asthma

Cardiogenic shock

Cardiogenic shock and congestive heart failure

Nasal congestion
Pheochromocytoma

Hypertension

Angina, hypertension, arrhythmias,
and myocardial infarction

Anaphylaxis

Mydriasis and cycloplegia
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Drug Adverse Drug Reaction
Muscarinics Nausea, vomiting, diarrhea, salivation, sweating,
cutaneous vasodilation, and bronchial constriction
Nicotinics Convulsions, respiratory paralysis, and hypertension
Cholinesterase Signs of muscarinic and nicotinic toxicities
inhibitors
Antimuscarinics Hyperthermia due to blockage of sweating mechanisms,
decreased salivation and lacrimation, acute-angle-
closure glaucoma in the elderly, urinary retention,
constipation, blurred vision, delirium, and
hallucinations
Antinicotinics Respiratory paralysis
Adrenergics Marked increase in blood pressure, tachycardia
o-adrenergic Orthostatic hypotension, reflex tachycardia
blockers
B-adrenergic Bradycardia, atrioventricular blockade, negative inotropy;,
blockers bronchiolar constriction, hypoglycemia

Local Control Substances

Histamine antagonists

H,
H,

Serotonin agonists

5-H,

Serotonin-selective reuptake

inhibitors

Serotonin antagonists

5-HT,
5-HT;

Ergot alkaloids
CNS
Uterus
Vessels

Eicosonoid agonists
Prostaglandins
Prostacyclins
Thromboxanes
Leukotrienes

Eicosonoid antagonists
Corticosteroids
Nonsteroidal anti-inflammatory
drugs (NSAIDs)
Leukotriene antagonists
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Drug

Use

Histamine antagonists
H,
H,
Serotonin agonists
Sumatriptan
Serotonin antagonists
Ketanserin, cyproheptadine,
and phenoxybenzamine
Ondansetron

Ergot alkaloids
Ergotamine
Methysergide and ergonovine
Ergonovine and ergotamine
Bromocryptine and pergolide
Eicosanoid agonists
Misoprostol

PGE,

Alprostadil

Corticosteroids
NSAIDs

Indomethacin
Leukotriene antagonists

Allergies
Acid-peptic disease

Acute migraine and cluster headaches
Carcinoid tumors

Postoperative vomiting and vomiting
associated with cancer chemotherapy

Acute migraine headache

Prophylactic use for migraine headaches
Reduction of postpartum bleeding
Reduction of prolactin secretion

Abortifacient, prevention of ulcers in
combination with NSAIDs therapy

Maintain patency of ductus arteriosus

Erectile dysfunction

Inhibition of arachidonic acid production

Closure of patent ductus arteriosus

Asthma

Drug

Adverse Drug Reaction

Histamine receptor antagonists
H,
H,-cimetidine

Serotonin antagonists
Ketanserin
Ondansetron

Ergot alkaloids

Drowsiness
Inhibitor of drug-metabolizing enzymes

o and H, antagonism

Diarrhea and headache

Ischemia and gangrene, fibroplasia of
connective tissue, uterine contractions,
and hallucinations
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Renal System

Potassium-sparing diuretics

Diuretics effecting salt and water Drugs effecting water excretion
excretion Osmotic
Osmotic ADH agonists
Carbonic anhydrase inhibitors ADH antagonists
Loop diuretics
Thiazides
Drug Use
Loop diuretics Congestive heart failure and pulmonary edema, ascites
Thiazides Hypertension, congestive heart failure, renal calcium
stones
Osmotics Increasing urine flow, decreasing intracranial pressure

diuretics
ADH

Potassium-sparing

Diminishing potassium wasting from other diuretics

Pituitary diabetes insipidus

Drug

Adverse Drug Reaction

Loop diuretics

Hypokalemia, ototoxicity

Thiazides Hypokalemia, hyperglycemia, hyperuricemia,
hyperlipidemia
Potassium-sparing ~ Hyperkalemia
diuretics
Spironolactone Gynecomastia and antiandrogenic effects
ADH Hyponatremia
Gastrointestinal System Gastrointestinal motility
and Nutrition promotors
Gastrointestinal tract ulcers Antiemetics
Antacids H, antagonists
Polymers (sucralfate) Phenothiazines
Proton pump inhibitors 5-HT inhibitors

Antibiotics
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Pancreatic replacement enzymes

Stool softeners

Laxatives Lubricants
Irritants Sulfasalazine
Bulk formers Antidiarrheals
Drug Use
Ondansetron Antiemetic in cancer chemotherapy
Omeprazole Zollinger-Ellison syndrome

Endocrine System

Androgens
Testosterone

Antiandrogens
GnRH analogs
Steroid synthesis inhibitors
50 reductase inhibitors
Testosterone receptor inhibitors
Estrogens
Progesterones

Corticosteroids
Glucocorticoids
Mineralocorticoids

Corticosteroid antagonists
Receptor antagonists
Synthetic inhibitors

Thyroid hormones
Thyroxine
Triiodothyronine

Antithyroid hormones

Thioamides
lodide

Radioactive iodide
Ipodate

Antidiabetics
Insulin
Oral hypoglycemics
Sulfonylureas
Biguanides
Thiazolidinediones
Acarbose

Hyperglycemics
Bone mineral metabolism agents

Parathyroid hormone
Vitamin D

Calcitonin—Paget’s disease and

hypercalcemia

Estrogens

Glucocorticoids
Biphosphonates—post-
menopausal osteoporosis
Fluoride
Plicamycin—Paget’s disease



16 Pharmacology

Drug Adverse Drug Reaction
Androgens Masculinizing effects
Estrogens Breakthrough bleeding and breast tenderness
Thyroid hormones Thyrotoxicosis
Glucocorticoids Adrenal suppression, salt retention, diabetes,
0Steoporosis
Insulin Hypoglycemia
Sulfonylureas Hypoglycemia
Biguanides Diarrhea, lactic acidosis in renal or hepatic
insufficiency and anoxic states
Thiazolidinediones Possible hepatotoxicity
Etidronate Esophageal irritation
Fluoride Ectopic bone formation, exostosis
Vitamin D Nephrocalcinosis
Toxicology Herbicides
Air pollutants Environmental pollutants

Carbon monoxide

Sulfur dioxide
Nitrogen oxides
Ozone

Solvents

Dioxins

Polychlorinated biphenyls
Heavy metals

Lead

Arsenic

Halogenated hydrocarbons
Aromatic hydrocarbons

Insecticides
Chlorinated hydrocarbons
Cholinesterase inhibitors
Botanical insecticides

Mercury
Iron



High-Yield Facts

17

Toxin

Treatment

Carbon dioxide

Sulfur dioxide

Aliphatic hydrocarbons
Aromatic hydrocarbons
Cholinesterase inhibitors
Paraquat

Lead

Arsenic

Mercury

Iron

Removal from exposure and administer oxygen

Removal from exposure

Removal from exposure

Removal from exposure

Atropine, pralidoxime

Gastric lavage and dialysis

Dimercaprol, penicillamine

Dimercaprol, penicillamine

Dimercaprol (elemental), penicillamine,
dimercaprol (inorganic salts)

Deferoxamine
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Drug-receptor interactions Dosage regimens and pharmaco-

Dose-response relationships kinetic profiles

Molecular models of receptors and ~ Factors affecting drug dosage
signal transduction mechanisms  Development of new drugs

Biotransformation Regulation by the Food and Drug
Pharmacokinetics Administration
Pharmacodynamics

Questions

DIRECTIONS: Each item below contains a question or incomplete
statement followed by suggested responses. Select the one best response to
each question.

I. Of the many types of data plots that are used to help explain the phar-
macodynamics of drugs, which plot is very useful for determining the total
number of receptors and the affinity of a drug for those receptors in a tis-
sue or membrane?

Graded dose-response curve

Quantal dose-response curve

Scatchard plot

Double-reciprocal plot

Michaelis-Menten plot

oo T

2. Which route of administration is most likely to subject a drug to a first-
pass effect?

a. Intravenous
Inhalational
Oral
Sublingual (SL)
Intramuscular

oo T

Copyright 2002 The McGraw-Hill Companies, Inc. Click Here for Terms of Use.
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3. Two drugs may act on the same tissue or organ through independent
receptors, resulting in effects in opposite directions. This is known as

oopo T

Questions 4-7

Physiologic antagonism
Chemical antagonism
Competitive antagonism
Irreversible antagonism
Dispositional antagonism

A new aminoglycoside antibiotic (5 mg/kg) was infused intravenously over
30 min to a 70-kg volunteer. The plasma concentrations of the drug were
measured at various times after the end of the infusion, as recorded in the
table and shown in the figure below.

Plasma Aminoglycoside Concentration (ug/mL)

20

10

Time (h)
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0.0 18.0
0.5 10.0
1.0 5.8
2.0 4.6
3.0 3.7
4.0 3.0
5.0 2.4
6.0 1.9
8.0 1.3

4. The elimination half-life (¢;,,) of the aminoglycoside in this patient was
approximately

0.6h
1.2h
2.1h
3.1h
42h

oo T

5. The elimination rate constant (k.) of the aminoglycoside in this patient
was approximately

0.15h™
0.22h*
0.33h™
0.60 h™
1.13h™!

oA T

6. The apparent volume of distribution (V,) of the drug in this patient was
approximately

0.62L
19L
50 L
110 L
350 L

oo T
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7. The total body clearance (CL,,,) of the drug in this patient was approx-

imately

a. 11L/h
b. 23L/h
c. 35L/h
d. 47L/h
e. 65L/h

8. If a drug is repeatedly administered at dosing intervals that are equal to
its elimination half-life, the number of doses required for the plasma con-
centration of the drug to reach the steady state is

a. 2to3
b. 4t05
c. 6to7
d. 809
e. 10 or more

9. The pharmacokinetic value that most reliably reflects the amount of drug
reaching the target tissue after oral administration is the

a. Peak blood concentration

b. Time to peak blood concentration

c. Product of the V, and the first-order rate constant

d. Vd

e. Areaunder the blood concentration-time curve (AUC)

10. Tt was determined that 95% of an oral 80-mg dose of verapamil was
absorbed in a 70-kg test subject. However, because of extensive biotransfor-
mation during its first pass through the portal circulation, the bioavailability
of verapamil was only 25%. Assuming a liver blood flow of 1500 mL/min,
the hepatic clearance of verapamil in this situation was

a. 60 mL/min

b. 375 mL/min
c. 740 mL/min
d. 1110 mL/min
e. 1425 mL/min
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I'l. Drug products have many types of names. Of the following types of
names that are applied to drugs, the one that is the official name and refers
only to that drug and not to a particular product is the

Generic name
Trade name
Brand name
Chemical name
Proprietary name

oopo T

12. Which of the following is classified as belonging to the tyrosine kinase
family of receptors?

GABA, receptor
-adrenergic receptor
Insulin receptor
Nicotinic II receptor
Hydrocortisone receptor

oo T
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13. Identical doses of a capsule preparation (X) and a tablet preparation
(Y) of the same drug were compared on a blood concentration-time plot
with respect to peak concentration, time to peak concentration, and AUC
after oral administration as shown in the figure below. This comparison
was made to determine which of the following?

/ Peak of Serum Concentration

Drug Serum Concentration (ug/mL)

Concentration

| Area Under
44 i the Curve
3 |
A/
{ Time to Peak x
|
i

e

T T ] T T T T L) T T

0 ! 2 3 4 5 6 7 8 9 10
Time After Drug Administration (h)

Potency

Extent of plasma protein binding
Bioequivalence

Therapeutic effectiveness

None of the above

P Ao T
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14. Of the following characteristics, which is unlikely to be associated
with the process of facilitated diffusion of drugs?

a. The transport mechanism becomes saturated at high drug concentrations
The process is selective for certain ionic or structural configurations of the drug

c. If two compounds are transported by the same mechanism, one will competi-
tively inhibit the transport of the other

d. The drug crosses the membrane against a concentration gradient and the process
requires cellular energy

e. The transport process can be inhibited noncompetitively by substances that
interfere with cellular metabolism

I5. In comparing the following possible routes, which is associated with
the excretion of quantitatively small amounts of drugs or their metabolic
derivatives?

a. Biliary tract
b. Kidneys

c. Lungs

d. Feces

e. Milk

16. Of the following, which is a phase II biotransformation reaction?

a. Sulfoxide formation
b. Nitro reduction

c. Ester hydrolysis

d. Sulfate conjugation
e. Deamination

17. Which of the following is unlikely to be associated with oral drug
administration of an enteric-coated dosage form?

Irritation to the gastric mucosa with nausea and vomiting

Destruction of the drug by gastric acid or digestive enzymes

Unpleasant taste of the drug

Formation of nonabsorbable drug-food complexes

Variability in absorption caused by fluctuations in gastric emptying time

o0 T
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18. Of the following, which is unlikely to be associated with receptors
bound to plasma membranes, their interaction with ligands, and the bio-
logic response to this interaction?

a. Structurally, these receptors have hydrophobic amino acid domains, which are
in contact with the membrane, and hydrophilic regions, which extend into the
extracellular fluid and the cytoplasm

b. Chemical interactions of ligands with these receptors may involve the formation
of many types of bonds, including ionic, hydrogen, van der Waals’, and covalent

c. Ligand-receptor interactions are often stereospecific (i.e., one stereoisomer is
usually more potent than the other)

d. In some cases, a ligand that acts as an agonist at membrane-bound receptors
increases the activity of an intracellular second messenger

e. Activation of membrane-bound receptors and subsequent intracellular events
elicit a biologic response through the transcription of DNA

19. Of the following, which is unlikely to be associated with the binding
of drugs to plasma proteins?

a. Acidic drugs generally bind to plasma albumin; basic drugs preferentially bind
to oy-acidic glycoprotein

b. Plasma protein binding is a reversible process

c. Binding sites on plasma proteins are nonselective, and drugs with similar
physicochemical characteristics compete for these limited sites

d. The fraction of the drug in the plasma that is bound is inactive and generally
unavailable for systemic distribution

e. Plasma protein binding generally limits renal tubular secretion and biotransfor-
mation

20. Of the following, which is unlikely to be associated with drug distrib-
ution into and out of the central nervous system (CNS)?

a. The blood-brain barrier, which involves drug movement through glial cell
membranes as well as capillary membranes, is the main hindrance to drug dis-
tribution to the CNS

b. Most drugs enter the CNS by simple diffusion at rates that are proportional to
the lipid solubility of the nonionized form of the drug

¢. Receptor-mediated transport allows certain peptides to gain access to the brain

d. Strongly ionized drugs freely enter the CNS through carrier-mediated transport
systems

e. Some drugs leave the CNS by passing from the cerebrospinal fluid into the
dural blood sinuses through the arachnoid villi
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21. The greater proportion of the dose of a drug administered orally will
be absorbed in the small intestine. However, on the assumption that pas-
sive transport of the nonionized form of a drug determines its rate of
absorption, which of the following compounds will be absorbed to the
least extent in the stomach?

Ampicillin (pK, =2.5)

Aspirin (pK, =3.0)

Warfarin (pK, = 5.0)

Phenobarbital (pK, = 7.4)

Propranolol (pK, =9.4)

oopo T

DIRECTIONS: Each group of questions below consists of lettered
options followed by a set of numbered items. For each numbered item,
select the one lettered option with which it is most closely associated. Each
lettered option may be used once, more than once, or not at all.

Questions 22-24

For each type of drug interaction below, select the pair of substances that
illustrates it with a reduction in drug effectiveness:

Tetracycline and milk

Amobarbital and secobarbital
Isoproterenol and propranolol

Soap and benzalkonium chloride
Sulfamethoxazole and trimethoprim

o0 T

22. Therapeutic interaction
23. Physical interaction

24. Chemical interaction
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Questions 25-27

For each description of a drug response below, choose the term with which
it is most likely to be associated:

a. Supersensitivity
b. Tachyphylaxis
c. Tolerance

d. Hyposensitivity
e. Anaphylaxis

25. Immunologically mediated reaction to drug observed soon after admin-
istration

26. A rapid reduction in the effect of a given dose of a drug after only one
or two doses

27. Hyperreactivity to a drug seen as a result of denervation
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Questions 28-30

For each component of a time-action curve listed below, choose the lettered
interval (shown on the diagram) with which it is most closely associated:

minimal
toxic effect

minimal
observable effect

NTENSITY OF EFFECT

TtoU
TtoV
TtoW
TtoZ
UtoV
UtoW
Uto X
UtoY
Vio X
XtoY

— PR s 0 O

28. Time to peak effect
29. Time to onset of action

30. Duration of action
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Questions 31-33

For each description below, select the transmembranal transport mecha-
nism it best defines:

Filtration

Simple diffusion
Facilitated diffusion
Active transport
Endocytosis

oA T

31. Lipid-soluble drugs cross the membrane at a rate proportional to the
concentration gradient across the membrane and the lipid:water partition
coefficient of the drug

32. Bulk flow of water through membrane pores, resulting from osmotic
differences across the membrane, transports drug molecules that fit through
the membrane pores

33. After binding to a proteinaceous membrane carrier, drugs are carried
across the membrane (with the expenditure of cellular energy), where they
are released

Questions 34-36

Lipid-soluble xenobiotics are commonly biotransformed by oxidation in
the drug-metabolizing microsomal system (DMMS). For each description
below, choose the component of the microsomal mixed-function oxidase
system with which it is most closely associated:

Nicotinamide adenine dinucleotide phosphate (NADPH)
Cytochrome a

Adenosine triphosphate (ATP)

NADPH-cytochrome P450 reductase

Monoamine oxidase (MAO)

Cyclooxygenase

Cytochrome P450

@ -0 e O
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34. A group of iron (Fe)-containing isoenzymes that activate molecular
oxygen to a form that is capable of interacting with organic substrates

35. The component that provides reducing equivalents for the enzyme
system

36. A flavoprotein that accepts reducing equivalents and transfers them to
the catalytic enzyme
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Answers

I. The answer is c. (Hardman, pp 37-38.) Based on the concept that, for
most situations, the association of a drug with its receptor is reversible, the
following reaction applies:

ky
D +R 2 DR — Effect
ky

where D is the concentration of free drug, R is the concentration of recep-
tors, DR is the concentration of drug bound to its receptors, and Kp (equal
to ky/ky) is the equilibrium dissociation constant. The affinity of a drug for
its receptor is estimated from the dissociation constant in that its recipro-
cal, 1/Kp, is the affinity constant. All of the plots listed in the question can
be used to quantitate some aspect of drug action. For example, Ky, can be
determined from the Michaelis-Menten relationship, graded dose-response
curves, and the Scatchard plot. However, only the Scatchard plot can be

[R], = 550 (fmole/mg)
200 K=25nM
g% 150 |
g
EE 100
50
O 200 200 600

Yohimbine Bound (fmole/mg)

(From Neubig RR, Gantros RD, and Brasier RS: Mol Pharmacol 28:475-486, 1985, with per-
mission.)

32
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used to determine the total number of receptors in a tissue or membrane.
This is accomplished by measuring the binding of a radioactively labeled
drug to a membrane or tissue preparation in vitro. A Scatchard plot of the
binding of *H-yohimbine to o,-adrenergic receptors on human platelet
membranes is shown on the previous page as an example. A plot of DR/D
(bound/free drug) vs. DR (bound drug) yields a slope of 1/K;, (the affinity
constant) and an x intercept of R (total number of receptors).

Scatchard analysis is very useful in certain therapeutic situations. For
example, this type of analysis is used to determine the number of estrogen
receptors present in a biopsy of breast tissue prior to developing a drug
treatment regimen for breast cancer in a patient.

2. The answer is c. (Hardman, p 5.) The first-pass effect is commonly
considered to involve the biotransformation of a drug during its first pas-
sage through the portal circulation of the liver. Drugs that are administered
orally and rectally enter the portal circulation of the liver and can be bio-
transformed by this organ prior to reaching the systemic circulation. There-
fore, drugs with a high first-pass effect are highly biotransformed quickly,
which reduces the oral bioavailability and the systemic blood concentra-
tions of the compounds. Administration by the intravenous, intramuscular,
and sublingual routes allows the drug to attain concentrations in the
systemic circulation and to be distributed throughout the body prior to
hepatic metabolism. In most cases, drugs administered by inhalation are
not subjected to a significant first-pass effect unless the respiratory tissue is
a major site for the drug’s biotransformation.

3. The answer is a. (Hardman, p 68.) Physiologic, or functional, antagonism
occurs when two drugs produce opposite effects on the same physiologic
function, often by interacting with different types of receptors. A practical
example of this is the use of epinephrine as a bronchodilator to counteract
the bronchoconstriction that occurs following histamine release from mast
cells in the respiratory tract during a severe allergic reaction. Histamine
constricts the bronchioles by stimulating histamine H, receptors in the
tissue; epinephrine relaxes this tissue through its agonistic activity on
B,-adrenergic receptors.

Chemical antagonism results when two drugs combine with each other
chemically and the activity of one or both is blocked. For example, dimer-
caprol chelates lead and reduces the toxicity of this heavy metal. Competi-
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tive antagonism, or inactivation, occurs when two compounds compete for
the same receptor site; this is a reversible interaction. Thus, atropine blocks
the effects of acetylcholine on the heart by competing with the neurotrans-
mitter for binding to cardiac muscarinic receptors. Irreversible antagonism
generally results from the binding of an antagonist to the same receptor site
as the agonist by covalent interaction or by a very slowly dissociating
noncovalent interaction. An example of this antagonism is the blockade
produced by phenoxybenzamine on o-adrenergic receptors, resulting in a
long-lasting reduction in the activity of norepinephrine.

Dispositional antagonism occurs when one drug alters the pharmaco-
kinetics (absorption, distribution, biotransformation, or excretion) of a sec-
ond drug so that less of the active compound reaches the target tissue. For
example, phenobarbital induces the biotransformation of warfarin, reduc-
ing its anticoagulant activity.

4. The answer is d. (Katzung, pp 35-41.) The figure that accompanies
the question shows an elimination pattern with two distinct components,
which typifies a two-compartment model. The upper portion of the line
represents the o phase, which is the distribution of the drug from the tis-
sues that receive high rates of blood flow [the central compartment (e.g.,
the brain, heart, kidney, and lungs)] to the tissues with lower rates of blood
flow [the peripheral compartment (e.g., skeletal muscle, adipose tissue,
and bone)]. Once distribution to all tissue is complete, equilibrium occurs
throughout the body. The elimination of the drug from the body (the
phase) is represented by the lower linear portion of the line; this part of the
line is used to determine the elimination half-life of the drug.

At 2 h after dosing, the plasma concentration was 4.6 mg/mL; at 5 h, the
concentration was 2.4 mg/mL. Therefore, the plasma concentration of this
aminoglycoside decreased to one-half in approximately 3 h—its half-life. In
addition, drug elimination usually occurs according to first-order kinetics
(i.e., a linear relationship is obtained when the drug concentration is plotted
on a logarithmic scale vs. time on an arithmetic scale (a semilogarithmic

plov)].

5. The answer is b. (Katzung, p 40.) The fraction change in drug concen-
tration per unit of time for any first-order process is expressed by k.. This
constant is related to the half-life (t,,,) by the equation kit,,, = 0.693. The
units of k, are time™, while the t,,, is expressed in units of time. By substi-
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tution of the appropriate value for half-life estimated from the data from the
graph or table accompanying the question (the B phase) into the preceding
equation, rearranged to solve for k., the answer is calculated as follows:

k= 0693 _ 0693 _ 55
The problem can also be solved mathematically:

ke
2.30

log (A) =log (A) — t

where (A) is the initial drug concentration, (A) is the final drug concentra-
tion, ¢ is the time interval between the two values, and k. is the elimination
rate constant. For example, by solving for k. using the plasma concentra-
tion values at 2 and 5 h,

ke
2.303

log (2.4 mg/mL) = log (4.6 mg/mL) — 3h

k. will equal 0.22 h™".

6. The answer is c. (Katzung, p 35.) The apparent V, is defined as the
volume of fluid into which a drug appears to distribute with a concentra-
tion equal to that of plasma, or the volume of fluid necessary to dissolve
the drug and yield the same concentration as that found in plasma. By
convention, the value of the plasma concentration at zero time is used. In
this problem, a hypothetical plasma concentration of the drug at zero time
(7 mg/mL) can be estimated by extrapolating the linear portion of the
elimination curve (the B phase) back to zero time. Therefore, the apparent
Vq is calculated by

Total amount of drug in the body

d= . . .
Drug concentration in plasma at zero time

Since the total amount of drug in the body is the intravenous dose, 350 mg
(i.e., 5 mg/kg X 70 kg), and the estimated plasma concentration at zero
time is 7 mg/mL, substitution of these numbers in the equation yields the
apparent Vy:
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7. The answer is a. (Katzung, pp 36—40.) Clearance by an organ is
defined as the apparent volume of a biologic fluid from which a drug is
removed by elimination processes per unit of time. The total body clear-
ance (CL) is defined as the sum of clearances of all the organs and tissues
that eliminate a drug. CL,, is influenced by the apparent V; and k.. The
more rapidly a drug is cleared, the greater is the value of CL,,,. Therefore,
for the new aminoglycoside in this patient,

CLlolal = vdke = (50 L) (022 hil) =11 L/h

8. The answer is b. (Hardman, p 23.) When a drug is administered in
multiple doses and each dose is given prior to the complete elimination of
the previous dose, the mean plasma concentration (C) of the drug during
each dose interval rises as shown in the following figure:

-
(=3
(=4

0
o

[<]
o
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[~}

N
o
T

o

Plasma drug concentration, ug/mL

(From DiPalma and DiGregorio, with permission.)

The plasma concentration will continue to rise until it reaches a plateau, or
steady state. At this time, the plasma concentration will fluctuate between
a maximum (C,,,) and a minimum (C,;,) level, but, more important, the
amount of drug eliminated per dose interval will equal the amount of drug
absorbed per dose. When a drug is given at a dosing interval that is equal
to its elimination half-life, it will reach 50% of its steady-state plasma con-
centration after one half-life, 75% after two half-lives, 87.5% after three,
93.75% after four, and 96.87% after five. Thus, from a practical viewpoint,



General Principles Answers 37

regardless of the magnitude of the dose or the half-life, the steady state will
be achieved in four to five half-lives.

9. The answer is e. (Hardman, p 21.) The fraction of a drug dose
absorbed after oral administration is affected by a wide variety of factors
that can strongly influence the peak blood levels and the time to peak
blood concentration. The V4 and the total body clearance (VX first-order
k.) also are important in determining the amount of drug that reaches the
target tissue. Only the area under the blood concentration-time curve,
however, reflects absorption, distribution, metabolism, and excretion fac-
tors; it is the most reliable and popular method of evaluating bioavail-
ability.

10. The answer is d. (Hardman, pp 4-9. Katzung, pp 41-43.) Bioavail-
ability is defined as the fraction or percentage of a drug that becomes
available to the systemic circulation following administration by any
route. This takes into consideration that not all of an orally administered
drug is absorbed and that a drug can be removed from the plasma and
biotransformed by the liver during its initial passage through the portal
circulation. A bioavailability of 25% indicates that only 20 mg of the
80-mg dose (i.e., 80 mg x 0.25 = 20 mg) reached the systemic circula-
tion. Organ clearance can be determined by knowing the blood flow
through the organ (Q) and the extraction ratio (ER) for the drug by the
organ, according to the equation

CLorgan = Q X ER

The extraction ratio is dependent upon the amounts of drug entering (C,)
and exiting (C,) the organ:
_ GXCG,

G

ER

In this problem, the amount of verapamil entering the liver was 76 mg
(80 mg x 0.95) and the amount leaving was 20 mg. Therefore,

_ 76 mg—20mg

ER =0.74

76 mg
CLijjver = (1500 mL/min) (0.74) = 1110 mL/min
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I'l. The answer is a. (Hardman, pp 55-57.) When a new chemical entity is
first synthesized by a pharmaceutical company, it is given a chemical name
(e.g., acetylsalicylic acid). During the process of investigation of the useful-
ness of the new chemical as a drug, it is given a generic name by the United
States Adopted Names (USAN) Council, which negotiates with the pharma-
ceutical manufacturer in the choice of a meaningful and distinctive generic
name for the new drug. This name will be the established, official name that
can only be applied to that one unique drug compound (e.g., aspirin). The
trade name (or brand name, or proprietary nhame) is a registered name given to
the product by the pharmaceutical company that is manufacturing or dis-
tributing the drug and identifies a particular product containing that drug
(e.g., Ecotrin). Thus, acetylsalicylic acid, aspirin, and Ecotrin, for example,
all refer to the same therapeutic drug entity; however, only aspirin is the offi-
cial generic name.

12. The answer is c. (Hardman, pp 31-34.) There are four major classes of
receptors: (1) ion channel receptors, (2) receptors coupled to G proteins, (3)
receptors with tyrosine-specific kinase activity, and (4) nuclear receptors. In
most cases, drugs that act via receptors do so by binding to extracellular
receptors that transduce the information intracellularly by a variety of
mechanisms. Activated ion channel receptors enhance the influx of extra-
cellular ions into the cell; for example, the nicotinic-II cholinergic receptor
selectively opens a channel for sodium ions and the GABA, receptor func-
tions as an ionophore for chloride ions. Receptors coupled to guanine
nucleotide-binding proteins (G proteins) act either by opening an ion chan-
nel or by stimulating or inhibiting specific enzymes (e.g., B-adrenergic
receptor stimulation leads to an increase in cellular adenylate cyclase activ-
ity). When stimulated, receptors with tyrosine-specific protein kinase activ-
ity activate this enzyme to enhance the transport of ions and nutrients across
the cell membrane; for example, insulin receptors function in this manner
and increase glucose transport into insulin-dependent tissues. Steroid hor-
mone receptors are different from all the above in that they are associated
with the nucleus of the cell and are activated by steroid hormones (e.g.,
hydrocortisone) that penetrate into target cells. These receptors interact
with DNA to enhance genetic transcription.

I13. The answer is c. (Katzung, pp 41-43.) Drug absorption can vary
significantly depending upon the product formulation used and the route
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of administration. The degree to which a drug achieves a particular con-
centration in the blood following administration by a route other than
intravenous injection is a measure of its efficiency of absorption—its
bioavailability. When a drug is produced by different processes (e.g., at
different manufacturing sites or using different manufacturing or produc-
tion techniques) or in a different dosage form (e.g., capsule, tablet, sus-
pension) and contains the same amount of active ingredient and is to be
used for the same therapeutic purpose, the extent to which the bioavail-
ability of one dosage form differs from that of another must be evaluated.
In the body, these dosage forms should produce similar blood or plasma
concentration-time curves. The comparison of the bioavailability of two
such dosage forms is called bioequivalence.

The bioequivalence of different preparations is assessed by an evalua-
tion of three parameters: (1) the peak height concentration achieved by
the drug in the dosage form, (2) the time to reach the peak concentration
of the drug, and (3) the area under the concentration-time curve. The
ascending limb of the curve is considered to be a general reflection of
the rate of drug absorption from the dosage form. The descending limb of
the concentration-time curve is a general indication of the rate of elimina-
tion of the drug from the body.

None of the other choices in the question (i.e., potency, effectiveness,
or plasma protein binding) can be evaluated using this type of comparison.

14. The answer is d. (Hardman, pp 3—4.) Drugs can be transferred across
biologic membranes by passive processes (i.e., filtration and simple diffu-
sion) and by specialized processes (i.e., active transport, facilitated diffu-
sion, and pinocytosis). Active transport is a carrier-mediated process that
shows all of the characteristics listed in the question. Facilitated diffusion is
similar to active transport except that the drug is not transported against a
concentration gradient and no energy is required for this carrier-mediated
system to function. Pinocytosis usually involves transport of proteins and
macromolecules by a complex process in which a cell engulfs the com-
pound within a membrane-bound vesicle.

I5. The answer is e. (Hardman, pp 16-17.) The amounts of drugs that
are excreted in milk are small compared with those that are excreted by
other routes, but drugs in milk may have significant, undesired pharmaco-
logic effects on breast-fed infants. The principal route of excretion of the
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products of a given drug varies with the drug. Some drugs are predomi-
nantly excreted by the kidneys, whereas others leave the body in the bile
and feces. Inhalation anesthetic agents are eliminated by the lungs. The
path of excretion may affect the clinical choice of a drug, as is the case with
renal failure or hepatic insufficiency.

16. The answer is d. (Hardman, pp 11-16.) Biotransformation reactions
involving the oxidation, reduction, or hydrolysis of a drug are classified as
phase I (or nonsynthetic) reactions; these chemical reactions may result in
either the activation or inactivation of a pharmacologic agent. There are
many types of these reactions; oxidations are the most numerous. Phase 11
(or synthetic) reactions, which almost always result in the formation of an
inactive product, involve conjugation of the drug (or its derivative) with an
amino acid, carbohydrate, acetate, or sulfate. The conjugated form(s) of the
drug or its derivatives may be more easily excreted than the parent com-
pound.

17. The answer is e. (Katzung, p 602.) Tasteless enteric-coated tablets
and capsules are formulated to resist the acidic pH found in the stomach.
Once the preparation has passed into the intestine, the coating dissolves in
the alkaline milieu and releases the drug. Therefore, gastric irritation, drug
destruction by gastric acid, and the forming of complexes of the drug with
food constituents will be avoided.

18. The answer is e. (Hardman, pp 31-34.) Based upon the molecular
mechanisms with which receptors transduce signals, four major classes of
receptors have been identified: (1) ion channel receptors, (2) receptors that
interact with G proteins, (3) receptors with tyrosine kinase activity, and (4)
nuclear receptors. The first three types of receptors are complex membrane-
bound proteins with hydrophilic regions located within the lipoid cell
membrane and hydrophilic portions found protruding into the cytoplasm
of the cell and the extracellular milieu; when activated, all of these receptors
transmit (or transduce) information presented at the extracellular surface
into ionic or biochemical signals within the cell (i.e., second messengers).
Nuclear receptors are found in the nucleus of the cell, not bound to plasma
membranes. In addition, these receptors do not transduce information by
second-messenger systems; rather, they bind to nuclear chromatin and elicit
a biologic response through the transcription of DNA and alterations in the
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formation of cellular proteins. Ligand binding to all types of receptors may
involve the formation of ionic, hydrogen, hydrophobic, van der Waals’, and
covalent bonds. In most cases, ligand-receptor interactions are stereospe-
cific; for example, natural (—)-epinephrine is 1000 times more potent than
(+)-epinephrine.

19. The answer is e. (Hardman, pp 10-11.) Because only the free
(unbound) fraction of a drug can cross biologic membranes, binding to
plasma proteins limits a drug’s concentration in tissues and, therefore,
decreases the apparent Vg of the drug. Plasma protein binding will also
reduce glomerular filtration of the drug because this process is highly
dependent on the free drug fraction. Renal tubular secretion and biotrans-
formation of drugs are generally not limited by plasma protein binding
because these processes reduce the free drug concentration in the plasma.
If a drug is avidly transported through the tubule by the secretion process
or is rapidly biotransformed, the rates of these processes may exceed the
rate of dissociation of the drug-protein complex (in order to restore the
free:bound drug ratio in plasma) and, thus, become the rate-limiting factor
for drug elimination. This assumes that equilibrium conditions exist and
that other influences (e.g., changes in pH or the presence of other drugs)
do not occur.

20. The answer is d. (Hardman, pp 9-10.) Drugs can enter the brain from
the circulation by passing through the blood-brain barrier. This boundary
consists of several membranes, including those of the capillary wall, the glial
cells closely surrounding the capillary, and the neuron. In most cases, lipid-
soluble drugs diffuse through these membranes at rates that are related to
their lipid-to-water partition coefficients. Therefore, the greater the lipid
solubility of the nonionized fraction of a weak acid or base, the more freely
permeable the drug is to the brain. Some drugs enter the CNS through spe-
cific carrier-mediated or receptor-mediated transport processes. Carrier-
mediated systems appear to be involved predominantly in the transport of a
variety of nutrients through the blood-brain barrier; however, the thyroid
hormone 3,5,3’-triiodothyronine and drugs such as levodopa and methyl-
dopa, which are structural derivatives of phenylalanine, cross the blood-
brain barrier via carrier-mediated transport. Receptor-mediated transport
functions to permit a peptide (e.g., insulin) to enter the CNS; therefore,
some peptide-like drugs are believed to gain access to the brain by this
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mechanism. Regardless of the process by which drugs can enter the CNS,
strongly ionized drugs (e.g., quaternary amines) are unable to enter the
CNS from the blood.

The exit of drugs from the CNS can involve (1) diffusion across the
blood-brain barrier in the reverse direction at rates determined by the lipid
solubility and degree of ionization of the drug, (2) drainage from the cere-
brospinal fluid (CSF) into the dural blood sinuses by flowing through the
wide channels of the arachnoid villi, and (3) active transport of certain
organic anions and cations from the CSF to blood across the choroid
plexuses.

21. The answer is e. (Hardman, pp 4-5. Katzung, pp 5—7.) Weak acids and
weak bases are dissociated into nonionized and ionized forms, depending
upon the pK, of the molecule and the pH of the environment. The nonion-
ized form of a drug passes through cellular membranes more easily than the
ionized form because it is more lipid soluble. Thus, the rate of passive trans-
port varies with the proportion of the drug that is nonionized. When the pH
of the environment in which a weak acid or weak base drug is contained is
equal to the pK,, the drug is 50% dissociated. Weak acids (e.g., salicylates,
barbiturates) are more readily absorbed from the stomach than from other
regions of the alimentary canal because a large percentage of these weak acids
are in the nonionized state. The magnitude of this effect can be estimated by
applying the Henderson-Hasselbalch equation:

( Protonated form
lo

=pK, — pH
Unprotonated form) P P

At an acidic pH of about 3, of the drugs in question, all are weak acids
except propranolol; therefore, propranolol has the greatest percentage of its
molecules in the ionized form in the stomach. The higher the value of the
PK,, the less ionized these substances are in the stomach.

22-24. The answers are 22-c, 23-d, 24-a. (Katzung, pp 4-5, 1122—
1123.) A therapeutic drug interaction is one that reduces drug effective-
ness results when two drugs with opposing pharmacologic effects are
administered. For example, isoproterenol, a B-adrenergic stimulator, will
antagonize the effect of propranolol, a B-adrenergic blocking agent. The
combined use of amobarbital and secobarbital, both barbiturate sedative-
hypnotics, represents a drug interaction that causes an additive (enhanced)
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pharmacologic response (i.e., depression of the CNS). The combination of
the antimicrobials sulfamethoxazole and trimethoprim is an example of a
very useful drug interaction in which one drug potentiates the effects of
another.

Physical interactions result when precipitation or another change in the
physical state or solubility of a drug occurs. A common physical drug inter-
action takes place in the mixture of oppositely charged organic molecules
[e.g., cationic (benzalkonium chloride) and anionic (soap) detergents].

Chemical drug interactions result when two administered substances
combine with each other chemically. Tetracyclines complex with Ca (in
milk), with aluminum (Al) and magnesium (Mg) (often components of
antacids), and with Fe (in some multiple vitamins) to reduce the absorp-
tion of the tetracycline antibiotic.

25-27. The answers are 25-e, 26-b, 27-a. (Hardman, pp 67-068.
Katzung, pp 30, 134.) Anaphylaxis refers to an acute hypersensitivity reac-
tion that appears to be mediated primarily by immunoglobulin E (IgE).
Specific antigens can interact with these antibodies and cause sensitized
mast cells to release vasoactive substances, such as histamine. Anaphylaxis
to penicillin is one of the best-known examples; the drug of choice to
relieve the symptoms is epinephrine.

Decreased sensitivity to a drug, or tolerance, is seen with some drugs
such as opiates and usually requires repeated administration of the drug.
Tachyphylaxis, in contrast, is tolerance that develops rapidly, often after a
single injection of a drug. In some cases, this may be due to what is termed
as the down regulation of a drug receptor; in which the number of receptors
becomes decreased.

A person who responds to an unusually low dose of a drug is called
hyperreactive. Supersensitivity refers to increased responses to low doses
only after denervation of an organ. At least three mechanisms are responsi-
ble for supersensitivity: (1) increased receptors, (2) reduction in tonic neu-
ronal activity, and (3) decreased neurotransmitter uptake mechanisms.

28-30. The answers are 28-c, 29-a, 30-h. (Katzung, pp 43—44.) Time-
action curves relate the changes in intensity of the action of a drug dose and
the times that these changes occur. There are three distinct phases that
characterize the time-action pattern of most drugs: (1) The time to onset of
action is from the moment of administration (T on the figure that accom-
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panies the question) to the time when the first drug effect is detected (U).
(2) The time to reach the peak effect is from administration (T) until the
maximum effect has occurred (W), whether this is above or below the level
that produces some toxic effect. (3) The duration of action is described as
the time from the appearance of a drug effect (U) until the effect disappears
(Y). For some drugs, a fourth phase occurs (interval Y to Z), in which resid-
ual effects of the drug may be present. These are usually undetectable, but
may be uncovered by readministration of the same drug dose (observed as
an increase in potency) or by administration of another drug (leading to
some drug-drug interaction).

31-33. The answers are 31-b, 32-a, 33-d. (Katzung, pp 4-7.) The
absorption, distribution, and elimination of drugs require that they cross
various cellular membranes. The descriptions that are given in the question
define the various transport mechanisms. The most common method by
which ionic compounds of low molecular weight (100 to 200) enter cells is
via membrane channels. The degree to which such filtration occurs varies
from cell type to cell type because their pore sizes differ.

Simple diffusion is another mechanism by which substances cross
membranes without the active participation of components in the mem-
branes. Generally, lipid-soluble substances employ this method to enter
cells. Both simple diffusion and filtration are dominant factors in most drug
absorption, distribution, and elimination.

Pinocytosis is a type of endocytosis that is responsible for the transport
of large molecules such as proteins and colloids. Some cell types (e.g.,
endothelial cells) employ this transport mechanism extensively, but its
importance in drug action is uncertain.

Membrane carriers are proteinaceous components of the cell mem-
brane that are capable of combining with a drug at one surface of the mem-
brane. The carrier-solute complex moves across the membrane, the solute
is released, and the carrier then returns to the original surface where it can
combine with another molecule of solute. There are two primary types of
carrier-mediated transport: (1) active transport and (2) facilitated diffusion.
During active transport, (1) the drug crosses the membrane against a con-
centration gradient, (2) the transport mechanism becomes saturated at
high drug concentrations and thus shows a transport maximum, and (3)
the process is selective for certain structural configurations of the drug.
Active transport is responsible for the movement of a number of organic
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acids and bases across membranes of renal tubules, choroid plexuses, and
hepatic cells. With facilitated diffusion, the transport process is selective
and saturable, but the drug is not transferred against a concentration gra-
dient and does not require the expenditure of cellular energy. Glucose
transport into erythrocytes is a good example of this process. In both situ-
ations, if two compounds are transported by the same mechanism, one will
competitively inhibit the transport of the other, and the transport process
can be inhibited noncompetitively by substances that interfere with cellu-
lar metabolism.

34-36. The answers are 34-g, 35-a, 36-d. (Katzung, pp 53-56.) There
are four major components to the mixed-function oxidase system: (1)
cytochrome P450, (2) NADPH, or reduced nicotinamide adenine di-
nucleotide phosphate, (3) NADPH—cytochrome P450 reductase, and (4)
molecular oxygen. The figure that follows shows the catalytic cycle for the
reactions dependent upon cytochrome P450.

Cytochrome P450 catalyzes a diverse number of oxidative reactions
involved in drug biotransformation; it undergoes reduction and oxidation
during its catalytic cycle. A prosthetic group composed of Fe and proto-
porphyrin IX (forming heme) binds molecular oxygen and converts it to an
activated form for interaction with the drug substrate. Similar to hemoglo-
bin, cytochrome P450 is inhibited by carbon monoxide. This interaction
results in an absorbance spectrum peak at 450 nm, hence the name P450.

NADPH gives up hydrogen atoms to the flavoprotein NADPH—-
cytochrome P450 reductase and becomes NADP+. The reduced flavopro-
tein transfers these reducing equivalents to cytochrome P450. The reducing

Oxidized
Drug (RH) drug (ROH)
Reduced +
NADP* FLA-PRO Drug-Fe®* Fe®* H,0

Reductase  1(7) Cytochrome Paso  (3)

e
NADPH FLA-PRO Drug-Fe2+7— drug-Fe?*-0,
Oxidized 0, 2H*

(From DiPalma and DiGregorio, with permission.)
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equivalents are used to activate molecular oxygen for incorporation into the
substrate, as described above. Thus, NADPH provides the reducing equiva-
lents, while NADPH—cytochrome P450 reductase passes them on to the cat-
alytic enzyme cytochrome P450.

MAO is a flavoprotein enzyme that is found on the outer membrane of
mitochondria. It oxidatively deaminates short-chain monoamines only,
and it is not part of the DMMS. ATP is involved in the transfer of reducing
equivalents through the mitochondrial respiratory chain, not the microso-
mal system.



Anti-Infectives

Antibacterials Antivirals
Antimycobacterials Antiprotozoans
Antifungals

Questions

DIRECTIONS: Each item below contains a question or incomplete
statement followed by suggested responses. Select the one best response to
each question.

37. A 19-year-old male being treated for leukemia develops fever. You give
agents that will cover bacterial, viral, and fungal infections. Two days later,
he develops acute renal failure. Which drug was most likely responsible?
Vancomycin

Ceftazidime

Amphotericin B

Acyclovir

oo o

38. A 26-year-old female with acquired immunodeficiency syndrome
(AIDS) develops cryptococcal meningitis. She refuses all intravenous med-
ication. Which antifungal agent can be given orally to treat the meningeal
infection?

Ketoconazole

Amphotericin B

Fluconazole

Nystatin

oo o

39. Why is vitamin Bs usually prescribed with isoniazid (INH)?

It acts as a cofactor for INH

It prevents some adverse effects of INH therapy
Like INH, it has tuberculostatic activity

It prevents metabolism of INH

oo o

47
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40. The quinolone derivative that is most effective against Pseudomonas
aeruginosa is

a. Norfloxacin
b. Ciprofloxacin
c. Ofloxacin

d. Enoxacin

e. Lomefloxacin

41. A 19-year-old woman is diagnosed with tuberculosis (TB). Before pre-
scribing a drug regimen, you take a careful medication history because one
of the drugs commonly used to treat TB induces microsomal cytochrome
P450 enzymes in the liver. Which drug is this?

a. Isoniazid

b. Rifampin

c. Pyrazinamide
d. Ethambutol
e. Vitamin B¢

42. The elimination half-life of which of the following tetracyclines remains
unchanged when the drug is administered to an anuric patient?

a. Methacycline

b. Oxytetracycline

c. Doxycycline

d. Tetracycline

e. None of the above

43. In the treatment of bacterial meningitis in children, the drug of choice is

Penicillin G
Penicillin V
Erythromycin
Procaine penicillin
Ceftriaxone

o Ao T



Anti-Infectives 49

44. In patients with hepatic coma, decreases in the production and absorp-
tion of ammonia from the gastrointestinal (GI) tract will be beneficial. The
antibiotic of choice in this situation would be

Neomycin

Tetracycline

Penicillin G

Chloramphenicol

Cephalothin

S I A

45. Indicate from the diagram below the site of action of penicillinase.
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46. Clavulanic acid is important because it

Easily penetrates Gram-negative microorganisms

Is specific for Gram-positive microorganisms

Is a potent inhibitor of cell-wall transpeptidase
Inactivates bacterial B-lactamases

Has a spectrum of activity similar to that of penicillin G

o A0 T
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47. In the treatment of infections caused by P daeruginosa, the antimicrobial
agent that has proved to be effective is

a. Penicillin G
b. Piperacillin

c. Nafcillin

d. Erythromycin
e. Tetracycline

48. Ethambutol is administered concurrently with other antitubercular
drugs in the treatment of TB in order to

Reduce the pain of injection

Facilitate penetration of the blood-brain barrier

Retard the development of organism resistance

Delay excretion of other antitubercular drugs by the kidney
Retard absorption after intramuscular injection

oA T

49. The most active aminoglycoside against Mycobacterium tuberculosis is

a. Streptomycin
b. Amikacin

c. Neomycin

d. Tobramycin
e. Kanamycin

50. The drug used in all types of TB is

a. Ethambutol
b. Cycloserine
c. Streptomycin
d. INH

e. PAS

51. Chronic candidiasis infections of the GI tract and oral cavity are treated
with which agent in pill form

a. Amphotericin B
b. Nystatin

¢. Miconazole

d. Fluconazole

e.

Clotrimazole
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52. Drug Xis an antimycobacterial agent that inhibits other bacteria as well
as poxviruses. However, it should not be used as a single agent because
resistant mutants frequently form. The responsible mutation may alter the
site of action of drug X [i.e., the deoxyribonucleic acid (DNA)-dependent
ribonucleic acid (RNA) polymerase]. What is drug X?

INH

Rifampin

Pyrazinamide

Ethambutol

pp oo

53. For the treatment of a patient with Legionella pneumophila, the drug of
choice would be

Penicillin G
Chloramphenicol
Erythromycin
Streptomycin
Lincomycin

o0 O

54. The most effective agent in the treatment of Rickettsia, Mycoplasma,
and Chlamydia infections is

Penicillin G
Tetracycline
Vancomycin
Gentamicin
Bacitracin

o0 T

55. The mechanism of action by which pyrantel pamoate is effective for
the treatment of Necator americanus (hookworm) disease is

Interference with cell-wall synthesis
Interference with cell division

Inhibition of neuromuscular transmission
Interference with protein synthesis
Depletion of membrane lipoproteins

oA T
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56. Vertigo, inability to perceive termination of movement, and difficulty
in sitting or standing without visual clues are some of the toxic reactions
that are likely to occur in about 75% of patients treated with

a. Penicillin G

b. Doxycycline

¢. Amphotericin B
d. Streptomycin

e. INH

57. Amantadine, a synthetic antiviral agent used prophylactically against
influenza A,, is thought to act by

Preventing production of viral capsid protein

Preventing virion release

Preventing penetration of the virus into the host cell

Preventing uncoating of viral DNA

Causing lysis of infected host cells by release of intracellular lysosomal enzymes

oA T

58. Streptomycin and other aminoglycosides inhibit bacterial protein syn-
thesis by binding

a. Peptidoglycan units in the cell wall
b. Messenger RNA (mRNA)

c. DNA

d. 30S ribosomal particles

e. RNA polymerase

59. A patient with AIDS is treated with a combination of agents, which
includes zidovudine. What is the mechanism of action of zidovudine?
Inhibition of RNA synthesis

Inhibition of viral particle assembly

Inhibition of viral proteases

Inhibition of nucleoside reverse transcriptase

Inhibition of nonnucleoside reverse transcriptase

oo T
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60. A 39-year-old male with aortic insufficiency and a history of no drug
allergies is given an intravenous dose of antibiotic as a prophylaxis preced-
ing the insertion of a valve prosthesis. As the antibiotic is being infused, the
patient becomes flushed over most of his body. What antibiotic was given?
a. Vancomycin

Gentamicin

Erythromycin

Penicillin G

Tetracycline

oo T

61. Which of the following cephalosporins would have increased activity
against anaerobic bacteria such as Bacteroides fragilis?

Cefaclor
Cephalothin
Cephalexin
Cefuroxime
Cefoxitin

o0 T

62. Which one of the following antimicrobial agents is primarily adminis-
tered topically?

Polymyxin B

Penicillin G

Dicloxacillin

Carbenicillin

Streptomycin

o A0 T

63. A 75-year-old woman is hospitalized for pneumonia and treated with
an intravenous antibiotic. On day three, she develops severe diarrhea. Stool
is positive for Clostridium difficile toxin. What is the best treatment?
Clindamycin

Cefaclor

Metronidazole

Erythromycin

Doxycycline

0P T
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64. Ajaundiced one-day-old premature infant with an elevated free biliru-
bin is seen in the premature-baby nursery. The mother received an antibi-
otic combination preparation containing sulfamethizole for a urinary tract
infection (UTI) one week before delivery. You suspect that the infant’s find-
ings are caused by the sulfonamide because of the following mechanism:
a. Enhanced synthesis of bilirubin

b. Competition between the sulfonamide and bilirubin for binding sites on albumin
c. Inhibition of bilirubin degradation

d. Inhibition of urinary excretion of bilirubin

65. A 27-year-old female has just returned from a trip to Southeast Asia.
In the past 24 hours, she has developed shaking, chills, and a temperature
of 104°E A blood smear reveals Plasmodium vivax. Which of the following
agents should be used to eradicate the extraerythrocytic phase of the
organism?

a. Primaquine

b. Pyrimethamine
¢.  Quinacrine

d. Chloroquine

e. Chloroguanide

66. An 86-year-old male complains of cough and blood in his sputum for
the past two days. On admission, his temperature is 103°E Physical exami-
nation reveals rales in his right lung, and x-ray examination shows increased
density in the right middle lobe. A sputum smear shows many Gram-positive
cocci, confirmed by sputum culture as penicillinase-producing Staphylococ-
cus aureus. Which of the following agents should be given?

a. Ampicillin

b. Oxacillin

¢. Carbenicillin
d. Ticarcillin

e. Mezlocillin
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67. A 40-year-old male is HIV-positive with a cluster-of-differentiation-4
(CD4) count of 200/mm’. Within two months, he develops a peripheral
white blood cell count of 1000/mm’ and a hemoglobin of 9.0 mg/dL. Which
drug has most likely caused the adverse effect?

a. Acyclovir

b. Dideoxycytidine
c. Foscarnet

d. Rimantadine

e. Zidovudine

68. Thiabendazole, a benzimidazole derivative, is an antihelminthic drug
used primarily to treat infections caused by

Ascaris lumbricoides (roundworm)
N. americanus (hookworm)
Strongyloides

Enterobius vermicularis

Taenia saginata (flatworm)

o0 T

69. A 30-year-old male with a two-year history of chronic renal failure
requiring dialysis consents to transplantation. A donor kidney becomes
available. He is given cyclosporine to prevent transplant rejection just before
surgery. What is the most likely adverse effect of this drug?

Bone marrow depression

Nephrotoxicity

Oral and GI ulceration

Pancreatitis

Seizures

o A0 T

70. The mechanism of action of chloroquine in Plasmodium falciparum
malaria is elimination of

Secondary tissue schizonts
Exoerythrocytic schizonts
Erythrocytic stage

Asexual forms

Sporozoites

S I A
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71. The use of chloramphenicol may result in

Bone marrow stimulation
Phototoxicity

Aplastic anemia

Staining of teeth
Alopecia

oA T

72. A drug primarily used in pneumonia caused by Pneumocystis carinii is

a. Nifurtimox

b. Penicillin G

¢. Metronidazole
d. Pentamidine
e. Carbenicillin

DIRECTIONS: Each group of questions below consists of lettered
options followed by a set of numbered items. For each numbered item,
select the one lettered option with which it is most closely associated. Each
lettered option may be used once, more than once, or not at all.

Questions 73-75

For each patient, select the mechanism of drug action:

Inhibition of bacterial cell-wall synthesis

Inhibition of bacterial protein synthesis

Inhibition of bacterial folic acid synthesis

Inhibition of bacterial topoisomerase II (DNA gyrase)
Inhibition of bacterial DNA polymerase

o a0 o

73. A 39-year-old female with a history of chronic UTI develops a new
infection with Escherichia coli that is sensitive to levofloxacin.

74. A 25-year-old female with a sinus infection caused by Haemophilus
influenzae is treated with trimethoprim-sulfamethoxazole.

75. A 35-year-old male has recently converted to positive on a purified pro-
tein derivative of tuberculin (PPD) test for TB. INH is given as prophylaxis.
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76. Which of the following may cause damage to growing cartilage?

o0 T

Fluoroquinolones
Sulfonamides
Aminoglycosides
Cephalosporins
Tetracyclines

77. A patient with AIDS is treated with a combination of agents, which
includes efavirenz. What is the mechanism of action of efavirenz?

-0 a0 O

Inhibition of RNA synthesis

Inhibition of DNA synthesis

Inhibition of viral particle assembly

Inhibition of viral proteases

Inhibition of nucleoside reverse transcriptase
Inhibition of nonnucleoside reverse transcriptase

78. A patient with AIDS is treated with a combination of agents, which
includes indinavir. What is the mechanism of action of indinavir?

—0 f0 T

Inhibition of RNA synthesis

Inhibition of DNA synthesis

Inhibition of viral particle assembly

Inhibition of viral proteases

Inhibition of nucleoside reverse transcriptase
Inhibition of nonnucleoside reverse transcriptase

79. Of the following, the most appropriate statement concerning the reac-
tions caused by aminoglycosides is that these agents

oo o

Produce ototoxicity

Are potent neuromuscular blockers

Have little or no effect on kidneys

Produce a high incidence of hypersensitivity reactions similar to those of peni-
cillins

Produce a high incidence of exfoliative dermatitis
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Questions 80-81

For each patient, select the drug that most likely caused the adverse effect:

Acyclovir
Amantadine
Dideoxycytidine
Foscarnet
Ganciclovir
Idoxuridine
Interferon o
Ribavirin
Vidarabine
Zidovudine

e L s I~

80. A 27-year-old male with a three-year history of AIDS complains of
progressive blurring of vision for two days. Eye examination reveals evi-
dence of retinitis consistent with cytomegalic virus inclusion disease. Intra-
venous treatment is started, and within five days the patient complains of
muscular weakness and cramping. Blood chemistries show a creatinine of
5.2 mEqg/L and a Ca of 6.9 mEq/L.

81. A 22-year-old female with a two-year history of AIDS treated with one
of these agents develops epigastric pain that radiates to the chest. Endo-
scopic examination reveals an esophageal ulceration.

82. The mechanism of action of chloramphenicol as an antibiotic is that it

Binds to the 30S ribosome subunit
Reversibly binds to the 50S ribosome subunit
Prevents cell membrane development
Inhibits cell-wall synthesis

Inhibits RNA polymerase

o Ao T

83. The drug of choice for the treatment of T. saginata (tapeworm) is

a. Mebendazole
b. Ceftriaxone
c. Primaquine
d. Niclosamide
e. Chloroquine
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84. The drug of choice for the treatment of Schistosoma haematobium is

oopo T

Praziquantel
Ceftriaxone
Metronidazole
Mebendazole
Diethylcarbamazine

85. Ampicillin and amoxicillin are in the same group of penicillins. Which
of the following statements best characterizes amoxicillin?

o0 T

It has better oral absorption than does ampicillin

It can be used in penicillinase-producing organisms
It is classified as a broad-spectrum penicillin

It does not cause hypersensitivity reactions

It is effective against Pseudomonas

86. A 60-year-old male with AIDS develops a systemic fungal infection that
is treated with fluconazole. What is the mechanism of action of fluconazole?

oo o

It inhibits ergosterol synthesis

It inhibits DNA synthesis

It inhibits peptidoglycan synthesis
It inhibits protein synthesis

87. A 50-year-old male diabetic develops an external otitis from which
Pseudomonas organisms are cultured. Topical therapy with polymyxin is
effective. What is the mechanism of action of polymyxin?

oA T

Inhibition of cell-wall synthesis

Formation of reactive cytotoxic products that interfere with DNA synthesis
Disruption of membrane permeability

Inactivation of protein sulthydryl groups

Inhibition of protein synthesis by binding to transfer RNA (tRNA)
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88. A 75-year-old male develops a cough that produces blood-tinged spu-
tum. He has a fever of 104°F Gram-positive cocci in clusters are found in a
sputum smear. A chest x-ray shows increased density in the right upper
lobe. Of the following penicillins, which is most likely to be ineffective?
Oxacillin

Cloxacillin

Ticarcillin

Nafcillin

Dicloxacillin

oA T

89. A 40-year-old female with a history of AIDS develops a herpes simplex
keratitis of the eye. Which of the following antiviral agents should be
administered in this case?

a. Zanamivir
b. Trifluridine
¢. Zidovudine
d. Amantadine
e. Indinavir

90. A 45-year-old female being treated for a chronic UTI develops acute
alcohol intolerance. Which of the following agents could have caused this
intolerance?

a. Cefoperazone

b. Amoxicillin

c. Sulfamethoxazole-trimethoprim
d. Norfloxacin

e. Tetracycline

91. A 60-year-old male with a temperature of 104°F and a productive
cough is diagnosed as having staphylococcal pneumonia. After several days
on nafcillin, he develops truncal urticaria and pruritis. Which of the fol-
lowing agents is best avoided in this patient?

a. Cefazolin

b. Clarithromycin
c. Sparfloxacin

d. Clindamycin

e. Tetracycline
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92. A 65-year-old male with a pneumonia has a sputum culture that is
positive for a staphylococcal strain that is B-lactamase-positive. Which is
the best choice of penicillin therapy in this patient?

Ampicillin

Oxacillin

Ticarcillin

Penicillin G

Carbenicillin

0P T

93. A 35-year-old female complains of itching in the vulval area. Hanging-
drop examination of the urine reveals trichomonads. What is the preferred
treatment for trichomoniasis?

Doxycycline

Pyrimethamine

Pentamidine

Emetine

Metronidazole

o0 T

94. A 40-year-old female with duodenal ulcers is treated with a combina-
tion of agents that includes clarithromycin. Of the following enzymes,
which is inactivated by clarithromycin?

Dihydrofolate reductase

Glucose-6-phosphate dehydrogenase

Cytochrome P450

Na* K*-ATPase

Na*,K*,Cl” co-transporter

o A0 T

95. A 30-year-old type I diabetic with renal complications develops acute
pyelonephritis. P aeruginosa is found in urine cultures and blood cultures.
Combined therapy is instituted with an aminoglycoside and which of the
following?

Clavulanic acid

Vancomycin

A second-generation cephalosporin
Azithromycin

Piperacillin

0P T
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96. A 35-year-old male is diagnosed with primary syphilis. Which of the
following agents is the best choice for treating this patient?

a. A first-generation cephalosporin
b. Oxacillin

c. Imipenen

d. Benzathine penicillin G

e. Vancomycin

97. A 20-year-old male has a urethral discharge. Culture of the discharge
shows Neisseria gonorrhoeae. Which of the following agents is the best choice
for treating this patient?

a. Ceftriaxone

b. Benzathine penicillin G

c. Imipenen

d. Amikacin

e. Sulfamethoxazole-trimethoprim

98. Which of the following best describes ampicillin’s effect on therapeu-
tically administered estrogens?

It decreases estrogen metabolism

It decreases the enterohepatic circulation of estrogen

It decreases the plasma protein binding of estrogen

It decreases the renal excretion of estrogen

It decreases the sensitivity of estrogen at its site of action

o a0 o

99. A 36-year-old female with a chronic UTI treated with ciprofloxacin is
not responsive to the antibiotic. Which of the following agents that she
might have been taking for other reasons would decrease the effectiveness
of ciprofloxacin?

An antacid

An antihistamine

A nonsteroidal anti-inflammatory

An anxiolytic

A multivitamin not containing iron

o Ao T
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DIRECTIONS: Each group of questions below consists of lettered
options followed by a set of numbered items. For each numbered item,
select the one lettered option with which it is most closely associated. Each
lettered option may be used once, more than once, or not at all.

Questions 100-101

For each of the parasites below, select the drug that is most effective
against it.

Bithionol
Methotrexate
Pyrantel pamoate
Penicillin
Praziquantel
Ceftriaxone
Diethylcarbamazine
Primaquine
Niclosamide
Chloroquine

— PR om0 f0 T

100. A. lumbricoides (roundworms)
101. Wuchereria bancrofti (filariae)

102. An infant with severe respiratory syncytial virus (RSV) bronchiolitis
is best treated with

Amantadine
Indinavir
Efavirenz
Famciclovir
Ribavirin

o0 T

103. A 20-year-old male with herpes simplex of the lips is treated with
famciclovir. What is the mechanism of action of famciclovir?

Cross-linking of DNA

Strand breakage of DNA

Inhibition of viral DNA synthesis
Inhibition of nucleotide interconversions
Inhibition of a viral kinase

o0 T
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104. A 30-year-old pregnant female develops a UTI that is caused by
Chlamydia trachomatis. Of the following, which is the best agent to use in
this patient?

Tetracycline

Levofloxacin

Gentamycin

Erythromycin

Sulfamethoxazole-trimethoprim

oA T

105. A patient being treated with a combination of drugs for pulmonary
tuberculosis develops a decrease in visual acuity and red-green color blind-
ness resulting from retrobulbar neuritis. Which of the following agents is
responsible for these findings?

INH

Streptomycin

Rifampin

Pyrizinamide

Ethambutol

oA T
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Answers

37. The answer is c. (Hardman, p 1179. Katzung, pp 815-816.) Ampho-
tericin B may alter kidney function by decreasing creatinine clearance; if
this occurs, the dose must be reduced. It also commonly increases potas-
sium (K*) clearance, leading to hypokalemia, and causes anemia and neu-
rologic symptoms. A liposomal preparation may reduce the incidence of
renal and neurologic toxicity. Vancomycin is less likely to cause kidney
damage; if it does, the damage is less severe.

38. The answer is c. (Hardman, p 1183. Katzung, p 819.) Fluconazole pen-
etrates into cerebrospinal fluid, where it is active against Cryptococcus neofor-
mans. When it is given orally, blood levels are almost as high as when it is
given parenterally. Amphotericin is administered intravenously and does not
appear to be highly effective in fungal meningitis even when administered
intrathecally.

39. The answer is b. (Hardman, p 1158.) Isoniazid inhibits cell-wall syn-
thesis in mycobacteria. Increasing vitamin Bg levels prevents complications
associated with this inhibition, including peripheral neuritis, insomnia,
restlessness, muscle twitching, urinary retention, convulsions, and psy-
chosis, without affecting the antimycobacterial activity of INH.

40. The answer is b. (Hardman, p 1065.) Ciprofloxacin is a fluorinated
quinolone derivative highly effective against P aeruginosa. Other derivatives
in this class have less activity toward this organism, although they are effec-
tive against other common Gram-negative organisms.

41. The answer is b. (Katzung, pp 806-807.) Rifampin induces
cytochrome P450 enzymes, which causes a significant increase in elimina-
tion of drugs, such as oral contraceptives, anticoagulants, ketoconazole,
cyclosporine, and chloramphenicol. It also promotes urinary excretion of
methadone, which may precipitate withdrawal.

42. The answer is c. (Hardman, pp 1129-1131.) All tetracyclines can
produce negative nitrogen balance and increased blood urea nitrogen

65
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(BUN) levels. This is of clinical importance in patients with impaired renal
function. With the exception of doxycycline, tetracyclines should not be
used in patients that are anuric. Doxycycline is excreted by the GI tract
under these conditions, and it will not accumulate in the serum of patients
with renal insufficiency.

43. The answer is e. (Hardman, pp 1094—-1095.) Penicillins were used in
the treatment of meningitis because of their ability to pass across an
inflamed blood-brain barrier. The third-generation cephalosporin, ceftriax-
one, is preferred because it is effective against B-lactamase producing
strains of H. influenzae that may cause meningitis in children.

44. The answer is a. (Hardman, pp 1116-1117.) Neomycin, an amino-
glycoside, is not significantly absorbed from the GI tract. After oral admin-
istration, the intestinal flora is suppressed or modified and the drug is
excreted in the feces. This effect of neomycin is used in hepatic coma to
decrease the coliform flora, thus decreasing the production of ammonia
that causes the levels of free nitrogen to decrease in the bloodstream. Other
antimicrobial agents (e.g., tetracycline, penicillin G, chloramphenicol, and
cephalothin) do not have the potency of neomycin in causing this effect.

45. The answer is e. (Hardman, pp 1074-1076.) Penicillinase hydrolyzes
the B-lactam ring of penicillin G to form inactive penicilloic acid. Conse-
quently, the antibiotic is ineffective in the therapy of infections caused
by penicillinase-producing microorganisms such as staphylococci, bacilli,
E. coli, P aeruginosa, and M. tuberculosis.

46. The answer is d. (Hardman, pp 1097-1098.) The antibiotic clavu-
lanic acid is a potent inhibitor of B-lactamases. The mode of inhibition is
irreversible. Although clavulanic acid does not effectively inhibit the
transpeptidase, it may be used in conjunction with a B-lactamase-sensitive
penicillin to potentiate its activity.

47. The answer is b. (Hardman, pp 1077-1086.) Piperacillin is a broad-
spectrum, semisynthetic penicillin for parenteral use. Its spectrum of activ-
ity includes various Gram-positive and Gram-negative organisms including
Pseudomonas. The indications for piperacillin are similar to those for car-
benicillin, ticarcillin, and mezlocillin, with the primary use being sus-
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pected or proven infections caused by P aeruginosa. Penicillin G, nafcillin,
erythromycin, and tetracycline are ineffective against Pseudomonds.

48. The answer is c. (Hardman, pp 1161-1162.) An important problem
in the chemotherapy of TB is bacterial drug resistance. For this reason, con-
current administration of two or more drugs should be employed to delay
the development of drug resistance. Isoniazid is often combined with
ethambutol for this purpose. Streptomycin or rifampin may also be added
to the regimen to delay even further the development of drug resistance.

49. The answer is a. (Hardman, pp 1105-1108.) The activity of strepto-
mycin is bactericidal for the tubercle bacillus organism. Other aminoglyco-
sides (e.g., gentamicin, tobramycin, neomycin, amikacin, and kanamycin)
have activity against this organism but are seldom used clinically because of
toxicity or development of resistance.

50. The answer is d. (Hardman, pp 1155-1159.) Only actively growing
tubercle bacilli are susceptible to the bactericidal property of INH. The
major action of INH is on the cell wall of the bacillus, where it prevents the
synthesis of mycolic acid.

51. The answer is d. (Hardman, pp 1183-1184.) Mucocutaneous infec-
tions, most commonly Candida albicans, involve the moist skin and mucous
membranes. Agents used topically include amphotericin B, nystatin, micona-
zole, and clotrimazole. Ketoconazole and fluconazole are administered orally
in pill form for treatment of chronic infections.

52. The answer is b. (Hardman, p 1159.) Rifampin inhibits RNA synthe-
sis in bacteria, mycobacteria, and chlamydiae by binding to the DNA-
dependent RNA polymerase; it also inhibits assembly of poxvirus particles.
Rifampin is used as a single prophylactic agent for contacts of people with
meningococcal or H. influenzae type b infections. Otherwise, it is not used
alone because 1 in 10 organisms in a population exposed to rifampin will
become resistant, possibly because of mutation or a barrier against
rifampin’s entry into cells.

53. The answer is c. (Hardman, pp 1135-1141.) Erythromycin, a macro-
lide antibiotic, was initially designed to be used in penicillin-sensitive
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patients with streptococcal or pneumococcal infections. Erythromycin has
become the drug of choice for the treatment of pneumonia caused by
Mycoplasma and Legionella.

54. The answer is b. (Hardman, p 1128.) Tetracycline is one of the drugs
of choice in the treatment of Rickettsia, Mycoplasma, and Chlamydia infec-
tions. The antibiotics that act by inhibiting cell-wall synthesis have no
effect on Mycoplasma because the organism does not possess a cell wall;
penicillin G, vancomycin, and bacitracin will be ineffective. Gentamicin
has little or no antimicrobial activity with these organisms.

55. The answer is c. (Hardman, p 1022.) Pyrantel pamoate is an anti-
helminthic that acts primarily as a depolarizing neuromuscular blocker. In
certain worms, a spastic neuromuscular paralysis occurs, resulting in the
expulsion of the worms from the intestinal tract of the host. Pyrantel also
exerts its effect against parasites via release of acetylcholine and inhibition
of cholinesterase.

56. The answer is d. (Hardman, pp 1110-1113.) Streptomycin and other
aminoglycosides can elicit toxic reactions involving both the vestibular and
auditory branches of the eighth cranial nerve. Patients receiving an amino-
glycoside should be monitored frequently for any hearing impairment
owing to the irreversible deafness that may result from its prolonged use.
None of the other agents listed in the question adversely affect the function
of the eighth cranial nerve.

57. The answer is d. (Katzung, p 840. Hardman, pp 1209-1211.) Amanta-
dines mechanism of action involves inhibition of uncoating of the
influenza A viral DNA. The primary target is the membrane M2 protein.
The drug does not affect penetration and DNA-dependent RNA poly-
merase activity. Amantadine both reduces the frequency of illness and
diminishes the serologic response to influenza infection. The drug has no
action, however, on influenza B. As a weak base, amantadine bulffers the
pH of endosomes, thus blocking the fusion of the viral envelope with the
membrane of the endosome.

58. The answer is d. (Hardman, pp 1105-1108.) The bactericidal activity
of streptomycin and other aminoglycosides involves a direct action on the
30S ribosomal subunit, the site at which these agents both inhibit protein
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synthesis and diminish the accuracy of translation of the genetic code. Pro-
teins containing improper sequences of amino acids (known as nonsense
proteins) are often nonfunctional.

59. The answer is d. (Katzung, pp 831-832.) Zidovudine competitively
inhibits HIV-1 nucleoside reverse transcriptase. It is also incorporated in
the growing viral DNA chain to cause termination. Each action requires
activation via phosphorylation of cellular enzymes. Zidovudine decreases
the rate of clinical disease progression and prolongs survival in HIV-
infected patients.

60. The answer is a. (Hardman, p 1146.) The “red man” syndrome is
associated with vancomycin, thought to be caused by histamine release.
Prevention consists of a slower infusion rate and pretreatment with anti-
histamines.

61. The answer is e. (Hardman, pp 1092-1094.) Cefoxitin and cefmeta-
zole are suitable for treating intraabdominal infections. Such infections are
caused by mixtures of aerobic and anaerobic Gram-negative bacteria like
B. fragilis. Cefoxitin alone has been shown to be as effective as the tradi-
tional therapy of clindamycin plus gentamicin.

62. The answer is a. (Hardman, pp 1143-1144.) Polymyxin B is poorly
absorbed by the oral route. It is primarily administered by the topical route
for the treatment of infections of the skin, mucous membranes, eye, and
ear. Penicillin G can be administered both orally and parenterally.
Dicloxacillin is only given by the oral route. Carbenicillin and streptomycin
are administered only by the parenteral route.

63. The answer is c. (Hardman, pp 996-997, 1145-1146. Katzung, p 845.)
Metronidazole is often used to treat antibiotic-associated enterocolitis,
especially when caused by C. difficile. Vancomycin is no longer preferred
because it induces selection of resistant staphylococci. Clindamycin is also
associated with C. difficile colitis, but in another way: a higher percentage of
patients taking this over other antibiotics develop antibiotic-associated
enterocolitis.

64. The answer is b. (Hardman, p 1062.) Sulfonamides should not be
used in pregnant women who are at term because of their ability to cross
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the placenta and enter the fetus in concentrations sufficient to produce
toxic effects. Sulfonamides should also not be given to neonates, especially
premature infants, because they compete with bilirubin for serum albumin
binding, resulting in increased levels of free bilirubin, which cause ker-
nicterus.

65. The answer is a. (Hardman, pp 977-978.) Primaquine is effective
against the extraerythrocytic forms of P vivax and P ovale and is thus of
value in a radical cure of malarial infection. It also attacks the sexual forms
of the parasite, rendering them incapable of maturation in the mosquito
and making it valuable in preventing the spread of malarial infection.

66. The answer is b. (Hardman, p 1077.) Unlike the other listed drugs,
oxacillin is resistant to penicillinase. The other four agents are broad-
spectrum penicillins, while oxacillin is generally specific for Gram-positive
microorganisms. Use of penicillinase-resistant penicillins should be reserved
for infections caused by penicillinase-producing staphylococci.

67. The answer is e. (Hardman, p 1206. Katzung, p 833.) A major adverse
effect of zidovudine is bone marrow depression that appears to be dose-
and duration-dependent. The severity of the disease and a low CD4 count
contribute to the bone marrow depression.

68. The answer is c. (Hardman, p 1688.) Thiabendazole has been
shown to be effective against Strongyloides, cutaneous larva migrans, and
Trichuris. Adverse effects consist of nausea, vertigo, headache, and weak-
ness. Treatment usually involves oral administration for several days. It
has been found to be ineffective in Ascaris, N. americanus, E. vermicularis,
and T. saginata.

69. The answer is b. (Hardman, p 1299. Katzung, p 609.) Nephrotoxicity
may occur in almost three-quarters of patients treated with cyclosporine.
Regular monitoring of blood levels can reduce the incidence of adverse
effects.

70. The answer is c. (Hardman, pp 970-972.) Chloroquine is a 4-
aminoquinoline derivative that selectively concentrates in parasitized red
blood cells. It is a weak base, and its alkalinizing effect on the acid vesicle
of the parasite effectively destroys the viability of the parasite.
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71. The answer is c. (Hardman, pp 1134-1135.) Hematologic toxicity is
by far the most important adverse effect of chloramphenicol. The toxicity
consists of two types: (1) bone marrow depression (common) and (2)
aplastic anemia (rare). Chloramphenicol can produce a potentially fatal
toxic reaction, the “gray baby” syndrome, caused by diminished ability of
neonates to conjugate chloramphenicol with resultant high serum concen-
trations. Tetracyclines produce staining of the teeth and phototoxicity.

72. The answer is d. (Hardman, p 989.) Both trimethoprim-
sulfamethoxazole and pentamidine are effective in pneumonia caused by
P carinii. This protozoal disease usually occurs in immunodeficient
patients, such as those with AIDS. Nifurtimox is effective in trypanoso-
miasis and metronidazole in amebiasis and leishmaniasis, as well as in
anaerobic bacterial infections. Penicillins are not considered drugs of
choice for this particular disease state.

73. The answer is d. (Hardman, pp 1065-1067. Katzung, p 797.) Bacter-
ial DNA gyrase is composed of four subunits, and levofloxacin binds to the
strand-cutting subunits, inhibiting their activity.

74. The answer is c. (Hardman, pp 1058-1059. Katzung, pp 793-795.)
Trimethoprim inhibits dihydrofolic acid reductase. Sulfamethoxazole in-
hibits p-aminobenzoic acid (PABA) from being incorporated into folic acid by
competitive inhibition of dihydropteroate synthase. Either action inhibits the
synthesis of tetrahydrofolic acid.

75. The answer is a. (Hardman, p 1157. Katzung, p 804.) Isoniazid inhibits
mycobacterial cell-wall synthesis by inhibiting mycolic acid synthesis by a
mechanism that is not fully understood.

76. The answer is a. (Katzung, p 800.) Fluoroquinolones are not recom-
mended in patients less than 18 years old. They have a tendency to dam-
age growing cartilage and cause arthropathy. The arthropathy is generally
reversible. Tendinitis may occur, and in rare instances in adults, this find-
ing may lead to tendon ruptures.

77. The answer is f. (Katzung, p 837.) Efavirenz is a specific inhibitor of
HIV-1 viral growth. Its mechanism of action involves inhibition of nonnu-
cleoside reverse transcriptase.
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78. The answer is d. (Katzung, p 839.) Indinavir is a specific inhibitor of
HIV-1 proteases. Cross-resistance can occur with other protease inhibitors.

79. The answer is a. (Hardman, pp 1110-1111.) All the aminoglycosides
are potentially toxic to both branches of the eighth cranial nerve. The evi-
dence indicates that the sensory receptor portions of the inner ear are affected
rather than the nerve itself. Nephrotoxicity may develop during or after the
use of an aminoglycoside. It is generally more common in the elderly when
there is preexisting renal dysfunction. In most patients, renal function grad-
ually improves after discontinuation of therapy. Aminoglycosides rarely
cause neuromuscular blockade that can lead to progressive flaccid paralysis
and potential fatal respiratory arrest. Hypersensitivity and dermatologic reac-
tions occasionally occur following use of aminoglycosides.

80. The answer is d. (Hardman, p 1200. Katzung, p 830.) Nephrotoxicity
and symptomatic hypocalcemia are major toxicities associated with foscar-
net. Underlying renal disease, concomitant use of nephrotoxic drugs,
dehydration, and rapid infusion of high doses increase the risk.

81. The answer is c. (Katzung, p 835.) Dideoxycytidine causes dose-
dependent peripheral neuropathies and adverse effects in the GI tract,
including nausea, diarrhea, and gastric and esophageal ulcerations and
pancreatitis.

82. The answer is b. (Hardman, p 1131.) Chloramphenicol inhibits pro-
tein synthesis in bacteria and, to a lesser extent, in eukaryotic cells. The drug
binds reversibly to the 50S ribosomal subunit and prevents attachment of
aminoacyl-transfer RNA (tRNA) to its binding site. The amino acid substrate
is unavailable for peptidyl transferase and peptide bond formation.

83. The answer is d. (Hardman, p 1019.) Niclosamide is a halogenated
salicylanilide derivative. It exerts its effect against cestodes by inhibition of
mitochondrial oxidative phosphorylation in the parasites. The mechanism
of action is also related to its inhibition of glucose and oxygen uptake in the
parasite.

84. The answer is a. (Hardman, pp 1020-1022.) Praziquantel is a broad-
spectrum antihelminthic agent. It appears to kill the adult schistosome by
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increasing the permeability of the cell membranes of the parasite to Ca and
consequent influx of Ca ions. This causes increased muscle contraction fol-
lowed by paralysis.

85. The answer is a. (Hardman, pp 1084-1085.) Amoxicillin is classified
as an aminopenicillin along with ampicillin. Because it is less affected than
ampicillin by the presence of food, it has a superior absorption in the GI
tract. It is sensitive to penicillinase and has a narrow spectrum of activity
toward certain Gram-positive and Gram-negative organisms, but not
Pseudomonas. Because it is in the penicillin family, hypersensitivity reac-
tions are a possibility.

86. The answer is a. (Hardman, p 1180. Katzung, pp 817-819.) Flucona-
zole indirectly inhibits ergosterol synthesis. It inhibits cytochrome P450,
which is a key enzyme system for cytochrome P450-dependent sterol
14-o-demethylase. This leads to accumulation of 14-oi-sterols, resulting in
impairment of the cytoplasmic membrane.

87. The answer is c. (Hardman, pp 1143-1144.) Bacitracin, cycloserine,
cephalothin, and vancomycin inhibit cell-wall synthesis and produce bac-
teria that are susceptible to environmental conditions. Polymyxins disrupt
the structural integrity of the cytoplasmic membranes by acting as cationic
detergents. On contact with the drug, the permeability of the membrane
changes. Polymyxin is often applied in a mixture with bacitracin and/or
neomycin for synergistic effects.

88. The answer is c. (Hardman, p 1086.) Ticarcillin resembles carbenicillin
and has a high degree of potency against Pseudomonas and Proteus organisms
but is broken down by penicillinase produced by various bacteria, including
most staphylococci. Oxacillin, cloxacillin, nafcillin, and dicloxacillin are all
resistant to penicillinase and are effective against staphylococci.

89. The answer is b. (Hardman, p 1203.) Trifluridine inhibits viral activity
in HSV types 1 and 2, CMV, vaccinia, and perhaps adenovirus. It acts as a
viral DNA synthesis inhibitor by irreversibly blocking thymidylate syn-
thetase. Trifluridine triphosphate is a competitive inhibitor of thymidine
triphosphate accumulation into DNA. It is used in the treatment of primary
keratoconjunctivitis and recurrent epithelial keratitis caused by HSV 1 and 2.
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90. The answer is a. (Hardman, pp 1086-1089.) Intolerance of alcohol
(disulfiram-like reaction) has been noted only with certain cephalosporins.
Cephalosporins with the methylthiotetrazole side chain have been associated
with a disulfiram-like reaction because the methylthiotetrazole group has a
configuration similar to disulfiram, which blocks the metabolism of alcohol
at the acetaldehyde step. Accumulation of acetaldehyde is associated with the
symptoms. The methylthiotetrazole side chain also results in hypoprothrom-
binemia by interfering with the synthesis of vitamin K-dependent clotting
factors.

91. The answer is a. (Hardman, pp 1074-1077.) Cephalosporins and
penicillins have similar structures (they have a B-lactam ring), penicillins
having a penicillic acid and the cephalosporins a cephalosporinic acid moi-
ety. Both groups of antimicrobials inhibit the transpeptidase enzyme neces-
sary for cross-linking of the peptidylglycan layer necessary for cell-wall
stabilization. It appears that the mechanism is not totally identical for every
drug for every bacterial species. Cephalosporins have a greater overall
activity against Gram-negative organisms than do the penicillin G-type
compounds. The hypersensitivity reactions associated with the penicillins
and the cephalosporins appear to be identical in signs and symptoms.
There is a crossover sensitivity between the penicillins and cephalosporins
that must be considered when a patient is sensitive to either of these antibi-
otics. It occurs in about 5% to 10% of cases.

92. The answer is b. (Hardman, p 1077.) Oxacillin is classified as a
penicillinase-resistant penicillin that is relatively acid-stable and, therefore,
is useful for oral administration. Major adverse reactions include penicillin
hypersensitivity and interstitial nephritis. With the exception of methi-
cillin, which is 35% bound to serum proteins, all penicillinase-resistant
penicillins are highly bound to plasma proteins. Oxacillin has a very nar-
row spectrum and is used primarily as an antistaphylococcal agent.

93. The answer is e. (Hardman, pp 995-998.) Metronidazole is a low-
molecular-weight compound that penetrates all tissues and fluids of the
body. Metronidazole’s spectrum of activity is limited largely to anaerobic
bacteria—including B. fragilis—and certain protozoa. It is considered to be
the drug of choice for trichomoniasis in females and carrier states in males,
as well as intestinal infections with Giardia lamblia.
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94. The answer is c. (Katzung, pp 778-780.) Clarithromycin is a
macrolide antibiotic. It can inhibit cytochrome P450. This could lead to
an increase in concentration of drugs that are metabolized by cytochrome
P450 and are given simultaneously with clarithromycin. When given with
terfenadine, an antihistaminic agent, the interaction may lead to cardiac
arrhythmias.

95. The answer is e. (Katzung, p 761.) Piperacillin is effective against
P aeruginosa. The ease with which these organisms develop resistance with
single-drug therapy has necessitated that combination with aminoglyco-
sides be used in pseudomonal infections.

96. The answer is d. (Hardman, pp 1080-1082. Katzung, pp 759-760.)
Because of its long duration of action, benzathine penicillin G is given as a
single injection of 1.2 million units intramuscularly every three or four
weeks for the treatment of syphilis. This persistence of action reduces the
need for repeated injections, costs, and local trauma. Benzathine penicillin
G is also administered for group A, B-hemolytic streptococcal pharyngitis
and pyoderma. For the later stages of syphilis, up to three weekly doses of
the agent is administered.

97. The answer is a. (Hardman, p 1082. Katzung, pp 764—766.) The third-
generation cephalosporin, ceftriaxone, and cefixime are considered first-
line drugs in the treatment of gonorrhea because most strains of Neisseria
gonococci are resistant to the penicillins. Amikacin and other aminoglyco-
sides are used in serious infections caused by E. coli, Enterobacter, Klebsiella,
and Serratia species. However, spectinomycin, which is related to the
aminoglycosides, can be used as a backup drug for gonorrhea.

98. The answer is b. (Katzung, p 1129.) Ampicillin decreases the entero-
hepatic circulation of estrogen, thereby reducing its efficacy. It is thought
that this occurs because of an alteration in the gastrointestinal flora. Other
oral antibiotics may produce a similar effect.

99. The answer is a. (Katzung, p 1124.) Decreased gastrointestinal
absorption of ciprofloxacin occurs with antacids because of their ability to
adsorb the fluoroquinolone. Other preparations containing divalent ions,
such as iron, will impede fluoroquinolone absorption.
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100-101. The answers are 100-c, 101-g. (Katzung, pp 879, 917-918.
Hardman, pp 1010, 1022.) Pyrantel is the drug of choice against A. lumbri-
coides. Its actions are as a depolarizing neuromuscular blocking agent and
cholinesterase inhibitor. These actions cause spastic paralysis of the worms.
Although benzimidazoles are also effective in treating A. lumbricoides and
one of them could be considered the drug of choice, they have tetragenic
potential. Filariasis is effectively treated with diethylcarbamazine, a piper-
azine derivative, which both suppresses and, in most cases, cures the infec-
tion. The drug is inactive against W bancrofti in vitro. However, in vivo
activity appears to be due to a sensitization of the microfilaria to phagocyto-
sis by the fixed macrophages of the reticuloendothelial system.

102. The answer is e. (Katzung, p 842.) Ribavirin most likely interferes
with guanosine triphosphate synthesis, resulting in inhibition of capping of
viral messenger RNA and viral RNA-dependent RNA polymerase. It is
effective in moderating infections with respiratory syncytial virus.

103. The answer is c. (Katzung, pp 827-828.) Famciclovir is active
against herpes simplex and varicella zoster viruses. It is activated by a viral
kinase to a triphosphate. The triphosphate is a competitive substrate for
DNA polymerase. The incorporation of the famciclovir triphosphate into
viral DNA results in chain termination.

104. The answer is d. (Katzung, pp 779-780.) Erythromycin is safe to
use in pregnancy and is effective against Chlamydia. Levofloxacin is con-
traindicated in pregnancy because animal studies have identified that car-
tilage erosion can occur during growth. Chlamydia are not sensitive to
gentamycin, however, it probably should not be used in pregnancy
because of potential nephro- and ototoxicity. Tetracycline may cause tooth
enamel dysplasia and problems with bone during fetal development.
Sulfamethoxazole-trimethoprim has severe consequences, particularly in
the newborn, because it displaces bilirubin from albumin, which is then
deposited in the brain causing a condition referred to as kernicterus.

105. The answer is e. (Katzung, p 807.) Retrobulbar neuritis can occur
with the use of ethambutol. It is dose related and typically occurs with pro-
longed therapy. The drug is not recommended for young children whose
symptoms may not be easily assessed.
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Alkylating agents Immunomodulators
Hormones Immunosuppressants
Antibiotics Radiopharmaceuticals
Antimetabolites

Questions

DIRECTIONS: Each item below contains a question or incomplete
statement followed by suggested responses. Select the one best response to
each question.

106. The most effective drug for immunosuppression of rejection of the
allografted kidney is

o0 T

Azathioprine
Cyclosporine
5-fluorouracil (5-FU)
Cyclophosphamide

Vincristine

107. The phase of the cell cycle that is resistant to most chemotherapeutic
agents and requires increased dosage to obtain a response is the

o A0 T

M phase
G, phase
S phase

Gy phase
G, phase

108. A nucleophilic attack on deoxyribonucleic acid (DNA) that causes
the disruption of base pairing occurs as a result of the administration of

oo T

Cyclophosphamide
5-FU

Methotrexate
Prednisone
Thioguanine
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109. The antineoplastic chemotherapeutic agent that is classified as an
alkylating agent is

a. Thioguanine
b. Busulfan

¢. Bleomycin
d. Vincristine
e. Tamoxifen

110. Which of the following is a chemotherapeutic drug that possesses a
mechanism of action involving alkylation?

a. Cyclophosphamide
b. Methotrexate

¢. Tamoxifen

d. 5-FU

e. Doxorubicin

I'1l. Anine-year-old boy is diagnosed with acute lymphoblastic leukemia.
He is maintained on methotrexate. A recent platelet count is below normal,
and a stool guaiac is 4+. Which of the following agents should be adminis-
tered to counteract methotrexate toxicity?

a. N-acetyl-L-cysteine
b. Vitamin K

c. Penicillamine

d. Leucovorin

e. Deferoxamine

112. Cardiotoxicity limits the clinical usefulness of which one of the fol-
lowing antitumor antibiotics?

a. Dactinomycin
b. Doxorubicin
¢. Bleomycin

d. Plicamycin

e. Mitomycin
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113. Binding to the enzyme dihydrofolate reductase is the mechanism of
action for

a. Procarbazine
b. Paclitaxel

c. Methotrexate
d. Tosfamide

e. Cladribine

1 14. Which of the following is considered to be the effective mechanism
of action of the vinca alkaloids?

Inhibition of the function of microtubules
Damage and prevention of repair of DNA
Inhibition of DNA synthesis

Inhibition of protein synthesis

Inhibition of purine synthesis

o0 T

115. The tumor that is least susceptible to cell-cycle-specific (CCS) anti-
cancer agents is

Acute lymphoblastic leukemia
Acute granulocytic leukemia
Burkitt’s lymphoma
Adenocarcinoma of the colon
Choriocarcinoma

o A0 T

116. A 32-year-old cancer patient, who has smoked two packs of ciga-
rettes a day for 10 years, presents a decreased pulmonary function test.
Physical examination and chest x-rays suggest preexisting pulmonary dis-
ease. Of the following drugs, which is best not prescribed?

a. Vinblastine
b. Doxorubicin
¢. Mithramycin
d. Bleomycin

e. Cisplatin
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117. Of the following, which is not a CCS agent

a. Mercaptopurine (6-MP)
b. 5-FU

¢. Bleomycin

d. Busulfan

e. Vincristine

118. A 25-year-old female post—renal transplant shows signs of acute renal
allograph rejection. Of the following agents, which should be administered?

a. Interferon o

b. Aldesleukin

¢. Muromonab-CD3
d. Sargramostim

e. Filgrastim

119. A 50-year-old female with rheumatoid arthritis has developed ero-
sions in her wrist bones. Which of the following agents should be admin-
istered?

Allopurinol

Asparaginase

Methotrexate

Streptozocin

6-MP

Azathioprine

Pentostatin

Leucovorin

Bacille Calmette-Guérin (BCG) vaccine

PR s e o O

120. A 40-year-old female post-renal transplant has developed evidence
of osteoporosis, most likely due to cyclosporine. Which of the following
agents might replace cyclosporine?

Allopurinol
Asparaginase
Methotrexate
Streptozocin
6-MP
Azathioprine
Pentostatin
Leucovorin
BCG vaccine

PR s e o O
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121. A 34-year-old male with Hodgkin’s disease is treated with the adri-
amycin, bleomycin, vinblastine, and decarbazine (ABVD) regimen. What is
the mechanism of action of vinblastine?

Scission of DNA strands

Inhibition of dihydrofolate reductase

Inhibition of enzymes involved in purine metabolism

Prevention of assembly of tubulin dimers into microtubules

Inhibition of topoisomerase

S A

122. A 60-year-old male with hematuria is found to have a small localized
tumor of the bladder that is diagnosed as a carcinoma. Which of the fol-
lowing agents should be given intravesicularly?

Allopurinol
Asparaginase
Methotrexate
Streptozocin
6-MP
Azathioprine
Pentostatin
Leucovorin
BCG vaccine

PR - e T

123. A 45-year-old female has a bone marrow transplant for treatment of
ovarian cancer. Cyclosporine is given as an immunosuppressant. What is
the mechanism of action of cyclosporine?

Direct destruction of proliferating lymphoid cells
Inhibition of T cell response to cytokines

Inhibition of folic acid metabolism

Inhibition of factors that stimulate T cell growth

Inhibition of enzymes that are related to purine metabolism

o A0 T

124. A young adult patient with acute granulocytic leukemia, treated with
a combination of cytarabine and thioguanine, is no longer responsive to
the therapy. The nonresponsiveness of the patient is thought to be due to
thioguanine. What is the mechanism of resistance to thioguanine?
Decreased uptake

Increased efflux

Increased alkaline phosphatase activity

Increased production of trapping agents

Increased DNA repair

o0 T
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125. A 45-year-old male has an insulinoma. Which of the following agents
is the treatment of choice?

a. Cyclophosphamide
b. Carboplatin

¢. Vincristine

d. Streptozocin

e. Bleomycin

126. A 50-year-old female is treated with paclitaxel. Of the following, how
is paclitaxel classified?

An alkylating agent
An antimetabolite
A plant alkaloid
An antibiotic

A hormonal agent

oA T

127. A 41-year-old female is treated for endometrial cancer with tamox-
ifen. Of the following, how is tamoxifen classified?

An alkylating agent
An antimetabolite
A plant alkaloid
An antibiotic

A hormonal agent

o a0 o

128. A 35-year-old female is being treated for cervical cancer with cis-
platin. Of the following, how is cisplatin classified?

An alkylating agent
An antimetabolite
A plant alkaloid
An antibiotic

A hormonal agent

o Ao T
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129. A 16-year-old male treated for acute lymphocytic leukemia develops
severe lumbar and abdominal pain. His serum amylase is markedly ele-
vated. Which of the following agents most likely caused these findings?
6-MP

Asparaginase

Doxorubicin

Methotrexate

Vincristine

0P T

130. A 60-year-old female treated for breast cancer develops leukopenia
and severe stomatitis and oral ulcerations. Which of the following agents
most likely caused these findings?

5-FU

Paclitaxel

Cyclophosphamide

Tamoxifen

Carboplatin

o0 T

131. A 45-year-old male on combination therapy for remission-
maintenance acute lymphocytic leukemia develops suprapubic pain,
dysuria, and hematuria. Evidence of hemorrhage and inflammation is
apparent on cystoscopy of the urinary bladder. Which of the following
agents most likely caused these findings?

6-MP

Methotrexate

Cyclophosphamide

Doxorubicin

Carmustine

o A0 T

132. A 45-year-old female treated for ovarian cancer develops difficulty
hearing. Which of the following agents most likely caused these findings?

a. Paclitaxel

b. Doxorubicin
c. Bleomycin
d. 5-FU

e. Cisplatin
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Questions 133-135
For each of the chemotherapeutic agents below, choose the phase of the

cell cycle at which it is most likely to act.

Gy PHASE:
Resting stage

M PHASE:
Mitosis

G, PHASE:
Specialized
protein synthesis;
preparation
for mitosis

G, PHASE:
Cell growth;
RNA synthesis;
protein

synthesis

S PHASE:
DNA synthesis

133. Busulfan
134. Methotrexate

135. Paclitaxel
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106. The answer is b. (Hardman, pp 1296-1299.) Cyclosporine is the
preferred agent because it is a specific T cell inhibitor, and its success rate
in protecting against rejection is considerably better than that of any other
agent. All of the other agents listed in the question are cytotoxic. Because of
the severe adverse reactions with cyclosporine, it is used in conjunction
with azathioprine, which reduces the required dose. Prednisone is also
used in conjunction with cyclosporine.

107. The answer is d. (Katzung, pp 925-926. Hardman, pp 1231-1232.)
There are various phases described for the cell cycle. The M phase is the
period of cell division (mitosis). Following the M phase, a cell may enter
either the G; phase or G, phase. The G, phase of the cell cycle is associated
with cell growth, ribonucleic acid (RNA) synthesis, and protein synthesis.
The G, phase is the resting or dormant stage. No cell division takes place,
although the cells are still capable of undergoing mitosis. This phase of the
cell cycle is the most resistant to chemotherapeutic agents and may require
a high dosage of the chemotherapeutic agent because most cancer drugs
produce their lethal effect on cells that are actively involved in division.
The S phase of the cell cycle involves DNA synthesis, and cells that are in
the G, phase show the synthesis of specialized proteins in preparation for
cell replication.

108. The answer is a. (Hardman, p 1302.) Cyclophosphamide, an alky-
lating agent, reacts with purine and pyrimidine bases of DNA to form
bridges and dimers. These products interfere with DNA replication. 5-FU,
methotrexate, and 6-thioguanine are antimetabolites, and the steroid pred-
nisone has some tumor-suppressive effects.

109. The answer is b. (Hardman, p 1241.) Busulfan is an alkylating agent
that, in contrast to other alkylators, is an alkylsulfonate. Thioguanine is
a purine antimetabolite. Bleomycin is classified as a chemotherapeutic

85
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antibiotic, and vincristine is a vinca alkaloid. Tamoxifen is an antiestrogen
hormone.

110. The answer is a. (Hardman, p 1302.) Cyclophosphamide is classi-
fied as a polyfunctional alkylating drug that transfers its alkyl groups to cel-
lular components. The cytotoxic effect of this agent is directly associated
with the alkylation of components of DNA. Methotrexate and 5-FU are
classified as antimetabolites that block intermediary metabolism to inhibit
cell proliferation. Tamoxifen is an antiestrogen compound. Doxorubicin is
classified as an antibiotic chemotherapeutic agent.

I11. The answer is d. (Hardman, pp 1247, 1335.) Leucovorin prevents
methotrexate from inhibiting dihydrofolate reductase and reverses all of its
adverse effects except neurotoxicity.

112. The answer is b. (Hardman, pp 1264-1265.) Dactinomycin’s major
toxicities include stomatitis, alopecia, and bone marrow depression.
Bleomycin’s toxicities include edema of the hands, alopecia, and stomatitis.
Mitomycin causes marked bone marrow depression, renal toxicity, and
interstitial pneumonitis. Plicamycin causes thrombocytopenia, leukopenia,
liver toxicity, and hypocalcemia. The latter may be of use in the treatment
of hypercalcemia. Doxorubicin causes cardiotoxicity, as well as alopecia
and bone marrow depression. The cardiotoxicity has been linked to a lipid
peroxidation within cardiac cells.

113. The answer is c. (Hardman, pp 1243-1247.) Antimetabolites of folic
acid such as methotrexate, which is an important cancer chemotherapeutic
agent, exert their effect by inhibiting the catalytic activity of the enzyme
dihydrofolate reductase. The enzyme functions to keep folic acid in a
reduced state. The first step in the reaction is the reduction of folic acid to
7,8-dihydrofolic acid (FH,), which requires the cofactor nicotinamide ade-
nine dinucleotide phosphate (NADPH). The second step is the conversion
of FH, to 5,6,7,8-tetrahydrofolic acid (FH,). This part of the reduction
reaction requires nicotinamide adenine dinucleotide (NADH) or NADPH.
The reduced forms of folic acid are involved in one-carbon transfer reac-
tions that are required during the synthesis of purines and pyrimidine
thymidylate. The affinity of methotrexate for dihydrofolate reductase is
much greater than for the substrates of folic acid and FH,. The action of
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methotrexate can be blocked or reduced by the administration of leuco-
vorin (N°-formyl FH,), which can substitute for the reduced forms of folic
acid in the cell. Methotrexate affects the S phase of the cell cycle. The drug
is actively transported into the cell, and at very large doses the drug can
enter the cell by simple diffusion. Although cladribine is an antimetabolite,
it does not inhibit dihydrofolate reductase. Procarbazine, paclitaxel, and
ifosfamide exert their anticancer effects through other mechanisms of
action that are not associated with dihydrofolate reductase.

1 14. The answer is a. (Hardman, pp 1259, 1260.) The vinca alkaloids,
vincristine and vinblastine, have proved valuable because they work on a
different principle from most cancer chemotherapeutic agents. They (like
colchicine) inhibit mitosis in metaphase by their ability to bind to tubulin.
This prevents the formation of tubules and, consequently, the orderly
arrangement of chromosomes, which apparently causes cell death.

115. The answer is d. (Katzung, pp 925-926, 953.) Cell-cycle-specific
cytotoxic agents are most effective in malignancies in which a large portion
of the population of malignant cells is undergoing mitosis. In leukemia,
lymphoma, choriocarcinoma, and other rapidly growing tumors, these
agents may induce a high-percentage cell kill of the entire tumor and
at least of those cells that are actively dividing. In slowly growing, solid
tumors, such as carcinomas of the colon, the frequency of actively dividing
cells is low, and perhaps the resting cells survive the cycle-specific agents
and then can be recruited back into the proliferative cycle.

116. The answer is d. (Katzung, p 940. Hardman, p 1267.) The potential
serious adverse effect of bleomycin is pneumonitis and pulmonary fibrosis.
This adverse effect appears to be both age- and dose-related. The clinical
onset is characterized by decreasing pulmonary function, fine rales, cough,
and diffuse basilar infiltrates. This complication develops in approximately
5% to 10% of patients treated with bleomycin. Thus, extreme caution must
be used in patients with a preexisting history of pulmonary disease. All of
the other drugs listed in the question are effective against carcinomas and
have not been associated with significant lung toxicity.

117. The answer is d. (Hardman, p 1236.) Cell-cycle-specific agents
such as 6-MP, 5-FU, bleomycin, and vincristine have proved to be the most
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effective against proliferating cells. Busulfan is an alkylating agent that
binds to DNA and causes damage to these macromolecules. It is useful
against low-growth, as well as high-growth, tumors and is classified as a
cell-cycle-nonspecific (CCNS) agent.

118. The answer is c. (Hardman, p 1302.) Muromonab-CD3 is a mono-
clonal antibody that interferes with T cell function. It is classified as an
immunosuppressive drug. This drug is given intravenously and is indi-
cated in the treatment of acute allograft rejection. Generally, azathioprine
and prednisone are used along with muromonab-CD3. Interferon o and
aldesleukin (interleukin 2) are cytokines that are classified as immuno-
stimulants. Sargramostim and filgrastim are also immunostimulants. These
drugs are produced by recombinant DNA technology. Sargramostim is a
human granulocyte-macrophage colony stimulating factor (GM-CSF), and
filgrastim is a human granulocyte colony stimulating factor (G-CSF).

119. The answer is c. (Katzung, pp 608—609, 932-933.) Methotrexate is
classified as an antimetabolite with therapeutic uses in cancer chemotherapy
and as an immunosuppressive agent indicated in the treatment of severe
active classical rheumatoid arthritis. Leucovorin is related to methotrexate
in that it is an antagonist of its actions. It can supply a source of reduced
folate for the methylation reactions that are prevented by methotrexate.

120. The answer is f. (Katzung, p 972.) Azathioprine is a derivative that
is closely related to 6-MP, which is used as a cancer chemotherapeutic
agent, while azathioprine is used as an immunosuppressive agent because
it is more effective than 6-MP in this regard. Azathioprine is used in organ
transplantation, particularly kidney allografts. Like 6-MP, azathioprine is
biotransformed to an inactive product by xanthine oxidase. Allopurinol,
which inhibits this enzyme, can increase the therapeutic action of azathio-
prine and possibly its adverse reactions. The dosage of azathioprine should
be decreased in the presence of allopurinol.

121. The answer is d. (Hardman, p 1258. Katzung, pp 935-936.) Vinblas-
tine binds to tubulin and blocks the protein from polymerizing to micro-
tubules. The drug-tubulin complex binds to the developing microtubule,
resulting in inhibition of microtubule assembly and subsequent depoly-
merization.
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122. The answer is i. (Katzung, p 984.) Bacille Calmette-Guérin vaccine
is a nonspecific stimulant of the reticuloendothelial system. It is an attenu-
ated strain of Mycobacterium bovis that appears most effective in small,
localized bladder tumors. This agent is approved for intravesicular use in
bladder cancer. Adverse reactions are associated with the renal system,
such as problems with urination, infection, and cystitis.

123. The answer is d. (Katzung, p 969.) Cyclosporine is a peptide anti-
biotic that both inhibits early stages of differentiation of T cells and blocks
their activation. This most likely occurs in activated T lymphocytes by inhi-
bition of gene transcription of immune-enhancing substances such as
interferon y and interleukins. Cyclophosphamide, an alkylating agent,
destroys proliferating lymphoid cells. Sirolimus amarolide ab blocks the
response of T cells to cytokines. Methotrexate is an inhibitor of folic acid
synthesis. Azathioprine inhibits enzymes that are related to the biosynthe-
sis of purines.

124. The answer is c. (Katzung, p 933.) Resistance to thioguanine
occurs because of an increase in alkaline phosphatase and a decrease
in hypoxanthine-guanine phosphoribosyl transferase. These enzymes
are responsible, respectively, for the increase in dephosphorylation of
thiopurine nucleotide and the conversion of thioguanine to its active
form, 6-thioinosinic acid.

125. The answer is d. (Hardman, pp 1242-1243.) Streptozocin is an
alkylating agent with the capacity to cross-link DNA, thereby inhibiting its
synthesis. It is a nitrosourea-like antibiotic that contains a glucosamine
moiety that allows it to be selectively taken up by the B cells of the islets of
Langerhans. Consequently, it can be useful in treating metastatic islet cell
carcinoma.

126. The answer is c. (Hardman, pp 1260-1262.) Paclitaxel is a large
structural molecule that contains a 15-membered taxane ring system. This
anticancer agent is an alkaloid derived from the bark of the Pacific yew tree.
Its chemotherapeutic action is related to the microtubules in the cell. Pacli-
taxel promotes microtubule assembly from dimers and causes microtubule
stabilization by preventing depolymerization. As a consequence of these
actions, the microtubules form disorganized bundles, which decreases
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interphase and mitotic function. Furthermore, paclitaxel also causes pre-
mature cell division. The drug is administered intravenously and is useful
in such diseases as cisplatin-resistant ovarian cancer, metastatic breast can-
cer, malignant melanoma, and acute myelogenous leukemia.

127. The answer is e. (Katzung, pp 941-942.) Tamoxifen is a partial
antagonist of the estrogen receptor. It blocks the binding of estrogen to
estrogen-sensitive cancer cells, particularly in breast cancer. It also acts
effectively in progestin-resistant endometrial cancer.

128. The answer is a. (Katzung, pp 931-932.) Cisplatin is an inorganic
metal complex that is thought to act in an analogous fashion as an alkylat-
ing agent. It inhibits DNA synthesis primarily through cross-linking of
DNA and acts throughout the cell cycle. Binding of cisplatin occurs in DNA
primarily with guanine residues, but interactions also can occur with
adenosine and cytosine residues. It is used in bladder, testicular, and ovar-
ian cancers.

129. The answer is b. (Hardman, pp 1268-1269.) Asparaginase is an
enzyme that catalyzes the hydrolysis of serum asparagine to aspartic acid
and ammonia. Major toxicities are related to antigenicity and pancreatitis.
In addition, more than 50% of those treated present biochemical evidence
of hepatic dysfunction.

130. The answer is a. (Hardman, pp 1247-1251.) 5-Fluorouracil is a
pyrimidine antagonist that has a low neurotoxicity when compared with
other fluorinated derivatives; however, its major toxicities are myelosup-
pression and oral or gastrointestinal ulceration. Leukopenia is the most fre-
quent clinical manifestation of the myelosuppression.

131. The answer is c. (Hardman, pp 1238-1239.) Remission mainte-
nance can be carried out by combination therapy, which includes
cyclophosphamide. Cyclophosphamide causes hemorrhagic cystitis. Dox-
orubicin and carmustine are useful in the treatment of acute lymphatic
leukemia, but neither is known to cause hemorrhagic cystitis.

132. The answer is e. (Hardman, pp 1269-1271.) Cisplatin causes
acoustic nerve damage. Paclitaxel causes peripheral neuritis. Dose-
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dependent pneumonitis and fibrosis are caused by bleomycin. Doxoru-
bicin causes cardiac toxicity, which may lead to congestive heart failure.
5-Fluorouracil causes myelosuppression, stomatitis, and oral and gastro-
intestinal ulcerations.

133-135. The answers are 133-b, 134-d, 135-a. (Hardman, pp 1230-
1232.) Specific cell cycle events are present in both normal and cancerous
cells. These phases of the cell cycle are shown in the diagram with the ques-
tions. Although general statements can be made regarding the cell cycle
phases in which certain classes of chemotherapeutic agents act, some drugs
listed in a particular category of antineoplastic agents may exhibit their
effects on a different phase of the cell cycle. Alkylating agents are considered
to be nonspecific in regard to the phase at which they have their effects.
However, the alkylating agent busulfan is mostly active in the G, phase.
S-phase-specific agents are cytosine arabinoside and hydroxyurea, while
S-phase-specific agents that are self-limiting are 6-MP and methotrexate.
M-phase-specific agents are vincristine, vinblastine, and paclitaxel. Antibi-
otic chemotherapeutic agents are considered to have effect in the G, phase
of the cell cycle, with the exception of dactinomycin, which is most active in
the S phase.
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Questions

DIRECTIONS: Each question below contains several suggested re-
sponses. Select the one best response to each question.

136. The cardiovascular responses of a normal man were recorded and are
shown in the accompanying figure following a 15-min infusion of drug X.
Which of the following was most likely drug X?

Methacholine

Propranolol

Atropine

Isoproterenol

Norepinephrine
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137. A 75-year-old female in congestive heart failure (CHF) is unable to
climb a flight of stairs without experiencing shortness of breath. Digoxin is
administered to improve cardiac muscle contractility. Within two weeks,
she has a marked improvement in her symptoms. What cellular action of
digoxin accounts for this?

Inhibition of cyclic adenosine 5’-monophosphate (cAMP) synthesis

Inhibition of mitochondrial calcium (Ca**) release

Inhibition of the sodium (Na*) pump

Inhibition of B-adrenergic stimulation

Inhibition of adenosine triphosphate (ATP) degradation

o Ao T

138. In a patient who has had attacks of paroxysmal atrial tachycardia, an
ideal prophylactic drug is

a. Adenosine

b. Procainamide
c. Lidocaine

d. Nifedipine

e. Verapamil

139. The therapeutic action of B-adrenergic receptor blockers such as pro-
pranolol in angina pectoris is believed to be primarily the result of

Reduced production of catecholamines
Dilation of the coronary vasculature
Decreased requirement for myocardial oxygen
Increased peripheral resistance

Increased sensitivity to catecholamines

o a0 o

140. A 59-year-old female with mild CHF is treated with furosemide.
What is its primary mechanism of action?

Inhibition of sodium-potassium (Na*,K*) adenosine triphosphatase (ATPase)
Inhibition of Na* K*, chloride (CI") co-transporter

Inhibition of Na*,Cl~ co-transporter

Inhibition of CI” transporter

Inhibition of Ca** divalent cation (Ca*") transporter

o Ao T
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141. A positive Coombs’ test and hemolytic anemia may follow the admin-
istration of which antihypertensive drug?

a. Methyldopa
b. Clonidine

¢. Guanabenz
d. Prazosin

e. Captopril

142. Which of the following is an antiarrhythmic agent that has relatively
few electrophysiologic effects on normal myocardial tissue but suppresses
the arrhythmogenic tendencies of ischemic myocardial tissues?

Propranolol
Procainamide
Quinidine
Lidocaine
Disopyramide

o0 T

143. A 59-year-old male with a history of rheumatic heart disease is found
to have atrial fibrillation (AF), for which he is treated with digoxin. Treat-
ment with digoxin converts his AF to a normal sinus rhythm and most
likely results in a decrease in which of the following?

The length of the refractory period

The velocity of shortening of the cardiac muscle

The conduction velocity in the atrioventricular (AV) node

The atrial maximum diastolic resting potential

oo o

144. A 65-year-old female receives digoxin and furosemide for CHFE After
several months, she develops nausea and vomiting. Serum K*is 2.5 mEq/L.
Electrocardiogram (EKG) reveals an AV conduction defect. What cellular
effect is causing these new findings?

Increased intracellular K*

Increased intracellular cyclic guanosine 5’-monophosphate (cGMP)

Increased