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Preface 

This concise review of medical pharmacology ill designed for health professions students, including 
medical students, dental students, and those enrolled in physician asaistant or nurse practitioner 
programs. It ill intended primarily to help students prepare for course examinations and licensing 
examinations, including the United States Medical LicensJng Examl.Datlon (USMLE) Step 1. This book 
presents condensed and succinct descriptions of relevant and current board-driven information per­
taining to pharmacology without the usual associated details. It is not meant to be a substitute for the 
comprehensive presentation of information and difficult concepts found in standard pharmacology 
texts. 

ORGANIZATION 

The seventh edition begins with a chapter devoted to the general principles of drug action, followed 
by chapters concerned with drugs acting on the major body systems. Other chapters discuss anti.­
inflammatory and immunosuppreasive agents, drugs used to treat anemia and disorders ofhemosta-
11is, infectious diseases, cancer, and toxicology. 

Each chapter includes a presentation of specific drugs with a discuasion of their general properties, 
mechanism of action, pharmacologic effects, therapeutic uses, and adverse effects. A drug list, tables, 
and figures summarize essential drug information included in all chapters. 

Clinically oriented, USMLE-style review questions and answers with explanations follow each 
chapter to help students assess their understand.IDg of the information. Similarly, a comprehensive 
examination consisting ofUSMLE-style questions is included at the end of the book. This examina­
tion serves as a self-assessment tool to help students determine their fund of knowledge and diagnose 
any weaknesses in pharmacology. 

KEY FEATURES 

• Updated with current drug information 
• End-of-chapter review tests feature updated USMLE-style questions 
• Several tables and figures summarize essential information for quick recall 
• Updated drug lists for each chapter 
• Additional USMLB-style comprehensive examination questiom and explanatiom 

Sarah Lerchenfeldt, PharmD 
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Fundamental Principles of 
Pharmacology 

I. DOSE-RESPONSE RELATIONSHIPS 

A. Dnig dtctL Drug effects are produced by altering the normal functions of cells and tissues in the 
body via oue of the four general mechanisms: 
1. /ammo• wilt lft.,,.,. 

1. Receptors are natunilly occurring target macromolecules that mediate the effects of endog­
enowi physiologic substances such as neurotransmitters or hormones. 

II. Figure 1.1 illustrates the four major classes of drug-receptor interactions, uaing specific 
examples of endogenous ligands. 
(1) Lig1nd-actiV1ted ion chlnnels. Figure l.lA illwitrates acetylcholine interacting with a 

nicotinic receptor that la a nonspecific Na+ / .K+ tranamembrane ion channel. Interaction 
of a molecule of acetylcholine with each subunit of the channel produces a conforma­
tional change that permits the passage ohodium (Na~) and potassium (X•). Other chan­
nels that are targets for various drop include specific calcium ( eas.) and K• channels. 

(Z) G-protein-coupl1d r1c1ptors (Fig. l.lB-D). G-protein- coupled receptors compose the 
largest class of receptors. All the receptors have seven tranamembrane segments, three 
intracellular loops, and an intracellular carboxy-terminal tail. The biologic activity of 
the receptors la mediated via interaction with a number of G (guanoslne triphosphate 
binding) proteins. 
(•) Ga.-caupled receptors. Figure 1.18 illustrates that a fJ-adrenoceptor, which when 

activated by ligand binding (e.g., epinephrine), exchanges GDP for GTP. This facili­
tates the migration of Gu, (Ga..m...i.""') and its interaction with adenylyl cyclue (AC). 
Ga.-bound AC catalyzes the production of cyclic AMP (cAMP} from adenosine 
triphosphate (ATP}; cAMP activates protein kinase A, which subsequently acts to 
phosphorylate and activate a number of effector proteins. The f:Jy dimer may also 
activate some effectors. Hydrolyais of the guanosine triphosphate (GTP) bound to 
the Ga to guanosine diphosphate (GDP) terminates the signal. 

(II) Ga1 (Ga., .. 111oy)-caupl1d rectptars (Fig. UC}. Ugand binding (e.g., somatostatin) to 
G11i-coupled receptors similarly exchanges GTP for GDP, but G11t inhibits AC, lead­
ing to reduced cAMP production. 

(c) G• (and G11 )-caupl•d rac1ptan {Fig. l.lD). G, (and G11) interact with ligand (e.g., 
serotonin)-activated receptors and Increase the activity of phoaphollpaae C (PLC). 
PLC cleaves the membrane phospholipid phosphatidylinosl.tol 4,5-bisphosphate 
(Pn>2) to diacylglyalrol (DAG} and inosllol l,4,5-triphosphate (lPJ. DAG activates 
protein kinase C, which can subsequently phosphorylate and activate a number of 
cellular proteins; D>s causes the release of ea>+ from the endoplasmic reticulum into 
the cytoplasm, where it can activate many cellular proce&ae& 

(3) R1c1pter-1ctiv1l8d tyrosin• kin1111 (Fig. l .lB). Many growth-related signals (e.g., 
insulin) are mediated via membrane receptors that possess intrinsic tyrosine kinase 
activity as illustrated for the insulin receptor. IJgand binding causes conformational 
changes in the receptor; some receptor tyrosine kinases are monomers that dlmerize 
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upon ligand binding. The liguded receptors then autophosphorylate tyrosine residues, 
which recruit cytoplasmic proteins to the plasma membrane where they are also tyro· 
sine phosphorylated and activated. 

(4) lntrac1llular nuclaar receptors (Fig. l.lF). lJgands (e.g., cortisol) for nuclear receptors 
are llpophillc and can diffuse rapidly through the plasma membrane. In the absence 
of ligand, nuclear receptors are inactive because of their interaction with chaperone 
proteins such as heat-shock proteins like HSP-90. Bind.Ing ofligand promotes structural 
changes in the receptor that facilitate dissociation of chaperones, entry of receptors into 
the nucleus, hetero- or homodimerization of re<:eptors, and high-affinity interaction 
with the DNA of target genes. DNA-bound nuclear ret:eptors are able to recruit a diverse 
number of proteins called coactivators, which subsequendy act to increase transcrip· 
uon of the target gene. 

AlP c.AMP 

ACh nlcotlnlc receptor 
-Ion channel 

Na+ Acetylcholine 

Epinephrine p-adrenoreceptor coupled to Ga. 

h 
/l\ 

Olher cellular 
ellects 

Somatostatin 

RP c.AMP -...PKA 

I\ 
Multiple cellular 

effects 

SomatDstatln receptor 
coupled to G17; 

Other cellular 
effects 

RGUllE 1.1. Four major cluH• of drug-receptor interactions, with •pacific examples of endogenous ligands. 
A. Acetylcholine interaction with a nicotinic receptor, a ligend·activeted ion channel. B-D. G·protei11-coupled receptor'$. 
a. Epinephrine interaction with a Ga,,·coupled ~adrenoceptor. C. Somatostatin interaction with a Ga. {Ga.,u,..,,l·coupled 
recepmr. D. Serotonin interaction with a G, (and G11l·coupled recepmr. E. Insulin interaction with a receptor-activated 
tyrosine kinue. F. Cortisol intlraction with an intracellular nuclear receptor. 
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FIGURE 1.1. f continued) 

2. A""'1tios of the actirify of IBZJ1DN by activation or inhibition of the enzyme's catalytic activity. 
3. Antimetabolill etiOB, in which the drug, acting as a nonfunctional analog of a naturally occur­

ring metabolite, interferes with normal metabolism. 
4. Noaapscilit: cb1111itel or pllysit:ll inllnlttiou, such as those caused by antacids, osmotic agents, 

or chelators. 

B. The graded dose-response curwe. The graded dose-response curve expressea an individual's 
response to increasing doses of a given drug. The magnitude of a phannaoologic response ls 
proportional to the number of receptors with which a drug effectively interact& (Fig. 1.2). The 
graded dose-response curve includes the following parameters: 
1. ltlagnilrnhJ l1f tupona is graded; it continuously increases with the dose up to the maximal 

capacity of the system and is often depicted as a function of the logarithm of the dose admin­
istered (to see the relationship over a wide range of doses). 
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2. M1di1s 1tftlr:tin dOll (ED.J is the dose that produces the half-maximal response; the thresh­
old dose is that which produces the first noticeable effect 

1 lntrinlic 1cliritris the ability of a drug. once bound, to activate the receptor. 
a. Agonists are drugs capable of binding to, and activating, a receptor. 

(1) Full aganists occupy receptors to cause max1mal activation. 
la) Intrinsic activity= 1 

(Z) Partial aganists can occupy R!ceptors but cannot ellclt a maximal responae. 
la) Intrinsic activity of <l (Fig. 1.3; drug C) 

b. Antagonists bind to the receptor but do not initiate a response; they block the action of an 
agonist or endogenous substance that works through the receptor. 
(1) Competitive antagonists combine with the same site on the receptor but their binding 

does not activate the receptor. 

Intrinsic activity 

Log (drug dose) 
FIGURE 1.2. Graded dose-response 
curve. 



l!ilfft1fdl Fundamental Principles of Pharmacology 5 

FIGURE 1.3. Graded dose-response 
curves for two agonists (A and Bl and 
a partial agonist (C). 

(a) Intrinsic activity= 0 

' ' ' ' ' ' ' ' ' ' ' ! ED50 (A) 

Drug A Drug B 

ED50 (B) = ED50 (C) 

Log (drug dose) 

(b) They may inhibit the actions of endogenous substances or other drugs. 
(c) Competitive antagonists may be reversible or irreversible. 

i. Reversible, or equilibrium, competitive antagonists are not covalently bound. 
They shift the dose-response curve for the agonist to the right and increase the 
ED50, in which more agonist is required to elicit a response in the presence of the 
antagonist (Fig. 1.4). Because higher doses of agonist can overcome the inhibi­
tion, the maximal response can still be obtained. 

(2) Noncompetitive antagonists bind to the receptor at a site other than the agonist-binding 
site (Fig. 1.5) and either prevent the agonist from binding correctly or prevent it from acti­
vating the receptor. Consequently, the effective amount of receptor is reduced. Receptors 
unoccupied by antagonist retain the same affinity for agonist, and the ED50 is unchanged. 

4. Potency of a drug is the relative measure of the amount of a drug required to produce a speci­
fied level of response (e.g., 50%) compared with other drugs that produce the same effect via 
the same receptor mechanism. 
a. The potency of a drug is determined by the affinity of a drug for its receptor and the amount 

of administered drug that reaches the receptor site. 
b. The relative potency of a drug can be demonstrated by comparing the ED50 values of two full 

agonists; the drug with the lower ED50 is more potent (e.g., in Fig. 1.3, drug A is more potent 
than drug B). 

5. The efficacy of a drug is the ability of a drug to elicit the pharmacologic response. 
a. Efficacy may be affected by such factors as the number of drug-receptor complexes formed, 

the ability of the drug to activate the receptor once it is bound (i.e., the drug's intrinsic activ­
ity), and the status of the target organ or cell. 

FIGURE 1.4. Graded dose-response 
curves illustrating the effects of com­
petitive antagonists. 

Drug X alone Drug X plus antagonist 

Maximum response 
unchanged 

EDso - Right 

Drug X dose (log scale) 
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CrugXalone 

DrugXplus 
antagonist 

ED50 unchanged 

Drug X dose (log Kale) 

FIGURE 1.5. Graded dose-response 
curves illustrating the effects of non· 
competitive antagonists. 

8.. Slop•V> measured at the mid-portion ohhe dose-response curve. 
a. The slope varies for different drugs and different responses. 
b. Steep dose-response curves indicate that a small change in dose produces a large change in 

response. 
'J. V•ti•bilityretlect.B the differences between individuals in response to a given drug. 
8.. 11IB18p•utit: i11d•x (Tl} relates the desired therapeudc effect to undesired toxicity; it ls deter· 

mined using data provided by the quanta! dose-response curve. 
a. The TI is defined as TDeo/EDao (i.e., the ratio of the dose that produces a toxic effect in half of 

the population to the dose that produces the desired effect in half of the population). 
b. Note that the TI should be used with caution in instances when the quanta! dose-response 

curves for the desired and toxic effect.Bare not parallel. 
c. The therapeutic range (therapeutic window) ii> the serum concentration of drug required to 

achieve therapeutic effects without toxicity. 
(1) Serum concentrations for drugs with a narrow therapeutic range must be monitored 

closely; small changes in dose or organ dysfunction may lead to therapeutic failure or 
toxicity. 

C. The quantal dose-response curYe 
1. The quanta! dose-response curve (Fig. l.6AandB) relates the dosage of a drug to the frequency 

with which a designated response will occur within a population. 
a. The response may be an "all-or-none" phenomenon (e.g., individuals either do or do not fall 

asleep after receiving a sedative) or a predetermined intensity of etfect. 
Z. It is obtained via transformation of the data used for a frequency distribution plot to reOect the 

cumulative frequency of a response. 
1. In the context of the quantal dose-response curve, ED50 indicates the dose of a drug that pro· 

duces the response in half of the population. (Note that this differs from the meaning of Enso in 
a graded dose-response curve.) 
a. For example, in Figure l.6B, the ED611 would be 1. The TD00 for a drug would be determined 

from the midpoint of a similar curve indicating the cumuladve percent of the population 
showing a toxic response to a drug. 

II. PHARMACOKINETICS AND PHARMACODYNAMICS 

A. Phannacokinl1ics. Pharmacokinetics is conc:emed with the tfftct of the body on drugs, or the 
movement of drugs throughout the body, including absorption, distribution, metabolism, and 
elimination. 

B. Phannacadynamics. Pharmacodynamics is concerned with the affect of drugs an the body, includ­
ing the physiologic and molecular effects. 
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FIGURE 1.&. A. Frequency distribution 
plot. Number of individuals las percent­
age of the population) who require the 
indicated drug dose to exhibit an identi· 
cal response. As illustrated. 2.3% of the 
population require 0.01 units ID exhibit 
the retponse, 13.7% require 0.1 unitl, 
end so on. B. Quental dose-response 
curve. The cumulative number of indi­
viduals (as a percentage of the popula­
tion) who will respond if the indicated 
dose of drug is administered to ttle 
entire population. 

Ill. DRUG ABSORPTION 

A 

B 

40 

30 

20 

10 

2.3% 

0 
0.01 

0.01 

34.0% 34.0% 

15.7% 13.7% 

2.3% 

00.1 1 10 100 1,000 

Drug dos• (log scale) 

(97.7+2.3=100%) 

0.1 10 100 1,000 

Drug dos• (log scale) 

Drug absorption Is the movement of a drug from its site of adminiattation Into the bloodstream. 
In many cases, a drug must be transported across one or more biologic membranes to reach the 
bloodstream. 

A. Drug transport across membranes 
1. Diffllsion of 1111iosized d11191 is the most common and most important mode ofttaversiDg bio­

logic membranes. 
a. Drugs diffuse passively down their concentration gradient 
b. Diffusion can be influenced siguilicantly by the lipid-water partition cotfficient of the drug, 

which is the ratio of solubility in an organic solvent to solubility in an aqueous solution. 
(1) In general, absorption increases as lipid solubility (partition cotfficient) increases. 

c. Other factors that can also 1Dfluence diffusion include the concentration gradient of the drug 
across the cell membrane and the swface area of the cell membrane. 

2. Dilfulion of dtup lll1t 111 w.ak •l•t:llofytn 
a. Only the unionized form of a drug can diffuse to any significant degree across biologic 

membranes. 
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b. The degree of ionization of a weak acid or base is determined by the pK of the drug and pH of 
its environment according to the Henderson-Hasselba lch equation. 
(1) For a weak acid (A): 

HApH++A-, 
pH=pK+log[A-]l[HA],and 
log[A-]/[HA]=pH-pK 

where HA is the concentration of the protonated, or unionized, form of the acid and A- is 
the concentration of the ionized, or unprotonated, form. 

(2) For a weak base (B): 

BH+ pH++B, 
pH=pK+log[B]/[BH+],and 
log[B]/[BH+] = pH-pK 

where BH+ is the concentration of the protonated form of the base and Bis the concen­
tration of the unprotonated form. 

c. When the pK of a drug equals the pH of the surroundings, 50% ionization occurs, in which 
equal numbers of ionized and unionized species are present. 
(1) A lower pK reflects a stronger acid. 
(2) A higher pK corresponds to a stronger base. 

d. Drugs with different pK values will diffuse across membranes at different rates. 
e. The pH of the biologic fluid in which the drug is dissolved affects the degree of ionization 

and, therefore, the rate of drug transport. 
f. Ion trapping occurs when a drug that is a weak acid or weak base moves between fluid com­

partments with different pHs; for example, when an oral drug is absorbed from the stomach 
(pH ofl-2) to plasma (pH of7.4). 
(1) The drug will tend to accumulate in the fluid compartment in which it is most highly 

ionized. 
(a) Weak acids tend to accumulate in the fluid with the higher pH. 
(b) Weak bases tend to accumulate in the fluid with the lower pH. 

3. Active transport is an energy-dependent process that can move drugs against a concentration 
gradient through protein-mediated transport systems. 
a. Active transport occurs in only one direction and is saturable. 
b. It is usually the mode of transport for drugs that resemble actively transported endogenous 

substances such as sugars, amino acids, and nucleosides. 
c. Some transport systems increase drug transport and entry into cells to increase drug effects. 

Others cause active efilux of drugs from target cells and decrease their activity. 
4. Filtration is the bulk flow of solvent and solute through channels in the membrane. 

a. It is seen with small molecules (usually with a molecular weight <100 Dalton [Da]) that can 
pass through the channels (pores), 

b. Some substances with a greater molecular weight, like certain proteins, can be filtered 
through intercellular channels. 

c. Concentration gradients affect the rate of filtration. 
5. F1ci/iflltfld diffusion is movement of a substance down a concentration gradient. 

a. It is carrier mediated, specific, and saturable; it does not require energy. 

B. Routes of administration 
1. Or11/ sdmini1tntion 

a. Sites of absorption 
t1) Stomach 

(a) Lipid-soluble drugs and weak acids, which are normally unionized at the low pH of 
gastric contents, may be absorbed directly from the stomach. 

(b) Weak bases and strong acids (pK = 2-3) are not normally absorbed from this 
site since they tend to exist as ions that carry either a positive or negative charge, 
respectively. 
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12) Small intestine 
la) The small intestine is the primary site af absarptian of most drugs because of the 

very large surface area across which drugs, including partially ionized weak acids 
and bases, may diffuse. 

lb) Acids are normally absorbed more extensively from the small intestine than from 
the stomach, even though the intestine has a higher pH of 5-7. 

b. The biaavailability of a drug is the fraction of drug (administered by any route) that 
reaches the bloodstream unaltered (bioavailability = 1 for intravenous administration). 
Bioequivalence refers to the condition in which the plasma concentrations versus time pro­
files of two drug formulations are identical. 
11) The first-pass effect influences drug absorption by metabolism in the liver or by bili­

ary secretion. After absorption from the stomach or small intestine, a drug must pass 
through the liver before reaching the general circulation and its target site. 
la) If the capacity ofliver metabolic enzymes to inactivate the drug is great, only limited 

amounts of active drug will escape the process. 
i. During the first pass, the liver metabolizes some drugs so extensively that it pre­

cludes their use. 
12) Other factors that may alter absorption from the stomach or small intestine include the 

following: 
(a) Gastric emptying time and passage of drug to the intestine may be influenced by 

gastric contents and intestinal motility. 
i. A decreased emptying time generally decreases the rate af absarptian 

because the intestine is the major absorptive site for most orally adminis­
tered drugs. 

lbl Gastrointestinal (GI) blaad flaw plays an important role in drug absorption 
by continuously maintaining the concentration gradient across epithelial 
membranes. 
i. The absorption of small, very lipid-soluble molecules is "blood flow limited;' 

whereas highly polar molecules are "blood flow independent." 
le) Stomach acid and enzyme inactivation may destroy certain drugs. Enteric coating 

prevents breakdown of tablets by the acidic pH of the stomach. 
ldl Interactions with food, drugs, and other constituents of the gastric milieu may influ­

ence absorption. 
(el Inert ingredients in oral preparations may alter absorption. 

2. Patentenl administration includes three major routes: intravenous UVJ, intramuscular llM), 
and subcutaneous ISC). Parenteral administration generally results in more predictable bio­
availability than oral administration. 
a. With IV administration, the drug is injected directly into the bloodstream (100% bioavail­

able ). It represents the most rapid means of introducing drugs into the body and is particu­
larly useful in the treatment of emergencies. 

b. After IM and SC administration, many drugs can enter the capillaries directly through pores 
between endothelial cells. 

3. Other routes of administr1tion 
a. Inhalation results in rapid absorption because of the large surface area and rich blood supply 

of the alveoli. 
11) It is frequently used for gaseous anesthetics and for other drugs that act on the airways, 

such as the glucocorticoids used to treat bronchial asthma. 
b. Sublingual administration is useful for drugs with high first-pass metabolism, since hepatic 

metabolism is bypassed. 
c. lntrathecal administration is useful for drugs that do not readily cross the blood-brain 

barrier. 
d. Rectal administration minimizes first-pass metabolism. It may be useful when oral drugs 

cannot be taken due to nausea and vomiting, 
e. Topic a I administration is used widely when a local effect is desired or to minimize systemic 

effects, especially in dermatology and ophthalmology. 
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IV. DRUG DISTRIBUTION 

Drug distribution is the movement of a drug from the bloodstream to the various tissues of the body. 

A. Distribution of drugs. Distribution of drugs is the process by which a drug leaves the bloodstream 
and enters the exttacellular fiuids and tissues. A drug must diffuse across cellular membranes if 
its site of action is intracellular. In this case, lipid solubility is important for effective distribution. 
1. lmpoltfnt:• of blood flow 

1. In most tissues, drugs can leave the circulation readily by diffusion across or between capil· 
lary endothelial cells. Thus, the initial rate of distribution of a drug depends heavily on blood 
flow to various organs (brain, liver, kidney> muscle, skin > fat, bone). 

b. At equilibrium, or stBedy state, the amount of drug in an organ ls related to the mass of the 
organ and l.tB properties, as well as the properties of the specific drug. 

2. Volum• of dmnbulios (V jla the volume of tatal body fluid into which a drug appears to dlatrlb­
ute after It reaches equilibrium in the body. Volume of distribution la determined by admin­
istering a known dose of drug (expressed in units of mass) intravenously and measuring the 
initial plasma concentration (expressed in units of mass/volume): 

Vc1 = amount of drug admlnlstered (mg)/ initial plasma concentration (mg/L) 

Volume of distribution is egpressed in units of volume. In most cases, the initial plasma con­
centration, Ca. is determined by extrapolation from the elimination phase. 
1. Standard valu• of volumes oftluid compartments in an average 70-kilogram (kg) adult are 

as follows: plasma= 3 Liters (L); extracellular tluid = 12 L; and total body water= 41 L. 
b. Features of volume of distribution. 

(1) The use ofV.i values is primarily conceptual, in which dnags that distribute extensively 
have relatively large v. nlues and vice versa. 
{a) A low Vc1 value may indicate extensive plasma protein binding of the drug. 
{b) A high V4 may indicate that the drug is extensively bound to tissue sites. 

(2) Among other variables, V4 may be JnDuenced by age, sex, weight, and disease processes 
(e.g., edema, ascites). 

3. Drug tedidlibutio11 describes when the relative distribution of a drug in diJierent tissues or 
tluid compartments of the body changes with time. This is usually seen with highly lipophllic 
drugs, such as thiopental, that initially enter tissues with high blood tlow (e.g., the brain) and 
then quickly redistribute to tissues with lower blood tlow (e.g., skeletal muscle and adipose 
tissue). 

4. B•ni•ts to dlflll didliblllion 
a. Blood-brain barrier 

(1) Ionized or polar drugs distribute poorly ta the CNS, because they must pass through, 
rather than between, endothelial cells. 

(2) Inflammation, such as that resulting from meningitis, may increase the ability of ionized, 
poorly soluble drugs to cross the blood-brain barrier. 

(3) The blood-brain barrier may not be fully developed at the time of birth. 
b. Placental barrier 

(1) lipid-t0lubl1 dnags cross the placental barrier more easily than polar drugs. 
(2) Drugs with a molecular weight of <600 Da pass the placental barrier more readily than 

larger molecules. 
(3) The possibility that drugs administered to the mother may cross the placenta and reach 

the fetus is always an important consideration in therapy. 

B. Binding of drugs by plesma proteins 
1. Drugs in the plasma may e:idat in the free form or may be bound to plasma proteins or other 

blood components, such as red blood cells. 
2. GH•IWI ,.,,.,,..of plam• protlitt binding 

1. The extent of plasma protein binding is highly Ylriable; depending on the drug, it may range 
from 0% to more than 99% bound. Binding is generally reversible. 
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b. Only free drug is small enough to pass through the spaces between the endothelial cells that 
form the capillaries; extensive binding slows the rate at which the drug reaches its site of 
action and may prolong duration of action. 

c. Some plasma proteins bind many different drugs, whereas other proteins bind only one or 
a limited number. For example, urum albumin tends to bind many acidic drugs, whereas 
exi,-acid gl.ycoprotein tends to bind many basic drugs. 

V. METABOLISM (BIOTRANSFORMATION) OF DRUGS 

A. General proper1i11 
1. Most drugs undergo biotransformation, or metabolism, after they enter the body. 

1. It almost always produces metabolites that are more polar than the parent drug. often tenninat­
ing the pharmacologic action and increasing removal of the drug from the body (via acretion). 

b. Mataboli111 cany ionizable groups and are often more charged and more polar than the 
parent compounds. 
111 Thia increased charge may lead to a more rapid rate of clearance because of possible 

secretion by acid or base carriers in the kidney; it may also lead to decreased tnbular 
reabsorption. 

c. Possible consequences of biot:ran&formation include the production of the following: 
11) Inactive malabolitas (most common) 
121 Metabolites with increased or decreased potencies 

(a) The active parent drugs may be metabolized to active metabolites. 
(b) Prod rugs are inactive compounds that are metabolized to active drugs. 

131 Metabolites with qualitatively different pharmacologic actions 
141 Toxic metabolites 

2. Many drugs undergo several sequential biotransformation reactions, which are catalyud by 
specific enzyme sygtems. 

3. The liYer i1 lh1 major site of metabolism, although specific drugs may undergo biotransfonna­
tion in other tissues. 

4. Drug metabolism can be affected by many parameters, including the following: 
a. Drugs {drug-drug interactions} and diet (food-drug interactions) 
b. Organ function and various disease state& 

111 Dacraased liver function may lead to decreased metabolism of certain drugg. 
121 Drug metabolism may decrease in cardiac and pulmonary disease. 

c. Age and developmental status 
111 Very young children and elderly indMduals may be more sensitive to drugg due to 

undeveloped or decreased levels of drug-metabolizing enzymes. 
121 Hormonal status and genetics may also affect drug metabolism. 

B. Cl1aific1tion of biotranlfonnation reactions 
1. l'h•se I (nossyntllelir:} TUr:lions involve enzyme-catalyzed biotransformation of the drug with­

out any conjugations. 
a. They often convert the parent drug to a more polar (water soluble} compound. 

111 They frequently introduce a polar functional group, such as -OH, -SH, or -Nlli, 
which serves as the active center for sequential conjugation in phase D reactions. 

12) These include oxidalians, reductions, and hydrolysis raactions. 
b. Although phase I products may be excreted. in many cases, they undergo phase II reactions. 
c. Bnzymes catalyzing phase I include cytochrome P-450, aldehyde and alcohol dehydrogenase, 

deaminasa, esterases, amidases, and epoxide hydratases. 
2. Pbau 11 (qnrlumt:) tHt:U0/1$ include conjugation reactions, which involve the enzyme-cata­

lyzed combination of a drug with an endogenous substance. 
I. The polar functional group of phase I products is often combined with glucuronic acid 

(glucuronidation), acetic acid (acetylation), or sulfuric acid (sulfation). 
b. The final product is a highly polar conjugate that can be readily eliminated. 
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c. Enzymes catalyzing phase II biotransformation reactions include glucuronyl transferase 
{glucuronide conjugation), sulfotransferase {sulfate conjugation), transacylases {amino 
acid conjugation), acetylases, ethylases, methylases, and glutathione transferase. 

C. Cytochrome P-450 monooxygenase (mixed function oxidase) 
1. General features 

a. Cytochrome P-450 monooxygenase plays a central role in drug biotransformation. 
(1) This enzyme system is the one most frequently involved in phase I raactions. 
(2) It catalyzes numerous reactions, including aromatic and aliphatic hydroxylations; deal­

kylation at nitrogen, sulfur, and oxygen atoms; heteroatom oxidations at nitrogen and 
sulfur atoms; reductions at nitrogen atoms; and ester and amide hydrolysis. 

b. There are many types of cytochrome P-450 {CYP) enzymes. 
c. Each type catalyzes the biotransformation of a unique spectrum of drugs, although there 

is some overlap with substrate specificities. The CYP families are referred to using Arabic 
numerals {e.g., CYPl, CYP2, etc.). 
(1) Each family has a number of subfamilies denoted by an upper case letter {e.g., CYP2A, 

CYP2B, etc.). 
(2) The individual enzymes within each subfamily are denoted by another Arabic numeral 

{e.g., CYP3Al, CYP3A2, etc.). 
d. The CYPZC, CYPZD, and CYP3A enzymes are responsible for the metabolism of most drugs. 

(1) CYP3A4 is the most abundant hepatic enzyme and is involved in the metabolism of over 
half of clinically important drugs. 

2. The primary location of cytochrome P-450 is the liver, although significant levels are also found 
in the small and large intestine. 
a. P-450 activity is also found in many other tissues, including the adrenals, ovaries and testis, 

and tissues involved in steroidogenesis and steroid metabolism. 
b. The enzyme's subcellular location is the endoplasmic reticulum. 
c. Lipid membrane location facilitates the metabolism oflipid-soluble drugs. 

3. Mechanism of reaction 
a. In the overall reaction, the drug is oxidized and oxygen is reduced to water. 
b. Reducing equivalents are provided by nicotinamide adenine dinucleotide phosphate 

(NADPH), and generation of this cofactor is coupled to cytochrome P-450 reductasa. 
c. The overall reaction for aromatic hydroxylation can be described as 

Drug+ 0 2 + NADPH + H• -+ Drug - OH+ NADP• + H20 

4. Genetic polymorphism of several clinically important cytochrome P-450s, particularly CYP2C 
and CYP2D, is a source of variable metabolism in humans, including differences among racial 
and ethnic groups. These enzymes have substantially different properties (V ma or K.i,). 

5. Induction 
a. Enzyme induction may occur due to drugs and endogenous substances, such as hormones; 

they can preferentially induce one or more forms of CYP-450. 
b. When caused by drugs, induction is pharmacologically important as a major source of drug 

interactions. A drug may induce its own metabolism (metabolic tolerance) or that of other drugs. 
(1) Induction can be caused by a wide variety of drugs, such as quinidine, phenytoin, phe­

nobarbital, rifampin, and cartJamazepine. 
(2) Environmental agents, such as tobacco smoke, may also induce CYP-450 enzymes. 

c. Some of the same drugs that induce CYP3A4 can induce the drug efflux transporter 
P-glycoprotein, such as rifampin and St John's wort 

&. Inhibition 
a. Competitive or noncompetitive {clinically more likely) inhibition of P-450 enzyme activ­

ity can result in the reduced metabolism of other drugs or endogenous substrates, such as 
testosterone. 

b. Enzyme inhibition is a maior source of drug-drug interactions. It is caused by a number 
of commonly used drugs, including cimetidine, fluconazole, fluoxetine, and erythromycin. 
Environmental or dietary agents (e.g., grapefruit juice) can also cause enzyme inhibition. 

c. Some of the same drugs that inhibit CYP3A4 can inhibit the drug efflux transporter 
P-glycoprotein, including amiodarone, clarithromycin, erythromycin, and ketoconazole. 



i'.31tntiil Fundamental Principles of Pharmacology 13 

D. Glucuranyl transfara• 
1. General features 

a. Glucuronyl transferase is a set of enzymes with unique, but overlapping, spedflcities that are 
involved in phaM II reaction•. 

b. It catalyzes the conjugation of gluCW'Onic acid to a variety of active centers, including 
-OH,-COOH,-SH, and-NHi. 

Z. Location and induction 
a. Glucuronyl transferase is located in the endoplasmic reliculwn. 
b. It is the only phase Il reaction that is inducible by dnigs and is a possible site of drug 

interactions. 

E. Hepatic extraction of drugs 
1. General extraction by the liver occws because of the liver's large size (1,500 g) and high blood 

flow (1 mL/g/mln). 
Z. The extraction ratio is the amount of drug removed in the liver dMded bythe amount of drug 

entering the organ; a drug completely extracted by the liver would have an extraction ratio ofl. 
Highly extracted drugs can have a hepatic clearance approaching 1,500 ml/min. 

3. Fim-p111 effect. Drugs taken orally pass across membranes of the GI tract into the portal vein 
and through the liver before entering the general circulation. 
a. Bioavailability of orally administered drugs is decreased by the fraction of drug removed by 

the first pass through the liver. For example, a drug with a hepatic extraction ratio of 1 would 
have 0% bioavailabillty; a drug such as lldocaine, with an extraction ratio of 0. 7, would have 
30% bioavailabWty. 

b. In the presence of hepatic disease, drugs with a high first-pass extraction may reach the sys­
temic circulation in higher than normal amounts, and dose adjustment may be required. 

VI. DRUG ELIMINATION AND TERMINATION OF ACTION 

A. Mechani•m• of drug elimination and tenninatian of action 
1. In most cases, the action of a drug is terminated by enzyme-catalyzed conversion to an inactive 

(or less active) compound and/or elimination from the body via the kidney or other routes. 
2. Redistribution of drugs from the site of action may umninate the action of a drug, although this 

occurs infrequently. For example, the action of the anesthetic thiop1ntal Is umnlnated largely 
by lb redistribudon from the brain (where it Initially accumulates as a result of lb high Upid 
solubility and the h1gh blood flow to that orpn) to the more poorly perfused adipose tissue. 

B. Routn of excretion 
1. Routes of excretion may include urine, feces (e.g., unabsorbed drugs and drugs secreted in 

bile), saliva, sweat, tears, milk(with possible ttansrerto neonates), and lungs (e.g., alcohols and 
anesthetics). 

2. Any route may be important for a given drug, but the kidney is 1he maior site of excretion for 
most drugs. 

3. Some drugs are secreted by liver cells into the bile, pass into the intestine, and are eliminated 
in the feces (e.g., rifampin, indomethacin, estradiol). 

4. Some drugs undergo enterah1patic circulation (reabsorbed from the intestine); in this case, 
the drug effect may be prolonged. 

C. General principles for drug clearance (CL) 
1. Conceptually, clearance is a measure of the capacity of the body to remove a drug. 
Z. Mathematically, clearance is the proportionality constant that relates the rate of drug elimina­

tion to the plasma concenttation of the drug. 
a. The units of clearance are volume/time. 
b. Drugs with high clearance are rapidly removed from the body. 
c. Drugs with low clearance are removed slowly from the body. 
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3. Specific organ clearance is the capacity of an individual organ to eliminate a drug. It may be 
due to metabolism (e.g., hepatic clearance by the liver) or excretion (e.g., renal clearance by 
elimination in the urine). 

Rate of elimination by organ= CL- x [Drug]plum•~-

or 

CL.,,.,.= Rate of elimination by organ/[Drug]plum•porl\QinM-

4. Whal• body clsar1nc1 is the capacity of the body to eliminate the drug by all mechanisms. 
Therefore, whole body clearance is equal to the sum of all of the specific organ clearance 
mechanisms by which the active drug is eliminated from the body: 

er........ body= c1_. + c1_ 2 + ci._N 

The term "clearance" generally refers to whole body clearance unless otherwise specified. In 
this case, 

Rate of elimination from body = CI....mo.. body x [Drug] p1uma 

and 

CL= Rate of elimination from body/[Drug]p1uma 

5. Plasma clearance is numerically the same as whole body clearance, but this terminology is 
sometimes used because clearance may be viewed as the volume of plasma that contains the 
amount of drug removed per unit time (recall that the units of clearance are volume/time). 
a. If not specified, this term refers to the volume of plasma "cleared" of drug by all bodily mech­

anisms (i.e., whole body clearance). 
b. The term may also be applied to clearance by specific organs; for example, renal plasma 

clearance is the volume of plasma containing the amount of drug eliminated in the urine 
per unit time. 

D. Net renal excretion of drugs 
1. Net renal excretion of drugs is the result of three separate processes: (1) the amount of drug 

filtered at the glomerulus, (2) plus the amount of drug secreted by active transport mechanisms 
in the kidney (3) minus the amount of drug passively reabsorbed throughout the tubule. 
a. Filtration 

(1) Most drugs have low molecular weights and are freely filtered from the plasma at the 
glomerulus. 

(2) Serum protein binding reduces filtration since plasma proteins are too large to be filtered. 
(3) Compared to adults, the glomerular filtration rate (GFR) is 30%-40% lower during a 

child's first year of life. 
b. Secretion 

(1) The kidney proximal tubule contains two transpon systems that may secrete drugs into 
the ultrafiltrate, one for organic acids (organic acid transporters or OATs) and a second 
for organic bases (organic base transporters or OBTs). 
(a) There are multiple OATs and OBTs with specificities for different organic molecules 

in the tubule. 
lb) They require energy for active transpan against a concentration gradient. 
(c) They are also a site for potential drug-drug interactions; drugs may compete with 

each other for binding to the transporters. 
(Z) Plasma protein binding does not normally have a large effect on secretion because the 

affinity of the transport systems for most drugs is greater than the affinity of plasma­
binding proteins. 

c. Reabsorption 
(1) Reabsorption may occur throughout the tubule; some compounds, including endog­

enous compounds such as glucose, are actively reabsorbed. 
(Z) Reabsorption of the unionized fann of drugs that are weak acids and bases can occur by 

simple passive diffusion, the rate of which depends on the lipid solubility and pK of the 
drug, as well as the concentration gradient of the drug between the urine and the plasma. 
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(3) Reabsorption may be affected by alterations of urinary pH, which affects elimination of 
weak acids or bases by altering their ionization (ie., ion trapping). 
{a) For example, alkallnlzation of the wine will result in a higher proportion of the Ion­

ized form of an acidic drug that will decrease its reabsorption and hence Increase 
its elimination. 

2. Re11•I r:le.rance of d111gs 
a. Renal clearance measures the volume of plasma that is cleared of drug per unit time: 

CL(mL/min) = U x V/P 

where U is the concentration of drug per mllllliter of urine, V the wolume of the urine ezcreted 
per minute, and P the concentration of drug per milliliter of plasma. 

(1) A drug excreted byfiltndion alone will h8ve a clearance equal to the GFR (125-130 mIJmin). 
(2) A drug excreted by filtration and complete 11cretion will have a clearance equal to renal 

plasma clearance (650 mL/min). 
(3) Clearance values between 130 and 650 mL/min suggest that a drug is filtered, secreted, 

and partially reabsorbed. 
b. A variety of factors influence renal clearance, including age, other drugs, and disease. 
c. In the presence of renal failure, the clearance of a drug may be reduced slgntflcantly, result­

ing in higher plasma levels (dose reductions may be required). 

VII. PHARMACOKINETIC PRINCIPLES 

A. General ph1nnacokinatic principl" 
1. Pharmacokineti.cs describes changes in plasma drug concentration over time. 
2. Although it is ideal to determine the amount of drug that reaches its site of action as a function 

of time after administration, it is usually impractical or not feasible. 
a. The plasma drug concentration ls measured since the amount of drug in the tissues is gener­

ally related to plasma concentration. 

B. Distribution and elimination 
1. 011•-campaltm•11t nrad•/(Fjg.1.7) 

a. The drug appears to distribute Instantaneously after IV administration of a single dose. 1f 
the mechanisms for drug elimination, such as biotransfonnatl.on by hepatic enzymes and 
renal secretion, are not saturated. following the therapeutic dose, a semilog plot of plasma 
concentration versus time will be linear. 

RCURE 1.7. Ona·cCJmpartmant model of 
drug diltriblltion. 
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b. Drug elimination is first order, in which a constant friction of drug is eliminated per unit 
time. 
(1) For example, one-half (50%) of the drug is eliminated every 8 hours. 
(2) Elimination of most drugs is a first-order process. 

c. The slope of the semilog plot is -k, where k is Iha rite constant of elimination and has units 
of time and the intercept on the y axis is C0• (Note: C0 is used to calculate Vd for drugs that 
obey a one-compartment model.) 

d. The plasma drug concentration (Ci) relative ta the initial concentration (C.,) at any time (t) 
after administration is given by 

ln4=lnC0 -kt 

and the relationship of the plasma concentr1tions at any two points in time is given by 

In Ca= In C1 - k (ta - t1) 

2. Two-compartment model (Fig. 1.8) 
a. The two-compartment model is a more common model for distribution and elimination of drugs. 
b. Initial rapid decreases in lhe plasma concentration of a drug are observed because of a 

distribution phase, which is the time required for the drug to reach an equilibrium distribu­
tion between a central compartment, such as the plasma space, and a second compartment, 
such as the aggregate tissues and fluids to which the drug distributes. 
(1) During this phase, plasma drug concentrations decrease very rapidly because the drug 

is being eliminated from the body (e.g., by metabolism and renal elimination), as well 
as exiting the plasma space as it distributes to other tissues and fluid compartments. 

c. After distribution, a linear decrease in the log drug concentration is observed ifthe elimi­
nation phase is first order. The curve is less steep in this phase because there is no longer 
a net decrease in plasma levels of drug due to distribution to the tissues (which has been 
completed). 

d. For drugs that obey a two-compartment model, the value of C0 obtained by extrapolation of 
the elimination phase is used to calculate V c11 and the elimination rate constant, k, is obtained 
from the slope of the elimination phase. 

a. The expressions for In Ct and clearance (CL) shown above for a one-compartment model also 
apply during the elimination phase for drugs that obey a two-compartment model. 

3. Fint-onlsr elimin•tion 
a. The elimination of most drugs at therapeutic doses is first order, where a constant fraction 

of drug is eliminated per unit time. 
(1) It occurs when the drug does not saturate elimination systems. 
(2) The rate of elimination is a linear function of the plasma drug concentration. 

Time 
FIGURE 1.8. Two-compartment model of drug 
distribution. 
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b. The rate of elimination depends on the concentration of drug in the plasma and is equal to 
the plasma concentration of the drug multiplied by a proportionality constant: 

Rate of elimination from body(mass/time) =Constant x [Drug]p1uma(mass/vol) 

Because the rate of elimination is given in units of mass/time and concentration is in units 
of mass/volume, the units of the constant are volume/time. This constant is referred to as 
the clearance of the drug. 

4. Zero-an/et eliminstian 
a. Zaro-order elimination occurs when a constant amount of the drug is eliminated per unit 

time; it does not depend on plasma concentration. 
(1) It may occur when therapeutic doses of drugs axcaed the capacity of elimination 

mechanisms (the mechanism by which the body eliminates the drug, such as hepatic 
metabolism or kidney secretion, is saturated). 

b. In this model, the plot of the log of the plasma concentration versus time will decrease in a 
concave upward manner (e.g., 10 mg of drugwill be eliminated every 8 h). (Note that after 
an interval of time sufficient to reduce the drug level below the saturation point, first-order 
elimination occurs.) 

c. Examples of drugs removed by zero-order kinetics include phenytoin and ethanol. 

C. Half-life (t,11) 

1. Half-life is the time it takes for the plasma drug concentration to be reduced by 50%. This con­
cept only applies to drugs eliminated by tint-order kinetics. 

2. Half-life is determined by the following: 
a. Log plasma drug concentration versus time profile for drugs fitting a one-compartment 

model. 
b. Elimination phase for drugs fitting the two-compartment model. 
c. If the dose administered does not exceed the capacity of the elimination systems {i.e., the 

dose does not saturate those systems), the half-life will remain constant 
3. The half-life is related to the elimination rate constant (k) by the equation t,11 = 0.693/k (i.e., for 

a steep decrease in concentration, k is high; therefore, t112 is short). 
4. It is related to the volume of distribution (V,J and clearance (CL) bythe equation t112 = 0.693 VjCL. 

a. This relationship emphasizes that drugs that are widely distributed in the body {i.e., a high V.i) 
will take longer to be eliminated and drugs for which the body has a high capacity to remove 
(i.e., a high CL) will take a short time to be eliminated. 

5. In most cases, over 95% of the drugwill be eliminated in a time interval equal to five half-lives; 
this applies for therapeutic doses of most drugs. 

D. Multidose kinetics 
1. Infusion and multidose repest sdministntian 

a. If a drug is given by continuous IV infusion at a constant dose rate and elimination is first 
order, it will eventually reach a constant steady-state plasma concentration. 
(1) The steady-state concentration occurs when the rate of elimination is equal to the rate 

of administration. 
b. If a drug that is eliminated by first-order kinetics is administered repeatedly (e.g., one tablet 

or injection every 8 h), the average plasma concentration of the drug will increase until a 
mean steady-state level is reached. 
(1) This will not occur for drugs that exhibit zero-order elimination. 

c. The time required to reach steady state is equal to five half-lives regardless of whether 
administration is via continuous infusion or repeated administration. 
(1) Whenever a dose rate is changed, it will take five half-lives for a new steady-state level to 

be reached for any route of administration. 
2. Stesdy state after repest administntion 

a. Some tluctuation in plasma concentration will occur even at steady state. 
b. Levels will be at the high point of the steady-state range shortly after a dose is administered; 

levels will be at the low point immediately before administration of the next dose. Hence, 
steady state designates an average plasma concentration and the range of fluctuations 
above and below that level. 



18 BRS Ph1nn1calagy 

c. The magnitude offluctuations can be controlled by the dosing interval. 
(1) A shorter dosing interval decreases fluctuations, and a longer dosing interval increases 

them. 
d. On cessation of multidose administration, over 95% of the drug will be eliminated in a time 

interval equal to five half-lives if first-order kinetics applies. 
3. M11inten11nce dose 111te 

a. The maintenance dose rate is the dose ofa drug required per unit time to maintain a desired 
staady-state level in the plasma to sustain a specific therapeutic effect 

b. To determine the dose rate required to maintain an average steady-state plasma concentra­
tion of drug, multiply the desired plasma concentration by the CL: 

Maintenance dose rate= Desired [drug ]p1uma x Clearance (CL) 
(amount/time) = (amount/ volume) x (volume/time) 

This yields dose rate in units of amount per time (e.g., mg/h). 
(1) To remain at steady state, the dose rate must equal the elimination rate. 

(a) The rate at which the drug is added to the body must equal the rate at which it is 
eliminated. 

(2) The elimination rate= CL x [Drug]plumai therefore, because the dose rate must equal 
the elimination rate to be at steady state, dose rate also equals CL x Desired [drug]p1uma. 

c. If the drug is administered at the maintenance dose rate, a steady-state plasma concentration 
will be reached in four to five half-lives. (Note: This is four to five half-lives, not four to five 
doses!) 

4. Lo11ding dose 
a. For certain drugs, an initial loading dose may be given to achieve rapid levels and earlier ther­

apeutic effects; this may be useful in potentially life-threatening situations, such as a severe 
infection (e.g., aminoglycosides, vancomycin) or pulmonary embolism (e.g., heparin). 

b. To calculate the loading dose, the desired plasma concentration of drug can be multiplied 
bytheVd: 

Loading dose= Desired [drug] 1uma x V4 

(amountormass)=(mass/volumefx(volume) 

c. After administration of the loading dose (which rapidly achieves the desired plasma concen­
tration of drug), the drug is administered at the maintenance dose rate to maintain the drug 
concentration at the desired steady-state level. 



Review Test 

Dirutians: Select the beat answer for each question. 

1. Somatostatin interacts with which of the 
following receptors? 

(Al G1-protein- coupled receptor 
(Bl G,-protein- coupled receptor 
(Cl Intracellular nuclear receptor 
(DI Ligand-activated ion channel 
(E) Receptor-activated tyrosine kinaee 

2. What characteristic gives cortisol the ability 
to target intranuclear receptors? 

(Al Dlft'uae through lipid membranes 
(Bl Interact with adenylyl cyclase 
(C) Interact with G-proteln-coupled receptors 
(DI Recruit intracellular ldnases 
(E) Undergo autophoaphorylation 

3. A 66-year-old man is admitted to the ho1pi­
tal with confusion, nausea, and blurred vision. 
He is currendy on digoDn for the treatment of 
heart failure. On phyaical eum, hie heart mte is 
120 bpm. Further evaluation reveals a cligoxin 
level of 5.3 ng/mL {normal amge: 0.5-2 og/m.L). 
The doctor belleve1 hia symptom& are due to 
d1goxio toxicity. Which parameter la uaed to 
indicate the ability of digoDn to produce the 
deaired effect relative to a toxic effect? 

(Al Bioavailability 
(Bl Bllicacy 
ICI Intriruiic activity 
(DI Potency 
(E) Therapeutic indez 

4. A 64-year-old woman pre1ents to the 
emergency room with aevere abdominal pain 
and feculent emeaia. She ha& a history of 
multJple abdominal surgeries due to Crohn 
disease. Further evaluation reveals a small 
bowel obstruction. A few hours later, she 
undergoes aurgery for lysis of adhesions and 
resection of the small bowel. Why should the 
use of oml medications be avoided in this 
patient? 

(Al Decreaaed paaaage of drug through 
intestine 

(Bl Decreased gutrointestinal blood flow 

(Cl Destruction of drug by stomach acid 
(DI Increased first-pass effect 
(El Increased protein binding of the drug 

5. An 82-year-old woman ls admitted to the 
hoapital for management of a heart failure exac­
erbatloo. She baa peripheral edema and aaclte& 
due to the exacerbation. Further evaluadon 
also reveals a urinary tract infection requiring 
antibiotic treatment Due to her history of heart 
failure, change& in what phannacodynamic 
parameter should be considered prior to choos­
ing the most appropriate antibiotic dose? 

IAI Impaired blood flow to the inteatlne 
(Bl Increased protein binding ofvarlous 

drugs 
IC) Increased volume of di.sttibution 
ID) Increased drug elimination 

6. Which of the following term& is used to 
describe the elimination rate via metabolism 
catalyzed by alcohol dehyd.Iogenue when the 
enzyme is saturated? 

IAI Blotran&formation 
IB) Clearance 
(Cl First-order elimination 
IDI Redistribudon 
IEI Zero-order .kinetics 

1. Which of the following statements are true in 
regard to glucuronidation reactions? 

(Al Conaidered phase I reactiona 
IBI Include the enzymatic activity of alcohol 

dehydrogenaae 
IC) Require an active center aa the aite of 

conjugation 
ID) Require nlcotinamide adenine dinucleo­

tide phosphate 

l A 38-year-old woman presents to herJ>6Y· 
chiatrist for the m.aDllgertleot of depre11ion. 
She feels that her current treatment is ineffec. 
tive and would like to switch medications. The 
patient rewala that ahe drinb alcohol every 
night to relieve her feelings of sadness and 
guilt. mood work Ja positive for elevated liver 

19 
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enzymes. The doctor starts imipramine, which 
has an extensive first-pass metabolism. How 
would this drug be affected? 

tA) Decreased half-life 
tB) Decreased absorption 
tC) Decreased solubility 
tD) Increased concentration 
tE) Increased pH 

9. A 24-year-old female is prescribed erythro­
mycin for gastroparesis. It is prescribed four 
times daily due to its short half-life. What is the 
rationale for such a frequent dosing? 

tA) Achieve the steady-state plasma concen­
tration of the drug 

tB) Aid more complete distribution of the drug 
tC) Avoid the toxicity of the drug because of its 

low therapeutic index 
tD) Ensure that the drug concentration 

remains constant over time 
tE) Inhibit the first-pass metabolism of the 

drug 

10. A 78-year-old woman is started on digoxin 
for the management of congestive heart failure. 
Her initial dose is 0.25 mg. The C.,, obtained by 
extrapolation of the elimination phase, is deter­
mined to be 0.05 mg/L. What is the patient's 
estimated volume of distribution? 

tA) 0.0125 L 
tB) 0.2 L 
tC) 0.5 L 
tD) 1 L 
tE) 5 L 

11. A drug has a volume of distribution of 
50 L. At plasma concentrations over 2 mg/L, it 
undergoes zero-order elimination at a rate of 
2 mg/h. If a patient is brought to the emergency 
room with a plasma concentration of 4 mg/L of 
the drug, how long will it take (in hours) for the 
plasma concentration to decrease by 50%? 

tA) 1 
tB) 2 
tC) 10 
tD) 25 
tE) 50 

12. A 100-mg tablet of drug Xis given to a 
patient every 24 hours to achieve an average 
steady-state plasma concentration of 10 mg/L. 
If the dosing regimen is changed to one 50 mg 
tablet every 12 hours, what will be the resulting 
average plasma concentration (in mg/L) of the 
drug after five half-lives? 

tA) 2.5 
tB) 5 
tC) 10 
tD) 20 
tE) 40 

13. A 35-year-old woman is started on ceftriax­
one as empiric therapy for meningitis. Following 
intravenous administration, the initial rates of 
drug distribution to different tissues depend 
primarily on which of the following parameters? 

tA) Active transport of the drug out of different 
cell types 

tB) Blood flow to the tissues 
tC) Degree ofionization of the drug in the 

tissues 
tD) Fat content of the tissues 
tE) Specific organ clearances 

14. A drug is administered in the form of an 
inactive prodrug. The prodrug increases the 
expression of a cytochrome P-450, which con­
verts it to its active form. With chronic, long­
term administration of the prodrug, which of 
the following will be observed? 

tA) Efficacy will decrease 
tB) Efficacy will increase 
tC) Potency will decrease 
tD) Potency will increase 

15. Which subfamily of cytochrome P-450s is 
responsible for the highest fraction of clinically 
important drug interactions resulting from 
metabolism? 

tA) CYPlA 
tB) CYP2A 
tC) CYP3A 
tD) CYP4A 
tE) CYPSA 

16. If the oral dosing rate of a drug is held 
constant. what will occur if the bioavailability is 
increased? 

tA) Decreased first-order elimination rate 
constant 

tB) Decreased total body clearance 
tC) Increased half-life for first-order 

elimination 
tD) Increased steady-state plasma 

concentration 
tE) Increased volume of distribution 

17. A 45-year-old man is given an oral main­
tenance dose of drug calculated to achieve a 
steady-state plasma concentration of 5 mcg/L. 
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After dosing the patient for a sufficient amount 
of time to reach steady state, the average 
plasma concentration of drug is I 0 mcg/L. A 
decrease in which of the following parameters 
may explain the higher than anticipated plasma 
drug concentration? 

(Al Bioavailability 
(Bl Clearance 
(Cl Half-life 
(DI Volume of distribution 

18. Administration of an intravenous load­
ing dose of drug X yields an initial plasma 
concentration of 100 mcg/L. The table below 
illustrates the plasma concentration of drug X 
as a function of time after the initial loading 
dose. 

0 

1 

5 
9 

100 

50 

25 

12..5 

What is the half-life (in h) of drug X? 

(Al 1 
(Bl 2 
(Cl 4 
(DI s 
(E) 9 

19. Which of the following factors will deter­
mine the number of drug-receptor complexes 
formed? 

(A) Half-life of the drug 
(Bl Rate ofrenal secretion 
(Cl Receptor affinity for the drug 
(DI Therapeutic index of the drug 

20. Which of the following is an action of a 
noncompetitive antagonist? 

(A) Alters the mechanism of action of an agonist 
(Bl Alters the potency of an agonist 
(Cl Binds to the same site on the receptor as 

the agonist 
(DI Decreases the maximum response to an 

agonist 
(E) Shifts the dose-response curve of an ago­

nist to the right 

21. The renal clearance ofa drug is 10 mL/min. 
The drug has a low molecular weight and is 20% 
bound to plasma proteins. It is most likely that 
renal excretion of this drug involves which of 
the following mechanisms? 

(Al Active tubular secretion only 
(Bl Glomerular filtration only 
(Cl Glomerular filtration and active tubular 

secretion 
(DI Glomerular filtration and passive tubular 

reabsorption 
(E) Passive tubular reabsorption only 



Answers and Explanations 

1. Tha answer is A. Somatostatln binds to a Gi-coupled protein receptor, initiating exchange of 
GTP for GDP, which inhibits AC and leads to reduced cAMP production. The G.-protein-cou­
pled receptor is an example of the PLC pathway, in which interaction with the ligand leads to 
increased PLC activity and eventual activation of protein ldn.ase C via the PIP2 and IP3 pathway. 
This is exemplified by interaction of epinephrine with its receptor. The ligand-activated ion 
channel is an example of interaction of specific ligand with an ion channel, which permits pas­
sage of ions through the channel. Aretylcholine is an eDIDple ofsuch an interaction. Receptor­
activated tyrosine kinase is exemplified by insulin, where binding of ligand activates specific 
tyrosine kinase, leading to a cascade of reactions within the cell. Finally, an intracellular nuclear 
receptor is eemplified by cortisol, which binds to it and exerts its effects on DNA replication. 

2. Th1 answ1r is A. The ability to target intracellular receptors depends on the ligand's ability to 
crou lipid barriers, such as the nuclear envelope. Recruitment of intracellular kinase5 is charac­
terized by some receptor-activated tyrosine kinases. Autophosphorylation is a feature of many 
different kinases. Interactions with G-protein and AC are characteristics of membrane receptors. 

3. Tha answer is E. DigOJdn is an example of a drug with a very low therapeutic index (TI), which 
requires frequent monitoring of the plasma level to achieve the balance between the desired 
effect and untoward toxicity. Potency of the drug is the amount of drug needed to produce a 
given response. Intrinsic activity of the drug is the ability to elicit a response. Efficacy of the 
drug is the maximal drug ~t that can be achieved in a patient under a given set of conditions. 
Bioavailability of the drug is the fraction of the drug that reaches the bloodstream unaltered. 

4. The answer is A. Adequate passage of drug through the small intestine is required to observe 
the effects of the drug, because most of the absorption takes place in the small intestine. After 
extensive abdominal surgery, especlally that involving a resection of a portion of small bowel, the 
passage may be slowed, or even stopped, for a period of time. Abdominal surgery rarely results in 
reduced blood ftow to the intestine, nor does such an operation influence protein binding. or the 
first-paRS effect Destruction of drug by stomach acid does not depend on intra-abdominal surgery. 

5. The an1w1r is C. Because of the patient's edema and ascites from heart failure, the apparent vol­
wne of distribution will be increased, which may require small adjustments in the usual medica­
tion doses. Edematous states do not inluence gastrointestinal CGn blood Dow, nor do they affect 
drug-protein interactions. Drug elimination may be slowed with a congestive heart failure {CHF) 
exacerbation, not increased. Drug kinetics are generally not changed by edematous states. 

8. The answar is E. Alwhol (ethanol) is one of the few drugs that follow 7.ero-order kinetics (ie., higher 
drug concentrations are not metabolir.ed because the enzyme that is involved in the process is satu­
rable). In first-order elimination, the rate of elimination actually depends on the concentration of the 
drug, multiplied by the proportionality constant Clearance is a measure of the capacity of the body 
to remove the drug. Biotransformati.on refers to the general mechanism of a particular drug's elimi­
nation. Redistribution is one of the possible fates of a drug, which usually temrlnates drug action. 

7. Tha answer is C. Glucuronidation reactions, which are considered phase II reactions, require an 
active center (a functional group) as the site of conjugation. Phase I reactions are biotransfor­
mation reactions, not conjugation reactions. Alcohol dehydrogenase is an example of a phase 
I reaction. Nicotinamide adenine dinucleotide phosphate (NADPH) is required for aromatic 
hydroxylation, an example of a phase I reaction. 

8. The answer is D. First-pass metabolism. simply means passage through the portal circulation before 
reaching the systemic circulation. In the face of liver dysfunction, drug levels may reach lllgher con­
centrations. Bioavailability of drugs is decreased, not increased, by the fraction removed aftEr the first 
pass through the liver. Drugs are usually less rapidlymetaboli7.ed when hepatic enzymes are elevated 
(which indicates hepatic dysfunction). Solubility of drugs is not associated with hepatic damage. 

22 
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9. The answer is A. Dosing schedules of drugs are adjusted according to their half-lives to achieve 
steady-state plasma concentration. Attempting to avoid the toxicity of the drug because of its 
low therapeutic index (TI) represents an unlikely scenario; since to reduce toxicity of a drug with 
a low TI, one would reduce the dosing schedule, not increase it Distribution of the drug is gener­
ally not affected by dosing schedule, nor is dose scheduling affected by first-pass metabolism. 
Some tluctuation in plasma concentration occurs even at steady state; it is the average concen­
tration over time that is the goal of steady state. 

10. The answer is E. To calculate the volume of distribution, use the formula in which the dose of 
the drug is divided by the plasma concentration. In this case, 0.25 mg is divided by 0.05 mg/L, 
giving the result of 5 L for volume of distribution. 

11. The answer is E. For the plasma concentration of drug to decrease by 50%, half the drug present 
in the body initially must be eliminated. The amount of drug in the body initially is the volume of 
distribution x the plasma concentration (50 L x 4 mg/L = 200 mg). When the plasma concentration 
falls to 2 mg/L, the body will contain 100 mg of drug (50 L x 2 mg/L = 100 mg). Since the body elim­
inates the drug at a rate of 2 mg/h, it will require 50 hours for l 00 mg of the drug to be eliminated. 

12. The answer is C. A 100-mg tablet every 24 hours is a dose rate of 4.17 mg/h {100/24 = 4.17), 
which is the same dose rate as one 50-mg tablet every 12 hours (50/12 = 4.17). Thus, the average 
plasma concentration will remain the same, but decreasing both the dose and the dose interval 
will decrease the peak to trough variation of plasma concentration. 

13. The answer is B. The initial rate of distribution of a drug to a tissue depends primarily on the rate of 
blood tlow to that tissue. At longer times, however, a drug may undergo redistribution among various 
tissues, for example, a very lipophilic drug may become concentrated in adipose tissue with time. 

14. The answer is D. The induction of the cytochrome P-450 following chronic administration 
will increase the conversion of the inactive prodrug to its active form. This will shift the dose­
response curve of the pro drug to the left (i.e., increase its potency) without changing its efficacy. 

15. The answer is C. The CYP3A subfamily is responsible for roughly 50% of the total cytochrome 
P-450 activity present in the liver and is estimated to be responsible for approximately half of all 
clinically important untoward drug interactions resulting from metabolism. 

16. The answer is D. If the oral dosing rate is constant but the bioavailability increases, the fraction 
of the administered dose that reaches the general circulation unaltered increases. This, in turn, 
will increase the steady-state plasma concentration. 

17. The answer is B. Steady-state plasma concentration of drug= (dose rate)/( clearance). Thus, a 
decrease in clearance will increase the plasma drug concentration, whereas an increase in any of 
the other three parameters will decrease the steady-state plasma concentration. 

18. The answer is C. Inspection of the plasma concentration values indicates that the half-life of 
drug does not become constant until 1-9 hours after administration. The drug concentration 
decreases by half (from 50 to 25 mcg/L) between l and 5 hours (a 4-hour interval) and again 
decreases byhalf(from25 to 12.5 mcg/L) between 5 and 9 hours (again, a 4-hour interval). This 
indicates the half-life of the drug is 4 hours. The rapid decrease in plasma concentration between 
0 and l hour, followed by a slower decrease thereafter (and the constant half-life thereafter), indi­
cates that this drug obeys a two-compartment model with an initial distribution phase followed 
by an elimination phase. The half-life is always determined from the elimination phase data. 

19. The answer is C. Receptor affinity for the drug will determine the number of drug-receptor 
complexes formed. Efficacy is the ability of the drug to activate the receptor after binding has 
occurred. Therapeutic index (TI) is related to safety of the drug. Half-life and secretion are prop­
erties of elimination and do not influence the formation of drug-receptor complexes. 

20. The answer is D. A noncompetitive antagonist decreases the magnitude of the response to an 
agonist but does not alter the agonist's potency (i.e., the ED50 remains unchanged). A competi­
tive antagonist interacts at the agonist-binding site. 

21. The answer is D. This drugwill undergo filtration and passive reabsorption. Since the molecular 
weight of the drug is small, free drug will be filtered. Because 20% of the drug is bound to plasma 
proteins, 80% of it is free and available for filtration, which would be at a rate of 100 mL/min (i.e., 
0.8 x 125 mL/min; 125 mL/min is the normal glomerular filtration rate [ GFR]). A clearance of 10 
mL/min must indicate that most of the filtered drug is reabsorbed. 



Drugs Acting on the 
Autonomic Nervous 
System 

I. THE NERVOUS SYSTEM 

A. General oveni1w of th1 nervous sysllm 
1. The nervous syatem ia divided into the: 

1. Central nervous syatem (CNS) 
(1) Brain 
(2) Spinal cord 

b. Peripheral nervous system (PNS) 
(1) Neuronal tissues outside the CNS 

2. The motor (efferent) portion of the nervous system can be divided into two major subdivisions. 
1. Autonomic (unconscious control) 

(1) Sympathetic division: Fight m flight respon!el 
(2) Parasympathetic division: Rest or ctigellt responses 
(3) Bum.pie: Vuceral functions (such u cardiac output or digestion) 

b. Somatic (conscious control) 
(1) Example: Movement 

c. Both s,_tems have important afferent (sensory) input& that provide infonnadon regarding 
the internal and extern.al environments. They also modify motor output 

II. THE PERIPHERAL EFFERENT NERVOUS SYSTEM 

A. Th• autonomic nervoua eptem (ANS) controls involuntary activity 
(Fig. 2.1; Table 2.1) 

Z4 

1. P1naympltl11tic nervous sptem (PNS) 
I. Long preganglionic amns originate from neuzons in the cranial and sacral areas of the spinal 

cord and, with few exceptions, synapse on neurons in ganglia located close to or within the 
innervated organ. 

b. Short postgangllonic amna innervate cardiac muscle, bronchial smooth muscle, and exo· 
ct1ne glands. 

c. Parasympathetic innervation predominates over sympathetic innervation of salivary glands, 
lacrimal glands, and erectile tiasue. 

2. Sympltlletic nervau1 tyltem (SNS) 
1. Short preganglionic aiwna originate from neurons in the thmacic and lwnbar areas of the 

spinal cord and synapae on neU?ODS in gaDgtia located outside ot but close to, the spinal 
cord. The adrenal medulla, anatomically considered a modified ganglion, ia innervated by 
sympathetic preganglionic axons. 

b. Long postganglionic axons innervate many of the same tissues and oi;gans as the PNS. 
c. Innervation ofth1nn01"111Ulltlry sw11t glands is anatomically gym pathetic, but the postgan­

glionic nerve fibers are cholinergic and release acetylcholine as the neurotransmitter. 
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CNS Effector Organ 

Preganglionic ( • Postganglionic ( ~ 
Sympathetic a - •---------------< ~ 

ACh _J L Nicotinic Norepinephrine* _J L o., P1, IJ2 
receptor Receptors 

Postganglionic 
Preganglionic ( ( ~ 

Parasympathetic ••---------------- • W 
ACh~L _Jt -

ACh L Muscarinic 

Adrenal gland 

Adrenal ••-----------( 0 .., 
ACh _J L Nicotinic 

receptor 

Nicotinic receptor 

receptor 

Epinephrine (80%) 
Norepinephrine (20%) 

Somatic - -----------------------< 0 Skeletal 
muscle 

*Except sweat glands, which use ACh. 
ACh _J L Nicotinic 

receptor 

FIGURE 2.1. 0 rganization of the autonomic nervous system. 

table 2.1 Actions of the Autonomic Nervous System on Selected Effector Organs 

Action of Symplltlletic 
Effact11r {Th11nii::11lumb.rl Divisiu 

Eye lpupill Dilation lexl 
Heart 

Rate Acceleration lexl 
Contractility Increased lexl 

Arterioles 
Skin and most others Constriction {ex) 
Skeletal muscle Dilation lexl 

Glandt 
Salivary Viscid secretion {exl 
Lacrimal 
Sweat Secretioo lex) 

Bronchial muscle Relaxation linl 
GI tract 

Muscle wall Relaxation linl 
Sphincters Contraction lexl 

Urinary bladder 
Fund us Relaxati11n linl 
Trigone; sphincter Contraction lex! 

Penis Ejaculation {exl 
Uterus Relaxati11n linl 
Metabolism 

Liver Gluconeogenesis lexl 
Glyco11enoly1i1 lex) 

Kidney Renin secretionlexl 
Fat cell1 Lipolytit lexl 

ex. excitatory; in. inhibitory; -. no functionally important innervation. 

Action of Pa111symp1thatic 
ICrani11•cral) Divisi11n 

Constriction lex! 

Slowing Uni 
Decreated linl 

Watery secretion lex) 
Secretion lexl 

Contraction lex) 

Cootraction lex) 
Relaxation {in) 

Contracti11n lex) 
Relaxation linl 
Erection Uni 
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3. Enteric nervous system 
a. The enteric nervous system is considered a third branch of the ANS. 
b. It is a highly organized, semiautonomous, neural complex localized in the gastrointestinal 

(GI) system. 
c. It receives preganglionic axons from the PNS and postganglionic axons from the SNS. 
d. Nerve terminals contain peptides and purines as neurotransmitters. 

B. The somatic nervous system. The somatic nervous system controls voluntary activity. This system 
contains long axons that originate in the spinal cord and directly innervate skeletal striated muscle 
(Fig. 2.1). 

C. Genera I overview of the primary neurotransmitters of the ANS 
1. Many peripheral ANS fibers synthesize and release acetylcholine. 

a. These are known as cholinergic fibers, and include the following: 
(1) All preganglionic efferent autonomic fibers 
(2) Somatic (nonautonomic) motor fibers to skeletal muscle 

b. Most efferent fibers leaving the CNS are cholinergic, in addition to most parasympathetic 
postganglionic fibers and some sympathetic postganglionic fibers. 

2. Parasympathetic postganglionic neurons also use nitric oxide or peptides as the primary trans­
mitter or co-transmitters. 

3. The majority of postganglionic sympathetic fibers release norepinephrine. 
a. These are known as noradrenergic fibers. 

4. Dopamine may be released by some peripheral sympathetic fibers. 
5. Adrenal medullary cells release epinephrine and norepinephrine. 

D. Neurotransmitters of the autonomic and somatic nervous systems (Fig. 2.1) 
1. Acetylcholina (ACh) 

a. Biosynthesis 
(1) ACh is synthesized in nerve tenninals by the cytoplasmic enzyme choline acetyltransfer­

ase, which catalyzes the transfer of an acetate group from acetyl coenzyme A to choline. 
(2) Synthesized ACh is transported from cytoplasm to vesicle-associated transporters. 

b. Storage, release, and termination 
(1) It is stored in nerve terminal vesicles and released by nerve action potentials through 

calcium-dependent exocytosis. 
(2) On release (a step blocked by botulinum toxin), ACh is rapidly hydrolyzed and inac­

tivated by tissue acetylcholinesterase (AChE) and by nonspecific butyrylcholine 
esterase (pseudocholinesterase) to choline and acetate. 

c. ACh is the neurotransmitter across synapses: 
(1) At the ganglia of the SNS and PNS 
(2) In tissues innervated by the PNS and the somatic nervous system 

d. It is not administered parenterally for therapeutic purposes because it is hydrolyzed nearly 
instantly by butyrylcholine esterase. 

2. Norepinaphrine and epinephrine 
a. Norepinephrine and epinephrine are catecholamines; they possess a catechol nucleus and 

an ethylamine side chain. 
b. Biosynthesis (Fig. 2.2) 

(1) In prejwictional nerve endings, tyrosine is hydroxylated by tyrosine hydroxylase, the 
rate-limiting enzyme in the synthesis of catecholamines, to form dihydroxyphenylala­
nine (dopa). 

(2) Dopa is decarboxylated by dopa decarboxylase to form dopamine. 
(3) Dopamine is transported into vesicles (a step blocked by reserpine), where it is hydrox­

ylated on the side chain by dopamine ~-hydroxylase to form norepinephrine. 
(4) In certain areas of the brain and in the adrenal medulla, norepinephrine is methylated 

on the amine group of the side chain by phenylethanolamine-N-methyltransferase 
(PNMT) to form epinephrine. 
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Tyrosine 

OH 

Tyrosine 
hydroxylase HOOi CH2-rH-NH2 

---.... ~ ~ C=O 
HO I 

Dop~lase/ decarbo/ 

Dopamine 

Dopamin~ 
~-hydroxylase " 

OH 
Dopa 

OH 

-P"' I CH - CH2 - NH - CH3 HOOi 

HO ~ 

~-PN_M_T_ HOY')-kH-a<2- NH, 

HO~ 
Epinephrine Noreplnephrlne 

FIGURE 2.2. Biosynthasis of catecholamines. PNMT, phanylathenolemina-N-mathyltransfarasa. 

c. Storage and release 
(1) Norepinephrine is stored in vesicles that, through a calcium-dependent process, release 

their contents by exocytosis from nerve terminals at postganglionic nerve endings of 
the SNS (except at thermoregulatory sweat glands, where ACh is the neurotransmitter). 

(2) Norepinephrine also exists in a nonvesicular cytoplasmic pool that is released by indi­
rectly acting sympathomimetic amines (e.g., tyramine, amphetamine, ephedrine) by a 
process that is not calcium dependent 

(3) Norepinephrine and some epinephrine are released from adrenergic nerve endings in 
the brain. 

(4) In the periphery, epinephrine is the major catecholamine released from adrenal medul­
lary chromaffin cells into the general circulation, where it functions as a hormone. Some 
norepinephrine is also released. 

d. Termination 
(1) The action of norepinephrine is primarily terminated by active transport from the cyto­

plasm into the nerve terminal by a norepinephrine transporter (uptake 1). 
la) This process is inhibited by cocaine and tricyclic antidepressants. 
lb) Norepinephrine is then transported by a second carrier system into storage vesicles, 

as are dopamine and serotonin (a process also blocked by reserpine). 
(2) Another active transport system (uptake 2) is located on glia and smooth muscle cells. 
(3) There is also some simple diffusion away from the synapse. 
(4) Norepinephrine and epinephrine are also oxidatively deaminatad by mitochondrial 

monoamine oxidase (MAO) in nerve terminals and effector cells, notably in the liver 
and intestine. 

(5) Nerve cells and effector cells contain catechol-0-methyltransferase ICOMT), which 
metabolizes catecholamines. 

E. Receptors of the ANS 
1. Chalinac1pto11 

a. Nicotinic receptors are cholinoceptors that are activated by the alkaloid nicotine (see Fig. 2.1 ). 



28 BRS Ph1nn1calagy 

(1) They are localized at myoneural junctions of somatic nerves and skeletal muscle (NM); 
autonomic ganglia (Ne), including the adrenal medulla; and certain areas in the brain. 

(2) Nicotinic receptors are a component of postjunctional transmembrane polypeptide that 
forms a ligand-gated (cation-selective) ion channel (see Fig. l.lA). 
(a) Binding of ACh to the receptor site causes opening of the ion channel and an influx of 

positively charged ions (sodium and potassium) and across the cellular membrane. 
(b) This influx of positive charge depolarizes the postsynaptic membrane. 

(3) In skeletal muscle, ACh interacts with nicotinic receptors to produce membrane depo­
larization and a propagated action potential through the transverse tubules of skeletal 
muscle. 
(a) This results in the release of Caz+ from the sarcoplasmic reticulum and, through a 

further series of chemical and mechanical events, muscle contraction. 
(b) Hydrolysis of ACh by AChE results in muscle cell repolarization. 
(c) The continued presence of a nicotine agoni.st, like succinylcholina, at nicotinic 

receptors, or excessive cholinergic stimulation, can lead to a •depolarizing block­
ade· (phase I block), in which normal depolarization is followed by persistent depo­
larization. During phase I block, skeletal muscle is unresponsive to either neuronal 
stimulation or direct stimulation. 

(d) The selective nicotinic receptor antagonists, tubocurarina and trimathaphan, can 
block the effect of ACh at skeletal muscle and autonomic ganglia, respectively. 

b. Muscarinic receptors are cholinoceptors that are activated by the alkaloid mu.scarine (see 
Fig. 2.1; Table 2.2). 
(1) Muscarinic receptors are localized on numerous autonomic effector cells, includ­

ing cardiac atrial muscle and cells of the sinoatrial (SA) and atrioventricular {AV) 
nodes, smooth muscle, exocrine glands, and vascular endothelium (mostly arterioles), 
although the latter does not receive parasympathetic innervation, as well as certain 
areas in the brain. 

(2) They consist of at least five receptor subtypes (M1-M5). 

(a) M1-receptors are found in sympathetic postganglionic neurons. 
(b) M2-receptors are found in cardiac and smooth muscles. 
(c) M3-receptors are found in glandular cells (e.g., gastric parietal cells), and the vascu­

lar endothelium and vascular smooth muscle. 
(d) M5-receptors are found in the vascular endothelium. 
(a) All receptor subtypes are found in CNS neurons. 

(3) ACh interacts with M,, M1, and Ms muscarinic cholinoceptors to increase phosphati­
dyl inositol (Pl) turnover and Caa+ mobilization (see Fig. 1.lD; Table 2.2). 
(a) By activation of the G protein (Gq), the interaction of ACh with M1 and M3 muscarinic 

cholinoceptors stimulates polyphosphatidylinositol phosphodiesterase (phospho­
lipasa C), which hydrolyzes PI to inositol trisphosphate UP1) and diacylglycerol 
(DAG). 

(b) IP1 mobilizes intracellular caa. from the endoplasmic and sarcoplasmic reticula, 
and activates Ca2•-regulated enzymes and cell processes. 

(c) DAG activates protein kinase C, which results in phosphorylation of cellular 
enzymes and other protein substrates and the influx of extracellular calcium that 
results in activation of contractile elements in smooth muscle. 

t a b I e 2.2 Effects of G-Protein Coupled Receptors 

Alphi-1 

Alpha-2 

Bata· 1. Beta-2 

Muscarinic-1, Muscarinic-3, ind 
Muscarinic-5 

Muscarinic-2 and Muscarinic-4 

G, coupled Increase phospholipase C--+ Increase IP:s. DAG, Ca1+ 

G, coupled D•creaH adenylyl cyclase--+ decreaH cAMP 

G, coupled Increase adenylyl cyclase--+ increase cAMP 

G~ coupled Increase phospholipase C--+ Increase IPa. DAS, Ca" 

G; coupled Decrease adenylyl cyclase --1- decrease cAMP 
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14) ACh also interacts with M2 and M4 muscarinic cholinoceptors to activate G proteins 
IG;J, which leads to inhibition af adenylyl cyclase activity with decreased levels of cyclic 
AMP (cAMP) and to increased potassium (K+) conductance with effector cell hyperpo­
larization (Table 2.2). 

15) Cholinergic agonists act on M1 muscarinic receptors of endothal ial calls to promote the 
release of nitric oxide (NO), which diffuses to the vascular smooth muscle to activate 
guanylyl cyclase and increase cyclic GMP (cGMP), and to produce relaxation. 

2. Adfllnot:eptors 
a. 11-Adrenoceptars (see Fig. 2.1) 

11) a-Adrenoceptors are classified into two major receptor subgroups (there are subtypes 
of each group). 
la) 11.-Receptors are located in postjunctional effector cells, notably vascular smooth 

muscle, where responses are mainly excitatory. 
lb) ai-Receptors are located primarily in prajunctional adrenergic nerve terminals, and 

also in fat cells and in the p cells of the pancreas. 
12) They mediate many functions, including the following: 

lal Vasoconstriction (a.1) 
lb) Gastrointestinal (GI) relaxation (a1) 

le) Mydriasis (a1) 

Id) Prejunctional inhibition of release of norepinephrine and other neurotransmitters 
{~) 

le) Inhibition of insulin release(~) 
If) Inhibition oflipolysis (~) 

13) a-Adrenoceptors are distinguished from p-adrenoceptors by their interaction (in 
descending order of potency), with the adrenergic agonists epinephrine= norepinaph­
rine :> :> isoproterenol, and by their interaction with relatively selective antagonists such 
as phantalamine. 

(41 ~-Adrenoceptors, like muscarinic M1 cholinoceptors, activate guanine nucleotide­
binding proteins (Gq) in many cells, which results in activation ofphospholipase C and 
stimulation ofphosphoinositide (PI) hydrolysis that leads to increased formation oflP1, 

mobilization of intracellular stores of Ca2•, increased DAG, and activation of protein 
kinase C. 

15) az-Adrenoceptan, like muscarinic M2-cholinoceptors, activate inhibitory guanine 
nucleotide-binding proteins (G1), inhibit adanylyl cyclase activity, and decrease intra­
cellular cAMP levels and the activity of cAMP-dependent protein kinases (see Fig. 1.lC). 

b. j>Adrenoceptan (see Fig. 2.1) 
11) P-Adrenoceptors, located mostly in postjunctional effector cells, are classified into two 

major receptor subtypes, p1 -receptors (primarily excitatory) and ~-receptors (primarily 
inhibitory). 
la) ~-Receptor subtype 

i. p1 -Receptors mediate increased contractility and conduction velocity, and renin 
secretion in the kidney. 

ii. The Pi-receptor subtype is defined by its interaction (in descending order of 
potency) with the adrenergic agonists isoproterenol :>epinephrine= norepineph­
rina and by its interaction with relatively selective antagonists such as atenolol. 

lbl Pz-Receptor subtype 
i. P2-Receptors mediate vasodilation and intestinal, bronchial, and uterine smooth 

muscle relaxation. 
ii. The~-receptor subtype is defined byitsinteraction (in descendingorderofpotency) 

with the adrenergic agonists isoproterenol = epinephrine :>:> norepinephrine. 
12) f3-Receptar activation 

la) P-Receptors activate guanine nucleotide-binding protains (GJ (see Fig.1.lB; Table 2.2). 
lb) Activation stimulates adenylate cyclase activity and increases intracellular CAMP 

levels and the activity of cAMP-dependent protein kinases. 
le) Adrenoceptor-mediated changes in the activity of protein kinases (and also levels of 

intracellular Caz+) bring about changes in the activity of specific enzymes and struc­
tural and regulatory proteins, resulting in modification of cell and organ activity, 
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Ill. PARASYMPATHOMIMETIC DRUGS 

A. Direct ... cting muscarinic cholinaceptor agonists 
1. Mecll8Bi1111 of action and chemic•/ :rtlllcture 

a. Direct-acting parasympadtomlmetlc drugs act at muscar1nlc chollnoceptors to mimic many 
of the physiologic effects dtat result from stlmuladon of the parasympathetic division of the 
ANS (see Fig. 2.1). 

b. Bethanechol and methacholine are choline esters widt a quaternary ammonium group dtat 
are structurally similar to ACh. 

c. They have substantially reduced activity at nicotinic recepiors and are more resistant to 
hydrolysis by AChE. 

2. Pll•1111•t:alagit: •llBt:ls (Tubles 2.3 and 2.4) 
a. Eye 

(1) Direct-acting muscarln1c chollnoceptor agonJsts contract th• circular smooth muscle 
fibers of dt1 ciliary muscl1 and iris to produce a spasm of accommodation and an 
increased outtlow of aqueous humor into the canal of Schlemm, respectively. This 
results in a reduction in intraocular pressure. 

(2) These drugs contract the smooth muscle of the iris sphincter to cause miHil. 
b. Cardiovascular 1J1t9m 

(1) Direct-acting muscarinic cholinoceptor agonists produce a negative chronatropic 
effect (reduced SA node activity). 

(2) These drugs decrease conduction velocity through the atrioventricular (AV) node. 
(a) They have no effect on force of contraction because there are no muscarinlc recep­

tors on (or parasympathetic Innervation of) ventr:l.cles. 
(3) Direct-acting muscarlnic cholinoceptor agonlats produce vasodilation dtat results 

primarily from their action on endothellal cella to promote the release of NO, which dif­
fuses to die vascular smooth muscle and produces relaxation. 
(a) Vascular smoodt muscle has muscarin.1c receptors but no pamsympadtetic innervadon. 
(b) The decrease in blood pressure can result in a reDex increase in heart rate. 

c. Gltract 
(1) Direct-acting muscarinic cholinoceptor agonists increase smooth muscle contractions 

and tone, with increased peristaltic activity and motility. 
(2) These drugs increase salivation and acid secretion. 

d. Urinary tract 
(1) Direct-acting muscarinic chollnoceptor agonists incrnse contraction of the ureter and 

bladdtr smooth muscle. 
(2) These drugs increase sphincter relaxation. 

t a b I e 2.3 Actions of Cholinoceptor Agonists 

Elf1ctor 

Heart {rate, conduction velocity!• 

Arteriolet (tonal 
Blood PrtHUtt 

Pupil •ize 

S11ivl1ion 

Liu:riml1ion 
Bronchial tDnu 

Intestine (motility! 

GI Hcrations 
Urin1ry bl1ddar 

Body{tonal 
Sphincter 

'Rupons1111 !e~ .. heart retB) may be allectEd by 111fle10111. 

Eft1ct1 of M11e1ri1ic Aga1iltl 

D&CrtlH 

DtC'8HI 

Decreeu 

DtC'8HI 

lncreaH 
Increase 
lncreaH 
Increase 
lncre11e 

lncr1111 
Decre111 
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Type of Drug 

Muscarinic agr:mist 

Muscarinic antagonist 

a-Adrenergic agonist 
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Effects of Muscarinic Cholinoceptor Agonists and Antagonists and Adrenoceptor 
Agonists on Smooth Muscles of the Eye 

M111cla Effect RNuH 

Iris circular {constrictorl Contraction Miosis 

Cilia ry circular Contraction Accommodation 

Iris circular {constricto rl Relaxation Mydriasis 

Ciliery circular R1laxation Cyclo plegia 

Iris radial {dilatorl Contraction Mydriasis 

Ciliary circular Nona Nona 

a. Respiratory system 
11) These drugs can cause bronchoconsb'iction with increased resistance and increased 

bronchial secretions. 
t. Other effects 

11) They can increase the secretion of tears from lacrimal glands and increase sweat gland 
secretion. 

12) These drugs produce tremor and ataxia. 
3. Specific drugs and their indications 

a. These drugs are used primarily for diseases of the eye, GI tract, urinary tract, the neuromus­
cular junction, and the heart (Table 2.5). 

b. Bethanechol 
11) This agent increases bladder muscle tone and causes contractions to initiate urination. 

It also stimulates GI motility and can help restore peristalsis. It has limited distribution 
to the CNS. 

12) It is approved for the management of postoperative and postpartum urinary retention 
and neurogenic bladder. 

13) It has the potential to cause a reflux infection if the patient has bacteriuria (when the 
sphincter fails to relax as bethanechol contracts the bladder). 

c. Methacholine 
11) This agent is only used to diagnose bronchial airway hyperreactivity in patients with no 

clinically apparent asthma. 
12) Since severe bronchoconstriction and reduced respiratory function may occur, it should 

not be used in patients with clinically apparent asthma, wheezing, or a low baseline 
pulmonary function test. 

d. Pilocarpina 
11) Pilocarpine is a tertiary amine that is well absorbed from the GI tract and enters the CNS. 
12) It is occasionally used topically for opan-angla glaucoma, either as eye drops or as a 

sustained-release ocular insert. 
la) When used before surgery to treat acute narrow-angle glaucoma (a medical emer­

gency), pilocarpine is often given in combination with an indirectly acting musca­
rinic agonist, such as physostigmine. 

13) Orally, pilocarpine is used to increase salivary secretion; it used to treat xerostomia 
associated with Siiigren syndrome. 

a. Cavimalina is used for the treatment ofxerostomia associated with Sjogren syndrome. 
t. Carbachol is used rarely as a treatment for open-angle glaucoma. It is also approved to cause 

miosis during ophthalmic surgery. 

t a b I e 2.5 

Bethanechol 

M1thacholin1 

Pilocupine 

Selected Indications of Selected Direct-Acting Cholinoceptor Agonists 

C11nditionll/Disordar1 

Prevents urine rstantion; postoperative abdominal distension; gastric atony 

Diagnostic for bronchial hyp1rsensitivity 

Open-angle glaucoma; acute narrow-angle glaucoma; SjCgren syndrome 
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4. Advsrss sffsr:ts 
a. The adverse effects associated with direct-acting muscarinic cholinoceptor agonists are 

extensions of their pharmacologic activity. 
b. Adverse effects may include nausea, vomiting, diarrhea, sweating. and salivation. More seri­

ous effects include bronchoconstriction and decreased blood pressure. These effects can be 
reversed by atropine. 

c. Systemic effects are minimal for drugs applied topically. 
5. Prer:.utions 

a. Caution must be used in patients with asthma and cardiac disease. 
(1) They are not recommended in hyperthyroidism since they predispose patients to 

arrhythmias. 
b. They are also not recommended when there is mechanical obstruction of the GI or urinary tract 

B. Acetylcholinestarase inhibitors (indirect-acting parasympalhomimetic agents) 
1. ACh interacts with AChE at two sites. 

1. The N+ of choline (ionic bond) binds to the anionic site, and the acetyl ester binds to the este-
ratic site (serine residue). 

b. As ACh is hydrolyzed, the serine-OH side chain is acetylated and free choline is released. 
c. Acetylserine is hydrolyzed to serine and acetate. 
d. The half-life (t11J of acetylserine hydrolysis is 100-150 microseconds. 

2. Phosphoric acid esters (organophosphates) 
a. Specific agents 

(1) Insecticides: Parathion and malathion 
(2) Nerve gases: Sarin and tabun 

b. Msr:hanism at action. These drugs bind to AChE and render Iha enzyme nonfunctional; this 
leads to increased ACh at the neuronal synapses at the neuromuscular junction. 
(1) They bind to AChE and undergo prompt hydrolysis. 
(2) The phosphate ion is released slowly from the enzyme active site, preventing the bind­

ing and hydrolysis of endogenous ACh. 
(3) Compared to the carbamates, the organophosphates are long-acting drugs that form a 

very stable phosphate complex with AChE. 
(a) They undergo 1 conformational change known as ·aging,· causing AChE to 

become irreversibly resistant to reactivation by the antidote (pralidoxime). 
(4) They prolong the peripheral and central effects of ACh. 

c. Indications. These agents are not used in a clinical setting. They are pesticides that are used in 
agriculture and nerve agents that may be used in terrorism or chemical warfare. 
(1) Echothiophate is an irreversible and toxic organophosphate cholinesterase inhibitor; 

it results in phosphorylation of AChE rather than acetylation. It is an ophthalmic agent 
approved for the treatment of elevated intraocular pressure. 

d. Advetse etlects 
(1) Parathion is a very dangerous insecticide, which can cause all parasympathetic effects, 

including muscle paralysis and coma (malathion is much safer). 
(2) Toxicity occurs due to cholinergic access. 
(3) DUMBBELLS is a commonly used medical mnemonic used to identity adverse effects 

from an overdose or poisoning due to a cholinergic agent. 
Diarrhea 
Urination 
Miosis (pupil constriction) 
Bradycardia 
Bronchospasm/bronchorrhea 
Emesis 
Lacrimation 
Lethargy 
Salivation 

(4) ACh stimulation of nicotinic receptors at the neuromuscular junction may cause fas­
ciculations, muscle weakness, and paralysis, similar to the depolarizing effect of suc­
cinylcholine in producing neuromuscular blockade. 
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15) Since sweat glands are regulated through sympathetic activation of postganglionic mus­
carinic receptors, patients may experience diaphoresis. 

a. Management of organophosphate poisoning 
11) Patients will most likely require 100% oxygen and endotracheal intubation. 
12) Succinylcholine should not be used since it is metabolized by AChE, leading to pro­

longed neuromuscular blockade. 
13) Atropine is an anticholinergic agent that competes with ACh at muscarinic receptors. 

It is used to raversa symptoms of cholinargic poisoning, including bronchorrhea and 
bronchoconstriction. 
ta) It doas not hava an affect on tha nicotinic racaptors responsible for muscle weak­

ness and paralysis. 
14) Pralidoxime 12-PAMI is helpful in the management of symptoms due to muscarinic and 

nicotinic receptor activation. 
la) It raactivatas cholinastarasa thathad been inactivated by phosphorylation due to expo­

sure to organophosphates by displacing the enzyme from its receptor sites (Fig. 2.3). 
i. It binds the anionic site and reacts with the P=O group of alkylphosphorylated 

serine to cause hydrolysis of the phosphoserine bond. 
lb) It must be administered soon after exposure (within minutes); if "aging" has 

occurred, this agent will not work. 
i. This drug is most effective at the neuromuscular junction. 

ii. It is ineffective in the CNS and against carbamylated AChE. 
le) Pralidoxime produces few adverse effects in normal doses. 

3. Carbamic acid esters (carbamates) 
a. Specific agents include neostigmine, physostigmine, and pyridostigmine. 
b. lfer:h•nism al ar:tian 

11) These agents inhibit AChE; they inhibit the destruction of ACh, causing an increase in 
ACh levels at both muscarinic and nicotinic cholinoceptors. 
lal Similar to the organophosphates, they bind to cholinesterase and undergo prompt 

hydrolysis. 
lb) The carbamate ion is slowly released from the enzyme active site, preventing the 

binding and hydrolysis of endogenous ACh. 
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FIGURE 2.3. Mechanism of prelidoxime in organophosphete poisoning. {Modified from Golan D. 
Principles of Pharmacology. 4th ad. Philadelphia, PA: Wolters Kluwer Health, 2016, Fig. 50-3.J 
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(c) They mimic many of the physiologic effects that result &om increased ACh in the 
synaptic junction and stimulation of cholinoceptors of the parasympathetic division 
of the ANS. 

(d) They prolong the peripheral and central effects or ACh. 
(e) Unlike organophosphates, these agents are transient cholinesterase Inhibitors; they 

usually hydrolyze from the enzymatic site within 48 hours. 
c. Pll•1111•ca/ogic•I propettiei 

(1) Neostigmine and pyridostigmine are quatem1iy ammonium cations (positively charged); 
therefore, they are poorly ablortlad &om the GI tract and have negligible distribution 
into the CNS. 

(2) Phya011igmine is a tertiary amine; it is not charged and is wall ablortled and entert the 
CNS. 

d. /11diclltia111 
(1) Myasthenia gravis la an autoimmune dis11se In which antibodies complex with nico­

tlnic receptors at the neuromuscular junction to cause skeletal muscle weakness and 
fatigue. 
(a) AChE inhibitors are used to increase ACh levels at the neuromuscular junction to 

fully activate the remalnlng receptors. 
(b) Neostigmlne and pyrldosdgmine are used for the symptomatic control of myasthe­

nia gravis. 
(2) Neostigmine and pyridostigmine are also used to reverse effects due to nondepolarizing 

neuromuscular blocking agents. 
(3) Physostigmine is used to reverse toxic, life-threatening delirium caused by anticholin­

ergic toxicity. 
a. Atlv1111 11f1CU may include nausea, vomiting, diarrhea, and urinary urgency, due to an 

increase in parasympathetic effects. 
(1) Compared to organophosphates, carbamate to:x1cl.ty tends to be of shorter duration. 

4. Central AChE inhibitors (agents for Alzheimer dlaease) (see Chapter 5) 
a. Specilic •gests include rlvastlgmine, galanthamine, and donepezil. 
b. M1t:61nilm ol ection. They reversibly inhibit centrally active AChE and incrent concentra­

tion• of ACh available for synaptic transmission in the CNS. 
c. AtllftlH 1/lecumayinclude nausea, dianhea, weight loss, and sleep dil1urblnc .. , includ­

ing insomnia and vivid dreams. Bradycardia and hypotension may occur due to enhanced 
vaglll tone. 

IV. ANTICHOLINERGIC DRUGS 

A. Muscarinic-rac1ptar antagonists (antimuscarinic agents) 
1. M•clt1sism of ectian (Thble 2.6) 

a. Muscarinlc-receptor antagonists are competitive antagonists of A.Ch at all muscarinic 
cholinoceptors. 

z. Pll111111cologic 1/ftcts 
a. Eye (see Table 2.4) 

(1) Muscarinic-receptor antagonists produce cycloplegia by blocking parasympathetic 
tone, leading to paralysis of the ciliary muscle and loss of accommodation. 

(2) They produce mydriasis by blocking parasympathetic tone to the iris circular ( constric­
tor) muscle. Unopposed sympathetic stimulation of the radial muscle results in dilation 
of the pupil. 

b. Cardiovascular system 
{1) These agents increase heart rate due to cholinergic bloclcade at the SA node. 

c. Gastrointestinal tract 
(1) Muscarinlc-receptor antagonists decrease salinlion. 
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t a b I e 2.6 Properties of Selected Cholinoceptor-Blocking Agents 

Agent Action 

Atropine Competitive entagonist 

Receptors 

M11scariair: Nir:orinir: 

+ 

Comments 

Prototype muscarinic 
cholinoceptor-blocking agent 

Sc opolamine Competitive &ntagonist + Action• sim~• r to tho11 of 
atropine 

Propantheline Competitive entagonist + Peripher&l-ai:ting cholinoceptor 
blocking agent 

Trimetllaphan Competitive, nondepol&rizing + Peripher&l-ai:ting ganglionic 
blocking agent antagonist 

Cisatrecurium Competitive, nondepolerizing + Neuromuscular junction blocking 
agent antagonist at motor endplate 

Su ccinyl choline DepDl11izing agonist at motor + Neuromuscular junction blocking 
agent endplate 

12) They reduce peristalsis, resulting in prolonged gastric emptying and intestinal transit 
13) In addition, these agents reduce gastric acid secretion. 

d. Respiratory system 
11) They can cause bronchadilatian and decrease mucus secretion. 

e. Urinary tract 
11) These agents relax the ureters and bladder and constrict the urinary sphincter. 

t. Other effects 
11) Tertiary amines can produce restlessness, headache, excitement, hallucinations, and 

delirium. 
12) Anhidrosis and dry skin may occur due to the inhibition of sympathetic cholinergic 

innervation of the sweat glands. 
3. Phannacalagic prapsrtia 

a. Most tertiary muscarinic-receptor antagonists are well absorbed across the GI tract or muco­
sa( surfaces; they distribute well throughout the body, including the brain. 

4. Specific agents and their indications (Table 2.7) 
a. Eye 

11) Homatropine, cyclopentolate, tropicamide 
la) These agents prevent cholinergic stimulation at the sphincter muscle of the iris and 

the muscle of the ciliary body. 
lb) They produce dilation and prevent accommodation. 
le) They are administered topically as eye drops or ointments for refractive measure­

ments and for aphthalmoscopic examination of the retina and other structures of 
the eye. 

Id) a-Adrenoceptor agonists, such as phenylephrine, are used for simple funduscopic 
examination without cycloplegia. 

t a b I e 2.7 Selected Indications of Muscarinic Cholinoceptor Antagonists 

Org1n/Systam 

Eye 

H11rt 

Bladder 

Lung 

CNS 

Multiple organl/-vstem• 

Therapeutic U11 

Refractive measurement; ophthalmologic examination, uveitis and iritis 

Acute myocardial infarction 

Urinary urgency 

Surgic.1 anesthesi• to suppress 11cretion1; COPO; esthma 

Motion sickness lscopolamineJ; Parkinson disease 

Cholinergic poisoning 
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(2) Longer-acting muscarinic-receptor antagonists, such as homatropine, are generally 
preferred as adjuncts to phenylephrine to prevent synechia formation in anterior uveitis 
and iritis. 

b. Cardia1111scula1 system 
(1) Atropine is used for symptomatic sinus bradycardia and AV nodal block (see Chapter 4). 

c. Urinary lrtlct 
(1) Anticholinergic agents can be used for the management of overactive bladder. 

(a) Nonselective agents: Oxybutynin, tolterodine, trospium, fesoterodine 
(b) M3-selective: Solifenacin, darifenacin 

(2) These agents antagonize parasympathetic control of the bladder; they act on musca­
rinic receptors of the detrusor muscle to increase capacity of the bladder and decrease 
intravesicular pressure and frequency of contractions. 

(3) Fewer CNS effects occur with the Mr selective agents and trospium (quaternary amine). 
d. Csntnl neTVOus systsm 

(1) Parkinson disease 
(a) Benztropine, orphenadrine, and trihexyphenidyl 
(b) These drugs block muscarinic receptors and suppress overactivity of cholinergic 

interneurons in the striatum (see Chapter 5). 
(2) Motion sickness 

(a) Scopolamine prevents motion sickness by blocking muscarinic receptors in the 
vestibular system and in the CNS (see Chapter 8). 

e. Respiratory system 
(1) Atropine and scopolamine can be used to suppress bronchiolar secretions during surgi­

cal and spinal anesthesia and to prevent the muscarinic effects of AChE inhibitors used 
to reverse muscle paralysis at the end of surgery. 

(2) lpratropium and tiotropium are used to treat reactive airway disease such as asthma and 
chronic obstructive pulmonary disease (COPD) (see Chapter 9). 

5. AdvBTSB 11ffflcts 
a. The adverse effects of muscarinic-receptor antagonists are extensions of their pharmacologic 

activity. 
b. Effects may include the following: 

(1) Mydriasis, cycloplegia (Blind as a bat) 
(2) Dry eyes and mouth (Dry as a bone) 
(3) Elevated temperature (Hot as a hare) 
(4) Flushing (Red as a beet) 
(5) Urinary retention (Full as a flask) 
(6) Agitation, hallucinations, delirium (Mad as a hatter) 
(7) Tachycardia 
The classic description of anticholinergic toxicity is: •Red as a beet, dry as a bone, hot as a 
hare, blind as a bat, mad as a hatter, full as a flask." 

c. Symptomatic treatment is recommended. 
d. Neostigm ine may be used to treat poisoningwith quatemarymuscarinic-receptor antagonists. 

6. Plllc.atian must be used in narrow-angle glaucoma and prostatic hypertrophy. 
7. Drug inteffJctians. Additive effects may occur when administered with other drugs that have 

antimuscarinic activity, including certain antidepressants, antipsychotics, and antihistamines. 

B. Antinicotinic agents 
1. Ganglion-blocking drugs 

a. Specific agent Mecamylamine 
b. M11chanism of action. Ganglionic-blocking drugs inhibitthe effect of ACh at nicotinic recep­

tors by acting competitively {nondepolarizing blockade) at both sympathetic and parasym­
pathetic autonomic ganglia. In particular, mecamylamine inhibits ACh at the autonomic 
ganglia, which causes a decrease in blood pressure. 

c. Indications. It is used for the treatment of severe hypertension and in uncomplicated malig­
nant hypertension. Due to the lack of selectivity and numerous adverse effects, they are used 
rarely in the clinical setting. 
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d. Adnrs• Bfhlr:f16 can be severe since both sympathetic and parasympathetic systems are 
blocked. Orthostatic hypotension and CNS effects, including dizziness and tremor may occur. 
Patients are often unable to tolerate ganglionic-blocking agents for long-term use. 

2. Nondepolari.zing neuromuscular blockers (skeletal muscle relaxants) 
a. ltsr:hanism of action 

11) Nondepolarizing agents competitively inhibit the effect of ACh at the postjunctional 
membrane nicotinic receptor of the neuromuscular junction. There is some prejunc­
tional inhibition of ACh release. 

12) These agents prevent depolarization of the muscle and propagation of the action 
potential. 

b. Phannacologic properties 
11) Nondepolarizing agents are administered parenterally and are generally used for long­

tenn motor paralysis. Paralysis and muscle relaxation usually occur within 1-5 minutes. 
12) The duration of action for these agents generally ranges from 20 to 90 minutes. 

la) Intermediate-acting agents, such as rocuronium or vecuranium, are more com­
monly used than long-acting agents like tubocurarine. 

13) Most nondepolari.zing agents are metabolized by the liver or are excreted unchanged. 
The duration of action may be prolonged by hepatic or renal disease. 

c. Spsr:ific dmgs (Table 2.8) 
11) Tubocurarine (prototype) is seldom used clinically at this time. 
12) Metacurine is a derivative of tubocurarine. 

la) It has the same properties, but less histamine release, therefore it causes less hypo­
tension and bronchoconstriction. 

lb) It has a long duration of action {>40 min). 
13) Atracurium 

la) Atracurium causes some histamine release. 
lb) It is inactivated spontaneously in plasma by nonenzymatic hydrolysis that is 

delayed by acidosis. 
tel Its duration of action is reduced by hyperventilation-induced respiratory 

alkalosis. 
ldl Laudanosine, a breakdown product of atracurium, may accumulate to cause seizures. 

14) Cisatracurium 
la) This agent is a stereoisomer of atracurium with less histamine release and less lau­

danosine formation. 
lb) It has replaced atracurium use in clinical practice. 

t a b I e 2.8 Properties of Selected Skeletal Muscle Relaxants 

Duration ol Ganglion HillBmina C1rdi1c Muscarinic 
Action Blookade R1lea11 R1111pto111 Commenll 

Nond1pol1rizing Agent 

Tubocurarina• Long + ++ Prototype 

Atracurium• lntermedi ate + Inactivated spontaneously in plasma; 
laudanosine, a breakdown product 
may ce use saizu res 

Ci11tr1curium• Intermediate Leu laudanosine formed than atracurium 

Mivacurium• Short ++ Hydrolyzed by plasma cholinesterase 

Pancuronium• Long ++ lncrused hHrt rite 

Ve cu ronium• Intermediate Metabolized by liver 

Dapalarizing Ag11t 

Su ccinylc holine Very short ++ + ++ Hydrolyzed by cholinesterase; 
malignant hyperttl armia is a rare, 
potentially fatal complication 

1soquinoline derivative. 
'Steroid derivative. 
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(5) Miv1curium 
la) This is a short-acting (10-20 min) agent that is rapidly hydrolyzed by plasma 

cholinesterase. 
lb) It has a slow onset of action relative to succinylcholine. 
lc) This agent produces moderate histamine release at high doses. 

(6) Vecuronium, rocuronium, and pancuronium 
(a) These are steroid derivatives with minimal histaminic or ganglion-blocking activity. 
(b) Vecuronium and rocuronium have intermediate durations of action (20-40 min). 
lc) Pancuronium has a longer duration of action {120-180 min) and is used less fre-

quently than the others. 
d. lndit:1tion1 

(1) Nondepolarizing agents are used during surgery as adjuncts to general anesthetics to 
induce muscle paralysis and muscle relaxation. 
la) The order of muscle paralysis is small, rapidly contracting muscles (e.g., extrinsic 

muscles of the eye) before slower contracting muscle groups (e.g., face and extremi­
ties), followed by intercostal muscles, and then the diaphragm. 

lb) Recovery of muscle function is in reverse order, and respiration often must be 
assisted. 

(2) These agents are also used for muscle paralysis in patients when it is critical to control 
ventilation, such as ventilatory failure from pneumonia, for endotracheal intubation, 
and to control muscle contractions during electroconvulsive therapy. 

e. Re11e111/ of nondepol1rizing drug blot:k1de 
(1) AChE inhibitors, such as neostigmine, are administered for pharmacologic antagonism 

to reverse residual postsurgical muscarinic receptor blockade and avoid inadvertent 
hypoxia or apnea. 

f. Adverse eflet:I$ and conll'llindications 
(1) Cardiovascular system 

la) Tubocurarine, atracurium, mivacurium, pancuronium, and metocurine may cause­
hypotension or increased heart rate due to histamine release, ganglionic-blocking 
activity, or vagolytic activity. 

(2) Respiratory system 
la) Some nondepolarizing agents can produce bronchospasm due to histamine release. 
lb) Agents that release histamine are contraindicated for asthmatic patients and 

patients with a history of anaphylactic reactions. 
g. Drug inte11t:lions 

(1) General inhalation anesthetics, particularly isotlurana, increase the neuromuscular 
blocking action of nondepolarizing agents. Dose reduction of the neuromuscular 
junction-blocking drug may be necessary. 

(2) Aminoglycoside antibiotics inhibit prejunctional ACh release and potentiate the effect 
of nondepolarizing and depolarizing neuromuscular junction-blocking drugs. 

3. Depolarizing neuromuscular blockers (skeletal muscle relaxants) 
a. Specific agent Succinylcholine {Table 2.8) 
b. Mechanism of at:lion 

(1) Succinylcholine is a nicotinic receptor agonist that acts at the motor endplate of the 
neuromuscular junction to produce persistent stimulation and depolarization at the 
muscle, thus preventing stimulation of contraction by ACh. 

(2) Initial muscle contractions or fasciculations occur quickly (in the first 30-60 s); they 
may be masked by general anesthetics. 

(3) Since succinylcholine is metabolized more slowly than ACh at the neuromuscular junc­
tion, the muscle cells remain depolarized (depolarizing or phase I block) and unre­
sponsive to further stimulation, resulting in a flaccid paralysis (5-10 min). 

(4) The muscle cells repolarize with continuous long-term exposure ( 45-60 min). However, 
they cannot depolarize again while succinylcholine is present; therefore, they remain 
unresponsive to ACh (desensitizing or phase II block). 

(5) AChE inhibition will enhance the initial phase I block by succinylcholine, but can 
reverse phase II block. 
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c. Pharmacalogic prapetties 
11) Succinylcholine has a rapid onset and short duration of action, due to rapid hydrolpis 

by plasma and liver cholinesterase. 
12) Reduced plasma cholinesterase synthesis in end-stage hepatic disease or reduced activ­

ity following the use of irreversible AChE inhibitors may increase the duration of action. 
d. Indications. It is used as an adjunct in surgical anesthesia to obtain muscle relaxation while 

using lower levels of general anesthetic, to induce brief paralysis in short surgical proce­
dures, and to facilitate intubation. 

e. Adverse effects 
11) Postoparativa muscle pain at higher doses 
12) Hyperkalemia 

la) Hyperkalemia results from loss of tissue potassium during depolarization. 
lb) Risk ofhyperkalemia is enhanced in patients with burns, muscle trauma, or spinal 

cord transections. 
le) It can be life threatening, leading to cardiac arrest and circulatory collapse. 

13) Malignant hyparthennia 
la) Malignant hyperthermia is a rare but potentially fatal complication in susceptible 

patients that results from a rapid increase in muscle metabolism. 
i. Patients who experience this condition are genetically predisposed, with muta­

tions in the skeletal muscle Caa+-release channel of the sarcoplasmic reticulum 
lryanodine receptor, RYR1). 

lb) Malignant hyperthermia is most likely to occur when succinylcholine is used with 
the general anesthetic halothane. 

le) Early signs include hypercarbia, sinus tachycardia, and muscle rigidity. Later signs 
include hypertharmia, ventricular tachycardia or fibrillation, and myoglobinuria. 

Id) It can be treated with dantrolene, a skeletal muscle relaxant that binds to the RYRl 
receptor to inhibit the release of calcium from the sarcoplasmic reticulum. 

14) Prolonged paralysis may result in apnea in a small percentage of patients with geneti­
cally atypical or low levels of plasma cholinesterase. Mechanical ventilation is necessary. 

15) Bradycardia from direct muscarinic cholinoceptor stimulation is prevented by atropine. 
I&) Increased intraocular pressure may result from extraocular muscle contractions; use of 

succinylcholine may be contraindicated for penetrating eye injuries. 
17) Succinylcholine produces increased intragastric pressure, which may result in fascicu­

lations of abdominal muscles and a danger of aspiration. 
4. Spasmolytic agents for chronic use 

a. Specific sgentsinclude baclofen, diazepam, tizanidine, and dantrolana. 
b. lfech11nism of action 

11) These agents act to reduce abnormal muscle tone without paralysis. 
12) Baclofen (GABA8), benzodiazepines (GABA.J, and tizanidine (cxJ act in the spinal cord 

and reduce tonic output of the spinal motor neurons. 
la) Baclofen is a GABA1 aganist that leads to membrane hyperpolarization. 

i. Presynaptic receptors: It reduces calcium influx and decreases the release glu­
tamic acid (excitatory transmitter). 

ii. Postsynaptic receptors: It facilitates the inhibitory action of GABA. 
lb) Tizanidine is an Oz agonist that reinforces presynaptic inhibition in the spinal cord. 

It reduces muscle spasm with less muscle weakness than do other agents. 
tel Diazepam acts on the spinal cord and CNS to facilitate GABA activity at GAB~ 

receptors (see Chapter 5). 
13) Dantrolene acts directly on skeletal muscle to reduce contractions. It interferes with 

Caz+ release from the sarcaplasmic reticulum; benefit may not be apparent for a week 
or more. 

c. Indications 
11) They reduce increased muscle tone associated with a variety of nervous system disor­

ders, including cerebral palsy, multiple sclerosis, spinal card iniury, and stroke. 
la) These conditions result in loss of supraspinal control and hyperexcitability of a- and 

y-motoneurons in the spinal cord, causing abnormal skeletal muscle, bowel, and 
bladder function. 
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(b) They are often associated with high reflex activity that may result in painful muscle 
spasms. 

d. AdntH llffBt:ls i11t:l11d• sedation. Dantrolene causes significant muscle weakness, although 
it has fewer effects on sedation. 11zanidine can cause :xerostomla and hypotension. 

e. Batlllinum toxin 
(1) Botullnwn toxin acts by inhibiting the release of ACh ham motor nem: tenninals. 
(2) 1t is used to treat local muscle spasms, spastl.c disorders Wee cerebral pallJ, and blepha­

rospasm.- and sttabismus-associated dystonta. 
(3) It is also used for chronic migraines and cosmetic reduction of facial wrinklea. 

5. Sp11malvtic agents far acute use 
a. Sptt:Hit: 11.m. include cyclobenzaprine, metaxalone, metflocaitlamol, and orphenadrine. 
b. M1ell111ism at 1ctio11 

(1) These agents are sedatives or act in the brain stem. 
(a) They are centrally active drugs; in many cases, the mechanJsms are not well 

Wlderstood. 
(b) Metaxalone, methocarbamol, and carlsoprodol cause depression of the nervous 

system. 
(c) Cyclobenzaprlne works in the brain stem to reduce tonic somatl.c motor activity 

inDuencing both alpha and pmma motor neurons. 
c. lntlit:etion 

(1) These agents are used for short-term use of muscle spasms due to acute, painful mus­
culoskeletal conditions, including muscle injury or strains. 

d. Atlv1111 lllHts may include CNS depression. Cyclobenzaprine can cause anticholinergic 
effects and may cause confusion or hallucinations. 

V. SYMPATHOMIMETIC DRUGS 

A. Mechanism af action 
1. These drugs act either directly or indirectly to activate postjunctional and prejunctional adre­

naceptan and mimic the effects of endogenous catecholamines, such as norepinephrine and 
epinephrine. 
a. Their actions can generally be predicted from the type and location of the receptors with 

which they interact and whether or not they cross the blood-brain barrier to enter the CNS 
(Table 2.9). 

2. Indirectly acting agents can have several different actions. 
a. They can act within nerve endings to incrNse the 1'811111 of stared catecholamines. 
b. Some agents act at the prejunctional membrane to block the rauptake af cal8chalamines 

that have been released from nerve endings. 
c. They may act enzymatically ta prevent catecholamine biotransformation. 

B. Phannacolagic effects (Table 2.9) 
1. C.nliov1scul11 sptem 

a. fSi-Receptor agoniltl, through an increased calcium influx in cardiac cells, increase the rate 
( chronotropic effect) and force (inotropic effect) of myocardial contraction and increase the 
conduction velocity (dromotropic effect) through the AV node, with a decrease in the refrac­
tory period. 

b. Pt-Receptor agonilb cause relaxation of vascular smooth muscle that may invoke a re8ex 
increase in heart rate. 

c. 01-Receptor aganists constrict smooth muscle of reslatance blood vessels (e.g., in the skin 
and splanchnic beds), causing increased peripheral reslatance usually with an increase in 
blood pressure. 
(1) In nonnotensive patients (less effect in those with hypotension), the increased blood 

pressure may invoke a refiex baroreceptor vagal discharge and a slowing of the heart, 
with or without an accompanying change in cardiac output 
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t a b I e 2.9 
Effector 

Heart 
Rate 
Farce 

Arte rial es (mast! 

Blood pressure 

Intestine 
Wall 
Sphincters 

Salivation 
Volume 
Amylase 

Pup~ 

Bronchial smooth muscle 

Urinary bladder 
Body 
Sphincter 

Release of NE from nerves 

Direct Effects of Adrenoceptor Agonists 

a, a. 

Can strict 

Increase 

Relax Relax 
Contract 

Increase 

Dilate 

Can strict 
Can strict 

Decraasu 

p, 

Increase 
Increase 

Increase 

Dilate 

Decrease 

Relax 

Relax 

Relax 

d. arReceptor 1gonists reduce blood pressure by a prejunctional action on neurons in the CNS 
to inhibit sympathetic outflow. 

2. Eye (see Table 2.4) 
a. a-Receptor agonists contract the radial muscle of the iris and dilate the pupil (mydriasis ). 

These drugs also increase the outflow of aqueous humor from the eye. 
b. P,.Receptar antagonism decrease the production of aqueous humor. 

3. Respiratory systam 
a. Effects include Pz-receptor agonist-induced relaxation of bronchial smooth muscle and 

decreased airway resistance. 
4. Metabalir: and endocrine effects 

a. P,.Receptor agonists increase liver and skeletal muscle glycogenolysis and increase lipolysis 
in fat cells. ~-Receptor agon ists inhibit lipolysis. 

b. P-Receptar agonists increase, and arreceptar agonists decrease, insulin secretion. 
5. Gsnitourinary tract sft8cts include a-receptor agon ist contraction of the bladder wall, urethral 

sphincter, prostate, seminal vesicles, and ductus deferens. 

C. Specific sympathomimetic agents and their indications {Table 2.10) 
1. Epinephrine and narepinephrine 

a. Epinephrine and norepinephrine are poorly absorbed from the GI tract and do not enter the 
CNS to any appreciable extent. 

table 2.10 Selected Therapeutic Uses of Adrenoceptor Agonists 

Clinicel Canditian/Applic1tian Atianist Racaptar 

Hypotensive emergency Phenylephrine; methoxamine; narepinephrine a, 

Chronic, orthostatic hypotension Ephedrine; midodrine, phenylephrine a, 

Anaphylactic shock Epinephrine a and p 
Heart black. cardiac arrest lsoproterenal; epinephrine p, 
Congestive heart failure Dobutamine p, 
Infiltration nerve block Epinephrine a, 

Hay fever and rhinitis Phenylephrine; OTC• a, 
Asthma Metaproterenal; terbutaline; albuteral Pi 

"Over-the-counter preparations. 
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(1) Absorption of epinephrine from subcutaneous sites is slow because of local 
vasoconstriction. 

b. Enzymes in the liver, such as catechol-0-methyltransferase (COMT) and monoamine oxi­
dase (MAO), metabolize epinephrine and norepinephrine. 

c. Epinephrine andnorepinephrine actions atneuroeffector junctions are tenninated primarily by 
simple diffusian away from the receptor site and by active uptake into sympathetic nerve termi­
nals and subsequent active transport into storage vesicles. Actions are also partially terminated 
at neuroeffector junctions by metabolism by extraneuronal COMT and intraneuronal MAO. 
(1) Epinephrine 

(a) Epinephrine can activate f'i-. Pz·, and a,- and 0 2-recaptors. 
i. Epinephrine administration in humans increases systolic pressure as a result of 

positive inotropic and chronotropic effects on the heart (Pi-receptor activation). 
ii. It generally results in decreased total peripheral resistance and decreased 

diastolic pressure due to vasodilation in the vascular bed of skeletal muscle 
(p2-receptor activation) that overcomes the vasoconstriction produced in most 
other vascular beds, including the kidney (a-receptor activation). 

iii. The mean arterial pressure may increase slightly, decrease, or remain unchanged, 
depending on the balance of effects on systolic and diastolic pressure. 

(b) Dose-dependent effects 
i. Atlow doses, epinephrine activates P.-and Pz- receptors (similar to isoproterenol). 

(i) p. Activation causes an increase in heart rate, stroke volume, cardiac output 
and pulse pressure. 

(ii) Pz Activation causes decreased total peripheral resistance and blood pressure. 
ii. At medium doses, it can activate p.., Pz-, and a,-receptors {similar to do butamine ). 

(i) P. Activation causes an increase in heart rate, stroke volume, cardiac output, 
and pulse pressure. 

Iii) Pz Activation causes decreased total peripheral resistance and blood pres­
sure, whereas the a, activation has the exact opposite effect. 
1. Due to the physiologic antagonism with Pz and a,, they can cancel each 

other's effects; for example, blood pressure will not change. 
2. Only p, activity remains, leading to increased contractility and tachycardia. 

iii. At high doses, epinephrine activates p.-, Pz·, and 0:1-racaptors, but the affect on 
the o:i-receptor predominates (similar to norepinephrine). 

(c) Blood pressure will increase due to increased vasoconstriction; there is also the 
potential for reflex tachycardia. Epinephrine increases coronary blood flow as a 
result of increased cardiac workload; it may precipitate angina in patients with 
coronary insufficiency. 

(d) Epinephrine increases the drainage of aqueous humor (a-receptor activation) and 
reduces pressure in open-angle glaucoma. It dilates the pupil (mydriasis) by con­
traction of the radial muscle of the eye (a-receptor activation). 

(a) Epinephrine relaxes bronchial smooth muscle CPrreceptor activation). 
(2) Epinephrine is used for the management of type I allergic reactions, including anaphy­

lactic reactions. It is also used for the management of cardiogenic or septic shock. It 
may be used for mydri.asis during intraocular surgery. 

(3) Norepinephrine is rarely used in the clinical setting. It activates Pi-receptors and a 
receptors. It has little activity at Pz-receptors. 

2. Dap•mine 
a. Dopamine activates peripheral P.-ad renoceptors to increase heart rate and contractility. 
b. It also activates prejunctional and postjunctional dopamine D,-receptors in the renal, 

coronary, and splanchnic vessels to reduce arterial resistance and increase blood flow. 
Prejunctionally, dopamine inhibits norepinephrine release. 

c. At low doses, it stimulates dopami 11 receptors to produce renal and masantaric vasod ilation. 
d. At medium doses, it activates dopamine and Pi-receptors, which leads to renal vasodilation 

and cardiac stimulation. 
e. At very high doses, it stimulates a,-receptors to cause vasoconstriction, with a reflex decrease 

in heart rate. 
f. It is used for hemodynamic support as an adjunct in the treatment of shock. 
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3. P-Ad1Snor:1ptar 1goni1ts 
a. Dabutamine 

11) Dobutamine activates a-receptors and ~receptors. It does not affect dopamine 
receptors. 
(a) It is an agonist at Pi-receptors, which results in increased cardiac contractility and 

heart rate. 
(b) It also acts on and Pr and a 1-receptors in the vasculature; oftentimes, the Pz effects 

are more predominant, leading to vasodilation. 
12) Overall, dobutamine increases cardiac output, with limited vasodilating effects and 

reflex tachycardia. 
13) It is used for the management of patients with cardiac decompensation, including car­

diogenic shock, and for inotropic support in heart failure. 
b. lsoproterenol 

11) This agent stimulates Pi- and Pz-receptors resulting in relaxation of bronchial, GI, and 
uterine smooth muscle. 

12) It also causes increased heart rate and contractility and vasodilation of peripheral 
vasculature. 

13) It is used for the management of bradyarrhythmias, including AV nodal block. 
c. Pi-Receptor aganists, such as albuterol, relax branch ia I smooth muscle. They are used for the 

treatment of asthma; because of their selectivity for the ~-receptor, they have fewer cardiac 
effects (see Chapter 9 ). 

4. a-Adrenaceptor aganills 
a. Phenylephrine 

11) This drug causes direct u,-receptor stimulation that results in vasoconstriction, 
increased total peripheral resistance, and increased systolic and diastolic pressure. 

12) It can be used for the management of cardiogenic shock and hypotension during anes­
thesia. It is also used as a nasal decongestant. 

13) It facilitates examination of the retina because of its mydriatic effect It is also used for 
minor allergic hyperemia of the conjunctiva. 

b. Oxymatazaline is a selective alA-receptor agonist that produces vasoconstriction. Topically, it 
is used for the treatment of persistent facial erythema associated with rosacea. The intranasal 
form is used for nasal congestion. 

c. Methyldopa, guanfacine, and clonidine are aradrenergic agonists. They are centrally acting 
vasodilators used for the management of hypertension (see Chapter 4). 

5. Other 1ymp1thomimetir: agents 
a. Ephedrine 

11) This agent releases tissue stores of norepinephrine leading to a- and P-receptor 
stimulation. 

12) It has a longer duration of action and similar effects to those of epinephrine, but is less 
potent. 
(a) It has a longer duration of action because it is resistant to metabolism by COMT 

and MAO. 
13) Unlike catecholamines, it penetrates the brain and can produce CNS stimulation. 
14) Ephedrine is found in the herbal medication ma huang. 
(5) After continued use, tachyphylaxis may develop due to ephedrine's peripheral effects. 
16) It is approved for anesthesia-induced hypotension. 

b. Pseudoephedrine is an isomer of ephedrine used as a decongestant (see Chapter 9). 
c. Madafinil is a CNS stimulant The mechanism is unclear. It may increase dopamine in the 

brain by blocking dopamine transporters, in addition to other effects. It is used for the treat­
ment of narcalepsy, shift work sleep disorder, and obstructive sleep apnea. 

d. Dextraamphetamine promotes the release of dopamine and norepinephrine from their stor­
age sites in the presynaptic nerve terminals. It is a CNS stimulant used for the management 
ofnarcolepsy. 

a. Mathamphatamina is a CNS stimulant used for obesity. 
I. Methylphenidate is used for attention deficit/hyperactivity disorder (ADHD) (see Chapter 5). 

111 It is well absorbed, enter the CNS readily, and have marked stimulant activity. 
g. Fenoldopam is a selective dopamine Di-receptor aganist used to treat severe hypertension. 
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D. Adverse effects and tnxicity 
1. The adverse effects of sympathomlmetic drugs are generally extensions of their phannacologic 

activity. 
Z. Overdose with epinephrine or otherpressor agents may result in aewere h1pe11en1ion, with pos­

sible cerebral hemorrhage, pulmonaJJ edema, and cardiac arrhythmia. Milder effects include 
headache, dizziness, and tremor. Inc:reued cardiac worldoad may result in angina or myocar­
dial infarction in patients with coronary insufficiency. 

1. Phenylephrine should not be used w treat closed-angle glaucoma before iridectomy as it may 
cause increased inll'locular preaure. 

4. Sudden dlscontinuadon of an ot-adrenac1ptor aganist may cause withdrawal symptoms that 
include headache, tachycardia, and a rebound rise in blood pressure. 

5.. Drug abuse may occur with amphetamine and amphetamine-like drugs. 

E. Drug interactions 
1. Tricyclic antidepressants block catecholamine reuptake and may potentiate the effects of nor­

epinephrlne and epinephrine. 
Z. Some halogenated antltftetic agentl and digitalis may sensitize the heartw P-rereptor stimu­

lants, resulting in ventricular anhythmias. 

VI. ADRENERGIC RECEPTOR ANTAGONISTS 

These drugs interact with either a- or P-adrenoceptors to prevent or reverse the actions of endog­
enously released norepinephrine or epinephrine or exogenously administered sympathomlmetic 
agents. 

A. a-Adrenoceptor antagonists 
1. Pll•m1•cologic effects 

a. The pharmacologi.c e:tlec::ts of a-adrenoceptor antagonists are predominantly cardiovascular 
and include lowered peripheral vascular re1immce and blood presaure. These agents pre­
vent pressor effects of a-recepior agonists. 

b. a1-Adrenoceptors antagonists can also antagonize sympathetic control of the bladder; 
they relax smooth muscle in the bladder nedc, prostate capsule, and prostatic urethra and 
decrease resistance to outflow of wine. 

Z. Sptmific •gHls and lll•ir indic•tiou(Table 2.11) 
a. Phantalamine ls a short-acting competidve antagonist at both <Xi.· and az-receptors. It reduces 

peripheral resistance and decreases blood pressure. 
(1) 1t is approved for the diagnosis ofpheochramocytoma and for the prevention and man­

agement of hypertensive episodes associated with pheochromocytoma. 
(a) Pheochromocytoma is a tumor of the adrenal medulla that 11crttet exce .. ive 

amounts of catecholamine•. Symptoms include hypenension, tachycardia, and 
arrhythmias. 

(b) P·Receptor antagonists are often used to prevent the cardiac effects of excessive 
catecholamines after an a-receptor blockade is established. 

(2) 1t can also be used to reverse local anesthesia. through vasodilatton and increased blood 
flow in the injection area. 

b. Ph1nox:yll1nzamin1 
(1) Phenm:ybenzamine is a noncompetitive, irreversible antagonist with some selectivity 

for ai.-recepwrs. 
(2) Phenm:ybenzamine binds covalend.y, resulting in a long-lasting blockade. 
(3) It is used to treat sweating and hypertension associated with pheocbromocytoma. 

c. Prazosin, terazosin, do:z:azocin, tamsulosin, silodosin, and alfuzosin are selective 
<Xi-antagonists. 
(1) Prazosin, terazasin, and doxazacin are used for the management of hypertension. 
(2) Tarazasin, doxazacin, alfuzosin. tamsulosin. and 1ilodo1in are used for the manage­

ment of b1nign prastatic hyperplasia (BPH). 
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table 2.11 Therapeutic Uses of Selected Adrenoceptor Antagonists 

Drug Receptor 

Phantolamina• a, and az 
Pll--1za11l1a• 
PrazHin' a, 

Terazosin 

Doxazocin 

Pn111ranolol' 

Timolol 

Metipranolol 

Levobunolol 

Nadolol 

Pindolol 

Penbutolol 

Carteolol 

M.taprelal' 

Features 

Short du ration of action {1-2 hi 

Long duration of action 115-50 hi 

Minimal reflex tachycardia 

Major Uses 

Hypertension of pheochromocytoma 

Hypertension of pheochromocytoma 

Mild-to-moderate hypertension (often with 
a diu retie or a ~adrenoceptor antagonist); 
severe congestive heart failure {with a 
cardiac glycoside and a diuretic) 

Mild-to-moderate hypertension 

Mild-to-moderate hypertension 

Hypertension; angina; pheoc hromocytoma, 
cardiac arrhythmias; migraine headache; 
hypertrophic aubaortlc ltenoaia 

Hypertension; glaucoma 

Glaucoma 

Glaucoma 

Long duration of action 115-25 hi Hypertension; angina 

Partial ~-receptor agonilt activity6 Hypertension; angina 

Partial ~-receptor agonist activity"; Hypertension; angina 
mild-to-moderate hypertension 

Partial ~-receptor agonist activity"; Hypertension; angina; glaucoma 
excreted unchanged 

Patient bi oav1ilability is variable; 
extended release form available 

Eliminated by the kidney 

Ultrashort acting 11 O min) 

Long duration of action 115-25 hi 

P1rtlal agoni~ 

Hypertension; angina 

Supraventriculartachycardia 

Glaucom•; hypertension 

Hypertension; ventricular arrhythmias 

Atenolol 

Eamolol 

Betaxolol 

Acebutolol 

Llbatalol• ~. p,, and a, Partial agonistb; rapid blood pressure Mild-to-severe hypertension; hypertensive 
reduction; local anelthetic activity emergencies 

'IJ11,1gs listed in bold .. ca lyp9 are considered pmtGtype drugs. 
'lower blood pressure without significent reduction in cardiac output or resting heart rate; also do not elevate triglyceride levels or decrease high­
density lipaprotein cholesterol. 

(a) Tamsulosin and silodosin are a,A·selective agents, which have less effect on blood 
pressure. 

13) Prazosin can also be used to reduce symptoms associated with posttraumatic stress 
disorder (PTSD)-related nightmares by blocking excessive responsiveness to norepi­
nephrine stimulation at postsynaptic a 1 -adrenergic receptors. 

14) Prazosin is also used for the managed ofRaynaud phenomenon. 
d. Labatalol and carvedilol (see Chapter 4) 

11) These agents are competitive antagonists (partial agonist) at the a 1-receptors. In addi­
tion, they block P-receptors. 

12) They reduce heart rate and myocardial contractility, decrease total peripheral resis­
tance, and lower blood pressure. 

13) These agents are used for hypertension and heart failure. 
3. Adnrse effects 

a. a 1-Antagonists such as prazosin. terazosin, and doxazocin produce postural hypotension and 
bradycardia on initial administration; these drugs produce no significant tachycardia. The 
a 1A-selective agents have less effect on blood pressure. 

b. Phentolam ine and phenoxybenzami ne can cause postural hypotension as well as tachycardia. 

B. P-Adrenoreceptor antagonists 
1. Ph1rm1cologic sffscts 

a. Cardiovascular system (see Chapter 4) 
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(1) P-Adrenoreceptor antagonists lower blood pressure; this is most likely due to their 
combined effects on the heart. the renin-angiotensin system, and the CNS. 

(2) These drugs reduce sympathetic-stimulated increases in heart rate, contractility, and 
cardiac output. 

(3) They lengthen AV conduction time and refractoriness. They also suppress automaticity. 
(4) Initially, these drugs may increase peripheral resistance. However, long-term adminis­

tration results in decreased peripheral resistance in patients with hypertension. 
(5) P-Adrenoreceptor antagonists reduce renin release. 

b. Respiratory system 
(1) P-Adrenoreceptor antagonists incraasa airway rasistanca as a result of Pi-receptor 

blockade. 
(2) Nonselective P-antagonists prevent bronchodilation due to their effects on bronchial p2 

receptors; this may lead to increased airway resistance. 
c. Eye 

(1) P-Adrenoreceptor antagonists decrease the production of aqueous humolj resulting in 
reduced intraocular pressure. 

d. Othar pharmacological affects 
(1) P-Adrenoreceptor antagonists inhibit lipolysis (P3). 

(2) These drugs inhibit glycoganolysis (p2) in the liver (they may impede recovery from the 
hypoglycemic effect of insulin). 

(3) These decrease high-density lipoprotein levels. 
2. Specific drugs(see Chapter 4) (Table 2.11) 

a. Propranolol 
(1) This agent is a competitive antagonist at P1 - and P2-receptors. 
(2) It is used in long-term treatment of hypertension. 
(3) This drug is used to treat supravantricular and ventricular arrhythmias. It can also be 

used in the prevention of migraine headaches. 
b. Metoprolol, atenolol, acabutolol, and asmolol 

(1) These drugs are selective Pi-receptor antagonists. 
(2) They may offer some advantage over nonselective P-adrenoceptor antagonists to treat 

cardiovascular disease in asthmatic patients, although cautious use is still warranted. 
(3) Esmolol is ultrashort acting (t112 = 10 min) because of extensive hydrolysis by plasma 

esterases; it is administered by intravenous infusion. 
c. Labetalol and carvedilol 

(1) Labetalol is a partial agonistthat blocks P-receptors and <Xi-receptors (3:1 to 7:1 ratio). 
(2) Carvedilol also has mixed activity but is equiactive at p-receptors and a 1-receptors. 
(3) They reduce heart rate and myocardial contractility, decrease total peripheral resis­

tance, and lower blood pressure. 
d. Pindolol, carteolol, and panbutolol are nonselective antagonists with partial ~-receptor ago­

nist activity. 
e. Acebutolol and pindolol have intrinsic sympathomimetic activity (ISA). They are partial ago­

nists and provide low-level beta stimulation at rest, but full P-receptor blockade at times of 
high sympathetic activity. 
(1) They cause less bradycardia and may be useful in patients with diminished cardiac 

reserve or a tendency for bradycardia. 
3. lndications(see Table 2.11) 

a. Cardiovascular system (see also Chapter 4) 
(1) P-Blockers have many indications. They are used in the management of hypertension, 

angina and myocardial infarction, arrhythmias, and heart failure. 
b. Eye 

(1) Topical application oftimolal, betaxalol, and carteolol reduces intraocular pressure in 
glaucoma. 

(2) In some cases, these agents can be systemically absorbed, and may lead to increased 
airway resistance and decreased heart rate and contractility. 

c. Other uses 
(1) P-Blockers can be used to decreased symptoms of hyperthyroidism that are due to 

increased P-adrenergic tone, such as tachycardia, tremor, and anxiety. 
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(a) Jn high doses, propranolol can !nhlbit 5' -monodeiodlnase and prevent the conver­
sion thyroxine (T4) to trilodothyronine (T3). 

(2) Other indications for propranolol include essential tremor and migraine headache 
prophylaxis. 

4. Atl1111a. •lftctr and coatr1istlictnion 
a. General side effects may include dizzinegs and drowsiness. 
b. They may cause decreased heart rate. blood presture. contractility. and atriovantricular 

node conduction. 
c. Acute withdrawal can be dangerous and lead to exacerbation oflschemic symptoms, includ­

ing angina or myocardial infarction. Tapered withdrawal ts recommended. 
d. Nonselectl.ve agents may increase airway resistance and exacerbate perlpheral artery disease 

(due to P-.i blockade). 
1. IJ:i-Adrenoceptor blockade also deaeases catecholamine-induced glycogenolysis. They may 

also mask tachycardia associated with hypoglycemia. 

• DRUG SUMMARY TABLE 

Dlrect-Actl19 CllDllnaclfltr Aa•llll 
Acetylcholine intnlocular solution 

(Miochol·EI 
Bllthanachol (Urecholina} 
C1rbachol (Miolltl!j 
Cevimeline IEwxu:I 
Mathacholina IProvocholina) 
Pilocarpine (S1l1gen} 

l .. iratt..Atting Ctloliltc1ptar 
Aftnllll 

Donepezil IAricept) 
Echothiophate (Pho1pholine Iodide) 
Gal1nt1mine (R1z1dyna) 
Neostigmine (Bloxiverz) 
Physmigmine (generic only) 
Pyrido81igmina 1Ma81inon, Ragonol) 
Riv181igmina IExalan} 
#111111 fUH ud illltdieidu 
Malatttion 
P1r1thian 
Sirin 
Tabun 

Ctlalii1111t1r111 lhg11enar 
Pralidoxime IProtopam Chloride) 

M11c1rf1lc ClttllnDCi!pttr 
Am1111iecs 

Atropina IAtroPenl 
Clidinium with chlordiazapoxide 

(Librul 
Cyclopentola1e ICyclogyl) 
Darif'enacin (Enablex) 
Dicyclomine (Benty!) 
FHoterodine IToviazl 
Flavoxata (U1i8paa) 
Glycopyrrolm (Cuvposa, Gtycm) 
Homatropine IHomatropairel 
lpretropium (Atrovent HFAI 
Mapanzolate IC1nlil) 
Oxybutynin (Ditropanl 
Propantheline IPro·Banthinel 
Scopolamine ITran•denm·Scop) 
Solifanacin (VESlcare} 
Tiotropium (Spirive) 
Toltarodina IDetroll 

Tropicamida (Mydriacyl} 
Trospium (Sanctura XA, Trvsecl 

&111llon Bllcldng Dn111 
Mec1myl1mine 1Vec1myll 

Skllltll Mu1Cle Rllmalnts 
lflllllHUllClllv lllor:tilf ,,,.,. 
Atr1i;urium IAtrecurium Bnylate 

Injection) 
Cisatracurium INimbu) 
Mivtcurium IMivai;ron) 
Pencuronium IPencuronium Bromide) 
Rocuronium IZemuron) 
Succinylcholine IAnectine, Quelh:inl 
Vecuronium (Norcuronl 

Spu11olytic Drvp 
Baclofen IG1blofen, Lioresal) 
Botulinum toxin-type A 

(OnabotlllinumtoxinA) (Botux) 
Botulinum toxin-type B 

(RimabotulinumtoxinBI 
Cyclabenaprine (Amrix, Faxmid) 
D1ntrolane ID1nlrium, Ryanodax) 
Diazepam !Valium) 
Matax1lon1 IMet1X1ll, Skllaxin) 
Mettlocartlamol IRobaxin) 
Orphenadrine (ganeric only) 
Tizanidine !Zanallex} 

lrqda11i11etic Ont• 
Albutarol {Provanlil HFA, 

Vantolin HFA) 
Apraclonidine llopidinel 
Brimonidine Ophlhalmic (Alphagan) 
Clonidine (Catapras) 
Dexmedetomidine IPrecede>cl 
Dextroamphetamine IDexedrine, 

ProCantral 
Dobutamine IDobutrexl 
Dopamine llntropinl 
Ephedrine IAkovaz) 
Epinaphrine IAdyphran, EpiPen) 
Fenoldopam ICorlopam} 
Formoterol IPerforomiat) 
Gu1n1b1nz (Wytensinl 

Guanfacine (lntuniv) 
Hydroxy1mphet1mine lwith 

tropic1mid1} (Paramyd} 
lsoproterenol U1uprel) 
Levalbutarol IXopenexl 
Mlltlprotllrenal (orciprenaline} 

(Alu pant) 
Meth1mphetamine (0Haxynl 
Methyldopa IAldom~ 
Methylphenidatll (Concerti, 

Ritalin) 
Midodrine 1Am1tine, Ap~Midodrine) 
Modlfinil (Provigil) 
Norepinephrine (nor1dran11inel 

(lavophedl 
Dxymet1zolin1 (Afrin Nasal Spray! 
Phanylephrine ISudafad PEI 
Pnudoephedrine ISudafed) 
Salmeterol (Serevent Diskusl 
Terbutaline (Bricanyl Turbuhaler} 
Tetr1hydrozoline (Visine Advanced 

Relief) 

Adrenervic R1eeptor Antl9onists 
Alfuzosin IUroXlltrll) 
Doxazocin {Cardure) 
Phenoxybenzamine IDibenzylina) 
Phentolamine (OraVerse) 
Prazotin (Minipreu) 
Silodosin IR1p1llo) 
T1m1ulo1in (Flomax) 
Terazoain IHytrinl 

Bltl.flaclflw Blackln 
Acebutolol (Sectrall 
Aunolol tTanonmin) 
Bisoprolol !Zebml 
Carved~ol ICoregl 
E•molol IBrevibloc) 
L1bet1lol INormodyna} 
Metoprolol IL<1pre1ml 
Nadolol ICorgardl 
Timolol IBlocadran} 
Penbutolol (Levl1ol) 
Pindolol IVi1bnl 
limolol IBlocadran) 



Review Test 

DirBCtions: Select the best answer for each question. 

1. A 42·year-old woman presents to her neurol· 
ogi.st for the management of chronic migraines. 
She complains of headaches that occur over 
15 days per month. After trying many interven­
tions fur migraine treatment and prevention, 
the neurologist decides to administer botull­
num toxin type A. What is the mechanism of 
action for this medication? 

(A) Block release of acetylcholine from storage 
vesicles 

(B) Block the synapse at ganglia 
(C) Block transport of choline into neurons 
(D) Inhibit acetylcholinesterase 
(E) Inhibit choline acetylttansferase 

2.. A 21-year-old man presents to the emer­
gency room with difficulty breathing. Upon 
physical examination, the physician notices 
that the patient is unable to speak in full 
sentences. In addition, he is tachypneic with 
a heart rate of 120 beats/min, and is using his 
accessory muscles on inspiration. The patient 
is diagnosed with a severe asthma attack and 
started on a Pt-receptor agonist. What is the 
inttacellular elfect for thJs medication? 

(A) Activates Gt-protein, resulting in inhibition 
of adenylyl cyclase 

(B) Activates Gq-protein, resulting in increase 
of phosphatidylinositol and calcium 
mobilization 

(C) Activates G,-protein, resulting in stimula­
tion of adenylyl cyclase 

(D) Allows passage of sodium through a 
ligand-gated ion channel 

(E) Binds to µ-receptors in specific areas of 
the brain 

1 A SO-year-old man is started on a new medi­
cation fur the management of acute postopera­
tive urinary retention. The medication also 
stimulates gastrointestinal motility, What is the 
mechanism of action for the new medication? 

(A) a-Agonist 
(B) ~-Antagonist 
(C) ~-Agonist 
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(DI Muscarinic agonist 
(E) Nlcotinic antagonist 

4. A 38-year-old man is brought to the emer­
gency room byhiswifewitll.symptoms ofsud­
den difficulty breathing, sweatiness, and amiety. 
He is a farmer and was spraying insecticide when 
the symptoms started to occur. According to his 
wife, the symptoms started around 25 minutes 
prior to their arrival. Aside from atropine, what 
other medication should be admini5tered? 

(Al Pancuronium 
(Bl Phenylephrlne 
(Cl Physostigmine 
(DI Pralidoldme 
(E) Propranolol 

5. A 63-year-old woman is started on a new 
medication fur the management of overactive 
bladder. Potential adverse effects include dry 
eyes and dry mouth. What is the mechanism of 
action for this medication? 

(Al a,,-Antagonist 
(Bl ~-Agonist 
(C) Inhibit acetylcholinesterase 
(DI Muscarinic antagonist 
(E) Neuromuscular blocker 

6. A 78-year-old man with Parkinson disease 
experiences worsening of his symptoms. He is 
already taking levodopa. The addition of which 
medication may help alleviate the patient's 
symptoms? 

(A) Benztropine 
(Bl Doxazocin 
(C) Reserpine 
(D) Timolol 
(El Tubocurarine 

1. A 66-year-old woman with a long history 
of heCIV)' smoking presents to her doctor with 
complaints of shortness of breath and chronic 
coughing for about 2 years. She says that her 
symptoms have been worsening in frequency. 
The doctor prescribes a bronchodilator with 
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minimal cardiac side effects. Which medication 
is most likely prescribed? 

(Al Albuterol 
(Bl Atenolol 
(Cl Ipratropium 
(DI Prazosin 
(El Pseudoephedrine 

B. A 34-year-old man presents to the emer­
gency room after an accident in which he inad­
vertently chopped off the tip of his index finger. 
He undergoes surgery for reattachment of the 
digit. and after sedation, a local anesthetic with­
out epinephrine is administered around the site 
of the injury. Why can't epinephrine be used? 

(Al Causes hypotension when administered 
with sedative agents 

(Bl Causes vasoconstriction and vascular 
ischemia 

(Cl Contraindicated in emergency surgery 
(DI Increases risk of blood loss during surgery 
(El Increases swelling of the tissues 

9. A 7-year-old boy is brought to the pediatri­
cian by his parents for complaints of hyper­
activity at school. He is also inattentive and 
impulsive at home. After a detailed interview, 
the physician prescribes an amphetamine­
containing medication for presumed attention 
hyperactivity disorder. How does this medica­
tion work? 

(Al Blocks effects of norepinephrine 
(Bl Directly acts on cholinoreceptors 
(Cl Indirectly acts on norepinephrine 

receptors 
(DI Inhibits epinephrine reuptake 
(E) Inhibits serotonin reuptake 

10. A 69-year-old man is started on terazosin 
for the management of benign prostatic hyper­
plasia. Which of the following adverse effects 
should the patient be counseled about? 

(Al Bronchospasm 
(Bl Drug abuse 
(Cl Heart failure 
(DI Postural hypotension 
(El Sedation 

11. A floor nurse pages the cardiologist about 
a patient with chest pain. The patient describes 
the pain as tight pressure and is demonstrably 
sweating and gasping for air. The electrocar­
diogram shows acute ST-segment elevations 
in inferior leads and the patient is diagnosed 
with a myocardial infarction. The patient is 

given oxygen, sublingual nitroglycerin, and 
morphine. What additional class of medication 
should the doctor prescribe? 

(Al a-Agonist 
(B) ~-Blocker 
(Cl Dopamine agonist 
(DI Muscarinic agoni.st 
(E) Neuromuscular blocker 

12. A 35-year-old woman presents to her 
primary care practitioner for a regular checkup. 
Her only complaint is recurrent migraine head­
aches, which have increased in frequency over 
the past year. On examination, her blood pres­
sure is elevated at 150/70 mm Hg. The doctor 
prescribes a medication that will help to prevent 
migraines and treat hypertension. Which medi­
cation did the doctor most likely prescribe? 

(A) Clonidine 
(Bl Hydrochlorothiazide 
(Cl Prazosin 
(DI Propranolol 
(E) Verapamil 

13. Intravenous administration of epineph­
rine to a patient results in a severe decrease in 
diastolic pressure and an increase in cardiac 
output. Which of the following drugs might 
the patient have previously taken that could 
account for this unexpected effect? 

(Al Atropine 
(Bl Phenylephrine 
(Cl Prazosin 
(DI Propranolol 

14. A 32-year-old woman presents to the emer­
gency room with ptosis, diplopia, and limited 
facial expressions. Further examination leads to 
a diagnosis ofmyasthenia gravis. Which medica­
tion can help manage the patient's symptoms? 

(Al Atropine 
(Bl Cyclopentolate 
(Cl Pralidoxime 
(DI Pyridostigmine 
(E) Tropicamide 

15. A 72-year-old man is prescribed oph­
thalmic pilocarpine for the management of 
elevated intraocular pressure. What is the 
mechanism of action for this medication? 

(Al Activates nicotinic cholinoceptors 
(Bl Blocks muscarinic cholinoceptors 
(Cl Inhibits acetylcholinesterase 
(D) Selectively inhibits peripheral activity of 

sympathetic ganglia 
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16. A 42-year-old woman experiences 
prolonged apnea following the administra­
tion of succinylcholine. The anesthesiologist 
attributes the prolonged effects to a heredi­
tary deficiency of which of the following 
enzymes? 

(A) Acetylcholinesterase 
(B) Cytochrome P4503A 
(C) Glucose-6-phosphate 

dehydrogenase 
(D) Monoamine oxidase 
(E) Plasma cholinesterase 

17. A 32-year-old woman is given succinylcho­
line with halothane during a procedure. Shortly 
after, she begins to experience hypercarbia, 
hyperthermia, sinus tachycardia, and muscle 
rigidity. Later, symptoms include hyperther­
mia. How would dantrolene help manage the 
patient's condition? 

(A) Act centrally to reduce fever 
(B) Block Ca2• release from sarcoplasmic 

reticulum 
(C) Induce contraction of skeletal 

muscle 
(D) Increase the rate of succinylcholine 

metabolism 
(E) Inhibit succinylcholine binding to 

nicotinic receptors 

18. A 62-year-old man is started on a new med­
ication for the management of hypertension. 
The new drug acts at prejunctional ~-adreno­
ceptors. Which of the following medications 
was prescribed? 

(A) Clonidine 
(B) Dobutamine 
(C) Dopamine 
(D) Metaproterenol 

19. Drug X causes an increase in blood 
pressure and a decrease in heart rate when 
administered to a patient intravenously. If an 
antagonist at ganglionic nicotinic receptors is 
administered first, drug X causes an increase 
in blood pressure and an increase in heart rate. 
Which of the following medications acts simi­
larly to drug X? 

(A) Curare 
(B) Isoproterenol 
(C) Norepinephrine 
(D) Propranolol 
(E) Terbutaline 

20. A 26-year-old woman presents to the emer­
gency room with poisoning from an insecticide 
containing an acetylcholinesterase inhibitor. 
Which of the following agents would help man­
age her symptoms? 

(A) Atropine 
(B) Bethanechol 
(C) Physostigmine 
(D) Pilocarpine 
(E) Propranolol 

21. A 50-year-old man is prescribed a musca­
rinic cholinoceptor agonist It produces vascu­
lar smooth muscle relaxation for the treatment 
of hypertension. The new medication promotes 
the release of which of the following substances 
from endothelial cells? 

(A) Acetylcholine 
(B) Histamine 
(C) Nitric oxide 
(D) Norepinephrine 

22. A 75-year-old woman arrives to the emer­
gency room with shortness of breath, fatigue, 
swollen legs, and a weight gain of 10 lb over 
a few days. After further examination, she is 
diagnosed with a heart failure exacerbation. 
Emergency treatment is best managed with 
which of the following drugs? 

(A) Dobutamine 
(B) Isoproterenol 
(C) Metaproterenol 
(D) Norepinephrine 
(E) Phenylephrine 

23. A 43-year-old man attends an appointment 
with his ophthalmologist. The doctor instills 
eye drops to produce mydriasis and cyclople­
gia. Which one of the following agents was most 
likely administered? 

(A) Atropine 
(B) Carbachol 
(C) Phenylephrine 
(D) Prazosin 

24. A 71-year-old woman is started on dobuta­
mine for the short-term management of cardiac 
decompensation. The direct cardiac effects of 
dobutamine would be blocked by which one of 
the following agents? 

(A) Clonidine 
(B) Isoproterenol 
(C) Metoprolol 
(D) Prazosin 
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25. A 68-year-old woman is prescribed oph­
thalmic timolol for the treatment of elevated 
intraocular pressure due to open-angle glau­
coma. Topical application of this medication to 
the eye would be expected to induce which of 
the following effects? 

(Al Decreased formation of aqueous humor 
(Bl Miosis 
(Cl Mydriasis 
(DI Increased outflow of aqueous humor 

26. A 23-year-old man presents to the phar­
macy with complaints of a bad cold. He asks for 
a medication that will offer temporary relief of 
nasal congestion. The pharmacist recommends 
phenylephrine nasal spray. What is the mecha­
nism of action for this medication? 

(Al Block ~-adrenoceptors for vasodilation 
(Bl Stimulate a-adrenoceptors for 

vasoconstriction 
(Cl Block nicotinic cholinoceptors for 

vasodilation 
(DI Stimulate muscarinic cholinoceptors for 

vasoconstriction 



Answers and Explanations 

1. Tha answer is A. Botullnum toxin blocks caldum-dependent exocytosis of acetylcholine from 
storage vesicles, producing paralysis. It can be injected around pain fibers that are involved 
in headaches. Botox enters the nerve endings near the injection site and blocks the release of 
chemicals involved in pain transmission; this can prevent activation of pain netwurb in the 
brain. Common sources ofbotullnum toxin include canned home goods and, in cases of infant 
botulism, honey. The condition is life threatening, and urgent care is necessary. Choline acetyl­
transferase is an enzyme that catalyzes synthesis of acetylcholine from an acetate and choline. 
Sodium-dependent transport of choline can be blocked by hemicholinium.. Enzyme acetylcho­
linesterase is responsible for catalyzing hydrolysis of acetylcholine. Acetylcholine synapses at the 
ganglia of many neurons and tissues, and this step is not blocked by botulin um toxin. 

2. Th1 answ1r is C. ~-Agonists, like albuterol, activate the G.-protein, which results in stimulation 
of adenylyl cyclase, with subsequent increase in intracellular cAMP. This allows for relaxation of 
bronchial smooth mu.scle and decreased airway resistance. Passage of sodium via ligand-gated 
ion channel is manifested by nicotinic acetylcholine receptors. .Activation of Gq·protein resulting 
in increase in phosphatidylinositol and calcium m.obilimtion refers to the mechanism of action 
of muscarinic receptor types M1 and Ms, as well as aradrenoceptors. Activation of Gq-protein 
resulting in increase in phosphatidylinositol and calcium mobilization refers to mechanism of 
action ofM1-cholinoceptors and aa-adrenoceptors. Finally, binding to µ-receptors in the specific 
areas of the brain describes the action of opioid agents. 

3. Th1 answ1r is D. Bethanechol is a type of muscarinic receptor agonist that is used clinically to 
ameliorate urinary retention. Nicotinic blockers such as trimethaphan are rarely used in clinical 
practice because of the lack of selectivity. a-Agonists such as epinephrine can be used in the 
management of acute bronchospasm (anaphyluis). Pr Blockers do not have direct effects on 
bronchial smooth muscle. ~-Agonists such as albuterol are used for the treatment of asthma. 

4. Tha answer is D. An acetylchollnesterase reactivator, like pralldoxlme, must be given within 
30 minutes of exposure to the insecticide. Due to the effects of "aging" (Le., strengthening of the 
alkylphosphoryl-serine bond formed between AChB and orgaoophosphate) it must be admln­
i&tered immediately. Physostigmine is a cholinesterase inhibitor that is occasionally used in atro­
pine or scopolamine poisoning. Propranolal is a ~-blocker used for hypertension as well as other 
indications. Phenylephrine is an a-agonist used for hypotensive emergencies. Pancuronium is a 
nondepolarizing inhibitor of acetylcholine that is used for muscle paralysis. 

5. The answer is D. Chybutyoio, tolterodine, trospium, and fesoterodine are indicated for overac­
tive bladder. They work by binding to muscarinic receptors located on the detrusor muscle of 
the bladder, suppressing involuntary contraction of the muscle. Neuromuscular blockers such 
as succinylcholine are used for anesthesia. ai-Antagonists such as terazosin are used for benign 
prostatic hypertrophy. !Ja-Agonists such as terbutaline can be used to suppress premature labor. 

&. The answ1r ii A. Benztropine, an antimuacarinic agent, is used as an adjunct for the treatment 
of Parkinson disease. Reserpine is a norepinephrine uptake inhibitor occasionally used for the 
treatment of hypertension. Doxazocin, an a-blocker, is 118ed for benign prostatic hyperplasia. 
Timolol is a P-blocker used fur glaucoma. Tubocumrine is a neuromuscula:r blocker used in 
anesthesia. 

7. Th1 answ1r is C. Ipratropium bromide is used extensively for chronic obstnu:tive pulmonary 
disease (COPD), which is the most likely diagnosis in this case. It acts by antagonizing musca­
rinic receptors in bronchial smooth muscle, thereby causing bronchodilation. Albuterol is also 
used for the treatment of COPD; however, it can cause adverse cardiac effects such as tachyair­
dia. Prazosin is an a-blocker used for benign prostatic hypertrophy. Alenolol is a P-blocker used 
for hypertension. Pseudoephedrine is an a-agonist used for nasal congestion. 
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8. The answer is B. Epinephrine is contraindicated as an anesthetic adjuvant for surgeries involv­
ing most facial structures, digits, and the penis, because of the risk of vascular compromise. 
This agent causes decreased blood loss for most other surgeries because of vasoconstriction. 
Although local anesthetic agents such as Marcaine or Xylocaine can cause mild local tis-
sue swelling, epinephrine does not; either way, it is not a contraindication for hand surgery. 
Epinephrine causes elevated blood pressure when administered systemically; however, it has no 
systemic side effects when administered locally. 

9. The answer is C. Amphetamine and similar compounds are stimulants used for treatment of 
attention deficit hyperactivity disorder (ADHD) in which they are thought to act centrally to 
increase attention span. Currently, there are no approved medications that inhibit reuptak.e 
of epinephrine. Blocking the effects of norepinephrine will not alleviate symptoms of ADHD. 
Direct-acting cholinoceptor agonists are not used in the treatment of ADHD. Serotonin reuptak.e 
inhibitors are used for depression and some other conditions. 

10. The answer is D. a 1-Adrenoceptor agonists, such as terazosin, may cause significant 
postural hypotension and should be prescribed carefully in the elderly population. 
Bronchospasm is a possible side effect of P-blockers. P-Blockers can also produce heart fail­
ure in some patients. Sedation is common with the use of some agents such as propranolol. 
Drug abuse can be observed in patients using centrally acting adrenoreceptor agonists such 
as amphetamine. 

11. The answer is B. ~-Blockers such as atenolol are an important part of management of acute 
myocardial infarction, along with oxygen, nitroglycerin, and morphine. They reduce sympathetic 
activity and heart contractility, thereby reducing the oxygen demand. a-Agonists such as phen­
ylephrine are used in the management ofhypotension due to shock. Muscarinic agonists such 
as pilocarpine can be used in the management of glaucoma. Neuromuscular blockers such as 
atracurium are used in anesthesia. Dopamine agonists are used in the management of Parkinson 
disease. 

12. The answer is D. The P-blocker propranolol is a good choice for an antihypertensive medica­
tion; however, it is also successfully used for other indications, such as prophylaxis of migraine 
headaches, situational anxiety, and hyperthyroidism-induced palpitations. The other choices 
are all acceptable antihypertensive medications, but from this list, only propranolol is used for 
migraine prophylaxis. 

13. The answer is C. Prazosin is the only drug listed that blocks postjunctional a 1-adrenoceptors 
and inhibits epinephrine-mediated vasoconstriction. 

14. The answer is D. Acetylcholinesterase inhibitors are often considered the first line of treatment 
of myasthenia gravis due to their safety and ease of use. Pyridostigmine is the usual drug of 
choice. Neostigmine is also available but not commonly used. Acetylcholinesterase inhibitors 
provide only symptomatic therapy and may not be sufficient in the management of generalized 
myasthenia gravis. 

15. The answer is B. Pilocarpine is a muscarinic cholinoceptor agonist. 

16. The answer is E. Plasma cholinesterase is responsible for the rapid inactivation of succinylcho­
line. Reduced plasma cholinesterase synthesis in end-stage hepatic disease or reduced activity 
following the use of irreversible AChE inhibitors may increase the duration of action. 

17. The answer is B. The patient most likely has malignant hyperthermia, a rare but potentially 
fatal complication in susceptible patients that results from a rapid increase in muscle metabo­
lism. Patients who experience this condition are genetically predisposed, with mutations in the 
skeletal muscle Ca.a+ -release channel of the sarcoplasmic reticulum (ryanodine receptor, RYRl). 
Malignant hyperthermia is most likely to occur when succinylcholine is used with the general 
anesthetic halothane. It can be treated with dantrolene, a skeletal muscle relaxant that binds to 
the RYRl receptor to inhibit the release of calcium from the sarcoplasmic reticulum. 

18. The answer is A. Clonidine acts at prejunctional ~-adrenoceptors and is used to treat hyperten­
sion. Metaproterenol is a selective ~2-adrenoceptor agonist. Dobutamine is a relatively selective 
P1 -adrenoceptor agonist. Dopamine activates both prejunctional and postjunctional dopamine 
receptors and also p1 -adrenoceptors. 
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19. The answer is C. In the absence of a nicotinic receptor antagonist, norepinephrine may result 
in a reflex baroreceptor-mediated increase in vagal activity. The presence of such an agent 
unmasks the direct stimulant effect of norepinephrine on heart rate. 

20. The answer is A. Atropine blocks the effects of increased acetylcholine resulting from cholines­
terase inhibition. Physostigmine indirectly activates cholinoceptors; bethanechol and pilocar­
pine directly activate cholinoceptors. Propranolol is a P-adrenoceptor antagonist. 

21. The answer is C. The release of nitric oxide activates guanylate cyclase, increasing guanosine 
3',5'-monophosphate (cyclic GMP) and sequestering calcium. This leads to a relaxation of vas­
cular smooth muscle. 

22. The answer is A. Dobutamine, a relatively selective P1-adrenoceptor agonist, increases cardiac 
output and lowers peripheral resistance. Metaproterenol has a relatively more selective action 
on the respiratory system than on the cardiovascular system. Phenylephrine and norepinephrine 
increase peripheral resistance. Isoproterenol increases heart rate. 

23. The answer is A. Atropine produces both mydriasis and cycloplegia (the inability to accom­
modate for near vision). Phenylephrine causes mydriasis without cycloplegia. Carbachol causes 
pupillary constriction. Prazosin is an a.-adrenoceptor antagonist. 

24. The answer is C. The p1-adrenoceptor antagonist metoprolol blocks the p1-adrenoceptor activity 
of dobutamine. 

25. The answer is A. P-Adrenoceptor blocking agents, such as timolol, reduce aqueous humor 
formation. 

26. The answer is B. Phenylephrine activates a.-adrenoceptors, producing vasoconstriction and 
resulting in nasal decongestion. 
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I. DIURETICS 

A. Introduction 

Drugs Acting on 
the Renal System 

1. Fu11elio11. Diuretics increase urine production by acting on the kidney (Pig. 3.1). Most agents 
affect water balance indirectly by altering electrolyte reabsorption or secretion. Osmotic agents 
affect water balance directly. 

2. Ell9al:ll. N11ri11r.tic diurBlics produce diureaia, associated with incH1sed sodium (N1+) 
u:cmion, which results in a concomitant loss of wmr and a reduction in extracellular volume. 

1 lsdie111io11s. Diuretic agents are generally Wied for the management of edema, hypertension, 
congestive heart failure ( CHF), and abnormalities in body fluid distribution. 

4. Adnne dfet:D. Diuretics can cause electrolyte imb1l1nce1, such as bypoblemia, hyponatre­
mia, and hypochloremia, and disnubances in acid-base balance. 
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B. Calllonic anhydrase inhibitors 
1. Spscifit: lf811'5 include acatazolamide and mathazolamide. 
2. llHllsaism at st:tion 

a. Carbonic anhydrase (CA) i8 an enzyme predominately found in the proximal convolulad 
tubule of the nephron. It catalyzes the dehydration of H2CC>s to C02 at the luminal. membrane 
and the rehydration of CC>z to H2CC>z in the cytoplasm (Fig. 3.2). 

b. CA inhibitors cause raversible inhibition of the carbonic anhydrase enzyme leading to 
reduced sodium and bicarbonate re.absorption and, therefore, incraased excretion of 
sodium, bicarbonate, and water (Fig. 3.2). 

3. lndit:Blian& CA inhibitors are rarely used as diuretics. 
a. These drugs are most useful in the treatment of glaucoma. They reduce aqueous humor 

production and, consequently, reduce ocular pre&SUre. 
b. They may be used to produce alkalinizatian of urine to enhance renal secretion of uric acid 

and cysteine. 
c. They may be used for prophylaxis and treatment of acute mountain sickness. 
d. CA inhibitors are sometimes used as an adjuvant treatment for epilepsy, but the develop­

ment of tolerance limits their use. 
4. Atlnts• •""'* and contnindication 

a. Metabolic acidosis may occur due to a reduction in bicarbonate stores. Urine alkalinity 
decreases the solubility of calcium ( Ca2+) salts and increases the risk for renal calculi forma­
tion (kidney stones). Patauiwn (K•I wasting may be severe. 

b. Drowsiness and paresthesias are common following large doses. 
c. These agents are sulfonamide derivatives; therefore, precaution must be used in patients 

with a sulfa allergy. 
d. The use of these drugs is contraindicated in the presence of hepatic cirrhosis. 

Lumen of 
proximal tubule 

Apical 
membrane 

Basolateral 
membrane 

R6URE U Proximal Ulbule cell: site of action for carbonic anhydrase inhibitors. (Reprinted with pennission from 
Golan D. Principles of Phannac:ology. 4th ed. Philadelphia, PA: Wolters Kluwer Health, 2016, Fig. 21.6.) 
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C. Loop diuretics 
1. Sp1t:itit: 1pldsinclude furosemide, bumetanide, torsemide, and ethacrynic acid. 
2. lllBDll1ni•m af llCliOll. Loop diuretics Inhibit active sodium chloride (NaCl) reabsorptton in the 

thick ascending limb af the loop of Henle by inhibiting the activity of the Na+Jl(tflCl-symporter 
(NXcC2) (Fig. 3.3). Diuresis occurs within 5 minutes of intravenous {IV) administration and 
within 30 minutes of oral administration. 
a. Because of the high capacity for NaCl reabsorptioo in this segment, agents active at this 

site markedly increase water and electrolyte excretion and are referred to as high-ceiling 
diuretic•. 

b. They also reduce the lumen-positive potential (Fig. 3.3); therefore, magnesium (Mg2') and 
calcium (Cai+) excretion is increased. 

c. They black the kidney's ability ta cancenlrete urine by interfering with an important step in 
the production of a hypertonic medullary interstltiwn. 

d. Loop diuretics cause increased renal prostaglandin production, which accounts for some of 
their activity. Nonsteroidal anti-inftammatory drugs (NSAlDs) can reduce the effectiveness 
ofloop diuretics. 

3. Indication• 
a. Loop diuretics are used in the treatment of conglllive heart failure by reducing acute pulmo­

nary edema and edema refractory to other agents. When administered with thiazide diuretics, 
they have a synergistic effect. 

b. These agents are used to treat hypertension, especially in individuals with diminished renal 
function. They reduce plasma volume and total peripheral resistance. 

c. They may be used to treat acute hypercalcemie due to hyperparathyroidism or malignancy. 
d. These drugs are often effective in producing diuresis in patients responding maximally to 

other types of diuretics. 
4. AIWetn effects and c0Rlrlliadicatiat1• 

a. Loop diuretics produce hypatension and volume depletion. 
b. They can cause hypakalamia due to enhanced secretion ofK+. They may also produce alkalo-

1i1 due to enhanced H• secretion. Mgz+ wasting can occur with chronic use. 
111 The risk of cardiac glycoside (digoxin) toxicity increases in the presence of bypokalemia. 

c. Loop diuretics can cause dose-related ototoxicity, more often in individuals with renal 
impairment. 
111 These effects are the most pronounced with ethacrynic acid. 
121 These agents should be administered cautiously in the presence of renal disease or with 

the use of other ototmic agents, such as aminoglycosides. 

RGURE 3.3. Thick. ascending limb of loop of 
Henle: site of action for ID op diuretics. I Re printed 
with permission frDm Golan D. Principles af 
Pharmacology. 4th ed. Philadelphia, PA: 
Wolters Kluwer Health, 2016, Fig. 21.7.J 
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d. All loop diuretics, except ethacrynic acid, are suffonamides; therefore, precaution muat be 
used in patients with a suJfa allergy. 

D. Thiazida and thiazida-lika diuretics 
1. Sp•r:ifit: .,.,,,. 

a. True thiazides include chlorothiazide and hydrochlorothiazide. Chlorothiazide is the only 
thiazide available for parenteral use. 

b. Thiazida-lika drugs include metalazane, chlorthalidana, and indapamida. 
111 They have properties similar to thiazi.de diuretics but may be effective in the presence 

of renal impairment. 
2. Met:b1111i1R1 al st:lian. Thiazide diuretics inhibit active re.absorption of NaCl in the distal 

convoluted tubule by blocldng the Na+-CI-catranspartar (NCC) (Fig. 3.4). This results in the net 
excretion of sodium and an accompanying volume of warer. Diure3is occurs within 1 to 2 holll'lii. 
a. They decrease the diluting capacity of the nephron. 
b. These agents increase excretion ofNa+, Cl-, K+, and, athlgh doses, bicarbonate (HC03 -). They 

also reduce excretion of Ca:r+. 
1 lndit:lltifJllS 

a. Thiazide diuretics are the preferred class of diuretic for the treatment of essential hypemn­
sian when renal function is normal. 
111 They are often used in combination with other antihypertensive agents to enhance their 

blood pressure-lowering effects. 
121 They reduce plasma volume and total peripheral resistance. 

b. These agents reduce the formation of new calcium stones in idiopathic hypercalciuria. 
Thiazi.de diuretics may be useful in patients with naphroganic diabat11 insipid Ill that is not 
responsive to anti.diuretic hormone (ADH). 

c. They are often used in combination with a potassium-sparing diuretic to manage edema 
associated with renal dysfunction, hepatic cinhosis, heart failure, and hormonal imbalances. 

4. Atlnts• •flettll and t:ontnindit:trlion 
a. Thiazide diuretics produce electrolyte imbalances such as hypokalemia, hypanatremia, and 

hypen:alcemia. Potassium supplementation may be required. 
b. The risk of cardiac glycoside (dlgoxin) tnxl.cl.ty increases in the presence of hypokalemia. 
c. These agents often lllYlll serum Uratl, presumably as a result of competition for the organic 

anion carriers (which also eliminate uric acid). Gout-like symptoms may appem:. 

RGI&: :U. Distal convolutlld tubule: situ of 
action far thiazide and thiazide·like diuret· 
ics. (Reprintlld with pennission from Golan D. 
Principles Df PharmacoloQY.4til ed. Phil1dalphi1, 
PA: Woltars Kluwer Health, 2016, Fig. 21.8.) 
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d. Thiazide diuretics can cause hyperglycemia (especially in patients with diabetes), hypertri· 
glyceridemia, and hypercholastarolamia. 

e. These agents are suHonamide darivalivas; therefore, precaution must be used in patients 
with a sulfa allergy. 

E. Potassium-sparing diuretics 
1. Sper:ifir: qentsinclude spiranalactane, eplerenane, amilaride, and triamlerene. 
2. MRll•aism of IH:lian 

a. Potassium-sparing diuretics reduce Na+ reabsorption and K• 11cretion by antagonizing the 
effects of aldosterone :In the collecting tubule. 

b. Spironolactona and eplerenone inhibit tile action of aldosterone by competitively binding 
to the minenlocorticoid receptor and preventing subsequent cellular events that regulate 
K• and H• secretion and Na• reabsorption. An important action is a reduction in the blo· 
synthesis of epithelial Na• channel (ENaC) in the principal cells of the collecting duct 
(Fig.3.5). 

RGURE 3.5. Cortical collecting duct site 
of action for potassium-spa ring d iu reties. 
(Reprintad with permission from Golan D. 
Principles of Pharmacology. 4th ad. 
Philadalphia, PA: Wolten; Kluwer He1lth, 
2016, Fig 21.9.) 

Aplcal 
membrane 

BuolllleraJ 
membrane 



60 BRS Phannacology 

(1) These agents are active only when endogenous mineralocorticoid is present; the effects 
are enhanced when honnone levels are elevated. 

(2) Epler1non1 is highly 11l1ctin for the mineralocorticold receptor. 
(3) Spironolactant binds to other nuclear receptors such as the androgen receptor or 

pragntarone receptor. ThJs may lead to additional side effects. 
(4) Therapeudc effects are achieved only after several days. 

c. Amiloride and triamterene bind to and block the ENaC and thereby decrease absorption of 
Na• and excretion of K• in the cordcal collecting tubule, independent of the presence of min­
eralocorticoids (Fig. 3.5). 
(1) These drugs produce diuretic effects 2-4 hours after oral administration. 

3. lndic•tion• 
a. Spironolactone and eplerenone are not potent diuretics when used alone. 

(1) They are primarily used in combination with 1hiazide or loop diuretics to treat hyperten­
sion, CHF, and refractory edema. 

(2) They are also used to Induce diuresis in clln1cal situations associated with hyperaldoste­
ronism, such as in adrenal hyperplasia. 

b. Amiloride and triamterene are used to manage CHF, cinhosis, and edema caused by second­
ary hyperaldosteronism. They are available in comblnadon products containing thiazl.de or 
loop diuretics to treat hypertension. 

c. Often times, they are used as an adjunct to other diuretic agents to prevent K• 1011. 

4. AdnrH 11ftt:ts •nd contrlistlit:«ion 
a. All potassium-sparing diuretics can cause hypelkalemia. 

(1) Precaution mu.st be taken since this can lead to cardiac arrhythmias. 
(2) The risk is increased in patients with chronic renal insufficiency and in those who take 

medications that inhibit renin (NSAIDs) or angiotensin U (angiotensin-converting 
enzyme lllhlbitors). 

b. Hyperchloremic metabolic acidosis may occur due to lllhlbitlon ofH• and K• secretion. 
c. Spiranolactone is associated with gyntcomastia in men and can also cause menstrual abnor­

malities in women. 

F. 01111otic diuretics 
1. Specific •1111t. Mannitol. 
2. M1ell111i1111 of action. Mannitol is easily fihered at the glomerulu.s but poorly reabsorbed. It 

increases the osmotic pressure of the glomerular filtrate, which inhibits reabsorplion of water 
and alectrolytes and increases wine output 

3. lndit:1tians 
a. Mannltol is commonly used to reduce intracranial prauure due to trauma and to reduce 

inlraocular pntllllre prior to a surg1cal procedure. 
b. It ls used in prophylaxis of acute renal failure resulting from physical trauma or surgery. 

Even when filtration is reduced, sufficient mannitol usually enters the tubule to promote 
urine output. 

4. AtlntH 11ftt:ts •nd contrlistlit:«ion 
1. The osmotic forces that reduce intracellular volume ultimately expand extracellular volwne; 

therefore, precaution mu.st be taken in patients with CHF or pulmonary congestion. 
b. The volume expansion may cause adverse effects such as headache and nausea. 

II. ANTIDIURETIC DRUGS 

A. Agents 1h11 influence the action of anlidiurelic hormone (ADH) (vasopressin) 
1. Agents that influence the action of ADH will influence the permeability of the luminal surface of 

the medullary collecting duct to water by causing water-specific water channels ( aquaporin 1I) 
to be inserted into the plasma membrane (Fig. 3.6). 
a. Under conditions of dehydration, ADH levels increase to conserve body water. 
b. Agents that elente or mimic ADH have an antidiuretic effect 
c. Agents that lower or antagonize ADH have a diuretic effect. 
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FIGURE S.&. Madullary collecting duct site of 
action for ADH agonists and antagonists. 
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d. Vasopressln binds to three receptors: Y,1 !n the vasculature, V0 1n the brain, and Yz 1n renal 
collecting ducts. 

Z. V11opre11in and v11opre11in analogs 
a. Sp1cific •I•'* include vaaopreain and d1Smopreain (DDAVP). 
b. Indications 

(1) These agents are useful in die management of cenlral diabetes insipidus. 
(2) D11111oprnsin Is also used to treat nocturnal enuresis. 
(3) Studies have suggested that vasopress!n and its analogs are useful to maintain blood 

pressure in patients with septic shack and to increase clotting factor VIII In some 
patients with type I von WWebrand disease. 

c. Ahern dlects and colftnlisdic1tion1. These drugs can produce serious cardiac-related 
edwerse effects, and they should be used with caution 1n individuals with coronary artery 
disease. Hyponatremia occurs in about 5% of patients. 

3. ADH a1t1111onist1 
a. Sp1cific •I•'* include conivaptan (a mixed v •• and V2 antagonist) and tolvaptan (a Vi 

selective antagonist). 
b. lndiclltions. Canivaptan is approved for the treatment of hypervolemic hyponatremia and 

syndrome of inappropriate ADH (SIADH). Tolvaptan is approved for treating hyponalnlmia 
associated with CHF. cinflosis. and SIADH. These agents may be more ell'ective in treating 
hypervolemla in heart failure than diwetics. 

c. Adntn 1lfrlcts may include nausea and xerostomla. Rapid correction of hyponatremia 
(> 12 mBq/L/24 h) may cause osmotic demyelinatian. 
(1) Symptoms of osmotic demyelinatian may include lethargy, confusion, behavioral 

disturbances, movement disorders, paresis, or seizures. 
d. Nonreceptor antlgoniata of ADH action include demeclocycline and lithium cartlonltl. 

They may be useful in the treatment of SIADH. 
(1) Adverse effects of demeclocycline 

(a) It may cause photosensitivity. 
(b) Dose-dependent nephrogenic diabetes insipidu.s is common with use (reversible 

on discontinuation). 
{c) It may lead to tooth discoloration or tissue hyperpigmentation in children. 
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based on plasma elec1rolyte changes. 

- DRUG SUMMARY TABLE 

Saa Figura 3. 7 
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Chlorothiazid 11 (Diu rill 
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Pot1nilim-l111rin1 Dilrllica 
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Review Test 

Directions: Select the best answer for each question. 

1. A35-year-old woman presents to her 
primary care office for her annual physical 
examination. She has no complaints. On exami­
nation, her blood pressure is slightly elevated 
at 145/85 mm Hg. She is physically fit and 
follows a healthy diet Her doctor prescribed 
hydrochlorothiazide. What is the mechanism of 
action of this medication? 

IAI Decreases net excretion of chloride, 
sodium, and potassium 

IBI Increases excretion of calcium 
(Cl Inhibits reabsorption of sodium in the 

early distal convoluted tubule 
(DI Inhibits reabsorption of sodium in the 

thick ascending limb of the loop of Henle 
IE) Interferes with potassium secretion 

2. A 7-year-old boy is brought to his pediatri­
cian's office by his mother. He complains of 
sharp pain in his flanks, as well as dysuria and 
frequency. The doctor orders a 24-hour urine 
calcium test, and the results are abnormal. After 
additional work-up, the child is diagnosed with 
idiopathic hypercalcl.uria and is started on a 
new medication. Which of the following medi­
cations was most likely pre.cribed? 

(Al Acetazolamide 
Ill Furosemide 
ICI Hydrochlorothiazide 
IDI Mannitol 
IE) Spironolactone 

3. A 45-year-old mm with a history of hyper­
tension treated with diuretic therapy presents 
to his doctor with complaints of a painful, 
swollen left big toe. Further testing reveals 
increased uric acid levels. Which of the follow­
ing medications most likely caused this patient 
presentation? 

(Al Acetazolamide 
111 Amiloride 
ICI Hydrochlorothiazide 
IDI Mannitol 
IE) Spironolactone 

4. A 63-year-old woman with euvolemic 
hyponatremia due to heart failure was started 
on a medication to help with the excretion of 
free water with minimal electrolyte loss. The 
physician decided to check labs frequently due 
to the concern for osmotic demyelination. What 
medication was most likely prescribed? 

IAI Bumetanide 
Ill Desmopressin 
IC) Eplerenone 
IDI Mannitol 
IEI Tolvaptan 

5. A 66-year-old woman suffers from a myo­
cardial infaretion while in the hospital and 
immediately goes into respiratory distress due 
to Dash pulmonary edema. Along with the 
management of the myocardial infarction, the 
doctor starts her on furosemide therapy. What 
is the mechanism of action of this agent in 
treating pulmonary edema? 

IAI Alteration of the diffusion of water rela­
tive to sodium, thereby reducing sodium 
reabsorption 

IBI Inhibition of action of aldosterone by 
binding to its receptor in principal cells of 
the collecting duct 

ICI Inhibition of active reabsorption ofsodium 
chloride at the distal convoluted tubule 

IDI Inhibition of active reabsorption of sodium 
chloride at the thick ascending limb of the 
loop of Henle 

IEI Reduction of bicarbonate reabsorption 
and concomitant sodium uptake 

6. An 87-year-old woman is admitted to the hos­
pital and started on gentamicln for the treatment 
of an intra-abdominal infection. After 3 days of 
therapy, she complains of dizziness and tinnitus. 
The doctor is concerned about a drug interaction 
between the gentamlcin and one of her medica­
tionB used for swelling. Which of the following 
agents was the patient most lllcely taking? 

IAI Ethacrynic acid 
IBI Hydrochlorotbiazlde 
ICI Mannitol 
IDI Urea 
IEI Spironolactone 
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7. A 54-year-old man develops congestive 
heart failure ( CHF) after suffering his second 
myocardial infarction. His physician starts him 
on several new medications, including furose­
mide. At the follow-up examination, the patient 
is found to have hypokalemia. The addition of 
which medication may help resolve the hypo­
kalemia and treat the CHF? 

tA) Acetazolamide 
tB) Allopurinol 
tC) Ethacrynic acid 
tD) Hydrochlorothiazide 
tE) Spironolactone 

8. A 60-year-old man presents to his family 
physician for his annual physical. On exam, 
the patient is hypertensive. Laboratory results 
show low levels of potassium, high levels of 
aldosterone, and low levels of renin. The patient 
is diagnosed with Conn syndrome, or hyperal­
dosteronism. A computed tomographic (CT) 
scan of the abdomen reveals bilateral adrenal 
hyperplasia, which renders the patient inoper­
able; therefore, he is started on spironolactone. 
What is the mechanism of action of this agent? 

tA) Block the mineralocorticoid receptor in 
the collecting tubule 

tB) Increase cAMP for increased water 
permeability at the renal tubule 

tC) Increase osmolarity of the glomerular fil­
trate to block tubular reabsorption of water 

tD) Inhibit activity of the Na+ /K+ /2c1- sym­
porter in the thick ascending limb of the 
loop of Henle 

tE) Inhibit carbonic anhydrase to blunt 
NaHC03 reabsorption in the proximal 
convoluted tubule 

9. A 45-year-old woman with a long history of 
alcohol abuse presents to her physician for the 
treatment of cirrhosis-associated ascites. She is 
started on a new diuretic to improve the edema 
caused by cirrhosis. One month later, the 
patient returns for a check-up and her blood 
work shows the following results: 

Na+ 136 mEq/L (normal: 136-145 mEq/L) 

Bicarbonate 23 mEq/L (normal: 22-28 mEq/L) 

K+ 5.2 mEq/L (normal: 3.5-5.0 mEq/L) 

Caz+ 9.9 mg/dL (normal: 8.5-10.5 mg/dL) 

Uric acid 5.2 mg/dL (normal: 3.0-8.2 mg/dL) 

Which of the following medications was most 
likely prescribed to the patient? 
tA) Acetazolamide 
tB) Amiloride 
tC) Furosemide 
tD) Hydrochlorothiazide 
tE) Torsemide 

10. A 57-year-old man develops progressive 
vision loss with a sensation of pressure behind 
his eyes. The ophthalmologist diagnoses the 
patient with glaucoma. To prevent further pro­
gression of the disease and to alleviate current 
symptoms, the physician starts the patient on 
acetazolamide therapy. What is the mechanism 
of action of this medication? 

tA) Increases excretion of hydrogen 
tB) Increases rate of formation of bicarbonate 

in the aqueous humor 
tC) Increases uptake of sodium in the proxi­

mal tubule 
tD) Inhibits carbonic anhydrase in all parts of 

the body 
tE) Reduces reabsorption of bicarbonate 

11. A 50-year man with mild hypertension 
presents to his physician with complaints of 
discomfort in his chest. He has slightly enlarged 
fat deposits in his breasts with prominent 
nipples. Which of the following medications 
most likely caused this patient presentation? 

tA) Acetazolamide 
tB) Amiloride 
tC) Hydrochlorothiazide 
tD) Metolazone 
tE) Spironolactone 

12. A 56-year-old man was admitted to the 
hospital for worsening of his congestive heart 
failure; diuretic therapy is needed for the treat­
ment of edema. The patient has a history of 
anaphylaxis to trimethoprim/ sulfamethoxazole. 
What would be the most appropriate diuretic 
agent to prescribe? 

tA) Acetazolamide 
tB) Bumetanide 
tC) Chlorthalidone 
tD) Ethacrynic acid 
tE) Torsemide 



Answers and Explanations 

1. The answer is C. Thiazide diuretics inhibit active reabsorption ofsodium chloride in the early 
distal convolured tubule of the nephron by interfering with the Na/Cl cotransporter, resulting in 
net mccretion of sodium and warer. These agents increase net excretion of chloride, sodium, and 
potassium. They decrease excretion of calcium. Inhibiting reabsorption of sodium chloride in 
the thick ascending limb of the loop of Henle describes the mechanism ofaction ofloop diuret­
ics. Interfering with potassium secretion refers to mechanism of action of potassium-sparing 
diuretics. 

Z. The answer is C. Thiazl.de diuretics, like hydrochlorothiazide, decrease eKCietion of calcium and 
thua can be uaed for idiopathic hypercalclurla. Loop diuretics, such as furosemide, stimulate 
tubular calcium excretion and can thus be used to treat hypercalcemia. Carbonic anhydrase 
inhibitors (acetazolamlde), potassium-sparing diuretics (splronolactDne), and osmotic diuretics 
(mannitol) do not have a Blgnlflcant impact on net calclum balance. 

1 1111 answer is C. The patient is most likely experiencing a gout attack. Hydrochlorothiazide, a 
tbi.azide diuretic, can precipitate a gouty attack in predisposed individuals; this is because these 
agents increase serum uric acid as a result of competition for the organic acid carriez. Loop 
diuretics can also have this effect. The other agents listed do not have a significant impact on uric 
acid levels. 

4. 1111 answer is E. Tolvaptan, a vasopresain receptor antagonist, increues the excretion of free 
water without serum electrolyte loss to help with net fluid loss. It is indicated for hypona­
tremia, although caution must be used since rapid correction can potentially cause osmotic 
demyelination. 

5. The answer is D. Loop diuretics inhibit active NaCl reabsorption in the thick ascending limb 
of the loop of Henle by inhibiting a specific Na• /K• /2C1- cotransporter. Inhibition of action 
of aldosterone by binding to its receptor in principal cells of the collecting duct describes the 
mechanism of action of potassium-sparing diuretics. Reduction of bicarbonate reabsorptl.on and 
concomitant sodium uptake refers to carbonic anhydrase inhibitors. Inhibition of active reab­
sorption of sodium chloride at the distal convoluted tubule describes thiazide diuretics. Finally, 
alteration of the diffusion of water relative to sodium, thereby reducing sodium reabsorption, 
refers to osmotic diuretics. 

6. The an1Wer ii A. Ototoxicity, as demonstrated by tinnitus and dizziness, is a potential adverse 
effect ofloop diuretics, especially ethacrynic acid. This effect is magnified when aminoglyco­
side antibiotics are added to the regimen. The other diuretic classes are not assoclared with 
ototmdcity. 

1. 1111 answer is E. Spironolactone is commonly added for the treatment of CHF since it counter­
acts the loS& of potassium caused by the loop diuretics, such as furosemide. This agent is also 
effective in reducing the symptoms of refractory edema. Allopurinol is not used to treat CHR 
Hydrochlorothiazide will ~cerbate hypokalemia caused by the loop diuretics. A.cetazolamlde 
will not counteract hypokalemia. Hthacrynic acid is an ~pie of another loop diuretic. 

l 1111 an1Wer is A. Spironolactone interreres with the action of the mineralocorticoid receptor and 
prevents cellular events that regulate potassium and hydrogen secretion and sodiwn reabsorp­
tion. Splronolactone is an antagonist of mineralocorticoid receptors. It decreases the synthesis of 
sodium channels in the principal cells of the collecting ducts. 

9. The answer is B. Amiloride, a potassium-sparing diuretic, can cause increased potassium levels. 
Hyperkalemia, a potentially life-threatening side effect, should be recognized as a possible result 
of amiloride use. The other agents are not potassium-sparing diuretics and are more likely to 
cause decreased potassium levels. 
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10. The answer is D. Acetazolamide belongs to a class of medications termed carbonic anhydrase 
inhibitors. These agents reduce bicarbonate reabsorption in the proximal tubule. They inhibit 
carbonic anhydrase in all parts of the body, including the aqueous humor, which makes these 
agents very useful in the treatment of glaucoma. Acetazolamide inhibits excretion of hydrogen 
and concomitant sodium uptake. 

11. The answer is E. Spironolactone antagonizes the action of the mineralocorticoid, progesterone, 
and androgen receptors. Inhibition of androgen receptors can lead to gynecomastia and breast 
tenderness, most often in men. 

12. The answer is D. The best option for a patient with a severe allergy to sulfa is ethacrynic acid. 
Diuretics that do not contain a sulfonamide group (such as amiloride, eplerenone, ethacrynic 
acid, spironolactone, and triamterene) are safe for patients with an allergy to sulfa. All other 
diuretics listed have the potential for cross-allergenicity (including anaphylaxis and skin rash) 
with sulfonamide-related compounds. 
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Drugs Acting on the 
Cardiovascular System 

I. ANTIHYPERTENSIVE DRUGS 

A. Principles of blood pren11re regulation 
1. Blood pre1111re is regulated by cardiac output, peripheral vascular resl.&tance, and intrava&cular 

volume (controlled at the kidney). 
2. 81nmlfluu adjust momBnt-ta-mamant blaad pressure. Carotid baroreceptors respond to 

stretch. and their activation inhibits sympathetic discharge. 
3. The ranin-engiat.nsin system provides tonic, longer-term regulation of blood preasure. 

Reduction in renal perfu&ion preasure results in increased reab&orptl.on of salt and water. 
Decreued renal preaaure sd:mulates renin production and leads to enhanced levels of angio­
tensin II. This agent, in tum, causes resistance vessels to constrict and stimulates aldosterone 
synthesis, which ultimately increases the absorption of 8Cldium and water by the kidney. 

B. Gail oftherepy 
1. The goal of the therapy is to reduce elt'VDd blood prt..,rt, which could ultimately lead to 

1nd-org1n d1m1ge, incl'9and risk of stroke, and myoc1rdi1I inflrctian (Ml) if left uncontrolled. 
2. This goal la achieved through the use of various drug clasaea, and treatment often involves a 

cambinatian af 1g1nts (Table 4.1). 

C. Principles aftlle renin-angiotensin system 
1. Several parameters regulate the release of renin from the kidney cortex. 

I. Reduced arterial pressure, decreased sodium delivery to the cortex, increased sodium at the 
distal tubule, and stimulation of sympathetic activity all increase renin release. 

Z. Renin cleaves the protein angiotensinogen and releases angiotensin I (ATl). 
1. Angiotensin I is converted to angiotensin ][by the activity of angiotensin-converting enzyme 

(ACB). 
b. Angiotensin II is a potent va&0constrictor and stimulates the release of aldoaterone, causing 

sodium and water retention. 
3. Angioten&in II acts on several subtypes of angtoten&in receptors. 

1. The preaaor actions of angtotenstn Il are mediated by ATl receptors. 
4. Angioten&in n can alao be produced locally in the myocardium, kidney, adrenala, or vessel 

walls by the action of chymaaea and cathepstns. 
5. Drugs that interfere with the biosynthesis of angiotenstn n (ACE inhibitors), or act as antago­

nists of angiotensin receptors (angiotensin receptor blocken [ARBs)), are indicated in all 
patients with left ventricular (LV) dysfunction. whether symptomatic or asymptomatic. 
I. Since angiotensin I is produced 'Via pathways other than the ACB pathw.y, angiotensin II 

receptor antagonists may be more effective and specific in reducing angiotenain II actions. 
b. ACB inln'bitors are becoming increasingly important in the treatment of congestive heart fail. 

ure ( CHF) and have been shown to prevent or slow the progression of heart failure in patient!! 
with ventricular dyafunctl.on. 

c. Agents that inhibit ranin activity are also useful for treatl.ng hypertenaion. 

&1 



t a b I e 4.1 
Class 

Antihypertensive Drugs 

Drug 

Diuretics 

Thiazide and thiazide-like diuretics 

Loop diuretic1 

Potauium-spuing diu reties 

Peripheral symp1thalytic1 

11-Adrenergi c antagonists 

a,- and 11-Adrenoceptor antagonist1 

a,-Ad renoceptor antagonists 

Inhibitors of r1nin--illngioten1in 

Angioten1in-converting enzyme {ACE) 
inhibitors 

Angiotensin 11 receptor antagonists 

Renin inhibitor 

Calcium channal blockers 

Cannl 1J111Pat11o1y11cs 

Adrenergic neuronal blocking drugs 

Yl11lllllt01'1 

Arteriole r v11odilators 

Arteriolar and venule v11odilator 

Chlorothiazide, hydrochlorothiazide, 
chlorthalidone. metolazone. indapamide 

Furoaemide, bumatanide, ethacrynic acid 

Triamterene. spironolactone, amiloride 

Nonselec1ive {111 and p.~ propranolol, timolol, 
nadolol. pin dolol, penbutolol. c arteolol 
11,-Selective; acebutolol, atanolol, matop rolol 

Carvedilol, labetalol 

Prazosin, tarazosin, doxazosin 

Captopril, enalapril, lisinopril, ramipril, quinapril 

Lo11rtan potaasium 

Aliskiren 

Nie ardipine, nifedipine, felodipine 

Methyldopa, clonidina, guanabenz 

Guanadrel 

Hydralazine, minoxidil 

Sodium nitropru11id1 

Advarsa Effects 

Hypokalemia, hyperuricemia, hyperglycemia 

Hypokalemia, hypomagnesamia, hyperuri cemia, 
hypocalcemia, hypotension, volume depletion 

Hyperkalam ia 

Fatigue, raduc1d 1Xerci11 toler1nca, 
bradycardia, masked hypoglycemia 

Similar to other j3-blockers; more likely to cause 
orth ostatic hypotension and sexual dysfunction 

First-dote syncope, orthostatic hypotension 

Hyperkalam ia, cough 

Hyperkalem ia, cough 

Hyperkalam ia 

Peripheral edema 

Dry mouth, aedation, lethargy, da prassion 

Orthostatic hypotension; severe hypotension in 
pretence of pheoch romocytoma 

Lupus-like syndrome may occur with 
hydralazine; minoxidil may cause severe volume 
retention 

Excaasive d1crHS1 in blood presaure m1y 
occur 

Indications 

Monotherapy to treat moderate hypertension; in 
combination with other classes of drugs to treat save re 
hypertension 

Used in hypertension refractory to thiazide diuretics; 
u111d in the preSBnce of azotemia 

Used in combination with a thiazide or loop diuretic to 
avoid potassium depletion 

Hyp1rtension; may be combined with a diuretic 
for additive effects, or with a diuretic plus an 
a-adrenoceptor antagonist for resistant hypertension; 
also diminish cardiac oxygen demand 

May be useful in CH F 

Monotherapy for mild-to-moderate hypert1nsion; 
may be useful with a diuretic and a 11-adrenoceptur 
antagonist 

Mild-to-severe hypertension 

Mild-to-severe hypertension 

Mild-to-severe hypertension 

Hypertension 

Chronic hypertension 

Severe refractory hypertension 

Hypertension refractory to p-blocker/thiazide diuretic 
combination 

Em1rgency situations wher1 rapid reduction in blood 
pressure is desired 
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D. Diuretics (see Chapter 3) 
1. Diuretics increase sodium excretion, lower blood volume, and reduce total peripheral resistance. 
2. Thiazide diuretics, loop diuretics, and potassium-sparing diuretics can be used for the manage­

ment of hypertension. 
3. Thiazids diulfJtics 

a. Thiazide diuretics are effective in lowering blood pressure 10-15 mm Hg. 
b. When administered alone, they are used for mild or moderate hypertension. 
c. They may be used in combination with sympatholytic agents or vasodilators in severe 

hypertension. 
4. Loop diuretics are used in combination with sympatholytic agents and vasodilators for hyper­

tension refractory to thiazide treabnent. 
5. Pot&ssium-sparing diuntics are used to avoid potassium depletion, especially when adminis­

tered with cardiac glycosides. 

E. ACE inhibitors 
1. Specific agents include benazepril, captopril, enalapril, lisinopril, and quinapril. 
2. Mechanism of action. ACE inhibitors inhibit the production of angiotensin II from angiotensin 

I by blocking the activity of ACEl; they do not inhibit ACE2. Blocking ACEl also reduces the 
breakdown of bradykinin, a potent vasodilator. 
a. These agents counteract elevated peripheral vascular resistance and sodium and water 

retention resulting from angiotensin II and aldosterone. 
11) They increase cardiac output and induce systemic arteriolar dilation (reduce afterload), 

and cause venodilation and induce natriuresis, thereby reducing preload. 
12) They slow the progression of heart failure in patients with ventricular dysfunction. 

3. Indications. ACE inhibitors are very useful in the treabnent of CHF, reducing risk of recurrent 
postmyocardial infarction, reducing the progression al renal disease in diabetic nephropathy, 
and in treating hypertension. ACE inhibitors may be less effective in African Americans than 
in Caucasians. 

4. Adverse effects 
a. These agents have the potential to cause a dry, nonproductive cough, which resolves when 

therapy is discontinued (most likely due to increased bradykinin levels). 
b. Angioedema (life-threatening airway swelling and obstruction) is rare but can occur at any 

time, especially after the first dose (most likely due to increased bradyldnin levels). 
c. Hyperkalemia is also a common adverse effect due to reduced aldosterone levels. 
d. Modest reductions in glomerular filtration rate (GFR) and small increases in serum creati­

nine ISCr) may occur with ACE inhibitors. 
e. Hypotension and dizziness are also potential adverse effects. 

5. Connindications 
a. Bilateral renal artery stenosis 

11) Normally, in bilateral renal artery stenosis, the increased levels of angiotensin II con­
strict the efferent arteriole in the kidney more than the afferent arteriole; this helps to 
maintain glomerular pressure in the kidney. 

12) ACE inhibitors block angiotensin II and prevent constriction of the efferent arteriole, 
leading to fall in glomerular pressure and filtration. 

b. In addition, drugs that act on the renin-angiotensin system are teratogenic and should be 
discontinued in pregnancy. 

F. Angiotensin II receptor blockers IARBs) 
1. Specific agents include candesartan, losartan, and valsartan. 
2. Mechanism of action. These agents bind to the ATl angiotensin II receptor and prevent angio­

tensin II from binding; this blocks the effects of angiotensin II, including aldosterone release 
and vasoconstriction. 
a. ATl receptors are coupled to the Gq protein and IP3 signal transduction pathway. 
b. ARBs have similar effects to ACE inhibitors, including reduced preload and aftarload and 

decreased cardiac remodeling. 
c. Bradykinin levels are not increased since ARBs do not inhibit ACE. 
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3. Indications. ARBs have similar indications to ACE inhibitors; they are used for the management 
of hypertension, heart failure, and posbnyocardial infarction. 

4. Adverse eftfJcts 
a. ARBs are more likely to cause hypotension than ACE inhibitors. 
b. They can also cause hyparkalamia. 
c. Since ARBs do not cause an increase in bradykinin levels, the incidence of cough and angio­

edema are decreased compared to ACE inhibitors. 
5. Contraindications. Similar to ACE inhibitors, ARBs are also contraindicated in bilateral renal 

artery stenosis and pregnancy. 

G. Renin inhibiton 
1. Specific agent Aliskiren. 
2. Mechanism of action. This agent is a small molecule direct inhibitor of renin. It inhibits the 

conversion of angiotensinogen to angiotensin I. 
3. Indication. It is used for the management of hypertension. 
4. Adverse eftfJcts may include diarrhea, angioedema, and hyperkalemia. 
5. Contraindications. It should not be combined with ACE inhibitors or ARBs in patients with 

renal impairment or diabetes due to an increase in the risk of serious adverse effects. It is also 
teratogenic. 

H. JJ-Adrenoceptor antagonists IJJ-blockers) 
1. Specific egentsinclude acebutolol, atenolol, carvedilol, esmolol, labetalol, metoprolol, pindo­

lol, and propranolol. 
2. Mechenism of action 

a. j}-Adrenoceptor antagonists block the response to JJ-stimulation (from epinephrine and nor­
epinephrine) in the heart; this results in decreased heart rate, blood pressure, and myocar­
dial contractility, resulting in decreased myocardial oxygen raquiremants. 
11) Some agents, such as pindolol and propranolol, are nonselective and affect both JJr and 

JJz-recepton. 
la) These agents are contraindicated in patients with asthma due to the potential for 

bronchoconstriction from Jl:i blockade (fl.J-adrenoceptors promote bronchodilation). 
lb) Propranolol also dacraases serum triiodothyronina (T3) concentrations via inhibi­

tion of the 5'-monodeiodinase that converts thyroxine (T4) to T3. 
12) Cardioselactive agents, such as atenolol and matoprolol, are JJ,-salactive. 

la) These agents have less chance for bronchoconstriction and vasospasm. 
13) Agents such as acabutolol and pindolol have intrinsic sympathomimatic activity USA). 

They are partial agonists and provide low-level j} stimulation at rest but full j3-receptor 
blockade at times of high sympathetic activity. Overall, they causa less bradycardia and 
may be useful in patients with diminished cardiac reserve or a tendency for bradycardia. 

14) Labetalol and carvedilol also have a,-adrenergic receptor blockade, leading to addi­
tional vasodilatory actions in tha arteries. They cause decreases in peripheral and 
coronary vascular resistance; this is especially useful in patients with CHF. 

3. Indications 
a. j}-Block.ers have many indications. They are used in the management of hypertension, angina 

and Ml, arrhythmias, and haart failure. 
4. AdveTSe eHects 

a. j}-Blockers may cause decraasad haart rate, blood prassura, contractility, and atrioventricu­
lar IAV) node conduction. 

b. Acute withdrawal can be dangerous and lead to exacerbation ofischemic symptoms, includ­
ing angina or MI. 

c. Nonselective agents may increase airway resistance and exacerbate peripheral artery disease 
(due to j}2-blockade). 

d. fi.J-Adrenoceptor blockade also decreases catecholamine-induced glycogenolysis. 
e. Other noncardiac effects may include dizziness, drowsiness, and headache. 

11) Blockade of 13-adrenoceptors in the central nervous system decreases sympathetic activity. 
5. Contraindications 

a. j}-Adrenoceptor antagonists are contraindicated in the presence ofbradycardia and AV block. 
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I. Calcium channel blockers 
1. Specific agents 

a. Dihydropyridines include amlodipine, felodipine, nicardipine, and nifedipine. 
b. Nondihydropyridines include diltiazem and verapamil. 

2. Machanism at action. Calcium channel blockers (CCBs) produce a blockade of L-type (slow) 
calcium channels, which decreases contractile force and oxygen requirements. Agents cause 
coronary vasodilation and relief of spasm; they also dilate peripheral vasculature and 
decrease cardiac afterload. 
a. The dihydropyridines are more specific for vascular smooth muscle; since can reduce 

systemic vascular resistance and arterial pressure, they are used for the management of 
hypertension. Systemic vasodilation leads to a reduced ventricular afterload and decreased 
oxygen demand. 

b. The nondihydropyridines affect cardiac myocytes and nodal tissue. Verapamil is highly 
selective for the myocardium, whereas diltiazem has intermediate selectivity, with both vaso­
dilator and cardiac depressant actions. 
11) They can be used to reduce oxygen demand and reversa coronary vasospasm in angina. 
12) In addition, they have antiarrhythmic effects; they can decrease conduction velocity, 

prolong repolarization, and decrease the tiring rate of aberrant impulses in the heart. 
3. Indications 

a. Since the dihydropyridines are potent vasodilators with little effect on cardiac conduction 
and contractility, they are used for the treatment of hypertension. They can also be used for 
vasospastic (Prinzmetal) and chronic stable angina. 

b. Varapamil and diltiazam are indicated for the treatment of hypartansion, vasospastic 
(Prinzmetal) and chronic stable angina, and cardiac arrhythmias. 

4. Adntsa Bft8ctr 
a. Dihydropyridines may cause flushing, hypotension, headache, and peripheral edema. They 

also have the potential to cause reflex tachycardia. 
b. Nondihydropyridines may cause bradycardia and decreased contractility. Caution must be 

used in patients with conduction defects. They can also cause constipation. 
5. Drug intert1ctians 

a. VerapamilmayproduceAVblockwhen used in combination with f}-adrenoceptor antagonists. 

J. mrAdrenoceptor antagonists (u;,-blockersl 
1. Spacific agsntsinclude prazosin, terazosin, and doxazosin. 
2. Mechanism of action 

a. a-Adrenoceptor antagonists lower total paripharal resistance by preventing stimulation 
(and consequent vasoconstriction) of a-receptors, which are located predominantly in resis­
tance vessels of the skin, mucosa, intestine, and kidney. 
11) They reduce pressure by dilating resistance and conductance vessels. 

3. Indications. These drugs may be used in the treatment of hypertension. They are not often rec­
ommended for monotherapy and are usually administered with a diuretic and a f}-adrenoceptor 
antagonist. The effectiveness of these drugs diminishes in some patients due to tolerance. 

4. AdntsfJ sfftlcts include ratlax tachycardia, dizziness, and orthostatic hypotansion, which can 
occur due to the loss of reflex vasoconstriction when standing. 

5. Nonselective a-antagonists (phentolamine and phenoxybenzamine) can be used in combi­
nation with f}-blockers for hypertensive emergencies associated with pheochromocytoma 
(a tumor of the adrenal gland that secretes large amounts of catecholamines). 

K. mi-Adrenergic agonists (centrally acting vasodilators) 
1. Spscific agsnts include methyldopa, guanfacine, and clonidine. 
2. Mechanism of action. These agents stimulate o;z-receptors in the CNS and reduce sympathetic 

outflow; they decrease heart rate and contractility, which reduces cardiac output. The reduced 
sympathetic outflow to the vasculature leads to decreased total peripheral resistance. 
a. Methyldopa is a prodrug, in which the false neurotransmitter, alpha-methylnorepinephrine, 

exerts the effects at the a2 -receptor. It also reduces adrenergic neurotransmission in the 
peripheral nervous system through its actions as a competitive inhibitor of DOPA decarbox­
ylase (which converts DOPA to dopamine). 
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3. Indications may include mild to moderate hypertension; they are often used in combination 
with other agents, such as diuretics. Methyldopa is rarely used due to the potential for severe 
adverse effects; although it is a drug of choice in pregnancy. 

4. Adverse effectsmayinclude drowsiness, dry mouth, and constipation. Sexual dysfunction may 
occur. Methyldopa may cause hepatotoxicity and autoimmune hemolytic anemia. 

5. Precaution. Abrupt discontinuation of clonidine may lead to rebound hypertension. 
6. Dexmedetomidine, a selective ~-adrenoceptor agonist with anesthetic and sedative proper­

ties, is used for procedural and intensive care unit sedation. 

L Vasodilatan 
1. Genenl mech&nism of action 

a. Vasodilators reduce arterial resistance or increase venous capacitance; the net effect is a 
reduction in vascular pressure. 

b. They relax smooth muscle and lower total peripheral resistance, thereby lowering blood 
pressure. 

2. Mechanism and indications far specific agents 
a. Hydralazine 

(1) Hydralazine reduces blood pressure directly by relaxing arteriolar muscle. 
(2) This drug is used for moderate to severe hypertension and may be used in hypertensive 

emergency in pregnancy. 
(3) It is often used in combination with j}-blockers as it can elicit the baroreceptor reflex 

and cause tachycardia. In addition, it may be used with diuretic agents to reduce 
sodium retention. 

(4) Hydralazine may cause a lupus-like syndrome. 
b. Minoxidil 

(1) Minoxidil causes vasodilation by directly relaxing arteriolar vessels. 
(2) Similar to hydralazine, it also elicits the baroreceptor reflex. 
(3) It is used for symptomatic hypertension when other agents are not effective. 
(4) Minoxidil produces hirsutism; it is used to reduce hair loss. 

c. Sodium nitroprusside 
(1) This agent causes peripheral vasodilation by direct acting on both venous and arteriolar 

smooth muscle. 
(2) It is used in hypertensive emergencies because of its rapid action. On initial infusion, it 

may cause excessive vasodilation and hypotension. It may also be used in acute decom­
pensated heart failure. 

(3) Sodium nitroprusside can be converted to cyanide and thiocyanate. The risk of cya­
nide toxicity is minimized by concomitant administration of sodium thiosulfate or 
hydroxocobalamin. 
la) Cyanide toxicity may cause acidosis, tachycardia, mental status changes, and death. 

(4) In addition, it can cause a conversion of hemoglobin to methemoglobin and increase 
the risk for methemoglabinemia. 

M. Other agents used for hypertension 
1. Fenoldopam is a selective agonist at dopamine DA1-receptors that increases renal blood flow 

while reducing blood pressure. It is used for the short-term management of severe hyperten­
sion, including malignant hypertension. 

N. Agents used in pulmonary hypertension 
1. Endothelin receptor antagonists 

a. Specific agents include ambrisentan and bosentan. 
b. Mechanism of action 

(1) Plasma endothelin-1 is elevated in patients with pulmonary hypertension. 
(2) Ambrisentan is a selective endothelin A receptor antagonist. 
(3) Bosentan antagonizes both endothelin A and B receptors. 

c. Adverse effects include headache and peripheral edema. 
d. Contnindic11tions. Both agents are likely to cause serious birth defects and should not be 

administered to pregnant women. 
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2. Phasphodiestarase-5 inhibitors 
a. Sp•t:ific ag•llts include sildenafil and tadalefil. 
b. Mechanism rd action 

(1) These agents specifically inhibit ph01phodinter188 type 5, the class of enzymes that are 
responsible for the breakdown of cGMP. 

(2) The type 5 isoform. is expressed in reproductive tissues and the lung. 
(3) Inhibition of the breakdown of cGMP enhances tfte wasodil81ory action of nitric oxide 

in the corpus callosum and in the pulmonary vasculature. 
c. lndiclltions 

(1) Slldenafll and tadalafil are approved for the management of pulmonary hypeltlnsion. 
(2) Slldenafll, tadalafll, and other phosphodlesterase-5 lnhibltors, including vardenaftl, are 

also used fur the treatment of erectile dysfunction. 
d. Adntn tlfftlt:ts may include h11d1ch1, flushing, and ocular disturbances. More serious 

adverse effect& may include cardiovascular: anhythmlas, heart block. cardiac arrest, stroke, 
andhypotenslon. 

e. D!fll int1rection1. They are contraindic81ed in patients taking nitratet, because of e:mcerba­
tion of the cardiovascular e:tfeas. They should be used with caution in patients taking «1-
adrenoceptor antagonists due to the potential for hypotension. 

3. The prostacyclin (PGI.J analog, epoprostenol, is also approved fur the treatment of pulmonary 
hypertension. 

II. AGENTS USED TO TREAT CONGESTIVE HEART FAILURE 

A. Overview 
1. CNF results when the output of the heart is insufficient to supply adequate levels of oxygen fur 

the body. 
a. Impaired conll'lctility and circulatory congestion are components of failure. 

(1) The capacity to develop force during sygtole is compromised, and increased end­
diastolic volume is required to achieve the same amount of work 

(2) Heart rate, ventricular volume, and pressure are elevated, whereas stroke volume is 
diminiahed. 

b. Compensatory elevation in angiatensin II production results in sodium retention and vaso­
constriction and increases both matm: formation and remodeling. 

2. Goals of phannacological treatment (Fig. 4.1) 
a. Increase cardiac contractility. 
b. Reduce praload (LV filling pressure) and aortic impedance (systemic vascular resistance). 
c. Normalize heart rate and rhythm. 
d. Several agents that are used in the tteatment of hypertension are also used fur the man­

agement of CHF, including diureiiai, ACE inhibitors, angiotensin Il receptor blockers, and 
P·blocbrs (Fig. 4.2). 

RGURE 4.1. Pharmacologic goal in tteating haart 
failure. 
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1. Digoxin inhibits the sadium/pata11ium (N1•JK•)-ATP1u pump in myocardial c1ll1 Iead.ing 
to increased intracellular sodium (Na•) and decreased intracellular potassium (K•). The 
increued Na• leads to calcium (Caz+) influx via the sodium-<:alcium exchange pump, caus­
ing increased contractility (pa1itiva inatrapic effect) (Fig. 4.3). 

0 ,j, ca2+ extrusion 0 ,J, Na+ extrusion 

O i C&2+ stores 0 i Myoflbrtl contracdon 

( 1' stored ca2+] 

l 
( 1' released Ca2+ J 

R6URE U. Mechanism of action 
for digaxin. !Reprinted with per· 
mission from Golan D. Principles 
of Pharmacology, 4th ed. 
Philadelphia, PA: Walters Kluwer 
Health, 20111, Fig. 25.6.) 
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11) Cardiac glycosides increase stroke volume and enhance cardiac output; blood volume, 
venous pressure, and end-diastolic volume decrease. 

12) Improved circulation reduces sympathetic activity and permits further improvement in 
cardiac function as a result of decreased systemic arterial resistance and venous tone. 

b. In supraventricular arrhythmias. digoxin enhances vagal tone. It results in inhibition of the 
sinoatrial (SA) node and delayed conduction through the AV node. Overall, it decreases 
heart rate and conduction velocity. 

3. Phannacologic properties 
a. Digoxin has a narrow therapeutic range, and the dose must be individualized to maintain 

therapeutic effects and prevent adverse outcomes. 
11) Dosing levels for the treabnent of CHF are generally lower than those required to 

decrease the ventricular response in atrial fibrillation. 
b. It is eliminated by the kidneys. 

4. Indications. Digmdn is used for the treabnent of CHF. It is also used for supraventricular 
arrhythmias, including atrial fibrillation and atrial flutter. 

5. Adnrse Bft8cts and toxicity 
a. Digoxin may lead to cognitive dysfunction, gastrointestinal distress (anorexia, nausea, 

vomiting, diarrhea), and visual disturbances, including blurred vision or yellow-green dis­
turbances (halo effect). 

b. It may cause arrhythmias, including atrial tachycardias and AV block. 
c. Treatment of digoxin toxicity 

11) The first manifestation of digoxin overdose is frequently fatigue or flu-like symptoms. 
12) Potassium may help in alleviating arrhythmias. Antiarrhythmic agents such as phe­

nytoin and lidocaine may also be helpful in treating acute digoxin-induced arrhythmias. 
6. Antidigoxin antibodies (digoxin immune FAB) and hemoperfusion are antidotes useful in acute 

toxicity. 
7. Drug interactions 

a. Loop and thiazide diuretics cause hypokalemia, which may result in reduced competition 
for the Na-K-ATPase; this may increase digoxin binding and enhance its effects. The oppo­
site is true for potassium-sparing diuretics. 

b. Drugs that bind to digoxin, such as cholestyramine, may interfere with therapy. 
c. Drugs that enhance hepatic metabolizing enzymes, such as phenobarbital, may lower the 

concentrations of the active drug. 

C. Phosphodiesterase-3 enzyme inhibitor 
1. Specific agent. Milrinone 
2. Mech.aism of action. This agent inhibits the phosphodiesterase enzyme type 3 in cardiac 

and vascular tissue; it causes an incraasa in cyclic AMP (cAMP), thereby activating calcium 
channels leading to elevated intracellular Caz+ levels and enhanced excitation contraction. It 
reduces LV filling pressure and vascular resistance and enhances cardiac output. 

3. Indication. It is used for short-term therapy in acute decompensated heart failure. 
4. Adnrse eflects may include arrhythmias and hypotension. 

D. Adrenergic agonist 
1. Spscific agent. Dobutamine 
2. Mechanism of action. Dobutamine is a synthetic catecholamine derivative that increases 

contractility; it acts primarily on myocardial ~,-adrenoceptors with lesser effects on 132- and 
a-adrenoceptors. It increases cAMP-mediated phosphorylation and the activity of Caz+ 
channels. 
a. Moderate doses of dobutamine hydrochloride do not increase heart rate. 
b. It does not activate dopamine receptors. 

3. Indications 
a. Dobutamine is used in short-tenn therapy in individuals with severe chronic cardiac failure 

and for inotropic support after a MI and cardiac surgery. 
11) Since it does not substantially increase peripheral resistance, it is not useful in cardiac 

shock with severe hypotension. 
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b. Combined infusion therapy with nitropru.sside or nittoglycerin may improve cardiac perfor· 
mance in patients with advanced heart failure. 

4. Ad111111e 1118cls may include tachycardia and hypertension. 
5.. Dopamine stimulates both adrenerglc and dopamlnerglc receptors. 

a. Lower doses stimulate dopaminerglc activity and produce renalandmesenterlcvasodllatlon. 
b. Intermediate doses stimulate dopaminerglc and ~1-adrenerglc activity to produce cardiac 

stlmuladon and renal vasodlladon. 
c. High doses stimulate u-adrenerglc receptors. 

Ill. ANTIANGINAL AGENTS 

A. Goal of therapy 
1. The goal of therapy with antianginal agents is to restore the balance between oxygen supply and 

demand in the ischemic region of the myocardium. 

B. Types of angina 
1. Claaic 111gill8 (111gill8al1:x1n:i11)occu:rs when oxygen demand exceeds oxygen supply, usu­

ally because of diminished coronary flow. 
2. V11aspadic (PtiBllfletlll ar nti111t) 1ngi111 results from reversible coronary vasospasm that 

decreases oxygen supply and occurs at rest. 
3. Some individuals have mixed angina, in which both exercise-induced and resting attacks may 

occur. 

C. Nitratas 
1. Sp1citic 11111ts include nitroglycerin, isosorbide mononitrate (ISMN), isosorbide dinitrate 

(ISON), and nittoprusside. 
2. M1clJ111ism ol 1clia11 

a. Nitrates relm: vascular smooth muscle. 
b. They activate guanylate cyclase and increase cyclic guanine nucleotides. This activates 

cGMP.dependent kinases, ultimately leading to dephosphoryladon of myosin light chain and 
amooth muacle relaxation. 

c. These drugs dilate all vessels. 
(1) Peripheral wenodilation decrtHM cardiac preload and myocardial wall tension. 
(2) Arterial dilation reduces afllrload. 
(3) Both actions lower oxygen demand by decreasing the workload of the heart. 

d. Redistribution of coronary blood now to lschemic regions is increased in nitmte·treated 
patients. 

e. They ameliorate the symptoms of classic angina predominantly duouglt the bnprovement of 
hemodynamics. Variant angina is relieved through the effects on coronary circulation. 

3. l'b1nn1calagy 
a. These drugs have a large first-pass effect due to the presence of high-capacity organic nitrate 

reductase in the llveit which inactivates drugs. 
(1) Nitrates have a t 112 of<lOminutes. 
(2) Sublingual administration avoids this effect. 

b. They form nittosothiol in smooth muscle by reaction with glutathione. 
(1) The use of nitroglycerin for more than a few hours is associated with significant toler­

ance to the drug. This is thought to be due to depletion of enzymes responsible for 
bloactlvatlon of the drug. 

4. l11dit:1tia111 far nl1ctad d11111 
a. Nittoglycerin 

(1) Subllngual administration ls effective for angina pectoris, as it has a rapid onset and 
short dUllldon of action. 

(2) Sustained delivery systems are available and are used to maintain blood levels. 
b. ISMN and ISON 

(1) These agents have a longer duration of action than nitroglycerin and are more effective 
for long-term management of coronary artery disease. 
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(2) Both are indicated for the treatment and management of angina pectoris. Only ISDN is 
also used for the management of heart failure in combination with hydralazine. 

(3) ISMN is the active metabolite ofISDN; it has high bioavailability and a longer half-life 
thanISDN. 

c. Nitroprusside 
(1) This agent has a rapid onset of action; it is used for the management of acute hyperten­

sive crises and for acute decompensated heart failure. 
5. AdntH 1lfrlt:ts 

a. These medications produce nsodilation, which can lead to several adverse effects, lnclud­
ingthrobbing headache (may be dose limiting), flushing, orthostatic hypotensl.on, and reDex 
tachycardia. 

b. Cyanide toxicity and methemoglobinemia may OCQU' with nitroprusside. 
6. Dmg intlraction 

a. Nitrates are contraindicated with ph01phodi111er1se-S inhibiton., such as sildenafil and 
tadalatil, due to the potentiation of the vasodilatory e:tfed:S of cGMP (Fig. 4.4). 
(1) This may lead to increased risk ofhypoumsive effects and cardiovascular events. 

D. Dipyridamole 
1. M1cll111ism of er:tian 

a. Dlpyrldamole is a nonnitrate coronary vasodilator. 
b. It inhibits the metabolism. of adenosine deaminase and phosphodiesterase, leading to 

increased adenosine and cAMP. 
c. It inhibits platelet aggregation and causes vasodilation. 
d. It may also potentiate the effect of PG!z (prostacyclin) and PGD2• 

z. lstliution1 
a. The oral fonn may be used to decrease the risk of thrombosis in patients after artifi.c:iaJ. heart 

valve replacement (in combination with warfarin). 
b. The intravenous version may be used as a diagnostic aid for coronary artery disease. 

3. Adntse 1lfrlt:ts may include the worsening of angina, dizziness, and headache. 

IV. ANTIARRHYTHMIC DRUGS 

A. Causes of arrfaylhmi11 
1. Arrhythmias may oc<:Ul' due to improper impulse generation and conduction. 

a. These manifest as abnormalities of rate or regularity or as disturbances in the normal 
sequence of activation of atria and ventricles. 

2. Altered autamaticity can arise from the foll.owing: 
a. Sinus node (sinus tachycardia and bradycardia) 

(1) Increased vagal activity can Impair nodal pacemaker cells by elevating K• conductance, 
leading to hyperpolarization. 
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(2) Increased sympathetic activity increases the rate of phase 4 depolarization. 
(3) Intrinsic disease can produce faulty pacemaker activity (sick sinus syndrome). 

b. Ectopic foci are areas within the conduction system that may, in the diseased state, develop 
high rates of intrinsic activity and function as pacemakers. 

c. Triggered automaticity results from delayed after-polarizations that reach threshold and are 
capable of initiating an impulse. 

3. Abnormal impulse conduction in conduction pathways 
a. Heart blocks may produce bradyarrhythmias. 
b. Reentry circus conduction may produce tachyarrhythmias. 

B. Review of the cardiac action potential 
1. Action potentials are determined by changes in membrane conductance from the movement of 

ions in and out of cells. 
2. Atrial and vanb'icular myocytas (fast-response fibers) 

a. Ph&se 0-111pid depal&riz&tion 
(1) Rapid sodium influx occurs through fast-open sodium channels. 

b. Ph&se '1-initi&l repol&rintion 
(1) Transient potassium channels open to return cell to O m V. 

c. Phas• 2-platfJBU phBSB 
(1) Influx of calcium occurs through L-type calcium channels. 
(2) The effiux of potassium through delayed rectifier potassium channels allows for electri­

cal balance. 
d. Phas• ~polalization 

(1) The potassium channels remain open and calcium channels close to return membrane 
potential to -90 mV. 

e. Phase 4-resting ph&se 
(1) Sodium and calcium channels are open and potassium channels are closed to keep 

membrane potential stable at-90 mV. 
3. Pacemaker cell action potential (SA and AV nodes) (slow-response fibers) 

a. Phas• o-dspolarintion 
(1) L-type calcium channels open to continue slow depolarization. 

b. Ph11• ~polarization 
(1) Delayed rectifier potassium channels open for potassium effiux. 

c. Phas• 4-spontanBous dspolarization 
(1) Depolarizing currents called "funny currents~ cause the membrane potential to spon­

taneously depolarize. 
(2) Slow sodium channels open. Increased calcium and decreased potassium conductance 

also occur. 
d. These cells have automaticity and undergo spontaneous depolarization (they do not require 

external stimulation to initiate action potentials). 

C. Goals of therapy 
1. Therapy aims to restore normal pacemaker activity and modify impaired conduction that leads 

to arrhythmias (Table 4.2). 
2. Sodium or calcium channel blockade, prolongation of effective refractory period, or blockade 

of sympathetic effects on the heart achieves therapeutic effects. 
3. Most antiarrhythmic drugs are classified by the Vaughan Williams classification system. The 

class I-IV agents are used for the management oftachyarrhythmias. 
a. Class I drugs block sodium channels. They are further divided into subclasses. 
b. Class II drugs are j}-blockers. 
c. Class III drugs are potassium channel blockers. 
d. Class IV drugs are the nondihydropyridine CCBs. 

4. Adenosine and digoxin are not classified under this system; they are also used for the treatment 
of tachyarrhythmias. 

5. In addition, atropine, which is used for the treatment of bradyarrhythmias, is not classified 
under this system. 
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table 4.2 Antiarrhythmic Drugs 

Group Drugs M1ch1nism Indications 

Class IA Quinidine Moderate block of Na• channels and Suppress ventricular arrhyttimias 

Class IB 

Class IC 

Class II 

Class Ill 

Clan IV 

Other 

Other 

Other 

Procainamide 
Disopyramide 

Lidocaine 
Mexlletile 

Flecainide, Propafenone 

Propranol ol 
Atenolol 
Nadolol 

Amiadarane. lbutilide 

Verapamn 
Diltiazem 

Adanosine 

Atropine 

Digoxin 

K• channels; prolong action potentials 

Weakly block Na• channels; shorten 
action potentials 

Strongly blocks Na• 

Blocks jl-adrenoceptors 

Blacks K• channels; prolongs 
refractory period 

Blocks Ca• channel 

Slows conduction time through 
the AV node and interrupts reentry 
pathways 

Muscarinic antagonist 

Inhibits AV node conduction and 
increases vagal tone 

D. Class IA drugs lsodium channel blockers) 

Suppress ventricular arrhythmias 

Treat severe ventricular 
tachyarrhyttimias 

Suppress ventricular arrhyltlmias 

Suppress ventricular arrhythmias 

Treat reentrant supraventric ular 
tachycardia; 1uppren AV noda 
conduction 

Treat paroxysmal atrial tachycardia, 
including Wolff-Parkinson-White 
syndrome 

Increase heart rate in bradycardia 
and heart block 

Treat atrial fibrillation 

1. Specific agents include disopyramide, procainamide, and quinidine. 
2. Mechanism of action (Fig. 4.5A) 

a. Class IA drugs cause moderate blockade of last-acting sodium channels (in the open con­
formation), causing a moderate reduction in the phase O slope. 

b. They also block potassium channels, causing prolonged repolarization. 
c. They increase the action potential duration and effective refractory period. 

3. Indications. These agents can be used in the management of atrial flutter and fibrillation, as 
well as supraventricular and ventricular tachyarrhythmias. 

4. Adverse effects 
a. All agents have the ability to cause QT prolongation and torsade de pointas, due to their 

potassium channel blockade. 
b. Procainamide may cause drug-induced lupus-like syndrome. It is associated with a positive 

antinuclear antibody test, especially in slow acetyiators. Patients may experience symptoms 
similar to lupus, including arthritis and arthralgia. 

c. Quinidine can produce a cluster of symptoms called cinchonism, in which patients may 
experience tinnitus, headache, dizziness, and visual changes. It can also cause gastrointes­
tinal distress, including nausea and diarrhea. It may also induce thrombocytopenia, most 
probably as a result of platelet-destroying antibodies developed in response to the circulat­
ing protein-quinidine complexes. 

d. These agents, especially disopyramide, have anticholinergic activity. They may cause dry 
mouth, dry eyes, urinary retention, constipation, and blurred vision. 

5. Drug inte111ctions 
a. Quinidine increases digoxin plasma levels and the risk of digoxin toxicity, especially in the 

presence of hypokalemia. 
b. Quinidine is a strong inhibitor of CYP2D6 and may increase serum concentrations of 

CYP2D6 substrates. It is also a substrate of CYP3A4. 

E. Class IB drugs lsodium channel blockers) 
1. Specific agents include lidocaine (intravenous) and mexiletine (oral). 
2. Mechanism of action (Fig. 4.5A) 

a. Class IB drugs cause mild blockade of last-acting sodium channels (in the inactive, open 
conformation), causing a slight reduction in the phase 0 slope. 
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b. They shorten Iha repolarization period. 
c. Unlike olher class I agents. Ibey reduce the action potential duration and effective refractory 

period. 
d. These agents are more selective far hypoxic. depolarized tissue, such as the i.schemic 

myocardium. 
3. Indications. These agents are used for ventricular tachyarrhythmias, especially after a MI. 
4. Adverse effects 

a. They may cause central nervous system effects, including dizziness, insomnia, tremor, or 
seizures. 

b. They may also cause depression of the cardiovascular system, including the potential for 
hypotension, asystole, and shock. 

c. Gastrointestinal distress may occur. 

F. Class IC drugs (sodium channel blockers, 
1. Specific agents include flecainide and propafenone. 
2. Mechenism of action (Fig. 4.SA) 

a. These agents cause a marked blockade of lhe fast-acting sodium channels (in the closed 
conformation); they produce a pronounced reduction in the phase 0 slope. 
IU They have a slow kinetic profile (slow association and dissociation). 

b. The do not have an effect on repolarization, with minimal effect on action potential duration 
and no effect on effective refractory period. 

c. Propafenone also possesses P-adrenoceptor antagonist activity. 
3. Indications. These agents are only indicated for life-threatening supraventricular tachyarrhyth­

mias and ventricular tachyarrhythmias. 
4. Adverse effects 

a. The use of these drugs is limited by their propensity to cause proarrhylhm ic actions. They are 
contraindicated postmyocardial infarction and in ischemic heart disease. 

G. Class II drugs (fl-blockers, 
1. Specific agents include acebutolol, atenolol, esmolol, and metoprolol. 
2. Mechenism of action (Fig. 4.SB) 

a. ~-Blockers block sympathetic activity at the f}i-adrenoceptors to reduce heart rate lnegative 
chronotropy,, conduction velocity (negative dromotropy,, and contractility (negative inatropy,. 
(1, They block adrenergic tone and decrease the slope of phase 4 repolarization. 
12, They also caused prolonged repolarization at the AV node. 

b. They can increase action potential duration and the effective refractory period. 
3. Indications include sinus tachycardia, atrial tlutter and fibrillation, premature ventricular com­

plexes (PVCs), and ventricular tachycardia. 
4. Adnrse effflcts may include hypotension, bradycardia, and the potential for heart block. 

Nonselective agents could cause bronchospasm. 

H. Class Ill drugs (potassium channel blacken, 
1. Specific agents include amiodarone, dronedarone, sotalol, ibutilide, and dofetilide. 
2. Mechanism of action (Fig. 4.SC) 

a. These agents inhibit potassium delayed rectifier currents; they delay repolarization (phase 
3) and prolong the action potential duration and effective refractory period. 

b. Sotalol also has class II actions. 
c. Amiodarone and dronedarone have class I, II. Ill. and IV actions. 

3. Pharmacology 
a. Am iodarone has a very long ha If-life ( 60-90 days). 

IU The antiarrhythmic effects (and adverse effects) may last for months after the drug is 
discontinued. 

b. Dronedarone is structurally similar to amiodarone but lacks the iodine component. 
4. Indications may include ventricular tachycardia (amiodarone, sotalol) and atrial fibrillation 

and flutter (amiodarone, dronedarone, sotalol, ibutilide, dofetilide). 
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5. Advsrss sffscts 
a. These agents have the potential to cause QT prolongation and torsade de pointes since they 

prolong repolarization and increase action potential duration. 
b. Amiodarone produces many dose-related and cumulative adverse effects, including the 

potential for thyroid dysfunction (due to iodine moiety), liver dysfunction, photosensitivity, 
corneal deposits, and pulmonary fibrosis. 

I. Class IV drugs !calcium channel blockers) 
1. Specific egenlsinclude the nondihydropyridines, verapamil, and diltiazem. 
2. Mechanism of action (Fig. 4.5D) 

a. These agents black the L-type calcium channels in the myocardium during depolarization; 
their actions primarily occur in nodal tissues (SA and AV node). 

b. They decrease the conduction velocity and prolong repolarization at the AV node. 
c. They prolong the effective refractory period. 

3. Indications. These agents can be used for the management of supraventricular tachycardia. 
4. Advsrss sffscts may include hypotension, AV block, and constipation. 

J. Other drugs used far the treatment of tachyarrhythmias !sometimes referred ta as class V 
agents) 
1. Adenosine 

a. Mschanism at &ction 
m Adenosine acts through specific purinergic IP,) receptors. 
12) It causes an increase in potassium efflux and decreases calcium influx. 
13) This hyperpolarizes cardiac cells and decreases the calcium-dependent portion of the 

action potential. 
14) It slows conduction time through the AV node and interrupts reentry pathways through 

the AV node. 
b. Phannacolagy. It has a very short duration of action; the half-life is <10 seconds. 
c. lndic&tions 

11) It is the drug of choice for the treatment of paroxysmal supraventricular tachycardia, 
including those associated with Wolff-Partcinsan-White syndrome. 

d. Advsrss 1ffscts may include chest discomfort, difficulty breathing, dizziness, and flushing. 
Patients may experience an initial discomfort after administration, although it is short lived 
due to the short duration of action. 

2. Magnesium decreases calcium influx and prevents early after depolarizations. It is used in the 
management of torsade da pointes. 

3. D igoxi n causes direct suppression of AV node conduction to increase effective refractory period 
and decrease conduction velocity. It enhances vagal tone and decreases the ventricular rate for 
the treatment of supraventricular arrhythmias. 

K. Treatment of bradyarrhythmias 
1. Atropine 

a. Mechanism at action. Atropine blocks the affects of acatylchaline. It elevates sinus rate and 
AV nodal and SA conduction velocity and decreases the refractory period. 

b. lndic&tions. It is used to treat bradyarrhythmias, including symptomatic sinus bradycardia 
and AV block. 

c. Advsrss Bltscts include dry mouth, mydriasis, and cycloplegia; it may induce arrhythmias. 
2. lsoproterenol 

a. Mechanism at 1ction. Isoproterenol stimulates JJ-adrenoceptors and increases heart rate 
and contractility. 

b. lndit:&tions. It is used to maintain adequate heart rate and cardiac output in patients with AV 
block. 

c. Advene effects include tachycardia, anginal attacks, headaches, dizziness, flushing. and 
tremors. 
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V. DRUGS THAT LOWER PLASMA LIPIDS 

A. Oveniew 
1. Dietary or pharmacologlc reduction of elevated plasma cholesterol levels can reduce the risk of 

atherosclerosis and subsequent cardiovascular disease. 
Z. The association between cardiovascular disease and elevated plasma tr:igl:ycerides is less dra­

matic, although elevated triglycerides can cause panc:reatitis. 
3. Hyparlipoproteinemias 

a. Cholesterol is a nonpolar, poorly water-soluble substance. 
(1) It is transported in the plasma in particles that have a hydrophobic core of cholesteryl 

esters and triglycerides sunounded by a coat of phospholipids, free cholesterol (non­
esterlfted), and one or more apoprotelns. 

(2) These Upoprotein particles vary in the ratio of ttlglycerlde to cholesteryl ester as well as 
in the type of apoprotein; they are identified as follows: 
(a) Y1ry-low-d1n1ity lipoprotein (VLDL) particles 
(b) Low-den1ity lipoprotein (LDL) particles 
(c) lntenntdiate·dtn1ity lipoprotein (IDL) particles 
(d) High-density lipoprottin (HDL) particles 

b. Diseases of plasma lipids can be manifest as an elevation in triglycerides or as an elevation in 
cholesterol. In several of the complex or combined hyperlipopromnemias, both triglycerides 
and cholasterol can be elevated. 

B. Drugs useful in treating hyperlipidamias 
1. Inhibitors of cholesterol biosynth11i1 (stalins) 

a. Specific •gents include lovastalin, iluva.statln, 1imv1ltltin, pravastalin, atonaltltin, and 
rosuvastatin. 

b. M1cll1niMt of ection (Fig. 4.6) 
(1) These drugs function as competitive inhibitors of3-hydroxy-3-methylglutarylcoenzyme 

A reductase (HMG·CoA reductaH), the rate-limiting enzyme in cholesterol biosynthesi.s. 
(2) Reduced cholesterol synthesis results in a compensatory increase in the hepatic uptake 

of plasma cholesterol mediated by an increase in the number of LDL receptors. 
(3) Drugs that inhibit cholesterol blosynthesis are quite effective at lowering LDL choles­

terol and total cholesterol. They can reduce total cholesterol by as much as 30%-50% 
and LDL cholesterol by as much as 60%. 

c. lndicnons 
(1) These agents can be used for the management of familial and nonfamilial hypercholes­

terolemi1, including hyperllpidemia and mixed dyslipidemia. They can also be used for 
hyperttlglycerldemia. 

(2) They are used in the prevention of cardiovascular disease. 
d. Ad'llm ttfftt:la include myop1thy/rhabdomyolpi1 (increased creatine phosphokinase 

[CPK]) and elevations in aminotransfaraas, with the potential for hepatotoxicity. 
1. DNg interaelions 

(1) Caution mu.st be used with other drugs that increase the risk for skeletal muscle toxic­
ity, such as daptomycin. The incidence of myopathy also increases with concomitant 
use of certain drugs like niacin and fenoftbrates. 

(2) Fewer drug interactions occur with pravastatln, nuvastatin, and rosuvastatln since they 
are not metabolized through CYP3A4. 

Z. Niacin (nicolinic acid) (vitamin B,) 
a. Mecltesism of ection (Fig. 4.6) 

(1) Niacin can exert cholesterol- and triglyceride-lowering effects at high concentrations. 
(2) Niacin reduces plasma VIDL by inhibiting the ayntlt•il and esterification of fatty acid• 

in the liver and reducing lipolpi1 in adipo11 li11ue; it markedly decreases plasma tti· 
glyceride levels. 

(3) As the substrate VIDL concentration is reduced, the concentrations ofIDL and LDL also 
decrease, thereby reducing plasma cholesterol levels. 
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(4) HDL levels increase significantly because of reduced catabolism. 
(5) This is distinct from its role as a vitamin, in which niacin is converted to nicotinamide, 

followed by nicotinamide adenine dinucleotide (NAD+, NADH). These are important 
enzymes for tissue and lipid metabolism, as well as glycogenolysis. 
(a) In much smaller doses, nicotinic acid can also be used as a vitamin supplement in 

the treatment of pellagra. 
b. lndit:&tians. Niacin is used for the treatment of dyslipidemias, for patients with elevated low­

dansity lipoprotein cholesterol (LDL-C) (although it is not considered a first-line agent). It 
can also be used as a dietary supplement. 

c. Advsrss Bflst:t:s 
(1) The use of niacin is limited due to its poor tolerability. 
(2) It may cause flushing, itching, or a burning feeling of the skin; these effects are medi­

ated by prostaglandins and histamine release and can be diminished by taking aspirin 
or ibuprofen prior to taking niacin. 

(3) Other adverse effects include gastrointestinal distress, including nausea, and elevated 
liver enzymes. 

3. Fibric acid analogs 
a. Fenofibrate 

(1) Mst:hanism at action (Fig. 4.6) 
(a) Fibrates stimulate the activity of peroxisome proliferating activating receptor 11, a 

class of nuclear receptor. 
(b) Activation of these receptors alters the transcription of a number of genes 

involved in triglyceride metabolism, including lipoprotein lipase and apolipo­
protein CIII. 

(c) This increases the peripheral catabolism of VLDL and chylomicrons, resulting in a 
reduction in the plasma concentration ofVLDL, most notably in triglycerides. 
i. An increase in VLDL metabolism can raise LDL cholesterol, especially in patients 

with baseline hypertriglyceridemia. 
(d) Fibrates reduce hepatic synthesis of cholesterol, which further reduces plasma 

triglycerides. 
(2) lndit:&tians 

(a) Fenofibrate is indicated as an adjunct agent for the management of hypertrig lyceri­
demia. It is also used to raise HDL. 

(b) It is approved for the management of hypercholesterolemia or mixed hyperlipid­
emia, although it is not a first-line agent and should not be used in the absence of 
hypertriglyceridemia. 

(3) Advetre eHet:t:s and t:ontraindit:atians 
(a) A common adverse effect is elevated serum transaminases. 
(b) Fenofibrate may also cause gastrointestinal distress, including dyspepsia. 
(c) It can cause gallstones and myalgia. 

(4) Drug intsrat:tian1 
(a) Fenofibrate can displace other albumin-bound drugs, most notably the sulfonyl­

uraas and warfarin; this may increase their free fraction and augment their effects. 
(b) It can increase the risk of myopathy when used with statins; therefore, close moni­

toring is recommended when used together. 
b. Gemfibrozil 

(1) Mst:hanism at action (Fig. 4.6) 
(a) The mechanism of action for gemfibrozil is not clear. 
(b) It decreases VLDL levels through inhibition of lipolysis and decreases in hepatic 

fatty acid uptake, as well as inhibition of hepatic secretion ofVLDL. 
(c) It also increases HDL cholesterol. 
(d) It may be more effective in reducing triglycerides than fenofibrate. 

(2) Indications. It is used for the management of hypertrig lyceridemia. 
(3) Adnrss stlst:ts may include gastrointestinal distress, including dyspepsia, abdominal 

pain, and nausea. 
(4) Drug intsftlt:tian1. It can increase the risk of myopathy when used with statins; there­

fore, close monitoring is recommended when used together. 
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4. Ezetimibe 
a. lllll:lnJoism af sctioo (Fig. 4.6) 

11) Ezetlmibe acts within Iha intastina to reduce cholesterol absorption. 
(a) Cholesterol is absorbed from the small intestine by a process that includes specific 

transporters including the Niemann-Pick C1-Lika 1 (NPClLl) protein, which is 
important for sterol absorption in the gut 

(b) Ezetimibe binds to and inhibits the function of NPC1L1 thereby reducing cholesterol 
absorption. 

b. lmlit:llfion& It iB approved for primary hyperlipidamia and homozygous familial 
hypercholesterolemia. 

c. Adnrn eHem may include fatigue, abdominal pain, and diarrhea. 
5. Bile acid sequeslrants 

a. Specific agflllls include cholastyramina, calntipol, and colesevelam. 
b. llecb1111ism af aclioo {Fig. 4.6) 

11) Bile acid sequestrants are positively charged molaculas that bind to Iha nagatively 
charged bile acids in the intestines. 
(a) They are hydrophilic, but they are not absorbed across the intestine. 
(b) In the intestine, the resins bind bile salts and prevent entarohepatic reutilization of 

bile acids. 
(c) In addition, they impair the absorption of dietary cholesterol. 

c. lmlit:ation._ Bile acid sequestrantB are effective in reducing plasma cholaltlrol (10%-209') 
in patients with some normal IDL receptors. This excludes patients who completely lack 
functional IDL receptors because of a genetic defect (homozygous familial hypercholester­
olemia). They are usually reserved for second-line therapy or in combination with statins. 

d. Advetn elfet:l!I 
111 Bile acid sequestrants produce gastrointestinal distress, including constipation, nau­

sea, and abdominal discomfort. Colesevelarn has fewer gastrointestinal side effects. 
121 Since they are not absorbed into the blood, they are unlikely to cause systemic effects. 

a. D11111 intenu:tiOBS 
111 These agents Interfere with the absorption of fat-soluble vitamins and anionic drugs. 

such as digoxin and warfarin. 
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RGURE U. SitBs of action for lipid-regulating drugs. (CoA. coenzym& A: FFA. frn fatty acids; LDL, low-density lipopro­
tein; LPL. lipoprotein lipase; VLDL, very-low-density lipoprotein; TG, triglyceride.J {Reprinted with pennission from Lilly L 
Pathophysiology of Heart Disease, 6th ed. Philadelphia, PA: Wolters Kluwer Health, 2015, Fig. 17.20.1 
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• DRUG SUMMARY TABLE 
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Review Test 

Diractions: Select the best answer for each question. 

1. A 62-year-old patient presents to the emer­
gency room with complaints of palpitations and 
dizziness. An electrocardiogram was positive 
for QT prolongation {Q'Il; = 0.61 seconds) and 
the physician is concerned about torsade de 
pointes. Two days priOJ; the patient started a 
new medication for the treatment of atrial fibril­
lation. Which of the following medication& most 
likely caused this patient presentation? 

IAI Diltiazem 
IBI Lldocaine 
ICI Mexiletine 
IDI Quinidine 
(E) Pmpafenone 

2. A 59-year-old man presents to the emer­
gency room with shortness of breath, chest 
tightness, and nausea. He is diagnosed with a 
non-ST-elevation myocardial infarction and 
started on appropriate therapy. Two hours 
later, the patient complains of palpitations 
and an electrocardiogram shows ventricular 
tachycardia. Which of the following medica­
tions is the most appropriate treatment for this 
anhythmia? 

(Al Atropine 
(B) Digoxin 
ICI Flecainide 
(D) Lldocaine 
IE) Quinidine 

3. A 32-year-old woman presents to her family 
physician with complaints of tremors, anxiety, 
and heat intolerance. After further evaluation, 
she is diagnosed with hyperthyroidism. Which 
of the following medications may help decrease 
her symptoms? 

IAI Amlodipine 
IBI Digoxin 
ICI Llsinopril 
IDI Propranolol 
IE) Vempamil 

4. A 49-year-old woman presents to her 
primary care physician for the management 
of hypertension. Her past medical history is 
signifir.ant for severe asthma. Which of the fol­
lowing jJ-bloclrers would be most appropriate to 
use for this patient? 

IAI Atenolol 
IBI Nadolol 
ICI Propranolol 
IDI Sotalol 
IEI Timolol 

5. A 48-year-old man ls taken to the emer­
gency department by ambulance for a blood 
pressure of220/170 mm Hg. He is diagnosed 
with hypertensive emergency and started on 
a nitroprusside infusion. Six hours later, the 
patient is confused. Further evaluation reveals 
lactic acidosis. What is the most likely cause of 
these symptoms? 

IAI Aa:umulation of nitropru&8ide due to its 
long half-life 

IBI Negative inotropic activity of nitroprus8ide 
IC) Production ofhydromcobalamin from 

nltroprusside 
IDI Production of thiocyanate from 

nltroprusside 
IEI Renal precipitation of nitroprusside 

8. A 76-year-old woman p~nts to her cardi­
ologist with a 5-month history of dry cough. She 
denies any other symptoms. Her past medical 
history includes a myocardial infarction about 6 
months prior; for which she was started on sev­
eral new medications. Which of the following 
medications most likely caused this patient's 
cough? 

IAI Digoxin 
IBI Lisinopril 
ICI Lovastatin 
IDI Metoprolol 
IEI Nitroglycerin 
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7. A 28-year-old woman presents to her cardi­
ologist for the management of atrial fibrillation. 
The physician prescribes a new medication 
after several others were ineffective. A year 
later, the patient complains to her primary 
care physician about fever, myalgia, and rash. 
Laboratory tests reveal a positive antinuclear 
antibody (ANA) test. The doctor attributes her 
symptoms to a side effect of her anti.arrhythmic 
medication. Which of the following medica­
tions caused these symptoms? 

(A) Amiodarone 
(B) Atenolol 
(C) Hydralazine 
(D) Procainamide 
(E) Quinidine 

8. A 51-year-old woman is admitted to the 
hospital with a diagnosis of paroxysmal 
supraventricular tachycardia associated with 
accessory bypass tracts. The physician attempts 
vagal maneuvers prior to pharmacological 
treatment without success. The patient is treated 
with a medication by rapid intravenous infusion. 
Shortly after, she experiences chest discomfort, 
difficulty breathing, and flushing. Which of the 
following medications was administered? 

(A) Adenosine 
(B) Amiodarone 
(C) DigOJdn 
(D) Diltiazem 
(E) Quinidine 

9. A 76-year-old man presents to his cardiologist 
for the management of congestive heart failure. 
He is started on a new medication and asked to 
follow-up in 2 weeks. At his follow-up appoint­
ment, the patient complains of nausea and 
abdominal pain. His wife tells the doctor that he 
has been confused over the past couple of days 
and recently complained of vision changes. What 
is the mechanism of action for the medication 
that most likely caused this patient presentation? 

(A) Block p1-receptor activity 
(B) Decrease vagal tone 
(C) Inhibit angiotensin-converting enzyme 
(D) Inhibit reabsorption of sodium in the loop 

of Henle 
(E) Inhibit sodium/potassium ATPase pump 

10. A 67-year-old man is started on lidocaine 
for the management of a life-threatening ven­
tricular arrhythmia after a myocardial infarc­
tion. Which change in the electrocardiogram 
will most likely occur after administration of 
this medication? 

(A) Decreased PR interval 
(B) Decreased QT interval 
(C) Increased QRS interval 
(D) Increased QT interval 
(E) Increased PR interval 

11. A 55-year-old woman is admitted to the 
surgical intensive care unit after a coronary 
artery bypass graft. She is given dose of milri­
none after developing hypotension, since her 
cardiac output, as measured by the Swan-Ganz 
catheter, is significantly lower than previous 
measurements. What is the mechanism of 
action for this medication? 

(A) Activate cholinergic receptors 
(B) Decrease cyclic AMP 
(C) Decrease left ventricular filling pressure 
(D) Decrease intracellular calcium 
(E) Potentiate cardiac phosphodiesterase 

type3 

12. A 64-year-old man is admitted to the hospi­
tal after a right hemicolectomy for colon cancer. 
His past medical history is also significant for 
congestive heart failure. The day after the sur­
gery, his blood pressure drops. Further evalua­
tion leads to a diagnosis of cardiogenic shock, 
and he is started on dobutamine to maintain 
systemic perfusion and preserve end-organ 
performance. What is the mechanism of action 
for this medication? 

(A) a2-Receptor antagonist 
(B) ~1-Receptor agonist 
(C) ~-Receptor antagonist 
(D) Dopamine-receptor agonist 
(E) Dopamine-receptor antagonist 

13. An 85-year-old woman is admitted to 
the cardiovascular unit of the hospital due to 
arrhythmias. The electrocardiogram dis­
plays ventricular fibrillation, which is quickly 
converted to atrial fibrillation with rapid 
ventricular response. The physician orders 
amiodarone to manage the arrhythmia. The 
patient is worried about long-term effects of 
this medication. What may occur after long­
term administration? 

(A) Cinchonism 
(B) Fracture 
(C) Gingival hyperplasia 
(D) Lupus 
(E) Puhnonary fibrosis 
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14. A 56-year-old woman presents to her pri­
mary care physician with complaints of muscle 
pain, cramping, and weakness in her legs. Her 
symptoms started shortly after starting a new 
medication for the management of hyperlip­
idemia. Laboratory results are positive for an 
elevated serum creatine phosphokinase. After 
further discussion, the patient reveals that she 
consumes grapefruit juice on daily basis. Which 
of the following drugs most likely caused this 
patient presentation? 

(Al Daptomycin 
(Bl Ezetimibe 
(Cl Gemfibrozil 
(DI Niacin 
(E) Simvastatin 

15. A 68-year-old man presents to his family 
physician with intermittent chest discomfort and 
occasional shortness of breath. After further eval­
uation, the symproms are attributed to angina! 
pain and the patient is started on nitroglycerin. 
His past medical hisrory is significant for hyper­
tension and erectile dysfunction. Three days later, 
the patient is taken to the hospital by ambulance 
due to syncope and severe hypotension. He tells 
the doctor his symptoms occurred shortly after 
intercourse. The doctor is concerned that a drug 
interaction with nitroglycerin. An interaction with 
what drug may have caused these symptoms? 

(Al Digmdn 
(Bl Milrinone 
(Cl Propranolol 
(DI Sildenafil 
(E) Verapamil 



Answers and Explanations 

1. lha answer is D. Quinidine Is a class IA anti.arrhythmic that causes prolonged repolarlzatlon 
and is asaociated with QT interval prolongation and torsade de point arrhythmias. The other 
medications are not associated with QT prolongation. Diltiazem la a calcium channel blocker 
(class N anti.arrhythmic agent). Lidocaine and mexiletine are class m antiarrhythmic agents, 
and propafenone Is a cla88 IC antiarrhythmic agent. 

2. The answer is D. Lidocaine ia a class IB antiarrhytbmic agent that ia selective for hypoxic tissue 
and is effective for the management of ventricular tachycardia associated with an acute myocar­
dial infarction (Ml). Lldocaine does not slow conduction and has little effect on atrial function. 
Digoxin, quinidine, and atropine can induce tachyarrhythmias. Flecainide is contraindicated 
for the treatment of life-threatening ventricular tachyarrhytbmias in patient8 without structu:ral 
heart disease. 

3. The answer is D. Hyperthyroidism may increase f}-adrenoceptors. P-Adreooceptor antagonists 
such as propranolol can decrease symptoms of hyperthyroidism. including palpitations, tachy­
cardia, anxiety, tremor, and heat intolerance. In addition, propranolol slowly decreases serum 
triiodothyronine {T3) concentrations via inhibition of the 5'-monodeiodinase that converts thy­
roxine (T4) to T3. The other medications will not help manage many of the symptoms associated 
with hyperthyroidism. 

4. The answer is A. Atenolol is a ~ -seleciive agent, which is safer in patients with asthma. The 
other agents are nonselective (Pi/fJ..zl. The sympathetic nerves in the bronchioles activate Pz­
adrenoceptors, which promotes bronchodilation. Nonselective agents can cause Pt-blockade, 
which may lead to bronchoconstriction. For this reason, nonselective agents are contraindicated 
in patients with asthma or chronic obstructive pulmonary disease. 

5. lha answer is D. The toxicity of nitroprusside is caused by the release of cyanide and the 
accumulation of thiocyanate. Hydroxocobalamin is used to reduce the toxicity of nitroprusside 
through the formation of the less toxic cyanocobalamin. 

&. The answer is B. Angiotensin-converting enzyme (ACE) inhibitors, such as lisinopril, commonly 
cause a dry nonproductive cough. It has been deicrlbed in 5%-20% of patients treated with an 
ACE inhibitor and usually begins within 1-2 weeks of starting therapy. It typically resolves upon 
treatment discontinuation. The other medications listed to not have this adverse effect 

7. The answer is D. Long-term use ofprocainami.de can cause systemic drug-induced lupus, in 
which symptoms may include fever, rash, myalgia, and arthritis. A positive antinuclear antibody 
(ANA) test generally ocCUill in most patients on procainamide for over 2 years. Although hydmla­
zine can also cause drug-induced lupus, it is not used for the management of atrial fibrillation. 
The other medications do not cause drug-induced lupus. 

8. lha answer is A. Adenosine is the drug of choice for the treatment of paroxysmal supraventricu­
lar tachycardia, including those associated with Wolff-Parkinson-White syndrome. It has a very 
short duration of action; the half-life is <10 seconds. Adverse effects may include chest discom­
fort, difficulty breathing, dizzineu, and flushing, although they are short lived due to the short 
duration of action. 

9. lha answer is E. Digo:dn, a cardiac glycoside, has a narrow therapeutic index and must be moni­
tored closely to prevent toxicity. Symptoms of acute toxicity may include gastrointestinal distress 
and mental status changes. Vision changes may also occur. For the treatment of heart failure, 
digoxin causes inhibition of the sodium/potassium ATPase pump in myocardial cells, leading 
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to an increase in intracellular sodium. This promotes calcium inftux via the sodium-calcium 
exchange pump and causes increased contractility. For the treatment of arrhythmias, it increases 
vagal activity, resulting in inhibition of the sinoatrial (SA) node and delayed conduction through 
the atrioventri.cular (AV) node. It also decreases sympathetic tone. 
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10. Tha answer is B. Lidocaine is a class IB antiarrhyth.mic agent It causes mild sodium channel 
block and shortens repolarization, leading to a decreased QT interval. Class IA drugs increase 
the QRS and QT interval. Class IC drugs increase the QRS interval; they also increase the PR 
interval. In addition, class II and IV drugs increase the PR interval. 

11. The answer is C. Milrinone reduces left ventricular filling pressure and thus enhances cardiac 
output. It inhibits cardiac phosphodiesterase type 3 and increases cyclic AMP ( cAMP) and, 
therefore, intracellular calcium. 

12. The answer is B. Dobutamine acts on jJ1-receptors; it increases cyclic AMP (cAMP)-mediated 
phosphorylation and the activity of calcium channels. It does not act on dopamine receptors. It 
is also an agonist at JJ:i- and a1-receptors. 

13. The answer is E. Amiodarone is a class Ill antiarrhythmic agent that produces many dose­
related and cumulative adverse effects, including the potential for thyroid dysfunction, liver 
dysfunction, photosensitivity, corneal deposits, and pulmonary fibrosis. Quinidine may cause 
cinchonism. Procainamide may cause drug-induced lupus. 

14. The answer is E. A common adverse effect of statins, such as simvastatin, is muscle pain and 
cramping. Rhabdomyolysis secondary to myoglobinuria or myopathy may occur. This risk is 
increased with high doses and with concomitant use of strong CYP3A4 inhibitors, including 
grapefruit juice. Although cholesterol medications, such as fibrates and niacin, are unlikely to 
cause this patient presentation on their own, when used in combination with a statin, they may 
increase the risk for myopathy. Daptomycin can cause myopathy and elevated creatine kinase 
but is used for gram-positive infections, not high cholesterol. 

15. Tha answer is D. Nitroglycerin stimulates cGMP production. Sildenafil, a phosphodiesterase 
(PDE) 5-inhibitor, prevents cGPM metabolism. Both drugs cause their vasodilatory effects 
through increased cG MP; when given together, they may cause a synergistic effect on blood 
pressure. 



Drugs Acting on the 
Central Nervous System 

I. SEDATIVE-HYPNOTIC DRUGS 

Sedative-hypnotic drugs can cause &edation (induce sleep) and/or relieve anxiety. They are used 
primarily to treat anxiety and insomnia. 

A. B1rllibar1tes 
1. &ue,./ pn1petlin 

I. Barbiturates have been largely replaced bybenzodiazepines (BZs), nonbenmdiazepine sed­
ative-hypnotic agents, and the selective serotonin reuptake inhibiton (smu&) for the treat­
ment of anxiety and sleep disorders. 

b. Use of barbiturates is limited due to strong 11dltive e:tleca, rapid tolerance, drug interac­
tions, abuse potential, and ledl1litJ in ovtnlast dut to da11-l"ll ... d "spinitory d1p,..ian 
with cerebral hypoxia (Fig. 5.1 ). 

2.. lleculli• ol •di• (Fig. 5.2) 
1. Barbiturates Interact wlih a binding a1te on the 1-ammobutyric add (GABAJ-rec.ptDr-chl• 

ride ch1nn1I camplu that ii separate from the bemodiazepine-binding lite. 
la. At IDW dases, barbiturates 1llosteric1lly prolong tile GABA-induced opening of chloride 

channels and enhance GABA-inhibitory neurotransmisslon. 
c. At higher do111, these drugs have 6ABA-mimtdc activity (they open chloride channels inde­

pendently of GABA). 
1 l11dicltion (Table 5.1) 

•• mtrashort-acting agents, such as thiopental, can be used for anesthesia induction and short­
term maintenance. 

b. Short-acting agents, such as pentobarbital, can be used fur insomnia, preoperative sedation, 
and seizure treatment 

c. Long-acting agents, such as phenobarbital, can be used for the treatment of seizures, Includ­
ing atatu.t epllepttcus. 

4. Adn1H elllols .,,d prH•lllion 
1. Barbiturates can cauae sedation, tolerance, dependence, and respiratory depression. 
la. They may incruse porphyrin synthesis by the induction of hepatic 6-aminolevulinic acid 

synthase, which can pncipitltl the symptotn.9 of acul9 intermittent porphyri1. 
5. Dfflf i•IMICtiOlll 

1. With long-term use, barbiturates may induce tile ayntllni• of hepatic micto10m1I enqmn 
and may increase the metabolism of numerous other drugs. 

b. They enhance central nervous system (CNS) depreasion when taken in combination with 
other drugs that depreas the CNS, most notably alcohol 

B. Benzodi1zepine1 
1. &ue,./ pn1petlin 

1. Benzodiuepines have a grelt marain of 11fely over barbiturates. 
(1) While BZs exhibit a ceiling lffect, barbiturates and alcohol exhibit a linear dose eifect, 

which can progress from sedation to respiratorydeprenion, coma, and death (see Fig. 5.1). 



l3JlJ1di:I Drugs Acting on the Central Nervous System 93 

Coma 

Anesthesia 

Hypnosis 

Sedation •••••••••••••••••••••••••• 
Busplmne 

R6URE 5.1. Theoretical dosa-responsa 
relationships for sedative-hypnotic drugs 
and buspirone. 

RGURE U. Repreaanta1ion of GABA receptor-chloride 
channel receptor complex. Binding of GABA tD its receptor 
causes the closed chi a ride c han na I to op an. Bind in 11 of ban· 
zodiazepines to its receptor allostuically enhances binding 
to GABA. This causes increased chloride conductance and 
further hyperpolarization of the cell, making it less excitable. 
Ba rbituralJls, b enzod iaza pinas, ethanol, and other sedative­
hypnotic drugs act on tile GABA-receptor. 

Barbiturates 

t a b I e 5.1 Classification and Indications of Barbiturates 

Ultrashort acting 
Thiopanlll 
Mathohaxital 

lntravanous g ana r1l 1nasthasi1 

Ct" 

Int armed iata ectin g 
Amobarbital 
Panto barbital 
Sacob1rbitll 

Praanedlatic medication and regional anedlesia; sadation and hypn09i1 
(I a rg ely supplanted by benzod iazepinesJ 

Long acting 
Phenob1rbitll 
Maphobarbitll 

Seizure disorders; withdrawal syndrome from sedative-hypnotics 
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b. Most BZs have qualitatively similar therapeutic actions but differ in their relative lipid solubil­
ity, biotransformation, and elimination half-life. 

c. They are classified as short, intermediate, or long acting. 
(1) Shorter-acting agents are generally more useful for insomnia because they cause less 

hangover on awakening. 
(2) Longer-acting BZs are generally more useful for anxiety. 

2. Mech&nism of action (see Fig. 5.2) 
a. Benzodiazepines bind to a DZ-receptor site on G.ABA,.-activated chloride channels. 

(1) They increase the frequency of GABAa-receptor opening. 
(a) This results in increased chloride conductance, hyperpolarization, and leads to 

inhibition of synaptic transmission in the CNS, as well as inhibition of neuronal 
depolarization by excitatory neurotransmitters. 

(2) These drugs have no action in the absence of GABA. 
b. The BZ.-receptor subtype mediates the sedative properties. 
c. The BZrreceptor subtype mediates the anxiolytic, myorelaxant, and anticonvulsantproperties. 

3. Phannacologic properties 
a. Benzodiazepines that are highly lipid soluble, such as midazolam, triazolam, and diazepam, 

have a more rapid onset of action. 
b. Most are metabolized to active compounds by the liver through phase I hepatic microsomal oxi­

dation by the cytochrome P-450 isozyme (except lorazepam, temazepam, oxazepam) (Fig. 5.3). 
(1) Active metabolites are responsible for prolonged duration of action ofBZs. 

c. Clearance is often decreased in the elderly and in patients with liver disease. In these patients, 
doses should be reduced or the drug avoided altogether. 

4. Indications (Table 5.2) 
a. Anxiety disorders {including acute anxiety, generalized anxiety disorder [GAD], situational 

anxiety disorders, panic disorders, and social anxiety disorder or social phobia). 
(1) Benzodiazepines such as clonazepam, lorazepam, and diazepam are effective for the 

short-term management (<6 weeks) of many anxiety disorders. 
(2) Selective serotonin reuptake inhibitors are now considered first-line agents for the long­

term management of these disorders. 

Chlordiazepoxide Diazapam 

! t,12 = 100 hours l t,12 = 2-12 hours 

Desmethylchlordiazepoxide* 

i 
Demoxapam* ___ .,. Desmethyldiazepam* 

i Alprazolam and trlazolam 

t,12 = 8 hours --+ Oxazepam• i 
----•11 Hydroxyethyl­

I Alpha-hydroxy metabolites* 

Flurazepam 
flurazepam• L_. 

Conjugation 
.__j t,12 = 15 hours 

.,____,______ Lorazepam• ...__ ___ _.... Desalkyl-~ 
flurazepam• i 

t,f.i! = 1 oo hours ! 
Urinary 

excretion 
Active metabolites are 
responsible for prolonged 
duration of action of BZs 

*active metabolite 

FIGURE 5.3. Biotrensformation of benzodiazapines. Most benzodiazepines are metabolized by the liver to active com­
pounds (except lorazepam, tamazepam, oxezepem). 
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table 5.2 Classification end Indications of Benzodiezepines 

Short acting lt,11 < 5 hi 
Midazolam 
Triazolam 

lntermedi1te 1cting lt,11 5-24 hl 
Alprazolam• 
Clonazepam 
Estazolam 
Lorazepam 
Oxazepam 
Tamazepam 

Long lasting {t,11 > 24 h I 
Chlordiazepoxide"' 
Clorazepate" 
Diazepam"' 
Flurazepam 
Prazepam"• 
Ouazepam 

'for panic disorders. 
"Converted to 1he long-acting, active metabolite. 
"Prod rug. 
'for wi1hdrawal from e1hanol and other sedative-hypnotics. 

b. Insomnia 

Preanesthetic 
Insomnia, prunesthetic 

Anxiety, antidepressant 
Seizures 
Insomnia 
Anxiety, insomnie, seizures, preanasthetic 
Anxiety 
Insomnia 

Anxiety, preanesthetic, withdrawal states 
Anxiety, seizures 
Anxiety, preanesthetic, 111izures, wi1fldrawal states 
Insomnia 
Anxiety 
Insomnia 
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11) Temazapam, tlurazepam, and triazolam have a rapid onset and sufficient duration of 
action with minimal hangover. 

c. Saizuras 
11) Benzodiazepines elevate the seizure threshold. 
12) Intravenous (N) lorazapam or diazepam may be used for the initial treatment of status 

epilepticus and drug- or toxin-induced seizures. 
13) The development oftolerance precludes their long-term use. 

d. Anesthesia and short medical or surgical procedures 
11) Shorter-acting BZs, such as midazolam, are preferred for their anxiolytic, sedative, and 

amnestic actions before and during surgery, endoscopy, or bronchoscopy. 
e. Muscle relaxation 

11) Diazapam is used to treat spontaneous muscle spasms, spasms associated with endos­
copy, and the spasticity of cerebral palsy. 

I. Acuta mania of bipolar disorder (for the initial management of agitation) 
g. Acute alcohol withdrawal 

11) Lorazepam, diazepam, and chlordiazepoxide are frequently used to reduce alcohol 
withdrawal symptoms, such as psychomotor agitation. 

5. Adnrse effects snd precautions 
a. Daytime drowsiness, sedation, and ataxia are common adverse effects. 

11) Benzodiazepines may impair judgment and interfere with motor skills, particularly in 
the elderly. 

b. These drugs may depress respiration at higher than hypnotic doses, an effect that can be 
exaggerated in patients with chronic obstructive pulmonary disease or obstructive sleep 
apnea 

c. Rebound insomnia may occur on discontinuation. 
d. In the elderly, overuse ofBZs is the most common cause of reversible confusion and amnesia. 
e. Benzodiazepines, particularly when given intravenously, may decrease blood pressure and 

decrease heart rate in patients with impaired cardiovascular function. 
6. Drug interactions 

a. Benzodiazepines enhance CNS depression when taken in combination with other drugs that 
depress the CNS, most notably alcohol. 

b. Drugs and grapefruit juice that inhibit CYP3A4 can extend the duration of action for certain 
agents. 
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'1. Tal•ranc•. dun. and d•pnd•11c• 
a. Tolerance develops to the sedative, hypnotic, and anticonvulsant actions ofBZs. 

(1) Cron-tolerance occurs with other sedative-hypnotic agents, including alcohol and 
barllituratet. 

b. Psychological and physical dependence can develop if high doses are given over a prolonged 
period. 

c. Abrupt discontinuation may result in withdrawal. symptoms, including confusion, anxiety, 
agitation, restlessness, insomnia. and seizures. 
(1) Withdrawal oc<:Ul'S sooner and is more severe after abrupt discontinuation of shorter· 

actingBZs. 
(2) Tapering the dose or substituting with longer-acting BZs, such as diazepam, can mini­

mize withdrawal symptoms. 
(3) If not treated appropriately, BZ withdrawal can be life threatening. 

C. Flumazenil 
1. Mecllesi1111 of action. Flumazenil is a competitive antagonilt at benzodiazepine recepton. 
Z. lndicttios1. It is used to prevent or revene the CNS tffectl from benzodiazepine overdose. It 

may also speed recovery from the effects ofBZs used in anesthetic and diagnostic procedures. 
a. It has a short duration of action, which often necessitates multiple dosing. 
b. It will not reverse the effects ofbarbiblrates or alcohol. 

3. Ad111111e •llBcls. Flwnazenil may precipitate withdrawal. 

D. Zolpidam, zalaplon, and 1szopiclon1 
1. M•cltetJism of actia11. These drugs enhance the activity of GABA by acting at the BZ.-receptor 

site. This results in increased chloride conductance, neuronal hyperpolarlzadon, and a 
decrease in neuronal excitability, leading to sedative and .hypnotic elfects. 
a. Because of their 1tltctiwity for die BZ,-receptor site over the BZz-receptor site, they exhibit 

minimal anxiolytic, myorelaxant, and anticonvulsant properties. 
2. lndit:ttion1. They are widely used for short-term treatment of insomnia. Due to their relatively 

high lipid solubility, they ha:ve a rapid onset of action. 
3. Atltttltu d'Htrinclude modest daytime Hdation, headache, and gastrointestinal (GI) upset The 

dose of these drugs should be reduced in the elderly and in patients with hepatic impairment. 

E. Buspirana 
1. M•clte11ism al actia11. Busplrone is a nonbanzodiazepine partial agonist at 11rotonin (5-HT1,J­

racaptars, which selectively reliewes anxiety without die sedition, hypnosis, general CNS 
depression, or drug abuse liability of the BZs (see Fig. 5.1). 
a. It has no other benzodiazepine-like activities. 

2. lndit:ttion1. A week or more of administration may be required to achieve the therapeutic 
e:tfects; therefore, it is used primarily to treat generalized anxiety disorder. 

3. AdvllH 1118ctr. Bu.spirone may cause dirzinea, dromine58, nervousness, dysphoria, tachy· 
cardia, or GI distress. 

F. RamaHeon 
1. M•clte11ism of •t:tia11. It is a selective agonist at melatonin MT1· and MT2-raceptors that are 

involved In the promotion of sleep and that maintain the normal circadian rhythm. 
2. Indication. Ramelteon ls prescribed for patients who have dlf6culty falling asleep. 
3. Adverse elfecls include dizziness and fatigue. 

II. ANTIPSYCHOTIC (NEUROLEPTIC) DRUGS 

A. Introduction 
1. Antipsychotic drugs are used In the management of sch.lzophren.la. and other disorders with 

psychotic features. 
a. Patients with schizophrenia often experience disorders of perception, thinking, speech, and 

emotion. 
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11) Positive symptoms include hallucinations, delusions, and disorganized thoughts and 
behavior. 

12) Negative symptoms include decreased expressiveness, apathy, flat affect, and lack of 
energy. 

13) Other symptoms may include cognitive impairment and anxiety. 
2. Although schizophrenia cannot be cured, anti.psychotic drugs may ameliorate the symptoms. 
3. Anti.psychotic drugs may be classified as either typical or atypical agents. 

B. Dopaminergic neural pathways 
1. Nigrostriatal pathway 

a. This pathway is involved in the coordination ofvoluntary (purposeful! movement. 
b. Blockade of the dopamine Drreceptors in this pathway is responsible for extrapyramidal 

symptoms (EPS). 
2. Mesolimbic and mesoconical pathways 

a. These pathways are most closely related to behavior and psychosis (regulation of affect, rein­
forcement, and cognitive function). 

b. Research suggests that an excessive activation of the dopamine mesolimbic pathway is 
related to positive symptoms, while negative and cognitive symptoms might be caused by 
mesocortical dysfunction. 

3. Tuberoinfundibular pathway 
a. Dopamine released by these neurons physiologically inhibit$ prolactin secretion from the 

anterior pituitary. 

C. Mechanism of action 
1. Typical anti.psychotic drugs are Drreceptor antagonists in the mesolimbic pathway. 

a. Binding affinity is very strongly correlated with clinical anti.psychotic and extrapyramidal 
effects. 
11) They help alleviate the positive symptoms of schizophrenia but do not alleviate nega­

tive symptoms. 
2. Atypical anti.psychotic drugs are 5-Hlrreceptor antagonists. They are also Drreceptor antago­

nists but have less potent D2 antagonism compared to typical anti.psychotic agents. 
a. They alleviate both positive and negative symptoms. 
b. Compared to typical agents, they have limited extrapyramidal side effects. 

D. Specific agents 
1. Typicsl sntipsychotics 

a. High-potency drugs include fluphenazine and haloperidol. 
11) Compared to the low-potency agents, they have higher affinity for the dopamine recep­

tor and are more likely to cause extrapyramidal reactions. 
b. Low-potency drugs include thioridazine and chlorpromazine. 

11) Compared to the high-potency agents, they have more autonomic effects due to 
increased anticholinergic and antiadrenergic activity. 

12) They are less likely to produce acute extrapyramidal reactions and more likely to pro­
duce sedation and postural hypotension. 

2. Atypical antipsychotics 
a. Atypical antipsychatic agent$ include clozapine. olanzapine. quetiapine. ziprasidone. ris­

peridone, and aripiprazole. 
11) They have generally replaced the typical drugs for the initial treatment of first-episode 

patients. 
12) Clozapine is reserved for treatment-resistant patients due to its adverse effect profile. 

E. Indications 
1. Schizophrenia 
2. Suicidal behavior in schizophrenia or schizoaffective disorder 

Manic phase in bipolar disorder ( clozapine is the only approved drug for these indications) 
3. Schizoaffective disorders 
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4. Atypical psychotic disorders 
5. Depression with psychotic manifestations 
6. Tourette syndrome 
7. Nausea or vomiting 

a. Anti.emetic activity is due to the D1-receptor blockade in the chemoreceptor trigger zone 
{CTZ) of the medulla. 

b. Prochlorperazine is a typical anti.psychotic but is only approved for the treatment of nausea 
and vomiting. 

F. Advarsa affects and contraindications {Thbles 5.3 and 5.4) 
Selection of a specific antipsychotic agent for therapeutic use is often based on its associated adverse 
effects rather than therapeutic efficacy. The adverse effects of antipsychotic agents are due to their 
antagonist actions at the dopamine and histamine receptors in the CNS and to their antagonist 
actions at muscarinic cholinoceptors and o:-adrenoceptors in the periphery. 

1. Extrapy111midal 1ynd10me1 (EPS) 
a. The nigrostriatal pathway is involved in the coordination of voluntary movement. Blockade of 

the D2-receptors in this pathway is responsible for BPS. 
b. EPS is a major cause of noncompliance. 
c. Extra pyramidal effects are most I ikaly to occur with high-potency typical antipsychotic drugs 

that have a high affinity for Dz-receptors in the basal ganglia. 
(1) They are unlikely to occur with most atypical antipsychotic drugs. 

d. Extrapyramidal syndromes include the following: 
(1) Acute dystonia (may occur during the first week of therapy) 

(a) Symptoms may present as involuntary muscle contractions, including spasms of the 
tongue, face, and neck (torticollis). 

(2) Akathisia {may develop as early as the first month or two of treatment) 
(a) Symptoms include motor restlessness, including a compelling urge to move or an 

inability to sit still. 
(3) Parkinsonian-like syndrome {may develop from 5 days to weeks into treatment) 

(a) Symptoms include mask facies, resting tremor, cogwheel rigidity, shuffling gate, 
and psychomotor retardation (bradykinesia). 

t a b I e 5.3 Potency and Adverse Effects of Typical Antipsychotic Drugs 

CoaWIOlion•ldlVg' 

Ali11l111tic 11ll1111tlli1zi111 
Chlorpromazine 
Triflupromazina 

Pip1ridine ph1nathi1zin1S 
Thioridazine6 

Mesoridazina 

Pipa~i11 pll1notlliazi111 
Trifluoperezine 
Fluphenazine• 

Butyroph1non• 
Haloperidol 

Otllet ,.1m11 dnlp 
Molindone 
Loxaplne 

'Extluding tardive dyskinesia. 
'Cardiotaxicity. 

0"1 DoH (mg) 

1DD 
50 

100 
50 

10 
5 

2 

20--200 
20--250 

'Esterification lenanthate or decanoateJ results in depot form. 
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tt +++ 
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t a b I e 5.4 Adverse Effects of Atypical Antipsychotic Drugs 

&tnipynmid•I Hypat•n1ive lncrt111Hd 
Atypic1I Drugs Effects• Activity S1dltion W1ightG1in Prol1ctin 

Aripiprazole +/- + +/- +/- +/-

Cloz1pin1• +/- ++ + +++ +/-

Dlanzapine +/- + ++ +++ +/-
lluetiapine +/- ++ ++ ++ +/-

Ri1peridone• ++ + + + ++ 
Ziprasidone' +/- +/- + +/- +/-

"Excluding tsrdive dyskinesia. 
'AgranulocytGsis. 
'little extrapyrsmidal effects at law doses. 
'1J.Tc prolongation. 

a. Treatment ofEPS 
11) EPS can be cantralled with antimuscarinic drugs (benztrapinel or by reducing the anti­

psychotic drug dose. 
12) Propranolol, a fl-receptor antagonist, may also help manage akathisia. 

2. T•nlive dyskinesia (TO) 
a. TD is a hyperkinetic movement disorder that may be irreversible. 
b. It generally occurs after chronic use of dapamine-receptar blacking agents. 

11) It is more likely to occur in the elderly or in institutionalized patients who receive long­
term, high-dose therapy. 

12) TD is much more likely with typical antipsychotic agents than with atypical agents. 
c. Clinical manifestations may include smacking af lips, choreoathetoid movements of the 

tongue, facial grimacing, and chareifarm or athetoid movements. 
d. Discontinuation of drug therapy is critical. 

3. Neuroleptic malign&nt syndrome (NMS) 
a. Neuroleptic malignant syndrome is a rare but lifa-thraatening idiosyncratic raactian to anti­

psychotic (neuroleptic) medications. 
b. It is characterized by autanamic instability, muscle rigidity, diaphoresis, profound hypenher­

mia, and myoglobinemia. 
c. Treatment may include discontinuing drug therapy and initiating supportive measures, 

including the use of bramacriptine to overcame the dapamine-receptar blockade, and the 
use of muscle relaxants such as diazepam or dantrolana to raduca muscle rigidity. 

4. Endocrine and metabolic disturbances 
a. Hyperprolactinemia may occur due to D2-receptor antagonist activity in the anterior pituitary 

(tuberainfundibular pathway). 
11) In women, these disturbances include spontaneous or induced galactorrhea, loss of 

libido, and delayed ovulation and menstruation or amenorrhea. 
12) In men, these disturbances include gynecomastia and impotence. 
13) It is most common with typical agents and risparidone (an atypical agent). 

b. Weight gain is likely with most typical antipsychotic agents and the atypical antipsychotic 
agents, clozapina and olanzapine. 

c. Hyperglycemia and dyslipidemia have been reported for atypical agents. 
11) These drugs may exacerbate or precipitate diabetes mellitus or hyperlipidemia. 

5. Histamine H,-receptur black&de 
a. Sedation occurs due to central histamine-receptor blockade. 
b. It is more likely to occur with low-potency antipsychotic agents and with the atypical agents. 

6. u-Adrenor:eptar blor:ksde 
a. Blockade of a-adrenoceptors is more likely to occur with low-potency typical agents and 

atypical antipsychotic agents. 
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b. Orthostatic hypatansion and possibly syncope can result from perlpheral. vasodllation; this 
effect may be severe and may result in reflex tachycardia. 

c. Elderly patients and those with heart disease are more atrlsk 
d. This blockade may cause impotence and inhibition of ejaculation in men. 

7. Mncetittit: dolinc1pto1 blockeo 
1. Blockade of muscarinic cholinoceptors is more common with typical low-potency antipsy­

chotic agents and with the atypical agent clozapine. 
b. It can produce atropine·lilce effects, resulting in dry moulh, constipation, urinary retention, 

tachycardia, and blurred vision. Confusion may also occur. 
c. Elderly patien15 are at increased rlsk 

a. Seizuns 
a. Antipsychotic drugs can lower seizure threshold and may lead to seizures or precipitate or 

unmask epilepsy. 
b. Among the first-generation antipsychotics, chlorpromazine appears to be associated with the 

greatest risk of seizures. 
c. Among the atypical antipsychotics, clozapine is thought to be most likely to cause cODVulsions. 

9. C1nli1c •rtllytbmi11 
1. Cardiac arrhythmias are more lilcelywith thioridezine and zipr11idone, which can prolong the 

QT interval and lead to conduction block and sudden death. 
10. Agt1nulocytosi1 

a. Clozaplne has a small but signiflcant risk of agranulocytosls (up to 3%); for this reason, It 
requires frequent monitoring of white blood cell counts and ls not used as a first-line agent. 

G. Drug interactions 
1. Certain anti.psychotic drugs produce additive antichollnergic effects with tricyclic antidepres­

sants (TCA.s ), antiparkinsonlan drugs, and other drugs with anticholinergic activity. 
Z. Smoking causes CYP1A2 induction and can decrease clozapine and olanzapine levels. 
3. Anti.psychotics have potentiated sedative effects in the presence of CNS depressants such as 

sedative-hypnotics, opioids, and antihistamines. 

Ill. ANTIDEPRESSANT DRUGS 

A. Tharapeulic efficacy 
1. All antidepressant drugs have stmllar therapeutic efficacy, although. individual patients may 

respond better to one drug than another. Selection is often based on associated adverse effects. 
2. Although the in.lt1al effects of anti.depressants on monoamine transmission occur early, their 

therapeutic effect occurs only after seweral weeks of drug administration and is more closely 
associated with adaptive changes in neuronal receptors and second messenger activity 
(Tuble 5.5). 

3. Adaptive desensitization of prejunctional norepinephrine and serotonin autoreceptors may 
also be factors (Fig. 5.4). 

4. Adaptive changes in neurotrophic factors such as brain-derived neurotrophic factor (BDNF) 
have also been implicated. 

t a b I e 5.5 
nr11frl111 

Hours/days 

Weeks 

Months.lyears 

lime Frame of Physiologic Changes with Antidepressant Therapy 

Synalllic signaling, receptor regulation 

Intracellular 1ignaling, posttrantlational 
modification, gene expression 

Nsuroplssticity, nsurogsne1is 

11r111pll1lc 6a1l1 

Improvement in slHp and appltita 

Improvement in other •ion• and tymptom• 
of depression 
Prevent recurrent affective episGdH 
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RGURE 5.4. Monoamine activity. 

B. Selective nrotonin reuptake inhibitors 
1. Sp1t:ilic sg1n11 include fluaxedne, nrtrlline, p1roxetina, citalopram, and a1eitalopr1m. 
2. lf111:hll11ism of •r:tian. SSRis are selective inhibitors of serotonin uptake. They allosterically 

inhibit the serotonin transporter (SERT) to potentiate the action of serotonin (Fig. 5.5). 
3. Indications include major depressive disorder, anxiety disorders, panic disorder, obsessive­

compulsive disorder (OCD), posttraumatic stress disorder (PTSD), premenstrual dysphoric 
disorder (PMDD ), bulimia nervosa, and binge-eating disorder. 

4. AdllBtH aff..:ls (18.ble 5.6) 
a. Gastraintestinal distraa (nausea, diarrhea, heartburn) (generally transient) 
b. Sexual dysfunction 
c. Stimulation (often mild and transient) 

(1) Patients may experience agitation, anxiety, increased motor activity, insomnia, tremor, 
and excitement. 

d. Waight gain (especiallyparoxetine) 
5. Pm:aation 

a. SSRis (and all other antidepressants) may increase suicidal ideation for children, adole• 
cents, and young adults. 

Note: TCA'1 alllo blodc other 'llCl!IP!ols fH1. 5+/Tz, Ur. trHltlCa/fn/c) 
5-HT, aerotonln; NE, no111plnephr1na 

RGURE 5.5. Mechanism of action of SSRls, SNRls, and TCAs. DOPGAL. 3.4-dihydroxyphenylglycoaldahyde; NET, norapi· 
naphrina transporter; SERT. serotonin transporter; SNRI, selective sarottmin-norapinaphrine rauptaks inhibitor; SSRI, 
selective serotonin rauptaka inhibitor; TCA. tricyclic antidepressant VMAT, vesicular monoamine transporter. (Modified 
from Golan D. Principles of Pharmacology. 4th ed. Philadelphia, PA: Wolters Kluwer Haalth, 2016, Fig. 15.5.) 
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t a b I e 5.6 Relationship between Blockade of Neurotransmitter Receptors end 
Antidepressant-Induced Adverse Effects 

Histamine H,-recaptors 

Muscarinic receptors 

a,-Ad renocaptors 

Serotonin 5-HT2-receptors 

Adv9111• Efhm 

Sedation 
Weight gain 
Hypotension 
Potantiation of CNS depressantJ 

Dry mouth 
Blurred vision 
Urinary retention 
Constipation 
Memory dysfunction 
Tachycudi1 

Postural hypotansion 
Reflex tachycardia 

Blockade of antihypertansiva affects of clonidine, a-methyldopa 

Ejaculatory dysfunction 

Data from Charney OS, et al. Treatment of depression. In: Schatzberg AF, Nemeroff CB, eds. Textbook of Psychopharmacology. Washington, DC: 
American Psychiatric Press. 1995:578; Adapted from Richelson EJ. Side effects of old and new generation antidepressants: a pharmacologic frame­
work. C:lin Psychiatry 1991;9:13-19. 

b. Discontinuation syndrome may occur upon abrupt discontinuation of SSRis. 
(1) Symptoms may include dizziness, nausea, headache, and fatigue. 
(2) The drugs should be tapered upon discontinuation to minimize symptoms. 
(3) Paroxetine is most likely to cause these symptoms. 
(4) Fluoxetine has the longest half-life and is the least likely offender. 

6. Drug int9r1ctions 
a. Fluoxetine and paroxetine are potent inhibitors of CYP2D6 and can potentiate the actions of 

other drugs metabolized by the same enzymes. 
(1) Tamoxifen, a medication used for the treatment of breast cancer, is metabolized via 

CYP2D6 to its active metabolite. It is contraindicated with these two SSRis due to the 
potential for decreased efficacy. 

b. Serotonin syndrome is a rare, but potentially fatal, condition that can occur with serotonergic 
agents, such as SSRis, especially when used in combination with other serotonergic agents 
{triptans, tramadol, meperidine, linezolid, serotonin norepinephrine reuptake inhibitors 
[SNRis], TCAs, monoami.ne oxi.dase inhibitors [MAOis]). Symptoms may include tremor, 
hyperthermia, muscle rigidity, and cardiovascular collapse. 

C. Selective serotonin norepinephrine reuptake inhibitors 
1. Specific •gents include van lafaxine, desvenlafaxine, duloxetine, and milnacipran. 
2. Mechanism of action. These drugs inhibit SERT and the norepinephrine transporter {NET) to 

potentiate the action of serotonin and norepinephrine {Fig. 5.5). 
a. Individual drugs vary considerably in their inhibition of SERT and NET. 
b. These drugs may work directly on pain pathways, but the exact mechanism of action is unknown. 

3. Indications include major depressive disorder, anxiety disorders, panic disorder, OCD, PTSD, 
PMDD, hot flashes, and chronic pain disorders such as fibromyalgia and diabetic neuropathy. 

4. Adverse effects {Table 5.6) 
a. Adverse effects are similar to SSRis. 
b. Additional noradrenergic-related effects include increased blood pressure and heart rate, 

insomnia, and anxiety. 
c. Duloxetine use is associated with rare hepatotoxi.city. 

5. Precautions are similar to SSRis, including the risk of discontinuation syndrome and the risk of 
suicidal ideation for children, adolescents, and young adults. 

6. Drug inte111ctions 
a. Duloxetine causes CYP2D6 inhibition. Caution must be taken when taken with CYP2D6 sub­

strates, including tamoxifen. 
b. SNRis carry the risk of serotonin syndrome when combined with other serotonergic agents 

{see Section ill.BJ. 
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D. Tricyclic antidepressants 
1. Specific agents include amitriptyline, desipramine, imipramine, nortriptyline, and amoxapine. 
2. Mechanism of action. These drugs inhibit SERT and NET to potentiate the action of serotonin 

and norepinephrine (Fig. 5.5). 
a. Individual drugs vary considerably in their inhibition of SERT and NET. 
b. These drugs may work directly on pain pathways, but the exact mechanism of action is 

unknown. 
c. They also block alpha-adrenergic ( a 1), histamine (H1), and muscarinic (M1)-receptors, which 

account for many of their side effects. 
3. Indications. Compared with SSRis and SNRis, these are now considered second-line drugs for 

the treatment of depression. TCAs like imipramine are used infrequently to suppress enuresis 
in children (over age 6) and adults. TCAs may be used for neuropathic pain conditions. 

4. Adve11e effects (Table 5.6) 
a. Adverse effects are similar to SSRis and SNRis. 
b. Anticholinergic effects may include constipation, dry mouth, urinary retention, and blurred 

vision. Confusion may also occur, especially in the elderly. 
c. Antihistamine effects may include sedation and weight gain. 
d. a-Blocking properties can cause orthostatic hypotension, which may lead to reflex 

tachycardia. 
e. TCAs can also have several other effects on the cardiovascular system, including tachycardia, 

conduction defects, and arrhythmias. 
t. Other side effects may include sexual dysfunction, diaphoresis, acute hepatitis, and tremor. 
g. Amoxap ine also has dopamine-receptor antagonist activity and carries the risk of EPS. 

5. Ptecautions 
a. Precautions are similar to SSRis and SNRis, including the risk of discontinuation syndrome 

and the risk of suicidal ideation for children, adolescents, and young adults. 
b. Overdose with TCAs can be very dangerous, in which as little as 10 times the daily dose could 

be fatal. Toxicity is usually due to QT prolongation, leading to arrhythmias. It can also lead to 
anticholinergic toxicity and seizures. 

6. Drug inte1t1r:tions 
a. TCAs may have additive effects with drugs that have anticholinergic and antihistamine 

properties. 
b. TCAs carry the risk of serotonin syndrome when combined with other serotonergic agents 

(see Section III.B). 

E. Dopamine-norepinephrine reuptake inhibitor 
1. Specific agent. Bupropion. 
2. Mechanism of action. The mechanism for bupropion is not well understood. It may increase the 

availability of norepinephrine (NE) and dopamine (DA) via reuptake inhibition of NE and DA trans­
porters. It may also cause presynaptic release of NE and DA. It is also a noncompetitive antagonist 
of nicotinic acetylchol ine receptors and may help bock the reinforcing effects of nicotine. 

3. Indications include major depressive disorder, seasonal affective disorder, and smoking ces­
sation. It does not cause sexual dysfunction and may be used in patients with SSRl-induced 
sexual dysfunction. 

4. Adve11e effects include noradrenergi.c-related effects such as tachycardia and insomnia. It also 
lowers saizura threshold and has a dose-related risk for seizures. 

5. Ptecautians. Use is contraindicated in patients with a history of seizures or certain conditions 
with high seizure risk such as patients with a history of eating disorders, including anorexia or 
bulimia. 

6. Drug interactions. Bupropion should not be given with MAOis due to the increased risk of 
stimulant effects, including hypertension. 

F. Monoamine oxidase inhibitors 
1. Specific agsntsinclude phenelzina, tranylcypromine, isocarboxazid, and selegiline. 
2. Mechanism of action. MAOis inhibit the mitochondrial enzyme, monoamine oxidase. They 

increase the serotonin 15-HTI and NE available in the cytoplasm, which leads to increased 
uptake and storage of 5-HT and NE in synaptic vesicles (Fig. 5.6). 
a. MAO inhibition continues for up to 3 weeks after their elimination from the body. 



104 BRS Phannacology 

)) Serolanln 

VM.v-{J 

80 
@! 

• 

FIGURE 5.&. Mechanism of ac1ion of MAOls. DOPGAL. 3.4-dihydroxyphenylglycoaldahyde: MAO. monoamina oxidase: MAOI. 
monoamine oxidase inhibilur, VMAT. vesicular monoamine transport&r, 5-HT. serotonin; NE, norapinaphrine. (Modifiad from 
Golan D. Principles of Pharmacology. 4th ed. Philadalphia, PA: Wolters Kluwer Haalth, 2016. Figs. 15.2 and 15..3.) 

3. lndiclllions. MAOis are used rarely, usually only when other antidepressants have proved inef­
fective orfor "atypical~ depression. 

4. AdntSe •lrecfsinclude postural hypatension, headache, dry mouth, sexual dysfunction (phen­
elzine), weight gain, and sleep disturbances. 

5. l'rlt:1utiaa1 are similar to other antidepressants, including the risk of discontinuation syn­
drome and the risk of suicidal ideation for children, adolescents, and young adults. 

6. Dmg intsnu:tioas 
1. MAOis may cause seratunin syndrome in the presence of other serotonergic agents (see 

Section III.B). 
111 Most antidepressant!! should be discontinued at least 2 weeks prior to starting a MAOI. 
121 MAOI.s should also be discontinued for at least 2 weeks before starting a serotonergic 

agent. 
b. They can cause significant hypertension when combined with other sympalhomimatic 

1gent1, including paeudoephedrine, an over-the-counter (OTC) decongestant. 
1. Food inmn1ction1. MAOis prevent the breakdown of tyramine in the gut. Ingesting large 

amounts of dietary tyramine may cause malignant hypertension, stroke, or myocardial 
infarction. 
I. Patients should avoid conswning tynunine containing foods, including aged cheese, beer, 

red wine, processed meats, and pickled or fermented food. 

G. Serotonin l5HTJ-racaptor antagonists 
1. Sper:ifit: 1g111r.. Tr1zadon1 and nefazodone 
Z. Mat:hBBillfl of et:tioa. These drugs inhibit reuptake of serotonin (at high doses) and act as 

SHT.-receptor antagonists. Both drugs also block the alpha1-adrenergic receptor. Tmzodone 
also blocks the H,-receptor. 

3. lndit:etions. Both drugs can be used fur the management of depression. Trazodona i8 often used 
for the management ofinnmnia. 

4. Adnrse afltlt:tJI 
a. These drugs are highly sedating, particularly tramdone; they cause drowsiness and dizziness. 
b. These drugs may cause postural hypotension in the elderly. 
c. Sexual effects are limited, although trazodana may cause priapism in men. 
d. Nefazodone has been auociated with a rare h1p1totoxicity resulting in hepatic failure and 

death. 
5. Precautions. Similar to other antidepressants, these agents increase the risk of suicidal ideation 

fur childrtn, adolescents, and young adults. 
6. Dmg it"9ractions. Similar to many other antidepressants, they carry the risk of sarotDnin syn­

drome when combined with other serotonergi.c agents (see Section III.B). 
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H. Tetracyclic antidepressants 
1. Sp1t:itit: 1pllls. Mirtazapina and mapmtiline 
2. lllBDll1ni•m Df action 

a. Mirtazapine is an antagonist at the presrnaptic alph11z-adrenergic receptor, which results in 
increased release of norepinephrine and serotonin. It i& also a potent antagonist of 5-HT2 and 
5-KT1 serotonin receptors and Hrreceptors. 

b. Maprotiline's mechanism is similar to the TCAs, in which it inhibits NET and increased the 
synaptic concentration of NE. It has little effect on 5-HT reuptake. 

3. lndit:ltlion1. Both agents can be used for the management of depression. 
4. Adnrn eflem. Both drugs cause sedation. Mirtazapine can cause increased appltitl and 

lead to weight gain; it is sometimes used for this purpose. Maprotiline can cause TCA-like side 
effects, including the potenti.al for seizures or cardiotoxicity. 

IV. LITHIUM (AND ANTICONVULSANTS USED TO TREAT 
BIPOLAR DISORDER) 

A. Mechanism af action (see Fig. 1.lD) 
1. The mechanism of action for lithium is unclear. 
2. One hypothesis states that lithium deplltll inositol in the CNS and dampens neurotranmris­

sion dependent upon this second messenger. 
a. Lithium inhibits inositol monophosphatase, thus decreasing inositol and, consequently, 

causing decreased activity of the second messengers diacylglfcerol and inositol 1,4,5-b'i· 
sphasphate (Fig. 5.7). 

3. Another hypothesis states th.at it may have effects on protein kinase C, and subsequent neuro­
plastic alterations may be important to its therapeutic action. 

4. Lithium's effects may also be due to the inhibition of glycogen synthase .kinase-3 {GSK-3) activ­
ity with changes in energy metabolism and gene expression. 

5. It also has reported effects on nerve conduction; on the release, synthesis, and action of bio­
genic amines; and on calcium metabolism. 

B. Phannacologic properties 
1. The onset of the therapeutic effect takes 2-3 weeks. 
2. It is eliminated almost entirely by the kidney; 80% is reabsorbed in the proximal renal 

tubule. 
3. Lithium has a low therapeutic index; plasma levels must be monitored continuously. 

a. Levels should be maintained between 0.5 and 1.2 mmol/L. 

Inositol 

f 1P 
$ 1

$ 1P2 4 

Effects 

Lithium 

FIGURE 5.7. Mechanism of action Df lithium. DAG, diacylglycerol; PLC, Phospholip1111 C; IP1, inositol 
phosphate; IPa. inositol 4,5-bisphosphate; IP*' inositol 1,4,5-trisphosphata; PIPa. phosphatidylinositol 
4.5· bisp hosph alll. 
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C. Indications 
1. Bipal•1 disan/•1 (111.,,it: •pi1adu and m•ilfll11.,,c• tll11Wpy} 

a. Uthium nonnallzes mood in 70% of padents. 
b. Long-term treatment with lithium is associated with a reduced risk of suicide attempts and 

suicide deaths. 
c. Antipsychotic agents and BZs can be used in the initial stages of the disease to control acute 

agitation. 

D. Advent affects 
1. The most common side effects with llthium. include GI distress (naus11, diarrhaa), tnmar, 

edema, weight gain (may be due to sodium retention), and cognitiYI impainnenl 
a. Nausea, tremor, and cognitive impairment are dose related and may decrease with dose 

reduction or dividing the daily dose to smaller amounts. 
2. Uthium administtadon produces palydipsia and palyuria (lithium-induced diabetes insipi­

dus), which occun as the kidney collecting tubule becomes unresponsive to anddiuredc hor­
mone (reversible). 

3. Long-term lithium therapy may cause renal impairment 
4. Lithium can decrtaH thyroid function, which is often reversible and nonprogressive. 

a. Some patients may development benign, revenible thyroid enlargement (goiter) caused by 
reducing tyrosine iodination and the synthegis of thyroxine. 

b. It more rarely causes hypothyroidism. 

E. Precautions and contraindications 
1. Uthium ill generally contraindicated during the first trimester of pregnancy due to possible risk 

offetJll cangenitJll abnannalities, including cardiac anomalies (Eb stein anomaly). 
2. Uthium is also contraindicated in padents with sick sinus syndrome due to increased depres­

sion of the sinus node. 

F. Drug interactions 
1. Medications that cause changes to salt or water balance and renal function may alter serum 

lithium concentrations. 
2. Lithium levels may increaH when given with thiazide diuretics, nansteraidal anti-inftamma­

tory drugs (except aspirin), anglotensin-converting enzyme inhibitors, and certain antibiotics 
such as tetracyclines and metronidazole. 

G. Toxicity 
1. Levels above 1.5 mmol/L may cause drowsiness, vomidng, diarrhea, ataxia, confusion, dizzi­

ness, and severe tremors. 
Z. Levels above 2.5 mmol/L may cause neurological complications, clonic movements of the 

limbs, seizures, circulatory collapse, and coma. 
3. Levels above 3.5 mmol/L are potentially lethal. 

H. The anticonvulsants carllamazepine, nlproic 1cid, and lamatrigine have been used success­
fully for the management of bipolar disorder and are cwrently used extensively, either alone 
or as adjuncts to lithium therapy. These drugs may work through by promoting balance of 
GABA and glutamate activity. 

V. DRUGS USED TO TREAT PARKINSON DISEASE 

A. Parkinson distaH 
1. Parkinson disease (PD) ls a progressive neurodegeneratlve disease often characterized by 

resting tremor, rigidity, bradykinesia, lass of postural reflexes, and occasionally, behavioral. 
manifestadons. 
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2. It occurs due to the progressive degeneration of dopamine (DA)-producing neurons in the sub­
stantia nigra pars compacta, which is thought to cause an imbalance in DA and acetylcholine 
(ACh) action on neurons of the corpus striatum. 
a. The net effect of the decreased DAactivity(andrelative increase inACh activity) is a net loss 

of inhibitory regulation of the neuronal release of GABA. 
b. This leads to the characteristic movement disorders associated with PD. 

3. Drugs that decrease DA activity, such as antipsychotics, may lead to a park.insonian-like 
syndrome. 

B. Therapeutic goal 
1. Drugs are used to increase DA activity or reduce ACh activity in order to restore their balance 

in the corpus striatum. 
a. At this time, it is not possible to reverse the degenerative process. 

C. Levodopa (L-dopa) and carbidopa 
1. Mechanism af action 

a. Levodopa circulates in the plasma and crosses the blood-brain barrier (BBB), where it is con­
verted to dopamine (Fig. 5.8). 
11) It interacts with postjunctional Dz- and D1-receptors to activate inhibitory G proteins, 

inhibit adenylyl cyclase, and decrease cAMP levels (see Fig. l.lC). 
b. Carbidopa is a peripheral decarboxylase inhibitor that inhibits the peripheral plasma break­

down oflevodopa in the systemic circulation (before it crosses the BBB) to prevent nausea, 
vomiting, and orthostalic hypotension (Fig. 5.8). 

c. These drugs are administered in a fixed combination. 
2. Th11t1p1utic Bfflcts 

a. Clinical improvement, including major improvement in functional capacity and quality of 
life, occurs in 70% of patients after several weeks of treatment. 

b. Tremor is more resistant to therapy. There is little effect on behavioral symptoms. 
c. The therapeutic effects of levodopa begin to diminish after 2-5 years. 

11) It is believed that neuronal degeneration progresses to the extent that the remaining 
functional neurons are unable to process and store (as DA) enough exogenously admin­
istered L-dopa to compensate for the decreased endogenous DA levels. 

Adverse effects 

t Carbidopa 
I Dopamine 

~OPA ~ decarbo-
xylase 

I 
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FIGURE 5.8. Mechanism of action for drugs used in Parkinson disaesa. 3-MT, 3-mathoxytyramina; 3-0MD, 3-ortho­
methyldopa; COMT, cetechol-0-methyltransferesa; DOPAC, dihydroxyphenylacatic acid; L-DOPA, levodopa; MAO, 
monoamine oxidase. 
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3. Advsrss sffscts 
a. Gastraintestinal distress 

(1) Nausea and vomiting may occur due to the direct effects of DA in the GI tract and CTZ. 
Tolerance to the emetic effect may develop. 

(2) These effects are less frequent when administered with carbidopa. 
b. Cardiavascular effects 

(1) Tachycardia, or rarely atrial fibrillation, may occur due to increased circulating 
catecholamines. 

(2) Postural hypotension is common and tends to diminish with continuing treatment. 
c. Mydriasis and precipitation of an attack of acute glaucoma can develop. 
d. Dyskinesias may occur in 80% of patients on long-term treatment. 

(1) Dyskinesias include repetitive involuntary abnormal movements affecting the face, 
trunk, and limbs. They are the major limiting factor in therapy. 

(2) Akinesia paradoxica, a sudden freezing of movement, may follow an episode of dyskine­
sia and is often precipitated by stress. 

e. Akinasias (loss or impairment of the power of voluntary movement) 
(1) End-of-dose akinesia 

(a) Each dose of L-dopa improves mobility for a period of time but is followed by the 
rapid return of muscle rigidity and akinesia before the end of the dosing interval. 

(2) ·on-otr akinesia 
(a) Off-periods of akinesia alternate over the course of a few hours with on-periods of 

improved mobility (but often marked dyskinesia). 
f. Behavioral affects may include depression, anxiety, and insomnia. 

(1) Occasionally, it may cause nightmares, visual hallucinations, and drug-induced psycho­
ses characterized by paranoia and confusion. 

4. Drug inte111ctians 
a. Antiemetic or antipsychotic drugs that block DA-receptors reduce the therapeutic action of 

levodopa. 
b. Levodopa should not be used with MADA inhibitors. This combination can cause a severe 

hypertensive crisis. 
c. Pyridoxine (vitamin B1) enhances metabolism of levodopa and may prevent its therapeutic 

effect unless given with a peripheral decarboxylase inhibitor. 
5. Cantrsindicstians 

a. The use of levodopa is contraindicated in patients with psychosis and narrow-angle 
glaucoma. 

D. Dopamine-receptor agonists 
1. Specific 1gsntsinclude bromocriptine, pram ipexole, ro pin i role, rotigotine, and apomorphine. 
2. Mechanism of action. These agents directly stimulate dopamine receptors to stimulate dopa­

mine activity on the nerves of the striatum and substantia nigra (Fig. 5.8). 
3. Indications. These drugs are alternative first-line drugs or are given in combination with 

levodopa for optimal treatment. 
4. Advsrss sffscts 

a. Similar to levodopa, these drugs can cause nausea and vomiting, postural hypotension, and 
dyskinasias. 

b. Behavioral manifestations, including confusion and hallucinations, are more common and 
severe than with levodopa. 

5. Contraindications include history of psychiatric illness or recent myocardial infarction. 

E. Amantadine 
1. Mechsnism of sctian. Amantadine is an antiviral drug that increases the release of DA in the 

CNS by an unknown mechanism. 
2. lndicstions. It may be useful in the early stages of PD or as adjunct therapy. 

a. Benefits may disappear after a few weeks of treatment. 
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3. Adntst1 1tftlt:ts 
a. Headache, insomnia, hallucinations, and peripheral edema may occw:. 
b. Long-term use may lead to reversible discoloration af the skin (llvedo retlcularis) or, more 

rarely, congestive heart failwe. 

F. Manoamine oxidaae inhibiton 
1. Sp1cilic egestsinclude 1tlegiline and ra11giline. 
Z. M1cll111i1m of •ctios. These agents are Hlectiwe MAO·B inhibitors that decreaH DA metabo· 

li1111 in the CNS and prolong its action (Fig. 5.8). 
3. lndintioni. They may be used as initial therapy or as adjuncts to levodopa therapy. 
4. Atl1111H 1fflt:tsmayinclude nausea and headache. 
5. Drug i11'9ractio111. These drugs should be avoided by patients taking SSRis, TCAs, and meperl­

dine, because of the possibility of precipitating serotonin syndrome. 

G. Catachol-0.melhyHransfarase inhibitors 
1. Sp1cilic 19111fslnclude 1ntac1pan1 and tolcapona. 
2.. M1cll111ism of 1t:lia11. These drugs inhibit catachal-O.m11hyftransf1rase {COMT), thereby 

reducing lhe peripheral meaboli1m af lewodopa (Fig. 5.8). 
a. The decreased clearance ofL-dopa increases its CNS bioavallabWty. 
b. Entacapone actl onlJ in the periphery. It decreases the metabolism of levodopa to make 

more available to the brain. 
c. Tolcapone acts in the periphery and the brain. In the brain, it inhibits the degradation 

of DA. 
3. lndintioni. Thege agents can lead to a more smooth response in patients receiving levodopa, 

including more prolonged •on time." 
4. AdntH 1tftlcll Include GI distress, postural hypotension, sleep disturbances, and orange dis­

coloration of the wine. 
a. Entacapone ls preferred because tolcepone has been rarely associated with acute, fatal 

hepadc failure. 

H. Anticholinergic drugs 
1. Specific •gestslnclude benztropine, orphenadrine, and trlhexyphenldyl. 
Z. M1cll111i1m of action. These drugs block muacarinic recepton and auppre• overactivity of 

cholinertic interneuront in the striatum; they have a somewhat greaterratio of CNS to periph­
eral activity. 

3. lndintioni. They are frequently used in the initial stages of mild PD (often in combination with 
levodopa). They have a significant effect on tremor and rigidity but little effect on bradykinesia 
and postural reflexes. 

4. AdntH lllltlcts. These drugs are associated with occasional rald111n111, sedation, confusion, 
mood changes, dry mouth, mydrlasis, constipation, tachycardia, and arrhythmias. 

5. Contnistliclltian. They are contraindicated in padents with prostatic hypertrophy, obstructive 
GI disease (e.g., paralytic lleus), and narrow-angle glaucoma. 

VI. DRUGS USED TO TREAT ALZHEIMER DISEASE 

A. Alzheimer disease 
1. Alzheimer disease (AD) is a neurodegeneradve disorder characterized by accumulation af 

,,_amyloid plaques, formation of neurofibrillary tangles, and loss of cortical neurons. 
Z. It causes memory lot1 and is the most common cause of dementia. 

a. Cognitive de:ticits ocQU' due to cholinergic deficiency in the cortex and basal fore brain. 
3. Although available tteatment can ameliorate some symptoms of the illness, there is no cure or 

treatment that will slow disease progression. 
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B. Acetylcholinntarase inhibitors (see Chapter 2) 
1. Sptmitit: ag•llls include donepezil, rivastigmine, and galantamine. 
2. Mecll.ai1111 of action. These agents reversibly inhibit centrally active acetylcholinelterase, the 

enzyme responsible for hydrolysis of acetylcholine. 
a. This results in incmaed concentrations of ACh available for synaptic transmission in the 

CNS. 
3. Athwn tlfltm include GI dilltml (nausea, diarrhea), weight loss, and sleep diatum1nct1 

(insomnia, vivid dreams). Brad:ycardia and hypotensi.on may occur due to enhanced vagal tone. 

C. N-methyl-n-aspartate (NMDA)-receptor antagonist 
1. S/19t:ilit: ag•llt. Memantine 
2. M•cll.,,ism of action. Glutamate may worsen.AD by overstimulating glutamate receptors, lead­

ing to eiicitotoxicity and neuronal. cell death. Memantine is an uncompetitive antagonist of the 
NMDA glutamate receptors. 

3. lndi1:11ions. Memantine is commonly added to cholinesterase inhibitor therapy when patients 
reach a moderate stage of AD or for patients who do not tolerate cholinesterase inhibitors. 

4. AtlntH elfltta. The most common side effect is diizintll. It has fewer side effects than cho­
linesterase inhibitors. 

VII. ANTIEPILEPTIC DRUGS 

A. Drug treatment of seizures 
1. Epilepsy is a neurological disorder associated with abnonnal electrical activity of the brain. It is 

characterized by recurrent episodes of sensory disturbances, loss of consciousness, and recur­
rent seizures. 

2. An ideal andepileptl.c drug (ABD) should be effective agllinst multiple types of seizures, have a 
low toxicity profile, and favorable pharmacok:lnetic parameters. 

3. Anti.epileptic drugs are effective, to some degree, for about 80% of patients. Life-long treatment 
may be necessary. 
a. Lack of compliance is responsible for many treatment failures. 

4. It may take weeks to establish adequate drug plasma levels and to determine the adequacy of 
therapeutic improvement. ABDs are most effactive and have the laast advarae effects when 
they are used as monatherapy. 
a. Addition of a second drug to the therapeutic regimen should be gradual, as should discon­

tinuance of the initial drug before the substitution of an alternative drug, because seizures 
may occur on withdrawal.. 

B. Mechanism of action 
1. Sodiflllt cllennel blot:k•tl• 

a. Phenytain, carbamazepine. valproic acid. lamatrigine, and zoniNmide block sodium chan­
nels and inhibit the generation of action potentials. Their effect is related to their selective 
binding and prolongation of the inactivated state of the sodium channel (use dependence). 
They also decrease neurotransmission by actions on prejunctional neurons. 

2. Calci11m r:bann•I block.ad• 
a. Ethasu:ximide. valproic acid. gabapentin. and pregabalin reduce the low-threshold T-type 

cai. current that provides the pacemaker activity in the thalamus. 
3. GABA cb111nel pot1Nt6ation 

a. Barbiturates (e.g., phenobarbital) and benzadiazepines (e.g., diaz.epam, lorazepam, clonaz­
epam) facilitate GABAA·mediated inhibition of neuronal activity. 

b. Tiagabine inhibits a GABA transporter (GAT-1) in neurons and glia prolonging the action of 
the neurotransmitter. 

c. Ftlbamate, topiramatt, and walproic acid may also facilitate the inhibitory actions of 
GABA. 
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4. Dthsr mechanisms 
a. Felbamate blocks glutamate NMDA-receptors. 
b. Lavatiracetam's mechanism is unknown; however, it may inhibit calcium channels and facili­

tate GABA inhibitory transmission. 

C. Indications: drug of choice based on specific type of seizure 
1. Partial {foes/) epilepsy 

a. Simple. Localized discharge; consciousness unaltered. 
b. Complex. Localized discharge that becomes widespread; accompanied by loss of 

consciousness. 
c. In both cases, first-line agents include oxcarbazepine, carbamazepine, phenytoin, lamotrig­

ine, and eslicarbazepine. 
2. Primary {idiopathic) generalized epilepsy 

a. Tonic-clonic (grand mal). Dramatic bilateral movements with either clonic jerking of the 
extremities or tonic rigidity of the entire body; accompanied by loss of consciousness. 
11) For primary generalized tonic-clonic seizures, first-line agents include valproic acid, 

topiramate, and lamotrigine. 
b. Absence (petit mal). Sudden onset of altered consciousness that lasts 10-45 seconds, with up 

to hundreds of seizures per day; begins in childhood or adolescence. 
11) For absence epilepsy without motor seizures, first-line agents include ethosuximide and 

valproic acid. 
12) For absence epilepsy with generalized tonic-clinic seizures, the first-line agent is val­

proic acid. 
c. Myoclonic syndromes. Lightning-like jerks of one or more extremities occurring singly or in 

bursts of up to a hundred; accompanied by alteration of consciousness. 
11) For myoclonic seizures, the first-line agents are valproic acid and levetiracetam. 
12) For myoclonic seizures with absence or generalized tonic-clonic seizures, the first-line 

agents include valproic acid, lamotrigine, and levetiracetam. 
3. Secondary generalized epilepsy 

a. First-line agents include valproic acid, lamotrigine, and levetiracetam. 
4. Status epilepticus is a prolonged seizure (>20 minutes) of any of the types previously described. 

The most common is life-threatening generalized tonic-clonic status epilepticus. 
a. Benzodiazepines, such as diazepam or lorazepam, are first-line treatment 
b. Treatment with a nonbenzodiazepine AED is also recommended to prevent recurrence (even 

if convulsions have stopped). Fosphenytoin or valproic acid is commonly used. 

D. Other commonly used indications 
1. Carbamazapina is a drug of choice to treat trigaminal neuralgia; it is also used to treat bipolar 

affective disorder. 
2. Val pro ic acid is also used to treat bipolar affective disorder and is used for migraine prophylaxis. 
3. Topiramate is also used for migraine prophylaxis. 
4. Gabapentin and pregabalin are used to treat postherpetic neuralgia, diabetic peripheral neu­

ropathy. Pregabalin is used to treat fibromyalgia. 

E. Pharmacologic properties 
1. Many AEDs are eliminated primarily by hepatic metabolism through microsomal cytochrome 

P-450 enzymes. 
2. Carbamazepine induces microsomal enzymes and incre11es its own hepatic clearance 

( autoinduction). 
a. Gradual dosage adjustment is required early in therapy. 

3. Phenytoin 
a. Phenytoin is 90% bound to plasma proteins. 

11) Hypoalbuminemia may result in a decrease in total but not free plasma phenytoin 
(increasing the dose may result in toxicity). 

b. Phenytoin metabolism is nonlinear; elimination kinetics shift from first order to zero order at 
moderate to high-dose levels. 

c. A steep dose-response and low therapeutic index require that phenytoin plasma levels be 
carefully monitored. 
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F. Advarsa affects (Table 5.7) 
1. Most AEDs are associated with neurotoxic side effects that may include somnolence, dizziness, 

fatigue, ataxia, vision problems, difficulty concentrating, and cognitive dysfunction. 
2. Phenytoin may cause hirsutism (in women), gingival hyperplasia, and facial coarsening. 
3. Valproic acid and carbamazepine are associated with weight gain. 
4. Valproic acid can cause a fine tremor at high doses. 
5. Severe side effects 

a. Carbamazepine and oxcarbamazepine are associated with idiosyncratic blood dyscrasias 
and severe rashes. 

b. Phenytoin is associated with fetal malformation (fetalhydantoin syndrome), which includes 
growth retardation, microencephaly, and craniofacial abnormalities (e.g., cleft palate). It 

t a b I e 5.7 Adverse Effects and Other Considerations for Antiepileptic Drugs 

Drug 

Sodium clManel blocleB 

Carb1mazepine 

Lacosamide 

Lamatrigine 

Oxcarbazepine 

Phenytoin 

Topiramate 

Valproic acid 

Zonisemide 

C.lo1- ,,..,,,,., bloobB 

Ethosuximide 

Gabapentln 

Pregabalin 

GABA cllU1Jel p•tMtlldloll 

Barbiturates 

Benzodiazepines 

liagabine 

Vig1batrin 

Slmmattl nceptot inhibitor 

Felbamate 

Ofbsr mHlronim• 
Levetira cetam 

Adverse Effecll 

Diplopi1, 1t1xia, cognitive dysfunction, 
hepatatoxicity, SIADH, blood dyscrasi11, 
SJS,TEN 

Dizziness. nausea, nasopharyngitis, diplopia 

Rash, ataxia, SJS, TEN 

D iplopia, ataxia, hyponatremia, 
agran ulocytosis, SJS, TEN 

Ataxia, nystagmus, confusion, gingival 
hyperpl11i1, hirautism, blood dyscrasiu, 
SJS,TEN 

Sedation. decreased cognition. speech or 
language problems, nephrolithiasis, weight 
loss 

GI distren, hepatatoxicity, pancraatitis, 
1lopeci1, tremor, weight gain 

Sedition, dizziness, confusion, SJS, TEN 

GI distress. ataxia, somnolence, headache, 
behavioral changes 

Peripheral edema, weight gain, 1tlxi1, 
dizziness, Hdation 

Peripheral edema. weight gain, ataxia, 
dizziness, sedation 

Other Con1idenition1 

CYP P-450 enzyme inducer; teratogenicity 

Few drug interactions 

Decraasas efficacy of oral contraceptivas; 
must ba titrated slowly 

Teratagenicity 

CYP P-450 enzyme inducer; high protein 
binding; teratagenicity 

Also modulates GABA and glutamate 
release; decreasas efficacy of oral 
contraceptives 

Multiple mechanisms of action; CYP P-450 
enzyme inhibitor; highly protein bound, 
taratagenicity 

M1y also affect calcium channels 

Few drug interactions 

Few drug interactions 

Often considered more affective than 
gabapentin 

Sedation, tolerance, dependence CYP P-450 enzyme inducer 

Sedition, taleran ca, dapendan ca Many agents are matl bolizad by the Ivar 
to active matlbolitas 

Confusion, dizziness, GI distress, unexplained High protein binding 
sudden death 

Cognitive dysfunction. permanent visual loss Weak CYP P-450 enzyme inducer 

Sed•tion, dizzineu, •plastic anemi•, hepatic May also facilitate inhibitory •ctions of 
failure GABA 

Sedation, headache, psychiatric symptoms 
(anxiety, irritability) 

Few drug interactions 

GI. gastrointestinal; SIADH. syndrome of inappropriate antidiuretic hormone secretion; SJS. Stevens-Johnson syndrome; TEN. toxic epidermal 
necrolysis. 
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is possibly due to an epoxide metabolite of phenytoin. It can also cause idiosyncratic reac· 
tions requiring drug discontinuance (e.g., exfoliative dermatitis; blood dysetaBias, including 
agranulocytosla ). 

c. Valpraic acid ls 888Clclated with. idiosyncratic hepatotoxicity. It may be fatal in infants and 
in patients using multiple anticonvuJsants. It can also cause fatal maHannatians, including 
splna bifida, orofaclal, and cardiovascular anomalies. 

d. Many ABDs have teratogenic potential. This may call for the reductl.on or termination of ther­
apy during pregnancy or before planned pregnancy. However, matemal seizures also present 
a significant risk to the fetus. 

G. Drug interactions 
1. CarlJamazepine, oxcarbamazepine, phenytoin, and barbiturates induce cvtochrome P-450 

enzymn and can decrease the serum concentration of many drugs, such as antipsychotiai, oral 
contraceptives, and many antimicrobial drugs. 

2. Valproic acid and felbamate are cytochrome P-450 enzyme inhibitors th.at can increase the 
serum concentration of diff'erent drugs. 

3. Free (unbound) phenytoin levels can increase when administered with drugs that compete for 
binding, such as carbamazeplne or valproic acid. 

VIII. GENERAL ANESTHETICS 

A. Oveniew of general anesthetics 
1. General anesthesia is characterized by a Ian of cansciousnen, analgesia, amnesia, skeletal 

muscle relaxation, and inhibition of autonomic and sensory retlexes. 
z. Balanced antlthnia 

a. Balanced anesthesia refers to a combination of drugs used to take advantage of individual 
drug properties while attempting to minimize their adverse actions. 

b. In addition to inhaled anesthetics and neuromuscular jWlction (NMJ)-blocldng drugs, 
other drugs are administered preoperatively, inttaoperatively, and postoperatively to enswe 
smooth inductl.on, analgesia, sedation, and recovery {e.g., BZs, opioids ). 

3. Stag11 af anesthesia. The stages of anesthesia identify the progression of physical signs th.at 
indicate the depth of anesthesia. Newei;. more potent agents progress through these stages 
rapidly, and therefore, they are often obscured. 
a. Sage I. Analgnia and amnt1ia (impaired consciou1nen) 
b. Stage Il. Excitation 
c. Sage Ill. Surgical ant1thnia (1088 af consciouanen) 
d. Stage Iv. Medullary depression 

(1) Respiratory and cardiovascular depression requires mechanical and phannacologic 
support. 

B. Mechanisms of action 
1. Inhalation and IV anesthetic agents interact with discrete protein-binding situ in nerve end­

ings to activate ligand-gat8d ion channels. These channels include the following: 
a. 6ABA,,i-receptor-chloride channels 

(1) Most anesthetic agents directly and indirectly facilitate a GABA-mediated increase in 
chloride conductance to hyperpolarize and inhibit neuronal membrane activity. 

b. Ligand-gated potntium channel• 
(1) Anesthetic agents increase potassium conductance to hyperpolarize and inhibitneuro· 

nal membrane activity. 
c. NMDA-receptars 

(1) Certain anesthetics (e.g., nitrous oldde, ketamine) inhibit excitatory glutamate-gated 
ion channels. 
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C. Inhaled anesthetics (Table 5.8) 
1. Classification of inhaled anesthetics 

a. Volatile 1nnth1tics (easily vaporized liquids) (halogenated hydrocarbons) 
(1) lsaflurane, desflurane, sevoflurane, halothane, and enflurane 

b. Gassous annthetics 
(1) Nitrous oxide 

2. Pharmacokinetics of inhaled 1nssth1tics 
a. Inhaled anesthetics are administered as gases. 
b. Concentrations of halogenated inhalation anesthetics that produce good skeletal muscle 

relaxation generally produce unacceptable dose-related cardiovascular depression. 
(1) For this reason, NMJ-blocking drugs are commonly used for surgical muscle relaxation. 
(2) They are often administered with nitrous oxide, which decreases the extent of cardio-

vascular and respiratory depression at equivalent anesthetic depths. 
c. Solubility 

(1) The rate at which the partial pressure of an inhalation anesthetic reaches equilibrium 
between various tissues (CNS) and inspired air depends primarily on the solubility of 
the drug in blood. 

(2) The relative solubility of an inhalation anesthetic in blood relative to air is defined by its 
blood-gas partition coefficient, lambda (/1.), which is directly related to the pharmacoki­
netics of an anesthetic (see Table 5.8): 

A= [anesthetic] in blood/[anesthetic] in gas 

(a) Drugs with a law blood:gas partition coefficient (nitrous oxide) equilibrate more 
rapidly than those with a higher blood solubility (halothane ). 
i. Induction is slower with more soluble anesthetic drugs. 

d. Inspired gas partial pressure 
(1) Anesthetic effect occurs more rapidly with drugs that have a high partial pressure. 

a. Pulmonary blood flaw 
(1) The gas partial pressure rises at a slower rate with higher pulmonary blood flows (speed 

for onset of anesthesia is reduced). 
(a I Induction of anesthesia is faster with low pulmonary blood flows. 

f. Ventilation 
(1) The greater the ventilation, the more rapid rise in alveolar and blood partial pressure 

of the drug. 
(al This leads to a more rapid induction of anesthesia. 

g. The rate of recovery is quicker when agents with low blood:gas partition coefficients (low 
solubility) are used. 

3. Potency 
a. Tbe minimum alveolar concentration (MAC) is a relative term defined as the concentration of 

an inhalation agent in the alveoli that results in immobility in 50% of patients when exposed 
to a noxious stimulus, such as a surgical incision (after allowing sufficient time for agent to 
reach steady state). 
(1) It is the effective dose (ED)m for absence of movement in response to surgical pain. 
(2) Inhalant anesthetics have a steep dose-response relationship. 

t a b I e 5.8 Properties of Inhalation Anesthetics 

Blood-'l11 P1rtitiun Oil-611 Partition Minimum AIY1ol1r 
Anesthetic Cuafficiant (1) Caafficiant Cancantratian 1%1 IMAC) 

Nitrous oxidu 0.47 1.4 >100 

Halothanu 2.3 224 D.75 

Enfluranu 1.8 95 1.7 

lsofluranu 1.5 98 1.4 

Detflurane 0.42 19 2.0 
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b. The lowar Iha MAC value, the more potent the agent 
11) For example, isoflurane has a MAC of 1.2, indicating that immobility can be achieved 

at a relatively low concentration (compared to nitrous oxide that has an MAC of more 
than 100). 

c. Increasing age, pregnancy, hypothermia, and hypotension will decrease MAC. 
d. It decreases in the presence of adjuvant drugs such as other general anesthetics, opioids, 

sedative-hypnotics, or other CNS depressants. 
e. MAC is independent of gender and weight 

4. EHects on organ function 
a. CNS BftfJcts 

11) Inhaled anesthetics decrease the brain metabolic rate. 
12) They reduce vascular resistance and can increase cerebral blood flow. 
13) High concentrations of volatile anesthetic agents are not recommended in patients with 

or at risk for increased intracranial prassura (head injury, brain tumor). 
b. Cardiovascular effects 

11) Most inhalation anesthetics daprass mean arterial prassura, especially halothane and 
enflurane. 

12) Isoflurane, desflurane, and sevoflurane cause peripheral vasodilation. 
ta) They preserve cardiac output better than halothane and enflurane. 

13) Nitrous oxide depresses myocardial function, although this may be offset by its activa­
tion of the sympathetic nervous system. 

14) Halothane sensitizes the heart to catecholamines, which may result in arrhythmias. 
c. Respiratory affects 

11) Most inhaled anesthetics are bronchodilators. 
ta) Desflurane is a pulmonary irritant and can cause bronchospasm. 

12) Nitrous oxide has the smallest effect on respiration. 
5. Toxicity of inhs/sd snssthstics 

a. Malignant hyperthermia is a rare, but life-threatening, condition that may occur when anes­
thetics are used with neuromuscular blockers, like succinylcholine. 
11) Symptoms include muscle spasm, hyperthermia, hypertension, tachycardia, and elec­

trolyte abnormalities. 
12) Treatment includes dantrolana, a muscle relaxant that blocks calcium, and supportive 

care. 
13) In susceptible individuals, the ryanodine receptor in skeletal muscle is abnormal, which 

interferes with calcium regulation in the muscle. 
6. Drhsr sffBcts of commonly und inhalation 1nssthstics 

a. Inhalation anesthetics, except nitrous oxide, relax uterine muscle, an advantage during cer­
tain obstetrical procedures. 

b. Nitrous oxide does not have skeleta I muscle relaxant properties and lacks sufficient potency 
to produce surgical anesthesia. 
111 It is often used in combination with other inhalation anesthetics to increase their 

rate of uptake and to add to their analgesic activity while reducing their adverse 
effects. 

D. Intravenous anesthetics and adjunct agents 
1. Preoperative sedation and induction of general anesthesia often includes IV drug 

administration. 
2. Propofol 

a. Propofol has rapid sedation, rapid onset, and a short duration of anesthesia. 
b. It produces no analgesia and has minimal postoperative nausea and vomiting. 
c. Adverse effects include pain at injection site and systemic hypotension from decreased sys­

temic vascular resistance. Since propofol is formulated within a 10% fat emulsion, hypertri­
glyceridemia is an expected side effect. 

d. Fospropofol is a water-soluble prod rug of propofol that does not cause pain at the site of injec­
tion. However, paresthesia is an adverse effect 
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3. Barbiturates. Thiopental and methohexital 
a. Thiopental is highly lipid soluble. It results in a smooth, pleasant, and rapid induction 

(-20 seconds) and minimal postoperative nausea and vomiting, although there may be a 
"hangover:• 

b. It has a short duration of action ( 5-10 minutes) due to redistribution from highly vascular tis­
sue, particularly brain tissue, to less vascular tissue such as muscle and adipose tissue. 

c. The action of thiopental in the CNS is similar to that of inhalation anesthetics; it can produce 
profound respiratory and cardiovascular depression. 

d. Thiopental has no analgesic or muscle relaxant properties. 
e. Thiopental is an absolute contraindication for patients with acute intermediate porphyria or 

variegate porphyria. 
4. Benzodiazepines 

a. M idazolam may be used preoperatively for sedation and to reduce anxiety. 
(1) It is used intraoperativelywith other drugs as part of balanced anesthesia. 
(2) It is used as a sole agent for surgical and diagnostic procedures that do not require anal­

gesia (endoscopy, cardiac catheterization). 
(3) Lorazepam and diazepam may also be used for these purposes. 

b. Midazolam produces clinically useful anterograde amnesia. 
c. Midazolam has a more rapid onset and shorter elimination ti.me than diazepam and loraz­

epam and produces less cardiovascular depression. 
d. The actions of the BZs can be reversed with flumazenil. 

5. Opioids. Fentanyl, sufentanil, and remifentanil 
a. Opioids are administered preoperatively as adjuncts to inhalation and IV anesthetic to reduce 

pain. 
b. Remifentanil has a rapid onset of action and a short duration of action due to metabolism by 

nonspecific esterases in the blood and certain tissues. 
c. Fentanyl, at high doses, is used to achieve general anesthesia during cardiac surgery when 

circulatory stability is important. 
(1) It may be combined with muscle relaxants and nitrous oxide or very small doses of 

inhalation anesthetic. 
d. Opioids increase the risk of preoperative and postoperative nausea and vomiting. 

&. Etomidate 
a. Etomidate is a nonbarbiturate anesthetic used as an alternative to propofol and thiopental for 

rapid-onset, short-duration anesthesia. 
b. Unlike thiopental, it causes minimal cardiarespiratory depression, which is useful for the 

treatment of patients with hemodynamic instability. 
c. Etomidate has no analgesic effect 
d. Advsrss sffectsinclude pain at injection site, unpredictable and often severe myoclonus dur­

ing induction of hypnosis, suppression of adrenocortical function (with continuous use), and 
postoperative nausea and vomiting. 

7. Ketamine 
a. Ketamine produces a dissociative anesthesia, an effect in which patients feel dissoci­

ated from their surroundings. It also causes analgesia and amnesia, with or without loss of 
consciousness. 

b. This drug is thought to block the affects at glutamic acid at NM DA-receptors. 
c. It also has good bronchodilator activity. 
d. Ketamine is a potent cardiovascular stimulant; it is useful for patients in cardiogenic or sep­

tic shack. 
e. At low doses, it is used in infants and children (trauma, minor surgical and diagnostic proce­

dures, changing dressings). 
f. Adve11e effects include distortions of reality, terrifying dreams, and delirium, particularly in 

adults. 
8. Other agents given in conjunction with general anesthetics 

a. Dumedatomidine, a selective az-adrenoceptor agonist, is used for sedation for procedures or 
for intensive care unit sedation. 

b. Neuromuscular-blocking agents and antiemetics may also be used with general anesthetics. 
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IX. LOCAL ANESTHETICS 

A. Overview of local anestflelics 
1. Local anesthetics produce a transient and reversible 1011 of sensation In a circwnscribtd 

region of the body widtaut 1011 of consciou111111. 
a. Local anesthesia occun when sensory transmission from a local area of the body to the CNS 

ls blocked. 
b. As a general rule, smaller nonm:yellnated dorsal root type C nerve fibers that cany pain and 

temperature sensations are blocked before larger, myelinated type A fibers transmit sensory 
proprioception and motor functions. 

B. Clanif ication and ch1mi1try of local anesthltic• 
1. Most available local anesthe1ics are classified as either esters or amides. 

a. They generally consist of a lipophilic aromatic group connected to a hydrophilic, ionizable 
tertiary amine. 

2. Most are weak b1111 with pK. values between 7 and 9, and at physiologic pH, they are primar­
ily In the charged, cationic fonn. 

3. The patency of local anesthetl.cs is positively correlated with their lipid solubility and nega­
tively correlated with their molecular size. 

4. They are selected for use on the basis of the duration of drug action (short. 20 min; intermedi­
ate, 1-1.5 h; long, 2-4 h), etfectiveness at the administration site, and potential. for toxicity. 

C. Mechanism of action 
1. Local anesthe1ics act by blocking sodiwn channels and the conduction of action potentials 

along sensory nerves. 
2. The nonianizad form of the drug ls important for reaching the receptor site, and the ionized 

form ls important for causing the affect. 
a. The drug must cross the lipid membrane to reach the cytoplasm; therefore, the more lipid.­

soluble (nontonlzed, uncharged) fonn reaches effective intracellular concentrations more 
rapidly than the ionized form. 

b. Once inside, the ionlud (charged) form of the drug is the more effe,cthte blocking entity.After 
penetration into the cytoplasm, equilibration leads to formation and binding of the charged 
cation at the sodium channel, leading to the production of a clinical etfect. 

3. Blockade is voltage and time dependent. 
a. At rest, the voltage-dependent sodium (Na•) channels of sensory nerves are in the resting 

(closed) state. Following the action potential, the Na• channel becomes active (open) and 
then converts to an inactive (closed) state that is insensitive to depolarization. 

b. During excitation, the ionized (charged) fonn preferentially Interacts with the inactivated 
mte of the Na• channels to black sodium current and increase dte dtrnhald far excitation. 
(1) This results In a dose-dependent decrease In impulse conduction and in the rate of rise 

and amplitude of the action potential. 

D. Phannacologic prop1rti11 
1. Adminiltrltion 

a. Local anesthe1ics are administered topically by subcutaneous infiltration into tissues to bathe 
local nerves or by injection directly around nerves or into epidural or subaraclmoid spaces. 

b. All local anesthetics. excapt cocaine and prilocaine. are vasodilators. 
(1) For this reason, coadministration of a vasoconstrictor, such as epinephrine, with a local 

anesthedc reduces local blood flow and systemic absorption. 
{a) This can prolong the duration of action and reduce systemic absorpdon and poten­

dal. toxicity. 
{b) Epinephrine should not be coadministered for nerve block in areas such as fingers 

and toes that are supplied with end arteries, as it may cause ischernia or necrosis. 
z. Absorption 

a. Many factors influence the rate and extent of absorption, includingvucularity of the delivery 
site and drug concentration. 
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b. Lipid-soluble anesthetics are usually more potent and have a longer duration of action. They 
may take longer to achieve the desired effect. 

c. Local anesthetics are less effective when they are injected into infected tissues because the 
low extracellular pH favors the charged form (ionized), with less of the neutral base available 
for diffusion across the membrane. 
(1) The physiologic pH is 7.4, but often times with inflamed or infected tissue, the pH may 

be as low as 6.4. 
(2) Most local anesthetics are weak bases, in which the pK,, is between 8.0 and 9.0. 

3. Metabolism 
a. Ester-type local anesthetics that enter the blood stream are metabolized by plasma butyryl­

cholinesterase and thus have very short plasma half-lives. 
(1) The plasma level of these anesthetics may be higher than usual in patients with 

decreased or genetically atypical cholinesterase. 
b. Amide-type local anesthetics are metabolized at varying rates and extents by hepatic micro­

somal enzymes. 
4. Excretion 

a. Local anesthetics are converted to water-soluble metabolites and excreted in urine. 
(1) Acidification of urine promotes the ionized form for more rapid elimination. 

E. Specific local anesthetics and their indications 
1. Amides include lidocaine (prototype), mepivacaine, prilocaine, and bupivacaine. 

a. Lidocaine and mepivacaine have a rapid onset and intermediate duration of action. 
(1) Both are used for peripheral nerve block and spinal anesthesia. Lidocaine is also used 

for infiltration block and for epidural anesthesia. 
b. Prilocaine has an intermediate onset and intermediate duration of action. 

(1) It is used for spinal anesthesia and is widely used for obstetrical analgesia. 
c. Bupivacaine has a slow onset and long duration of action. 

2. It is used for infiltration, regional, epidural, and spinal anesthesia. Esters include procaine, 
chloroprocaine, cocaine, and tetracaine. 
a. Chloroprocaine has a more rapid onset of action than procaine and a short duration of action. 

It is very rapidly metabolized by plasma cholinesterase. 
(1) It is used for obstetrical anesthesia. 

b. Procaine has a medium onset and short duration of action. 
(1) Procaine is used for infiltration anesthesia. 

c. Cocaine has a medium onset and medium duration of action. 
(1) Clinical use is limited due to the potential for adverse effects including CNS stimulation, 

tachycardia, restlessness, tremors, seizures, and arrhythmias. 
d. Tetracaine has very slow onset of action (> 10 min) and is long acting. 

(1) It is used primarily for spinal anesthesia and for ophthalmologic use. 

F. Adverse effects and toxicity 
1. Adverse effects of local anesthetics are generally the result of overdose or inadvertent injection 

into the vascular system. 
2. Systemic effects are most likely to occur with administration of the amide class. 
3. CNS affects 

a. Adverse CNS effects include light-headedness, dizziness, restlessness, tinnitus, tremor, and 
visual disturbances. 
(1) Lidocaine and procaine may cause sedation. 

b. At high blood concentrations, they may produce nystagmus, shivering, tonic-clonic seizures, 
respiratory depression, coma, and death. 

4. Cardiovascular effects 
a. Adverse cardiovascular effects develop at relatively higher plasma levels than do adverse CNS 

effects. 
b. Bradycardia develops as a result of the block of cardiac sodium channels and the depression 

of pacemaker activity. 
c. Hypotension develops from arteriolar dilation and decreased cardiac contractility. 
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X. OPIOID ANALGESICS AND ANTAGONISTS 

A. Mechanism Gf action 
1. Oploids such as morphine are believed to mimic the effect& of endogenous opioid peptides by 

interaction with one or more receptors(µ, S, JC) (Table 5.9). 
a. Interaction with I' (mu)-racaptors contributes to supraapinal and spinal analgnia, r11pira­

tory d1pt'lllion, sedation, euphoria, decreased 61 tnnlit, and physical dependence. 
b. Interaction with 6 (deHa).receptors also contrlhutes to supraspinal and spinal analgesia. 
c. The signiflcance of interaction with w:: (kappa)-receptors is uncleart but it may contribute to 

analgesia and also prych01omimatic effects (dpphoria) of some opioids. 
d. Some opioids are agonists at all opioid ret:eptors, whereas others are partial agonists-antago­

nists at the opioid ret:eptors. 
2. Opioids produce analgnia by one or more of the following actions (Fig. 5.9). 

a. All opioids activate inhibitory guanine nucleotide-binding proteins (G;) (see Fig. UC). 
(1) Activate the prnynaptic opioid receptor 

{a) They inhibit ad1nylyl cycl111 activity, resulting in a reduction in intracellular cAMP 
and decreased protein phosphorylation. 

(b) They close voltage-dependent calcium channels to inhibit release of excitatory 
neurotransmittens, such as glutamate and substance P. 

(2) Activate po111ynaptic opioid receptor 
{a) Opioids promote the opening of p01asaium channels, which hyperpolarizes the 

neuronal membrane and inhibits postsynaptic neurons. 
b. Opioids raiH the threshold to pain by intenupting pain transmission through 11cendin9 

pathways and activating the descending inhibitory pathways in the CNS. They also raise the 
pain threshold by action on peripheral sensory neurons. 

c. Opiolds can dtCl"llH amotional raactivity tD pain through actions in the limbic areas of the 
CNS. They dissociate the perception of pain from the sensation. 

B. Indications of opioids 
1. Analgasia 

a. Opioids are used for the management of moderate to severe pain, including postoperative 
pain. cancer pain. and pain due to injury or trauma. 

z. Dianft11 (diphenoxvlate and loperamide) 

t a b I e 5.9 Opioid Receptor Binding Affinity 

Strong mu-receptGr agGnim 

Mild-to-moderate mu-receptor 111onists 

Mixed receptor action• 

Fent1nyl 
Hydromorphona 
Meparidine 
Math1dGne 
Morphine 
Oxymorphone 

Codeine 
Hydrocodone 
Oxyeodone 
Buprenorphine 

Partial agonillt 1t mu·reeeptDr 
Wtak entegonitt at kappa.receptor 

Butorphenol 
Agonist at kappa· receptor 
P1rti1l 1g1mist1t mu·reeej1tDr 

Nalbuphine 
Agoni8t et kappa.receptor 
Parti1l 1nt1gonirtat mu·recej1tDr 

Pantazocine 
Agonillt 1t klppa·raeeptor 
Partial agoni8t et mu·rectptDr 
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FIGURE 5.9. Mechanism of action of opi· 
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1. Opioids directly depress the cough center in the medulla. 
4. An11the1i1 

1. Opioids can be used before anesthesia and surgery due to their sedative, anxiolytic, and anal· 
gesic properties. 

b. They can be used as an adjunct to anesthetic agents. 
5.. Shivering (m1p1ridine) 

a. .All opiol.d agonist& can reduce shivering, but meperidine has the most pronounced effect 
(through it& action on subtypes of the a;radrenoceptor). 

6. Physical dependence (methadone, buprenorphine) 
a. Some opioids are used to mitigate the withdrawal symptoms of physical dependence caused 

by odter opioids, including heroin. 
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C. Adverse affects of opioids 
1. Mood changes 

a. Most patients experience a euphoric sensation with decreased anxiety and stress (mu receptor). 
b. Some may experience dysphoria, an unpleasant state characterized by restlessness and mal­

aise (kappa receptor). 
2. Somnolence 

a. Patients may experience lethargy, drowsiness, apathy, and inability to concentrate. 
3. Nausea and vomiting 

a. Opioids cause direct stimulation of the CTZ in the area postrema of the medulla, which leads 
to activation of the vomiting center. 

4. Constipation 
a. This effect most likely occurs due to effects on opioid receptors in the enteric nervous system 

leading to decreased intestinal peristalsis. 
b. There is no clinically significant tolerance to lhis affect. 

5. Respiratory depression 
a. Respiratory depression occurs due to the direct inhibition of the respiratory center in the 

brainstem and due to decreased sensitivity of the respiratory center to C<Ji with decreased 
hypoxic drive. 

b. It leads to decreased respiratory rate, minute volume, and tidal exchange. 
6. Miosis (pinpoint pupils) 

a. Pupillary constriction occurs with all opioids except meperidine (which has a muscarinic 
blocking action). 

b. No tolerance develops to this affect 
1. Urine retention 

a. Ureteral and bladder tone are increased with opioid use; increased sphincter tone may pre­
cipitate urinary retention. 

b. This effect may be more common in the elderly and postoperative patients. 
c. Opioids should be used cautiously in patients with prostatic hypertrophy or urethral stricture. 

8. Pain from biliary spasm 
a. Opioids cause contraction of biliary tract smooth muscle, which can result in biliary colic or 

spasm (except meperidine ). 
9. Itching and flushing (due to histamine release) 

D. Tolerance 
1. Tolerance occurs due to a direct neuronal effect of opioids in the CNS (cellular tolerance). 
2. It occurs gradually with repeated administration; a larger opioid dose is necessary to produce 

Ille same initial effect. 
a. It begins with the first dose of an opioid but may not become clinically evident until after 2-3 

weeks of frequent opioid administration. 
3. A high degree of tolerance may develop to the analgesic, sedating, and respiratory depressant 

effects of opioid agonists. It does not develop to miosis and constipation. 
4. Tolerance can be conferred from one opioid agonistto others (cross-tolerance). 

E. Physical dependence 
1. Physical dependence occurs with the development of tolerance to opioids and is similarly asso­

ciated with changes in cellular signaling pathways. 
2. It occurs with chronic therapy, in which abrupt cessation of treatment results in a withdrawal 

syndrome. 
a. Withdrawal may also be precipitated by administration of an opioid antagonist such as 

naloxone. 
3. Symptoms of opioid withdrawal may include lacrimation, rhinorrhea, yawning, chills, piloerec­

tion (gooseflesh), muscle aches, diarrhea, anxiety, and irritability. 
a. Physical symptoms are often due to autonomic hyperexcitability. 
b. Administration of an opioid suppresses withdrawal symptoms almost immediately. 
c. The use of alpha-2-agonists, such as clonidine or lofexidine, can help with withdrawal symp­

toms by reducing the release of norepinephrine and decreasing sympathetic tone. 
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F. Psychalogical dependence and compulsiva drug use (addictionl 
1. 1b.e euphoria and other pleasurable activitiea produced by opioid analgesica can result in the 

development of addiction. 
2. Addiction is a medical disorder of the brain reward pathways that ia charac:terized by individu­

als' drug-seeking behavior and pathologic pursuit of reward. 
a. Addiction to opioids (and many other drugs of abuse) is due to the incraaud ralease of 

dopamine in the nucleus accumbens (Fig. 5.10). 
b. Cravings result in repeated relapse to opioid use, even in the presence of powerful conse­

quencea and strong motivation. 
c. It often leads to signific:ant emotional and behavioral problems and baa significant social 

manifestations, including problems at work and home. 

G. Pncautions and contnindicatians 
1. Opioids are contraindicatad if there is a praaxisting decrease in respiratary r&HIV8 (e.g., 

emphyiema) or excessive respiratory secretions (e.g., obstructive lung disease). 
2. They are relatively c:ontraindicated in patients with head injuries. 

I. Increased PC01 may cause cerebrovascular dilation, resulting in increased blood flow and 
increased intracranial pressure. 

3. Opioids should be used cautiously during pregnancy because they may prolong labor and 
cause fetal dependence. 

H. Drug intaractiaim 
1. Drugs that depreu the CNS can add to or potentiate the respiratory depression caused by opi­

oids (e.g., sedative-hypnotic agents). 
a. Concomitant use ofBZs and opioids may lead to profound sedation, respiratory depression, 

coma, and death. 
2. Antipsychotic and antidepressant agents with sedative activity potentiate the sedation pro­

duc:ed by opioids. 
3. Meperidine and tramadol may lead to serotonin syndrome when combined with other seroto­

nergic agents. 

I. Spacial considerations with specific agents 
1. Morphine is the gold standard. In most c:ases, the 24-hour morphine equivalent dose is used 

to c:ompare strength.a of different opioid regimens, as well as c:alculate equianalgesic doses for 
various preparations. 

2. Cudeine is matabolizad by CYP2D& to morphine. 
a. Caution must be used in CYP2D& ultrarapid metabolizers, since they may have extensive con­

version to mmphine and increased opioid-mediated effects. 
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RGURE 5.10. Opioid raward pathway. 
(Modified from Golan D. Principles of 
Pharmacology. 4th ed. Philadalphi1, PA: 
Wolters Kluwer Health, 2016, fig. 18.7.l 



l3JlJ1di:I Drugs Acting on the Central Nervous System 123 

3. Fentanyl and other synthetic subtypes may cause severe truncal rigiditJ when administered 
rapidly at a high dose. 

4. MeperidinB can cause CNS excitation (tremors, delirium, hyperreftexia) and saizuras, at high 
doses, due to formation of a metabolite, normeperidine. 

5. Tramadol is a weak opioid µ-receptor agonist that also blocks rauptake of sarotanin and nor­
apinephrine. It may have special use for neuropathic pain. 
I. Theil actions are only partially reversed by naloxone. 
b. Tramadol and tapentadol are associated with an increased risk of seizures and are contrain­

dicated in patients with epilepsy. 
&. Madia done is a long-acting opioid that is associated with a 1111 severe withdrawal syndrome 

than morphine; it is often subatiruted for other opioids as a treatment for physical dependence. 
It is also used for maintenance therapy of the heroin-dependent patients. 

1. Buprenorphine is a partlal agonist at opioid µ-receptors and antagonist at K-receptors. Due to 
its slow dissociation from 11-receptDrs and long duration of action, it is used in the treatment 
of opioid dependence, including those addicted to heroin. 
a. Since it is a paltial agonist. it can precipitat& withdrawal if administarad to patients alreadJ 

receiving a full opioid agonist. 

J. Opioid antagonists 
1. Naloxone and nallnxone are competitive inhibitors of the actions ofopioids. 
2. Naloxone has a relative short duration of action of 1-2 hours. 

a. 11 is used to treat acute opioid overdose. Due its abort duration of action, multiple doses may 
need to be administered. 

3. Naltrexone has a longer duration of action, up to 48 hours. 
a. 11 is approved for opioid and alcohol dapendance (endogenous opioids are involved in mod­

ulating the expression of alcohol's reinforcing effects). 
4. These drugs will precipitate opioid withdrawal. 
5. Methylnaltrexone and alvimopan are opioid-receptor antagonists approved for opioid-induced 

constipation and postoperative il.eus, respectively (see Chapter 8). 

K. Antidiarmeal agents (see Chapter 8) 
1. Diphenoxylata/atropine and loparamide are indicated for the treatment of diarrhea. 

a. Atropine is added to diphenoxylate to discourage abuse. 
Z. They have minimal dapandanca liability or other centrally mediated opioid-like effects at 

therapeutic doses. 
I. Insolubility of diphenoxylate limits its absorption across the GI tract 
b. Loperamlde does not cross the BBB. 

L. Antit1111ive agents (see Chapter 9) 
1. Daxtromathorphan is an over-the-counter cough medication that is structurally related to codeine. 

I. 11 decreases the sensitivity of cough receptors and interrupt& cough impulse transmission by 
depressing the medullary cough center. 

b. 11 has little or no analgesic or addictive properties at therapeutic doses. 

XI. DRUGS OF ABUSE (TABLE 5.10) 

A. Definitions 
1. Substance abuse disorder or addiction is defined as a maladaptive pattern of substance use that 

leads to significant impairment or distress. 
a. Individuals often continue to use the substance despite s!gnificant problems, including loss 

of control, health problems, disability, and failure to meet responsibilities at school, home, 
or work. 

2. Tolerance is the decreased intensity of a re1pon11 to a d111g following its continued adminis­
tration; a larger dose is necessary to produce the same effect. 
a. Metabolic tolerance {pharmacokinetic tolerance). The rate of drug elimination increases 

with long-term use from stimulation ofits own metabolism. 
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t a b I e 5.10 Actions and Effects for Drugs of Abuse 

Class Examples Actions Effects 

Alcohol Ethanol NMDA-receptor antagonist Intoxication, sedation, 

Barbiturates 

Benzodiazepines 

Cannabinoids 

Inhalants 

Nicotine 

Opioids 

Phen cyclidine 

Phenylathylamines 

Psychedelic agents 

Psych ostimulants 

Phenobarbital 

Diazepam 
Lorazepam 

Marijuana 

Toluene, nitrous oxide 

Cigarettes 
Chewing tubacco 

Heroin 
Oxycodone 

PCP 

Ecstasy (MOMA) 

LSD 
Psilocybin 

Amphetamine 
Cocaine 

GABA-receptor modulator memory loss 

GABA-receptor agonist and Sedation, respiratury 
modulator depression 

GABA-receptor modulator Sedation, respiratury 
depression 

CB-receptor agonist Giddinass, hunger 

Not known {may affect Dizziness, intoxication 
GABA or glutamate receptor) 

Nicotinic ACh-receptor Alertness, muscle relaxation 
agonist 

Mu-receptor agonist Euphoria, respiratury 
depression, sedation 

NMDA-receptor antagonist Hallucinations, aggressive 
behavior 

Increases release of Wakefulnuss, emotional 
serotonin, dopamine, and warmth, intimacy 
norepinephrine 

Partial agonist at serotonin Hallucinations, flashbacks 
(5-HT z)-receptor 

Dopamine and Euphoria, alertness, 
norepinephrine reuptaka hypertension 
inhibitor 

MOMA. me1hylenediaxyme1hamphetamine; LSD, lysergic acid diethylamide; GABA, y-aminabutyric acid; ACh, acetylchaline; CB, cannabinaid; &-HT, 
serotonin; NMDA. N-methyl-1>-aspartate. 

b. Cellular tolerance (pharmacodynamic tolerance). Biochemical adaptation or homeostatic 
adjustment of cells to the continued presence of a drug. 

c. Cross-tolaranca. Tolerance to one drug confers at least partial tolerance to other drugs in the 
same drug class. 

d. Tolerance is often associated with the development of physical dependence. 
3. Sensitization tinverse tolerance) occurs when repeated administration of a drug results in a 

greater effect with a given dose. 
a. A lower dose is required to achieve the same effect. 

4. Dependence refers to the biologic need to continue to take a drug. 
a. Physical dapandanca. A latent hyperexcitability that is revealed when administration of a 

drug of abuse is discontinued after its long-term use {abstinent withdrawal). Continued drug 
use is necessary to avoid the withdrawal syndrome. 
(1) Withdrawal symptoms are often opposite to the short-term effects of the abused drug. 
(2) Withdrawal can occur due to abstinence from the substance or may be precipitated fol-

lowing the administration of an antagonist. 
(a) The severity of the withdrawal syndrome is directly related to the dose of the drug, 

how long it is used, and its rate of elimination. 
(b) Precipitated withdrawal has a more explosive onset and a shorter duration of action 

than withdrawal due to abstinence. 
(3) Neonatal abstinence syndrome {NAS) is caused when a baby withdraws from certain 

substances that he or she is exposed to in the womb before birth (often opioids). 
b. Psychological dependence (addiction) is defined as an overwhelming compulsive need to 

take a drug (drug-seeking behavior) to maintain a sense of well-being. 
(1) It is likely related to increased dopamine activity in the nucleus accumbens. 

c. Cross-dapandanca is defined as the ability of one drug to substitute for another pharmaco­
logically similar drug to maintain a dependent state or to prevent withdrawal {e.g., diazepam 
for ethanol; methadone for heroin). 

5. The degree of tolerance and physical dependence varies considerable among different classes 
of drugs. 
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B. General CNS depressants 
1. Ethanol 

a. Mechanism of action. The precise mechanism of action for ethanol in the CNS is unknown. 
It has a direct effect on GAB~-receptors to acutely enhance the inhibitory action of GABA 
in the CNS. It also has an inhibitory affect on glutamate activation of NMDA-receptors in 
the CNS. 

b. Phannscologic properties 
11) Ethanol is rapidly absorbed from the stomach and small intestine and is rapidly distrib­

uted in total body water. Absorption is delayed by food. 
12) It is oxidized at low plasma concentrations to acetaldehyde by the liver cytosolic 

enzyme alcohol dehydrogenase (ADH), with the generation of reduced nicotinamide 
adenine dinucleotide (NADH) (Fig. 5.11). 
la) Excess NADH production may contribute to the metabolic disorders that are asso­

ciated with chronic alcoholism, as well as lactic acidosis and hypoglycemia due to 
acute alcohol toxicity. 

lb) Acetaldehyde is further oxidized by mitochondrial aldehyde dehydroganasa to 
acetate, which is further metabolized to C02 and H20 (Fig. 5.11). 

13) The rate of oxidation often follows zero-order kinetics (due to a functional saturation of 
ADH), which is independent of time and drug concentration. 

c. Acute effecu 
11) General CNS depression 

la) At low-to-moderate levels in nontolerant individuals (50-100 mg/dL), inhibition 
of inhibitory CNS pathways (disinhibition) occurs, resulting in decreased anxiety 
and disinhibited behavior with slurred speech, ataxia, and impaired judgment 
(drunkenness). 

lb) At moderate-to-toxic levels (100-300 mg/dL), a dose-dependent general inhibi­
tion of the CNS occurs with increasing sedation and respiratory depression and 
decreasing mental acuity and motor function. 

le) At toxic levels (>300 mg/dL), CNS depression can result in coma, profound respira­
tory depression, and death. 

12) Other effects may include depressed myocardial contractility, vasodilation, diure­
sis, and GI effects (increased salivation, decreased GI motility, and nausea and 
vomiting). 
(a) Hypothermia, due to vasodilation, can occur and may be significant in cases of 

severe overdose or in cold environments. 

Fomepizole --EJ-+ 

NADH Acetaldehyde 
CH3CHO 

NAD·~1 
Aldehyde 
dehydrogenase 

NADH_/! 
Acetate 

CH3COO--

Disulfiram 

FIGURE 5.11. Metabolism of ethanol. MEOS, microsomal ethanol oxidizing system; NAD. nicotinamide adenine 
dinucleotide; NADP', nicatinamide adenine dinuclaotide phosphate. 
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d. Long-tt11111 eft8cts 
(1) Liver disease is manifested by a progression from reversible fatty liver to alcohol hepa­

titis and to irreversible cirrhosis and liver failure. 
(a) It is the most common adverse effect oflong-term ethanol consumption. 
(b) Other contributing factors to liver disease may include reduced glutathione as a free 

radical scavenger, damage to mitochondria, and malnutrition. 
(2) Peripheral neuropathy with paresthesias of the hands and feet 
(3) Wernicke encephalopathy with ataxia, confusion, abnormal eye movements, and 

Korsakoff psychosis with impairment of memory that is often irreversible {Wernicke­
Korsakoff syndrome). 
(a) This is associated with thiamine deficiency secondary to malnutrition. 

(4) Pancreatitis and gastritis may occur with chronic alcohol use. 
(5) Heart disease 

(a) Cardiomyopathy may develop due to ethanol-induced membrane disruption with 
decreased mitochondrial activity, among other effects. 

(b) Arrhythmias (and seizures) may develop during "bingen drinking or during the etha­
nol withdrawal syndrome. 

(c) Hypertension may occur, which may be reversible. 
(6) Fatal alcohol spectrum disorder 

(a) This disorder results from maternal abuse of ethanol during pregnancy. 
(b) It is characterized by growth abnonnalities, microcephaly, poorly developed coor­

dination, and underdevelopment of the midface region. 
i. Severe cases may lead to mental retardation and congenital heart abnormalities. 

(7) Other long-term effects include mild anemia, hypoglycemia, gynecomastia, testicular 
atrophy, and cancer of the GI tract. 

(8) Tolerance may occur due to CNS adaptation, including cross-tolerance to other drugs 
that facilitate GABA activity, such as sedative-hypnotics. 

(9) Psychological and physical dependence can develop with chronic use. 
(a) Alcohol withdrawal syndrome can occur with abrupt discontinuation of ethanol in 

an individual with physical dependence. 
i. Early signs and symptoms may include anxiety, insomnia, tremor, hypertension, 

palpitations, and nausea and vomiting. 
ii. Delirium tremens can occur about 48-96 hours after ethanol discontinuation, 

which is characterized by delirium (agitation, disorientation, modified con­
sciousness, visual and auditory hallucinations) and severe autonomic hyperex­
citability, including tachycardia. 

(b) In severe cases, treatment involves substituting a long-acting benzodiazepine, such 
as chlordiazepoxide or diazepam. 

e. Drug inte111ctions and contraindications 
(1) Ethanol has additive effects when consumed with drugs that have CNS-depressing 

properties (BZs, antipsychotics, antidepressants). 
(2) Acute ethanol use decreases the metabolism and augments the effects of many drugs 

because of its inhibitory effects on liver microsomal enzymes. 
(3) Long-tenn ethanol use may induce CYP P-450 enzymes and decrease drug effects due to 

increased metabolism (phenytoin, warfarin, barbiturates). 
(4) Ethanol use is contraindicated during pregnancy and in patients with ulcers, liver dis­

ease, and seizure disorders. 
f. Management of ethanol abuse 

(1) Disulfiram inhibits aldehyde dehydrogenase, resulting in the accumulation of toxic 
levels of acetaldehyde (Fig. 5.11 ). 
(a) It discourages drinking by causing an unpleasant physiological reaction when 

alcohol is consumed. 
(b) Effects include nausea, vomiting, flushing, headache, and hypotension. 
(c) Other drugs with disulfiram-like activity include metronidazole, sulfonylureas, and 

some cephalosporins. 
(2) Naltrexone is an orally effective opioid-receptor antagonist that reduces craving for 

ethanol and reduces the rate of relapse of alcoholism. 
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13) Acamprosate acts as a competitive inhibitor at the NMDA glutamate receptor. 
la) It reduces the incidence of relapse and prolongs abstinence from ethanol. 

2. Melhanol lwood alcohol) 
a. Methanol can be found in windshield washing fluid and commercial solvents. 
b. It is metabolized to fonnaldehyde by alcohol dehydrogenase, which is then oxidized to formic 

acid, a toxic metabolite, by aldehyde dehydrogenase. 
c. Poisoning can lead to visual disturbances, including blurred vision and what patients 

describe as Mbeing in a snowstorm." Other effects include bradycardia, acidosis, coma, and 
seizures. 

d. Treatment of methanol toxicity includes the ad.ministration of tomepizole, an inhibitor of 
ADH that reduces the rate of accumulation of formaldehyde (Fig. 5.12). 

3. Ethylene glycol 
a. Ethylene glycol can be found in antifreeze formulations and industrial solvents. 
b. Due to its sweet taste, animals and children may ingest it 
c. It can lead to the deposition of oxalate crystals in renal tubules and delayed renal 

insufficiency. 
d. Treatment of ethylene glycol toxicity includes the administration of fomepizole to reduce the 

accumulation of oxalate crystals (Fig. 5.12 ). 
4. Gamma-hydroxybutyric acid IGHB) is a weak agonist at GABA1-recaptors. 

a. It can cause euphoria, enhanced sensory perceptions, a feeling of social closeness, and 
amnesia. 

5. Inhalants 
a. Inhalants contain volatile substances that have psychoactive properties when inhaled. 

Children and adolescents often abuse them. They are usually not addictive, but short-term 
high leads to repetitive use. 

b. Abused substances may include spray paints, markers, glues, cleaning fluids, and aerosol 
products. Abusers can sniff, snort, or spray fumes into their nose or mouth (known as bagging 
or huffing). 

c. Specific sgents include volatile hydrocarbons, nitrous oxide, and nitrites. 
d. lfechsnism of action. Although the exact mechanism is unknown, they are thought to act as 

CNS depressants through actions at GABA or glutamate receptors. They are lipid soluble and 
are rapidly absorbed into the bloodstream. 
11) Nitrites produce their pleasurable effects by intense vasodilation that produces a sensa­

tion of heat and warmth. 
e. Effec~ 

11) CNS effects may include slurred spHch, lack of coordination, euphoria, dizziness, and 
headache. 

12) Cardiac effects may include fatal arrhythmias. 
la) Sudden sniffing dealh syndrome, or cardiovascular collapse, may occur due to 

increased catecholamine release. 

r=r- Fomeplzole 
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Acidosis, 
naphrotoxicity 

Severe acidosis, Methanol----+ ------ - - - - - ----+Formaldehyde, ----~ 
formic acid retinal damage 

Ethanol Aldehyde 

FIGURE 5.IZ. Metabolism of ethylene glycol and methanol. 
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(3) Nitrates enhance sexual pleasure by dilating and relaxing blood vessels. 
(4) Chronic exposure to the aromatic hydracarbans (e.g., benzene, taluene) may result in 

damage to several organ sys1ems and lead to bone marrow depression or liver or kidney 
damage. 

C. CNS stimulants 
1. Cocaine 

a. Met:hani1m of action. Cocaine inhibits the dopamine transporter (DAT) to decrease DA clear­
ance from the synaptic cleft and cause an increased extracellular DA concentration (Fig. 5.13 ). 
(1) It has similar effects on the NE and 5-HT terminals; however, reinforcing effects of 

cocaine correlate best with its effectiveness in blocking DAT. 
b. Th1111p1utit: WIS 

(1) Cocaine is used as a local anesthetic for ear, nose, and throat surgery. It has inherent 
vasoconstrictor activity. 

c. Effects 
(1) Acute exposure causes a sense of euphoria that includes a sense of well-being and opti­

mism, increased energy, and talkativeness. It may also cause an increase in heart rate 
and blood pressure and a decreased appetite. 
(a) The initial euphoric effects of cocaine appear more pronounced than those of 

amphetamine, but the effects of amphetamine intoxication outlasts that of cocaine. 
(2) Toxicity may include cardiac arrhythmias, myocardial ischemia, stroke, or seizures. 

(a) An increased risk of cardiac toxicity occurs when cocaine and ethanol are taken 
together and farm cocaethylene. 

(3) Perforation af the nasal septum may occur due to the vasoconstrictor effects when 
snorting cocaine. 

(4) Withdrawal symptoms include craving, depression, sleepiness, and bradycardia. 
(5) Extremely strong psychological dependence is common. 

2. Amphetamine and mathamphatamine 
a. Met:hani1111 of action. These drugs reverse the action of the biogenic amine transporters (DA, 

NE, 5-HTJ. They interfere with the vesicular monoamine transporter (VMAT), depleting the 
synaptic vesicles of their neurotransmitters and increasing the levels in the cytoplasm. They 
also reverse the action of the DAT and other biaganic amine transporters to increase extracel­
lular neurotransmitter concentrations (Fig. 5.13). 

b. Etf8cts ara similar to those ca used by cocaine. 
(1) They cause increased alertness, euphoria, and confusion. 
(2) Bruxism (tooth grinding) and skin flushing may occur. 
(3) Long-term methamphetamine use may lead to extreme weight loss, severe dental 

problems (•meth mouth·J, and skin sores caused by scratching. 
(4) Higher doses can lead to increased blood pressure and heart rate and could potentially 

lead to hypertensive crisis, arrhythmias, and stroke. 
(5) Unlike many other abused drugs, amphetamines are neurotoxic. Abusers may experi­

ence abnormal movements and psychotic episodes (paranoid psychosis). 
(6) Extremely strong psychological dependence is common. 

c. The111peutit: we1 
(1) Methylphenidate is an amphetamine congener used for attention deficit/hyperactivity 

disorder and narcolepsy. 
d. Atomoxetine is a selective norepinephrine reuptake inhibitor that is used to treat ADHD in 

children, adolescents, and adults. Since it is not a stimulant, it is considered a good alternative 
for patients with substance abuse problems or unable ro tolerate the side effects of stimulants. 

3. Methylenedioxymethamphetamine [MDMA, ecstasy] 
a. Met:hani1m at action. MDMA increases the activity of dopamine, norepinephrine, and sero­

tonin. It differs from traditional amphetamines because it is structurally similar to serotonin. 
For this reason, it causes increased release of seroronin and inhibition of serotonin reuptake. 

b. Etf8t:ts 
(1) Acute effects include an altered sense of time and pleasant sensory experiences with 

enhanced perception. It increases feelings of intimacy and understanding. 
(a) Increased serotonin levels most likely account for the elevated mood, emotional 

closeness, and empathy felt by those who use ecstasy. 
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Amphetamine • • • 0
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Cocaine Amphetamine 0 

R6URE S.11. Mechanism of ection of cocaine end emphetemine. DA. dopamine; DAT. dopamine transporter; VMAT. 
vasicular monoamine transporter. 

(2) Anxiety, insomnia, dehydration, hyperthermia, seizures, and serotonin syndrome can 
occur. These effects may occur houn, days, or weeks after use. 

(3) Withdrawal is associated with long-term depression and aggression. 
4. Nicotine is a constituent of tobacco, along with various gases and particulate matter. 

a. M1chtni$m at action. Nicotine is an agonist for nicotinic acetylcholine (ACh) receptors 
(nACh:R). It mimics the action of ACh at cholinergic nicotinic recepiors of ganglia, in skeletal 
muscle, and in the CNS. It also activates the dopamlnerglc brain reward pathway. 

b. Pl1a1m1calagic propllli• 
(1) It ls well absorbed from the lWlg after smoking and la rapidly dJstrlbuted. 

c. Elfrlm 
(1) It may cause nausea and vomiting in the early stages of smoking. 
(2) Activity on the central nlcotinic receptor may include anxiolytic effects, increased 

1rou1al, effects on psydiomotor activity and cognitive function, and 1upprt1Hd appetite. 
(3) Activity on the peripheral nicotinicreceptorsmaylead to incrtaHd blood pr111ureand 

heart nte and stimulate smooth muscle contraction. 
(4) Smoking contributes to cancer of the lungs, oral cavity, bladder, and pancreas; obstruc· 

tive lung disease; coronary artery disease; and peripheral vascular disease. 
(5) Tolerance to the subjective effects of nicotine develops rapidly. 
(6) It produces strong psychological dependence by increasing the activity of DA in the 

nucleus accumbens. 
(7) The withdrawal-lib syndrome indicative of physical dependence occurs within 

24 hours and peralats for weeks or months. 
(a) Symptoms may include sleep disturbances, difficulty concentrating, irritability, 

impatience, restlessness, a dysphoric or depressed mood, decreased heart rate, and 
increased appetite or wejght gain. 

d. Smoking cessation 
(1) The goal is to reduce nicotine craving and inhibit tfte reinf'orcing effects of nicotine. 
(2) Nicotine replactment therapy contains small doses of nicotine to combat cravings and 

the urge to smoke. 
{a) The amount of nicotine la decreased gradually over time until nicotine replacement 

la no longer needed. 
{b) The nicotine dose is much lower than what a person would receive by smoking a 

cigarette (becoming addicted ls rare). 
{c) Options include gum, lozenges, patches, an oral inhalert and nasal spray. 

(3) Vartnicline is a partial nicotinic agoniltthat prevents nicotine stimulation ofmesolim­
bic dopamine system (and its association with nicotine addiction). 
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(a) It stimulates dopamine activity, but to a much smaller degree than nicotine does, 
resulting in decreased craving and withdrawal symptoms. 

(b) Adntss effects may include insomnia and abnonnal dreams. 
(c) Use has been associated with serious neuropsychiatric events, including depres­

sion and suicidal ideation; risk versus benefit must be assessed. 
(4) Bupropion is a weak inhibitor of DA and NE reuptake. The precise mechanism fur 

smoking cessation is unclear, but it may act as an antagonist at nicotinic acetylcholine 
receptor function. 

D. Hallucinogens (psychotomimetics) 
1. LSD (n-lysergic acid diethylamide); also mescaline, psilocybin 

a. Mechanism of action. LSD is a psychedelic hallucinogen. It acts at neuronal postjunctional 
serotonin 5-HT ZA-receptors. 

b. Effects 
(1) It causes altered consciousness, euphoria, increased sensory awareness ("mind 

expansion"), perceptual distortions, and increased introspection. 
(a) Trips can last up to 12 hours and lead to depersonalization, hallucinations, distorted 

time perception, shape and color distortion, and mixed senses rhear colors and 
see sound·). 

(b) A "bad trip" usually consists of severe anxiety, although at times it is marked by 
intense depression and suicidal thoughts. 

(2) Effects are unpredictable. 
(3) Long-tenn effects may include persistent psychosis, flashbacks, memory loss, anxiety, 

and depression. 
c. The sympathomimetic activity of LSD includes pupillary dilation, increased blood pressure, 

and tachycardia. A high degree of tolerance to the behavioral effects of LSD develops rapidly. 
d. Dependence and withdrawal do not occur with these drugs. 

2. Phencyclidine (PCP, angel dust) 
a. Mechanism of at:tion. PCP is a dissociative hallucinogen that acts as an antagonist at N MDA­

typa glutamate receptors. 
b. Effects 

(1) Low doses produce a state resembling ethanol intoxication. 
(2) High doses cause euphoria, hallucinations, changed body image, and an increased 

sense of isolation and loneliness; it also impairs judgment, causes paranoiaJhostility, 
and increases aggressiveness. 
(a) Users may become severely disoriented, violent, or suicidal. 
(b) They may experience an altered perception of pain and perception of the 

environment 
(3) High blood pressure, nystagmus, sweating, and tachycardia may occur. 
(4) Chronic exposure may lead to long-lasting psychosis closely resembling schizophrenia. 

(a) The agitated/psychotic state should be treated with a long-actingBZ. 
(b) Prolonged psychotic behavior requires anti.psychotic medication. 

c. Ketamine is a general anesthetic primarily used in veterinary medicine that also causes dis­
sociative effects (out of body experiences), similar to PCP. 

d. Dextromethorphan, an OTC cough suppressant, may have these effects at high doses but is 
safe at recommended doses. 

E. Mariiuana (cannabis) 
1. Met:h1ni1111 of action. a-9 tetrahydrocannabinol, the active ingredient in marijuana, acts 

prejunctionally as an agonist to inhibit adenylyl cyclase through G-protein-linked cannabinoid 
receptors. 
a. Through disinhibition of DA neurons, it inhibits the activity of GABA neurons in the ventral 

tegmentwn area (VfA). 
b. Cannabinol CB,-racaptars, which account for most CNS effects, are localized to cognitive and 

motor areas of the brain. 
c. Cannabinol CB2-receptors are found in the immune system among other peripheral organs. 



l'.3Jlnm Drugs Acting on the Central Nervous System 131 

d. Anandamide and 2-arachidonoylglycarol are naturally occurrlng ligands derived from ara­
chidonic acid that act at prejunctional CB.-receptors to inhibit the release of GABA and glu­
tamate; their normal physiologic function ls uncleai:. 

Z. Marijuana is mostly smoked but can be taken orally. It is very lipid soluble. The effects of smok­
ing are immediate and last up to 2-3 hours. 

3. Elftt:ts 
a. The initial phaH of marijuana use (the "high") occurs within minutes and consists of eupho­

ria, uncontrolled laughter, 1088 of sense ofame, and increased introspection. 
b. The mellowing phase occurs within 1-2 hours and includes relaxation, a dream-like state, 

sleepiness, and difficulty in concentration. 
(1) Cognitive functions, including memory, reaction time, and coordination, are often 

impaired. 
(2) At extremely high doses, acute psychosis with depersonalization has been observed. 

c. The physiologic effects of marijuana include increased pulse rate and a characteristic red­
dening of the conjunctiva. It can also cause increased appetite and dry mouth and throat 

d. Tulerance to most effects develops after a few doses but disappears rapidly. 
e. Hea:vy users may suifer from depression. 

4. Tl11tep•llfit: "'" 
a. Therapeutic use of marijuana is controversial. 
b. Dronabinol and nabilone are synthetic 49-THC analogs (see Chapter 8). 

(1) Both are used as antiamatic therapy for chemotherapy-induced nausea and vomiting. 
Dronablnol la also used as an appetite stimulant for patients with acquired immune 
deficiency syndrome (AIDS) . 

• DRUG SUMMARY TABLE 

hdltivHfr .. a'lic Drugs 
s..rti&tlntN 
Amab1rbit1l IAm)'t11l 
Methtihexittl IBrevitlll 
PalTUlbatlli1111 INambutal) 
Phanob11bit1I {Phanobarb, Lumin1I) 
Secobarbit1I (Seconal) 
Thiopentll (Pentuth11l 
B1suo4ltuelltln 
Alprazol1m 1X1nax) 
Clon1Zep1m IKltinopinl 
Cloruepm {Tranxena) 
Chlordiazaplllride {Librium! 
Diazepam {Valium! 
Ettuolam IProSoml 
Flurazapam (D1lmanal 
Lorazep1m {Ativ1nl 
Midazolam {Versed) 
Oxezepem ISerexl 
Qu1zep1m (Da111) 
Tem1zep1m IRemrill 
Triuolam IHalcion) 
NuHIJnd/tutplllu 
Buspirone IBuSp1rl 
Euopiclone {Lunaattl 
Z1leplon {Sonata) 
Zalpidem IAmbian) 

Bemodllzlplne R1c.,1or 
Alltagonillt 

Flumazanil (Rt1m1zict1nl 

M1l1tonln Rlc1ptor Agonllt 
Ramalteon {Rtizereml 

Anti~CIWDrup 
J)ph:ill 
Chlorprom1zine (Tha11zinel 
Fluphenazine IProlixin) 
Haloparidol (Haldoll 
Lox1pine lllllritlme) 
Mtilindone {Mtibanl 
Parphenezine {Trilafon) 
Pimozide IOrap) 
Thiorid1zine (Mell1ril) 
Thitithixene (Navanal 
Triftuoper1zine IStal1zina) 
Af'Wictl 
Aripiprazola IAbilifyl 
Atanapine {Sephrisl 
Cloapina {aomill 
Ol1nzapina IZ:yprex11l 
Paliparidone (lnvegel 
Qulli1pine {Seroqual) 
Ri1peridane {Risperd1ll 
Zipraaidone {Gaodon) 

Antiillprt11Ht Dlwtt 
IMicti,. nn,,,.ilt nflllllb 

illtitittw 
Cit1lopr1m {Calexa) 
Etcitalopram {Luaprol 
Fluoxetina (Prozac! 
FIUVOX1mine (Luvoxl 
Paroxetina {Paxill 
Sanralina {Zoloft) 
Sfllflfllola-aon,m.,lu1H n~ 

iffi6ilrlts 
Desvenlafaxine IPrittiq) 

Duloxetine {Cymbaltal 
Miln1cipr1n ISavall1) 
Venlafuine IEffaxorl 
Jiic,.,_~ 
Amitriptylina (Elavil) 
Amox1pin11Asandin) 
Clt1mipramine 1Anafr1nill 
Dasipramine (Norpramin) 
Doxepin (Sin1qu1n) 
lmipramine (Tgfranill 
Noitriptyline IPamelor) 
Protriptylina (Vivactil) 
Trimipr1min1 ISurmontill ,.,.,..(f.1111}...,.... 
Nlf11odona IS1nonal 
Tr11adon1 {Desyrel) ,,,,,,.........,..,,,,,.. ,..,... 

""'"""" Bupropion (Wellbutrinl 
Atwin/ ,,_,.oycn 0,.,. 
Maprotiline (ludiomil) 
Mirt1z1pine IRamaron) 
lltwouUn oxillftn idilliton 
laocarboxszid {Marplanl 
Phan11lzine IN1rdill 
Selegiline (Bdepryl, Em11m) 
Tranyl~promina {Pamatel 

Dnig1 U•d to Tl'9lt Bipolar Di1llllllr 
Carbamazepine (Tegr8ttlll 
Lamotrigina {l.amictall 
Lithium IEskllittll 
Topi11m1t1 {Top1m1xl 
Valproete IDapakotel 
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Anti4ilrrilNI Aa•• 
Diftnaxin (with atropine: Molllfenl 
Diphenoxylate (wi1h atropine: Lomotil} 
Loperamida Umodium} 

Antibllin Aa•• 
Dextrom11tln1rph1n (Delsym, Robitu11in} 

Dnig1 Ul9ll to rr..t Plrtim• 
DilHH 

Amentedine ISymmatrel} 
Benztropine ICogentinl 
Bromocriptine (Pulodel} 
Cerbidope {lodotyn} 
Carbidopa/levodopl/elltJlcapone 

(Stllevol 
Ent1c1ponelComt1n) 
LavodopaJcerbidopa ISinemat) 
Orphenadrine (Norftex! 
Pramipexole (Mirtpell) 
Reaagiline (Azilact) 
Ropinirole (Requipl 
Selegiline IEldepryt, Zelapar! 
Tolcapona ITumer) 
Trihexyphenidyl IArt1n1) 

Dn11• Ul9ll to Trm Alzltti111r 
Di•HH 

Donepezil IAricept) 
Galantamine (Reminyl) 
Mamantine (Axure} 
Riv11tigmine (Exalan} 

AntilpillftiC D,_91 
Carbamazapine fTegratall 
Clon1zep1m (Klonopinl 
Clomepate ITranxene) 
Diazapam !Valium) 

Ethosuximide (Zarontinl 
Ethotoin (Peganone} 
F.lbamltll (FelbltDI) 
Fosphanytoin {Carabyx) 
Gabapentin INeurontin} 
Llcos1mide (Vimpat) 
Lemotrigine llamictlll} 
Lavetiracatlm (Keppra} 
Lorazepam (Ati111nl 
Mathiwcimide (Celontin) 
Oxcarbazepine (Trileptlll} 
Phenobarbitll IPhenobarbl 
PhenytDin (Dil1ntinl 
Pregebalin llyrica} 
Primidone (Mysolina} 
Rufin1mide (Benzel) 
Tiagabine IGabitril) 
Topiramata (Tapamax) 
Trimethadione ITridionel 
Vigabatrin (Sabril) 
Zllnisamide IZonegran) 

Drup U•ll'il for Alcohol Dep•••nc• 
AcamproHte (Cemprel) 
Disulfiram (Antabuse) 
Naltrexone (ReVia) 
Thiamine (V"rttmin B,, Betuin) 

Drup U11ll for MMlllnol or Ethyl1ne 
Glycol Tuicitr 

Alcohol !Ethanol} 
Fomepizale (Antizol) 

Drup UHll for Nicatilll DepHfftlt• 
Bupropion (Zybanl 
Nicotine replacement INicorette, 

Nicoderm COJ 
Varanicline IChantix) 

lt111nilAlllllllliC1 
~ . ...,.,,, .... ..,. 
D&1flurene (Suprenel 
Enflurane (generic only! 
Halothane (generic only} 
laaflurane (Forane, Terrell) 
Nitrous oxide (generic only) 
Sevoflurane (Ultanal ,.,,.,.. ... ,.,,,,,., ........ 
Etomid1te fAmidatel 
Ketamine IKetalarl 
Mlthohaxital (Bravital Sodium) 
Midezolam (generic only) 
Propofal IDiprivan) 
Thiopentll (Thiopentona) 
Aljmet~ 
Dumadetomidine IPrecadlJI) 
Fentanyl IAbatral) 
Remifentlnil IU!tival 
Sufentenil (Dsuvie) 

Locel Anlllhltlc1 
blidH 
lidocaine ()(yloc1inel 
Mepivacaine (Carbocainal 
Pnlocaine (Citllnest Plain Dental) 
Bupivu:1ine IMarc1ine) 
Elltlnl 
Chloroprocaine (Ne11c1ine) 
Coc1ine IGopreltol 
Procaine (Novocaine) 
Tetruaine (Ammp) 



Review Test 

DirltClions: Select the beat answer for each question. 

1. A 42·year-old man is referred to a psychia· 
trist after telling his family physician that he 
often feels the need to drive back home to make 
sure the garage door is shut. Over the past 
6 months, he has started walcing up 2 hours 
earlier to make it to work on time. Which of the 
foll.owing medications may help manage the 
patient's symptoms? 

{A) Atomoxetine 
(B) Bupropion 
(C) Imipramine 
(D) Sertraline 
(E) Phenelzine 

2. A 56-year-old man presents to his physician 
with persistent back pain due to an injury while 
making a delivery 3 months ago. The patient 
said that he often feels persistent numbness 
and tingling in his back, and the pain often 
ttavels down his leg. Which of the following 
medications may help manage the patient's 
symptoID.B? 

(A) Duloxetine 
(B) Fluoxet:lne 
(C) Phenelzine 
(D) Promethazine 
(E) Trazodone 

1 A 54-year-old woman presents to her physi­
cian with complaints of difficulty sleeping and 
decreued appetite. She no longer finds enjoy­
ment in her hobbies, like golf. Her doctor would 
like to start her on an antidepressant medica­
tion. The patient is currently on tamoxifen for 
breast cancer treatment and lisinopril for the 
management of high blood pressure. Which 
of the following antidepressants is contraindi­
cated in this patient? 

(A) Atomoxetine 
(B) Bscitalopram 
(C) Fluoetine 
(D) Trazodone 
(E) Venlafmrine 

4. A 56-year-old man returns for a 6-month 
follow-up after starting sertraline for the treat­
ment of depression. Upon questioning, he 
still has not returned to the activities he once 
enjoyed and is still not sleeping or eating well. 
The psychiatrist recommends increasing the 
dose of sertralin.e, but the patient reluctantly 
admits that he has not been taking it because 
he feels that it causes sexual dysfunction. 
Which of the following antidepressants should 
the physician consider prescribing to avoid this 
side effect? 

IA) Bupropion 
IBI Citalopram 
(Cl Dulmetine 
IDI Imipramine 
IEI Venlafaxine 

5. A 36-year-old man presents to his physi-
cian with complaints of feeling down for the 
last 4 months. He says that he has experienced 
feelings of worthlessness almost daily, and 
although he always feels tired, he is never able 
to fall asleep. The patient also has concerns that 
his health is deteriorating. He currently smokes 
two packs of cigarettes per day and complains 
of a persistent hacking cough. He has tried 
nicotine patclles with no success and wants to 
know if there ls a pill to try instead. What is the 
mechanism of action for an antidepressant that 
may also help with smoking Ce88ation? 

IA) Dopamine-norepinephrine reuptake 
inhibitor 

IBI Monoamine midase inhibitor 
IC) Selective serotonin reuptake inhibitor 
(DI Serotonin-norepinephrine reuptake 

inhibitor 
(E) Serotonin (5Hr2)-receptor antagonist 

,33 
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6. A 23-year-old man is brought to the emer­
gency room after he is found walking the streets 
naked while proclaiming himself •the son of 
God." His urine toxicology screen is negative 
for illicit drugs or alcohol. During the interview 
with the on-call psychiatrist, the patient displays 
flight of ideas as he jumps from topic to topic. He 
is diagnosed with acute mania and started on 
a medication that inhibits inositol monophos­
phatase. Which of the following adverse effects if 
most likely associated with this medication? 

(A) Hypertension 
(B) Liver dysfunction 
(C) Urinary retention 
(D) Tremor 
(E) Weight loss 

7. A 63-year-old man returns to his oncologist's 
office for a routine visit 2 months after under­
going a partial colectomy for the treatment 
of colon cancer. He is currently on morphine 
for the management of pain and is concerned 
about adverse effects. Which of the following 
effects would most likely remain unchanged 
after starting morphine? 

(A) Euphoria 
(B) Miosis 
(C) Nausea and vomiting 
(D) Respiratory depression 
(E) Sedation 

8. A mother takes her 7-year-old girl to urgent 
care for a persistent cough that results in vomit­
ing episodes after prolonged coughing spells. 
Further workup, including a throat culture, is 
negative. Which of the following medications 
could be used to manage her current symptoms? 

(A) De:xtromethorphan 
(B) Diphenoxylate 
(C) Loperamide 
(D) Naloxone 
(E) Tramadol 

9. A 48-year-old woman is admitted for abdom­
inal surgery due to a bowel obstruction. The 
surgeons prepare the patient for surgery and ask 
the nurse anesthetist if the patient is ready for 
an incision. Which of the following signs should 
the nurse anesthetist look for to make sure sur­
gical anesthesia has been reached? 

(A) Amnesia 
(B) Analgesia 
(C) Loss of consciousness 
(D) Loss of eyelash reflex 
(E) Respiratory depression 

10. A 16-year-old boy visits his dentist for a 
routine checkup and is told his wisdom teeth 
are severely impacted and should be removed. 
He is referred to an oral surgeon who uses an 
anesthetic with good analgesic and sedative 
properties but does not cause skeletal muscle 
relaxation. Which of the following anesthetic 
agents was used? 

(A) Enflurane 
(B) Halothane 
(C) Isoflurane 
(D) Nitrous oxide 
(E) Thiopental 

11. A 6-year-old boy is badly burned when his 
house catches on fire. He sustains full-thickness 
burns on approximately 40% of his body. Over 
the next few months, he requires multiple 
skin-grafting procedures and is given intrave­
nous ketamine to help reduce pain associated 
with dressing changes. Which of the following 
adverse reactions should the healthcare team 
monitor for after administration? 

(A) Distortion of reality and terrifying dreams 
(B) Hyperthyroidism 
(C) Malignant hyperthermia 
(D) Myocardial infarction 
(E) Respiratory distress 

12. A 38-year-old man has an appointment 
with his otolaryngologist for the management 
of recurrent sinusitis. A week after his appoint­
ment, the patient undergoes surgical debride­
ment of the scarred sinus tissue, in which a 
local anesthetic with vasoconstrictive proper­
ties was used. Which of the following agents 
was most likely administered? 

(A) Cocaine 
(B) Lldocaine 
(C) Mepivacaine 
(D) Procaine 
(E) Tetracaine 

13. A 28-year-old woman with a history of alco­
holism learns that she is pregnant after missing 
her last two menstrual periods. Over the course 
of her pregnancy, she misses many of her 
appointments and continues her normal heavy 
alcohol binges. Which of the following congeni­
tal abnormalities may affect the fetus? 

(A) Abruptio placentae 
(B) Cerebral palsy 
(C) Fetal hemorrhage 
(D) Microcephaly 
(E) Spina bifida 
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14. A group of classmates bring a 16-year-old 
boy to the emergency room after he becomes 
agitated, hyperactive, and hypersexual at an 
all-night rave. The physician learns that the boy 
took several pills, which his friends thought 
were ecstasy. Which of the following describes 
the mechanism for this drug of abuse? 

(Al Agonist at cannabinoid receptor 
(Bl Agonist at dopamine receptor 
(Cl Antagonist at the N-methyl-n-aspartate 

receptor 
(DI Increases extracellular concentration of 

gamma-aminobutyric acid 
(El Increases extracellular concentration of 

serotonin 

15. A 31-year-old man is transferred to the 
emergency room after complaining of chest 
pain and collapsing at a party. An electrocar­
diogram shows ventricular fibrillation. Physical 
examination reveals a perforated nasal septum. 
A close friend accompanying the patient thinks 
he was using an illicit substance at the party. 
Which of the following drugs was the patient 
most likely abusing? 

(Al Cocaine 
(Bl y-Hydroxybutyric acid 
(Cl Lysergic acid diethylamide 
(DI Marijuana 
(E) Phencyclidine 



Answers and Explanations 

1. Tha answer is D. The patient most likely has obsessive-compulsive disorder (OCD). 
Selective serotonin reuptake inhibitors, such as sertraline, are used for the treatment of OCD. 
Atomoxetlne, bupropion, imipramine, and phenelzlne are not used for this indication. 

2. The answer is A. Duloxetine, a SNRI, and some tricyclic antidepressants are used in the manage­
ment of chronic pain. Promethazine is a dopamine receptor blocker used to treat nausea and 
vomiting. Tiazodone is an atypical antidepressant that is highly sedating and may be used for 
depression or to help with sleep. Phenelzl.ne is a MAO-I, which is not indicated for the manage­
ment of pain. Fluoxetine is a SSRI, which Is not effective for pain management 

3. The answer is C. Fluoxetine, a SSRI, is a potent inhibitor of CYP2D6 and can potentiate the 
actions of other drugs metabolized by the same enzymes. Tumoxifen, a medication used for the 
treatment of breast cancer, is metabolized via CYP2D6 to its active metabolite. It is contraindi­
cated with fluoxetine due to the potential for decreased efficacy. The other antidepre11ants do 
not have this drug interaction and can be given with tamoxifen therapy. 

4. Tha answer is A. Sexual dysfunction la a common complaint with SSRis (sertrallne, citalopram), 
occurring in up to 40911 of all patients, and a leading cause of noncompliance. Sexual dyBfunction 
can similarly occur with SNRis ( duloxetlne, venlafaxine) and TCAs (imipramine ). Bupropion, a 
dopamine-norepinephrine reuptalce inhibitor, does not cause sexual dysfunction and may be 
used in patients with SSRI-induced semal dysfunction. 

5. The answer is A. Bupropion, a dopamine-norepinephrine reuptalce inhibitor, is an antidepres­
sant that la useful as an aid in smoking cessation. The precise mechanism for smoking cessation 
is unclear, but it may act as an antagonist at nicotinic acetylcholine receptor function. The other 
agents do not affect nicotine receptors and are not indicated for smoking cessation. 

6. The answer is D. Lithium use is associated with a fine tremor that can often be successfully 
managed with JJ-blockers. Lithium is a11110ciated with polydipsia and polyuria, not urinary 
retention. Likewise, it is also associated with weight gain. It does not cause hypertension or liver 
dyBfunction. 

7. The answer is B. Miosis (pinpoint pupils) occurs with all opioids except meperidine (which has 
a muscarinic blocking action). No tolerance develops to this effect. Additionally, tolerance does 
not develop to constipation. Patients will experience tolerance to other opioid effects, including 
euphoria, nausea, respiratory depre88ion, and sedation. 

8. The answer is A. Demomethorphan is an opioid isomer available in over-the-counter cough 
remedies. It has no analgesic properties and limited abuse potential at recommended doses. 
Tiamadol is a weak µ-opioid-receptor agonlat,. which also blocks serotonin and norepineph­
rine uptake and is used for neuropathic pain. Diphenoxylate is an opioid that, combined with 
atropine, is taken orally to treat diarrhea. Loperamide is an opioid that doea not cro55 the blood­
brain barrier and is also used for the treatment of diarrhea. Naloxone is an opioid antagonist 
used to reverse opioid overdose. 

9. The answer is D. Lo98 of eyelash reflex and a pattern of respimtion that is regular and deep are 
the most reliable indications of stage III, or swgical, anesthesia. Analgesia and amnesia are 
characteristics of stage I anesthesia, whereu the loss of consciousness is a11ociated with stage II 
anesthesia. Stage IV anesthesia is an undesirable stage associated with respiratory and cardio­
vascular failure. 

10. The IRIWer is D. Nitrous oxide is an anesthetic gu that has good analgesic and sedative proper­
ties without the skeletal muscle-relaxing effects. It can be used along with other inhaled agents 
decreasing their concentrations and thus their side effects. Enflurane produces anesthesia, hyp­
nosis, and muscle reluation, as do the others, and is very pungent. Thiopental is a barbiturate 

13& 
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that is too short acting for this application. Halothane has a pleasant odor and produces a 
smooth and relatively rapid induction but decreases cardiac output and can result in an unpre­
dictable hepatotoxicity. Isoflurane is associated with more rapid induction and recovery than 
halothane and may have some benefits in patients with ischemic heart disease. 

11. The answer is A. Ketamine is a dissociative anesthetic related to phencyclidine (PCP) and is 
thought to block glutamic acid N-methyl-D-aspartate (NMDA) receptors. Its use is associated 
with distortions of reality, terrifying dreams, and delirium, more commonly in adults. Malignant 
hyperthermia may be associated with any of the inhaled anesthetics, such as halo thane, in 
genetically prone individuals. Halothane and isotlurane sensitize the heart to catecholamines. 
Destlurane is especially irritating to airways, and entlurane can reduce cardiac output 

12. The answer is A. Cocaine is ideal for such surgery because of its topical activity; it does not 
require the addition of epinephrine, as it has intrinsic vasoconstrictive activity that aids in 
hemostasis. Similar to cocaine, both procaine and tetracaine are ester-type compounds; how­
ever, procaine is not topically active, and tetracaine is used primarily for spinal anesthesia and 
ophthalmologic procedures. Lldocaine is an amide anesthetic preferred for infiltrative blocks 
and epidural anesthesia. Mepivacaine is another amide local anesthetic, although not topically 
active, which, like all such agents, acts by blocking sodium channels. 

13. The answer is D. Fetal alcohol syndrome is a leading cause of congenital abnormalities, includ­
ing microcephaly, growth retardation, and congenital heart defects. Abruptio placentae is more 
typical with maternal use of cocaine during pregnancy. Spina bifida is associated with valproic 
acid use during pregnancy. Fetal hemorrhage is consequence ofwarfarin use during pregnancy. 
Cerebral palsy is caused by traumatic injury to the developing brain. 

14. The answer is E. Ecstasy has preferential affinity for the serotonin reuptake transporter and 
increases the extracellular concentration of serotonin. Its use is often associated with "rave" 
parties. Phencyclidine (PCP) is an antagonist at the N-methyl-n-aspartate (NMDA) receptor, 
causing euphoria and hallucinations. Marijuana causes euphoria, uncontrollable laughter, 
loss of time perception, and increased introspection. It binds to the cannabinol CB,-receptor. 
Benzodiazepines act on the GABA-receptors. Amphetamines increase dopamine and norepi­
nephrine levels. 

15. The answer is A. Cocaine is cardiotoxic and can cause arrhythmias that can be life threaten-
ing. These effects are even more likely when alcohol is also consumed. Cocaine causes vaso­
constriction, and snorting the drug causes necrosis and eventual perforation of the nasal 
septum. y-Hydroxybutyric acid (GHB) is used as a "date rape" drug. Lysergic acid diethylamide 
(LSD) causes increased sensory awareness, perceptual distortions, and altered consciousness. 
Phencyclidine (PCP) can cause euphoria, hallucinations, an increased sense of isolation and 
loneliness, and increased aggression. Marijuana causes euphoria, laughter, a loss of time percep­
tion, and increased introspection. 



Autocoids, Ergots, 
Anti-inflammatory Agents, 
and Immunosuppressive 
Agents 

I. HISTAMINE AND ANTIHISTAMINES 

A. Histamine 
1. Binydlni# •ad distrilnlfin 

I. Histamine is produced by decarboxylati.on of the amino acid histidine. 
(1) It la 1ynlhe1ized in the mast nlls and basophils of the immune syatem, in the .nt.ro­

chram.ttin-like cells (ECL) of the gastric mucosa, and in dlfl'erent neurons of the 
central nervous ayatem (CNS). 
(a) Mast cells and basophils store histamine in secretory granules. Its releaae la induced 

by hnmunoglobulin B (lgB) fixation to mast cells (aenaitization) and subsequent 
exposure to a specific antigen. 
i. Allergic pzocesses or anaphyla:m can trigger degranulatioo. 

(b) ECL cells and histaminergic CNS neurons continuously release histamine as 
required for gastric acid secretion and neurotransmission, respectively. 

2. l'llysiolo1i1: 1t:lion ol iim•iH 
1. Allfuur receptor subtypes (H11 H:i. Hs. and H.) are G protein-coupledreceptora (GPRCs). 
b. Histamine (H1)-rReptars 

(1) Theae receptors are located in the smooth muacle, vascular endothelium. and brain. 
(2) They are ti~ coupled and activate the second messengers inositol triphasph .. • (IP1) and 

diacylglycerol (DAG). 
(3) H1-rec:eptors commonly mediate inflammatory and allergic reactions. Activation in 

the: 
(1) Lungs can lead to bronchoconttriction and asthma-like symptoms. 
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(b) V11cul1r 1111ooth muscle may cause vasodilation of the postcapWary veoule bed, 
leading to •1Ythem1. 

(c) V.1cul1r endothelium can lead to edema. 
(d) Periphel'll nerv11 can lead to itchiness and pain. 

c. Histamine (H1l·rR1ptars 
(1) These receptors are commonly found in pariatal cells and cardiac muscla. 
(2) They are G, coupled and lead to the activation of adanylyl cycla11 and increa11d cyclic 

AMP (cAMP) production. 
(3) Activation ofH1-receptors: 

(a) Increases gastric acid production, potentially leading to increased risk of peptic 
ulcer disease or heartburn. 

(b) May also cause minor increases in heart rate. 
d. Hr and H.·receptors are located in the brain, hematopoietic cells, and thymU8. 

(1) There ~ no approved drugs that act through these receptor&. 
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B. Histamine (H1)-raceptor antagonists 
1. Mechanism of action. These drugs are competitive inhibitors at the H,-receptor. 

a. They relax histamine-induced contraction ot bronchial smooth muscle and have some use in 
allergic bronchospasm. 

b. They block the vasodilator action of histamine and inhibit histamine-induced increases in 
capillary permeability. 

c. They do not affect the release of histamine from secretory granules and are more effective 
when given prior to histamine release. 

2. First-generation agents 
a. As a class, these agents are lipid soluble, readily cross the blood-brain barrier, and have 

significant CNS actions, mediated in large part by their antichol inergic activity. 
11) Their structures are similar to antimuscarinic agents. 

b. Specific agents include chlorpheniramine, dimenhydrinate, diphenhydramine, doxylamine, 
meclizine, and promethazine. 

c. Indications. These agents are commonly used fur management of al I erg ic symptoms, insom­
nia, motion sickness, and nausea and vomiting. 

d. AdveTSe eHects may include sedation (synergistic with alcohol and other depressants), diz­
ziness, and loss of appetite. They also produce anticholinergic effects (dry mouth, blurred 
vision, and urine retention). 

3. Second-generation agents 
a. These agents are lipophobic and were developed to avoid the sedation and anticholinergic 

activity of the first-generation drugs. 
b. Spscific •gsntsinclude loratadine, cetirizine, and clemastine. Metabolites ofsecond-gener­

ation drugs are sometimes referred to as third-generation agents. These include fexotenad ine 
and desloratadine. 

c. Indications. These agents are preferred over first-generation agents for the treatment of 
allergic rhinitis, as they have similar efficacy and less CNS effects. 

d. AdveTSe eHects are significantly reduced with second-generation agents. 

C. Histamine (H2)-receptar antagonists (see Chapter 8) 
1. Mechsnism al action. These agents are competitive antagonists at the Hr receptor in the gastric 

parietal cell; they inhibit gastric acid secretion. 
2. Specific agents include cimetidine, ranitidine, famotidine, and nizatidine. 
3. lndic•tions. They are used in the treatment of heartburn and acid-induced indigestion. They 

promote the healing of gastric and duodenal ulcers and are used in the management of 
gastroesophageal reflux disease (GERD). 

4. Adverse ellllcts. H2 antagonists are very safe drugs, and adverse effects are rare. 
a. Cimetidine is an androgen-receptor antagonist and may cause gynecomastia and 

impotence. 
5. Drug inte111ctions. Cimetidine is also a potent cytochrome P-450 ICYP450) inhibitor and has the 

potential for many drug interactions. 

D. Mast cell stabilizers (saa Chapter 9) 
1. Mechanism al action. Mast cell stabilizers inhibit the release ot histamine and other autocoids 

from mast cells. 
2. Specific agents include cromalyn and nedocromil. 
3. lndic•tions 

a. Cramolyn is available in several dosage forms: 
11) Oral solution fur systemic mastocytosis 
12) Oral inhalation (nebulization) for asthma and prevention ofbronchospasm 
13) Nasal spray fur allergic rhinitis 
14) Ophthalmic solution for conjunctivitis and keratitis 

b. Nedacromil is available as an ophthalmic solution fur allergic conjunctivitis. 
4. Adnrss llft8cts include headache, dry mouth, and dry eyes. 
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II. SEROTONIN AGONISTS AND ANTAGONISTS 

A. Serotonin (5-hydraxytryptllmine, 5-HTI 
1. Biosylllllnis 1u dilflilulfiu 

1. Serotonin is synthesized from tie •ino acid tryplDph•n by hydroxylation and decarboxyl­
ation, in a two-step pathway. 

b. Most serotonin is synthesized in the ECL ctll1 of the gastrointestinal (GI) tract. It is also found 
in platelets and neurons of the CNS and enteric nervous system. 
(1 I In the CNS, cells in the raphe nuclei of the brainstem predominandy synthesize serotonin. 

c. Serotonin is also a pteeureor of melatonin. 
2. l'll'f$iolo1it: IClion of nltllNi• 

1. There are multiple 5-IIT-receptor subtypes that mediate a wide variety of phyaiological 
effect& 

II. 5-HT1-mceptora are G, coupled and Inhibit adenylyl cyclase and decr .. H cAMP. 
(1) Theae receptors are located in the brain and smooth muscle tissues. 

c. 5-Hlrreceptors are G~ coupled and increase phnpholip11e C activity. 
f1) These receptors are located in the CNS and mediate hallucinogenic effects. 
(2) Stimulation can also cause contraction of vascular and intestinal smooth muscle, 

increase microclrculation and vascular permeability, and lead to platelet aggregation. 
d. 5-HT rreceptors are li11nd-11t1d Hdium and pota11ium ion channels. 

(1) Stimulation in the area postrema causes nauHa and vomiting. 
(2) Stimulation on peripheral sensory neurons causes p1in. 

t. 5-HT,-receptors are G. coupled and stimulate adenylyl cyclase and incr9111 cAMP. 
(1) In the GI tract, they mediate an lncreaae in ncmion and p1risbll1i1. 

B. Serotonin agoniltl {T1bl16.1) 
1. Bu1piran1 (see Chapter 5) 

1. Mech11iMI of 1cli1111. Buspirone is a 5-HTIA~lective p11rti1l 1gonist It also bu weak dopa­
mine receptor anr.gonism. 

b. lllllkdOll. It is used fur the management of teneralind anxiety disorder. 
(1) It may take 2 weeb for beneficial effects to appear. 
(2) It doea not affect GABA receptors; therefore, it is not addictive and cauaes len 11d1tion 

than other antiamiety medications like benzodiazepinea. 
c. AMln •11Kt6 may include diizinea, drowsiness, and n1u111. 

2. 5-HT,.,n·rtceptor 1gonists (Triptans) 
1. Mte,,,a;.,,, of 1Cfion. The trlptans are 5-HT,1111n·rtcaptar •gonim. They cauae nsocan­

mictian and reduce inflammation in intracranial blood naals and aensory nerves of the 
trlgeminal syatem. 

II. Specilfc 'fl.Ills include swnatriptlln, rizatriptan, eletrlptan, zalmitriptmn, almotrlptan, fravat­
riptan, and naratriptlln. 
(1) All are available as oral agents. Some are also available as nasal sprays and subcutane· 

oua injection. 

t a b I e 6.1 

B11apirone 

Su.niptlln 

Almotripi.n 

Dul1..cron 
Gr1ni1strun 

Ond1n1strun 

AIDSstrun 

Examples of drugs that Interact with Serotonin Receptors 

l•ctfl9r 

!>-HT,. agonist 

~ ........ •gonilt 

f>.HT """" 111onist 
f>.HT, llTlqonirt 

f>.HT, 1ntagonirt 

f>.HT, 1nt111onirt 

f>.HT1 antagonist 

Anlliolyti c 

Am. llignina 

Aeutlt mi11r1in1 

Anli..,ltic 

Anti1m1tic 

Anti1m1tic 

Severe irritable bowal IYJI dram 1 
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c. l11dit:lllia111. They are commonly wed for the treatment of acute migrain11 and cluster 
headaches. 
(1) About 50%-80% of padents report relief from pain within 2 hours. 

d. Atl'llm eHIH:Dmayinclude dizzine•, drowtineH, !lushing, and chHt pain. 
(1) They can cauH coronary vat0ep11m and are contraindicated in patients with coronary 

artery diaeau (CAD) or angina. 

C. Serotonin antagonists (Table 8.1) (see Chapter 8) 
1. 5-HTrreceptor antagonists 

a. Mech111i$m ol 11ctio11. 5-111',-m:eptor antagonists block serotonin centrally in the chamo ... 
captor trigg&r zone and peripherally on vagal nerve terminals. 

b. Sp1t:ifit: 11g1Bts include ondanntran, grani11tron, dolasatrun, and palonosatron. 
c. l11dit:lllia111. They are used for the prevention af nausea and vomiting due to chamodlarapy 

and radiation therapy. They are also used to prevent postoperative nausea and vomiting. 
d. Adverse effects include headache and constipation. They also have the potendal to cause 

arc prolongation and anh:ythmias. 
e. AIOM1ron is a 5-HTs antagonist approved for dianhea-predominant irritable bowel syn­

drome in women. It may cause serious GI side effects, including iachemic coli1it and severe 
constipation. 

D. Olhar 11ratonergic agents. Certain antidepressants and second-generation antipsychotic drugs 
also act on serotonin receptors. More information about these drugs can be foWld in Chapter 5. 

Ill. ERGOT ALKALOIDS 

A. Physiologic effects 
1. Ergots alkaloids are produced by Claviceps rmrrmrea, a fungus that infects grasses and grains, 

such as rye. They are structurally similar to the neurotranamltters norepinepluine, dopamine, 
and serotonin. 
a. Ergots display varying degrees of agonist or antagonist activity in three receptor types: 

o-ldrenoceptors, dopamine receptors, and 11rotonin receptors. 
(1) Many agents exhibit partial agonist activities and thus can cause either stimulatory or 

inhibitory effects. 
(2) The pharmacologi.c use of ergots is determined by the relative affinity and efficacy of the 

individual agents for these receptor sygtems. 

B. Indications 
1. l'ntp1rtum b1manfl•1• 

a. Methylergonovine is a uterine-selective agent 1t produces sustained contractions of the uter­
ine tmoottl muscle, which shortens the third stage oflabor and decreases blood loss. It should 
not be used to induce labor. 

Z. Mig,.;ne 
a. Ertotamine and dihydroergotamine are 5-Hr,1111o·receptor 111oniltl, which result in vat0con­

ltriction ofintracranial blood vessels. 
b. They are most eft'ective when administered in the early (prodromal) stages of migraine to 

reverse rebound vasodilation. 
c. They are &equendy combined with caffeine, which may increase absorp1ion. 
d. Adverse effects may include GI distress. A more serious side effect is prolonged vasmpasm. 

(1) Similar to the trlptans, they are contraindicltld in patients with CAD. 
e. Serious and life-threatening peripheral lschemia may occur when adminfstered with potent 

cytochrome-P450 3A4 ( CYP3A4) inhibitors. 
3. Hyperprol•r:tinemia 

a. Brumocriptine and cabergoline are dopaminergic agonists that inhibit pralactin secretion. 
(1) Elevated prolactin secretion can induce infertility and 1menorrh11 in women, galactor­

rh11 in men and women, and 1ynecomaatia in men. 
b. Adverse effects may include headache, dizziness, and nausea. 
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IV. EICOSANOIDS 

A. Biosynthesis (Fig. 6.1) 
1. Blcosanoids are a large group of autocoids with potent effects on many dssues in the body. The 

eicosanoids include the prostaglandins, thromboxanes, leulrotrlenes, hydroperm:yelcosatet­
raenoic acids (HPBTBs), and hydroxyeicosatetraenoic acids (HE'I'Bs). 

Z. Arachidonic acid is the most common precursor of the eicosanoids. It is furmed by two 
pathways: 
1. PhospholipaH Ar-mediated production &om membrane phospholipids; this pathway is 

inhibited by glucocorticolds by the action of annexin-Al. 
b. Phasphalipa18 C in concert with dlglyceride lipase can also produce free arachidonate. 

3. Eicosanoid• are synthesized by two pathways: 
a. Cyclaoxygenase (COX) pathway (there are two forms of COX) 

(1) The COX-1 enzyme ls located in the kidney, GI tract, and platelets, as well as man:y other 
locations. 
(a) It is expressed at fairly conmmt level• and provides protective action• on gastric 

mucosa, the endothelium, and in the kidney. 
(2) The COX-Z enzyme is found in great abwadance in connective tissues, in the kidney, 

and in the endothelium. It is highly inducible by numerous factors associated with 
inflammation. 

(3) The cox pathway produces thrambaxane (TXAJ, prostaglandin E (PGE), prmtaglandin 
F (PGF), prastaglandin D {PGD), and prostacyclin (PGI2). 

b. LipOXJllRBH {LOX) pathway 
(1) 5-LOX In association with 5-LOX-activating protein (FLAP) produces 5-HPBTBs, which 

are subsequently converted to 5-HETBs and then to leukotrlenes. 
4. Blcosanoids are synthesized throughout the body (often dssue specific) and have various physi­

ological effects (Table 6.2). 
1. PGL is synthesized in endothelial and vascular smooth muscle cells. 

-- ~ 1 Phospholipases 

Eicosanoic acids 
(C20; 3, 4, or 5 double bonds) 

Prostaglandln H 1 
synthase 

(COX-1, COX-2) 

l~~~;i 
boxane 1 Proatacyclln 

ase synthase 

I~' -Th-rom-boxan--e~IJ 1 .PG~CWGF ~ -(p_roetac:ycl_PG_l_2 -,n-) ~ 

FLAP 1 Lipoxygenase 

~"l ~l 
I'"=' Lou""====:!.1- 11 1. HETEI 

FIGURE &.1. Biosynthesis of eicosanoids. HPETEs, hydroperoxyeicosatetraenoic acids; HETEs, hydroxyeicosa­
tetraenoic acids. 
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table 6.2 Location and Physiological Actions of Eicosanoids 

Vascular smooth muscle TICA, 

PG lz and PGEz 

Bronchial smooth muscle PGF 

Uterine smooth muscle 

Platelets 

Gastrointestinal tract 

lnflam mation 

PGE 

TICA, and leukotrienes 

PG E2 and PGF,.. 

TICA, 

PGI, 

PGE2 

PG lz and PGE2 

HETE1 and leukotrienea 

Vasoconstriction 

Vasodilation 

Smooth muscle contraction 

Smooth muscle relaxation 

Potent bronchoconstriction 

Contraction in pregnant women 

Enhance aggregation 

Decrease aggregation 

Increase the rate of longitudinal contraction, increase mucus 
production, and decrease acid secretion 

Increase blood flow and promote edema formation, enhance 
leukocyte infiltration 

Causa chemotaxis of neutrophils and eosinophils 

b. Thromboxane synthesis occurs primarily in platelets. 
c. HPETEs, HETEs, and the leukotrienes are synthesized predominantly in mast cells, white 

blood cells, airway epithelium, and platelets. 

B. Indications 
1. Cervic•I ripening 

a. Dinoprostone IPGE2) reduces the collagen network within the cervix. 
11) It softens the cervix and relaxes the smooth muscle, allowing dilation and passage of the 

fetus through the birth canal. 
2. Tennination of pregn•ncy 

a. Cartioprost tromethamine IPGF21m) and dinoprostone stimulate uterine contractions similar to 
natural labor contractions. 

b. Currently, these prostaglandins are combined with mifepristane, an antiprogestin, which 
blocks the effects of progesterone to cause contraction-inducing activity in the myometriu.m. 

3. Maintenance of ductus atteriosus 
a. Alprastadil IPGE,) will maintain patency of the ductus arteriosus, which may be desirable 

before surgery. 
4. Nonstaroidal anti-inflammatory drug (NSAIDJ-inducad ulcers 

a. Misoprostol (PGE, analog) replaces the protective prostaglandins (gastromucosal defense 
mechanisms) consumed with prostaglandin-inhibiting therapies, such as NSAIDs. 

5. Erectile dysfunction 
a. Alprastadil IPGE,J can be injected directly into the corpus cavernosu.m or administered as a 

transurethral suppository to cause vasodilation and enhance tumescence. 
11) It relaxes trabecular smooth muscle, which allows blood flow to the lacunar spaces of 

the penis. 
6. Glaucoma 

a. Latanaprost (PGF2a analog) reduces intraocular pressure by increasing the outflow of aque­
ous humor. 

7. Pulmonary hypsrtsnsion 
a. PGI2 analogs (epoprostenal, treprastinil, and ilaprost) are strong vasodilators of pulmonary 

and systemic vascular beds. 

C. Adverse effects. Adverse effects of eicosanoids include local pain and irritation, bronchospasm, 
and GI disturbances, including nausea, vomiting, cramping, and diarrhea. 
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V. SAUCYLATES AND NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 
(NSAIDs) 

A. Mechanism of action 
1. NSAIDs are used to suppress the symptoms of infl•mmation and relieve pain (analgealc action) 

and fanr ( anttpyretic action). 
2. Anli-inllalllllllltruy llflect 

•· PGBa and PGl2 are primarily involved with inflammation. They promote blood flow in the 
inflamed region, enhance edema formation, and enhance leukocyte infiltration. 

b. The anti-inflammatory effect ofNSAIDs is due to the inhibition of COX-1 and COX-2. COX·2 
plays an important role in the inflammatory process, although the effect of its inhibition on 
inflammation is not fully understood. 
(1) Aspirin imwarwibly inactivatea COX-1 and COX-2 by acetylation of a specific serine resi­

due. This distinguishes it from other NSAIDI, which reversibly inhibitCOX-1 and COX-2. 
(ZI COX-2 selective agents inhibit COX-2 more than COX-1. They inhibit COX-2-mediated 

prostacyclln synthesis in the vascular endothelium. 
la) Rationale for development: Inhibition of COX-2 would reduce the inllammatory 

rasponsa and pain but not inhibit the cytopratactiva action of prostaglandins in the 
stomach. Unfortunately, this caused an increased risk for serious cardiovascular 
thrombotic events. 

c. NSAIDs have no effect on lipoxygenase and therefore do not inhibit the production of 
leulcotrienes. 

1 Analgnic effect (d1crea1• pain) 
a. PGBa and PGl2 are the most important prostaglandins involved in pain. They are hyperal­

gesi.c in the periphery and centrally. Inhibition of their synthesis is a primary mechanism of 
NSAID-mediated analgesia. 

4. Anliprretic lfllct f d•t:,.....18rflf} 
a. The antipyretic effect of NSAIDs is believed to be related to inlubition of production of pmsta­

glandins induced byinterleukin-1 (II.rl) and imerleuldn-6 {ll.-6) in the hypothalamus and the 
~re~ of the thermoregulatory system, leading to vasodilatation and increased heat loss. 

B. lndicatinns 
1. NSAIDs are first-line drugs used to arrest inllammatian and Iha accompanying pain of rheu­

matic and nonrheumatic diseases. 
a. They are used in rheumatoid arthritis, juvenile arthritis, nsteoarthritis, psorlatic arthritis, anky­

losing spondylitis, reactive arthritis (Reiter syndrome), dysmenorrhea, bursitis, and tendonitis. 
(11 NSAIDs suppress the signs of underlying inflammatory response but may not reverse or 

resolve the inOammatory process. 
b. Treatment of chronic inflammation requires higher doses than those used for analgesia and 

antipyresis; consequently, the incidence of adverse drug effecm is increased. 
C. In some cases, anti-inflammatory effects may develop only after several weeks of treatment. 

2. NSAIDs are used to alleviate mild ID moderate pain. 
a. They are more effective for pain associated with integumental structures (pain of muscular 

and vascular origin, arthritis, and bursitis) than with pain associated with the viscera. 
b. They are leH effective than opioida. 

1 NSAIDs are used to l"lduca al1vat1d body llmperature. They have little effect on normal body 
temperature. 

4. Aspirin reduces the formation of thrombi. 
a. At low doses, aspirin is more selective for COX-1. 
b. It has significantly greater antithrombotic activity than other NSAIDs and is useful in pre­

venting or reducing the risk of myocardial infarction in patients with a history of myocardial 
infarction, angina, cardiac surgery, and cerebral or peripheral vascular disease. 

c. It is also used prophylactically to reduce recunent transient ischemia, unstable angina, and 
the incidence of thrombosis after coronary arrery bypass grafts. 

5. Salicylic acid is used topically to treat plantar warts, fungal infectinns, and corns. 
a. It causes destruction of keratinocytes and dermal epithella by the free acid. 
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C. Adverse affects 
1. Gastrointestinal events 

a. GI problems are the most common adverse effects. These may include nausea, vomiting, 
diarrhea, constipation, dyspepsia, epigastric pain, bleeding, and ulceration of stomach, 
duodenum, and small intestine. 
11) filderly patients and patients with a history of GI bleeding or peptic ulcer disease are 

at greatest risk. 
12) These effects are most likely due to a decrease in the production and cytoprotective 

activity of prostaglandins, as well as a direct chemical effect on gastric cells. 
13) Substitution of enteric-coated or timed-release preparations, or the use of nonacety­

lated salicylates, may decrease gastric irritation. 
2. Hypersensitivity tintoleranca) (also known as aspirin or NSAID-exacerbated respiratory disease) 

a. Hypersensitivity is relatively uncommon, but can result in rash, bronchospasm, rhinitis, 
edema, or an anaphylactic reaction with shock, which may be life-threatening. 
11) The incidence is highest in patients with asthma and nasal polyps. 
12) Cross-hypersensitivity may exist between aspirin and other NSAIDs. 
13) It is thought that inhibiting the COX pathway diverts arachidonic acid metabolites to the 

lipoxygenase pathway, leading to increased synthesis of cysteinyl leukotrienes (proin­
flammatory mediators that have an important role in the pathophysiology of asthma). 
la) Leukotriene-modifying agents, such as a leukotriene-receptor antagonist (montelu-

kast or zafirlukast), can help prevent exacerbations. 
3. Reye syndrome 

a. Reye syndrome is an illness characterized by vomiting, hepatic disturbances, and 
encephalopathy. 

b. It occurs when aspirin or other salicylates are used to control fever during viral infections 
(influenza and chickenpox) in children and adolescents. 

c. Acetaminophen is recommended as a substitute for children with fever of unknown etiology. 
4. Renal impairment 

a. NSAIDs may reduce renal blood flow and compromise existing renal function. 
5. Cardiovascular events 

a. Although aspirin has cardioprotective effects, other NSAIDs can cause an increased risk of 
serious cardiovascular thrombotic events, such as myocardia I infarction or stroke. 

b. Compared to other nonselective NSAIDs, COX-2 selective inhibitors have an increased 
incidence of heart atlllck and stroke. 
11) One potential reason for the increased risk of serious (and potentially fatal) adverse 

cardiovascular thrombotic events: inhibition of COX-2-mediated production of the 
vasodilator, PGl21 by endothelial cells, while not affecting the prothrombotic actions of 
COX-I in platelets, increases the chance of blood clots. 

6. Prolonged bleeding time 
a. Platelet adhesion and aggregation may be decreased. Patients on anticoagulant therapy or 

with coagulation disorders must be monitored closely. 
b. Aspirin irreversibly inhibits platelet COX-1 and COX-2 and, therefore, irreversibly inhibits 

TX"2 production, suppressing platelet adhesion and aggregation. 
7. Sulfonamide allergy 

a. COX-2 selective inhibitors contain the sulfonamide structure; therefore, caution must be 
used in those with a sulfa allergy. 

D. Drug interactions 
1. Anticoagulants and antiplatelet agents 

a. The antiplatelet properties of salicylates and NSAIDs in combination with other anticoagu­
lant or antiplatelet agents may increase the risk of bleeding. 

2. Sulfonyluraas 
a. The hypoglycemic action of sulfonylureas may be enhanced when given with aspirin and 

certain NSAIDs due to displacement from their binding sites on serum albumin. 
3. Melhotrexate 

a. NSAIDs or salicylates should not be given in combination with methotrexate due to the risk 
of methotrexate toxicity, which may include hematologic toxicity (neutropenia, thrombocy­
topenia), naphrotoxicity, and hepatotoxicity. 
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b. There are several potential mechanisms for this interaction, including decreased renal excre­
tion of methotrexate. 

4. Alcohol 
I. Patients should be advised that regularly consuming alcohol when taking NSAIDs or salicy­

lates could increase the bleeding rilk. 
5. Alpirin interaction with NSAID1 

1. Some nonselective NSAIDs may emmit greater affinity than aspirin for the active site on the 
COX enzyme, limiting aspirin's irreversible inhibition of COX. 

b. COX-2 selective NSAIDs have less risk for this potential interaction. 

E. Aspirin (acatylsalicylic acid) toxicity 
1. Mechanismoftoxldty 

a. Sallcylate poisoning causes uncoupling of oxidative phosphorylation and disruption of nor­
mal cellular metabolism; it results in axcass production of lactic acid and heat. 
(11 Central stimulation of the m1piratory center results in hyperventilation, leading to 

respizatory alkalosis. 
(21 Metabolic acidosis follows, and an increased anion gap results from accumulation of 

lactate and exertion of bicarbonate. 
2. Clini.cal presentation ofacute intoxication 

a. Signs and symptoms may include womiting, hyparpnea, tinnitus, and lethargy. 
b. In severe cases, patients may present with seizures, hyperthennia, and pulmonary edema. 
c. Arterial blood gas testing often shows a mixed respiratory alkalasis and acidosis. 

1 Treatment may involve supportive care, enhanced elimination, and decontamination. 

F. NSAID classification (Fig. 6.2) 
1. Propionic add derivative& 

a. Ibuprofen, naproxen, fenoprofen, and ketoprofen 
2. Acetic acid derivatives 

1. Indomethacin, sulindac, ketorolac, and diclofenac 
b. Diclafanac is a potent anti-inflammatory agent 
c. Katorolac is a potent analgesic and is used for the management of moderately severe acute 

pain that requires analgesia at the opioid level. 
(11 Due to the potential for severe adverse effects, it is only indicated for short-tem use 

(use should not exceed 5 days). 
1 Oxl.cam derivatives 

•• Pirmrlcam 
4. Fenamate derivatives 

1. Mefenamate and meclofenamate 
5. Xetones 

a. Nabumetone 
&. COX-2 selective agents 

a. C1lacoxib 

COX-2 SELECTlYE SEMI-SELECTIVE 

c.l.caidb Mllaidcam, dlclo'9n11e, lbupraf'9n,n•pl'Qllel1 

~ 
lnclam.ahacln, 

~ plroxlCllm, 9Ullnd9c 
COX-2 Selecllve ~ Aeverslble Nan-
NSAID Mlectlv9 NSAID9 
• lncrusad "9k for Semlulectlv9 NSAIDll • Dacraued risk !or 

CV events • Increased affinity !or CV 9119nts 
• Decreased risk ror COX·2 but stHI retain • Increased risk for 

GI side effects actMty for OOX-1 GI side etrecta 
• Uee with caution in 
palienta at increased 
CV riak 

NON-8ELEC11VE 

Aaplrln 

~ 
llrrevenllble Non-
•lec:tlve NSAID 
• Canlaprotacave at 

latldo189 
•Increased riakfor 
GI aide effects 

~ ~;CV. carrlloliafll;u; ~ gasflD/nfllslbll; ~ flOllll~llarydtug 

RGURE U. NSAID selectivity. 
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G. Olhar anti-inflammatory drugs. Other anti-1n8ammatory drugs are used in the more advanced 
stages of some rheumatoid diseases. 
1. Gold sodium lhiomalate and auranofin 

a. These are gold compounds that may retard the deltnlction of bone and jointl by an unknown 
mechanism. 

b. These agents can produce 11riou1 GI diltllitlances, dennatitit, and mucou• membrane 
l•ions. Less common e:tfeas may include hematologic disorders such as aplastic anemia 
and proteinuria, with occasional nephrotic syndrome. 

H. Acataminophan (paracetamol; N-acatyl-p-aminophanol) 
1. M•t:lt•sism of ar:tian 

a. Acetaminophen is a cantrally acting analgesic and antipyratic with minimal anti-inflamma­
tory activlty. 
(1) High concenttadons of peroxides that occur at sites of inflammation reduce its COX 

lnhibitory activity. 
b. It reduc81 fever through the inhibition of prostaglandin synthesis in the CNS and by inhibi­

tion of endogenous pyrogens in the hypothalamu1. 
z. lstlication1 

a. It is used for the management of mild to moderate pain and for temporary reduction of fever. 
3. Atl1111H 11ftctr 

a. Acetaminophen may cause a mild increase in hepatic enzymas. 
b. Overall, it ls very well tolerated and has no clinically relevant effects on the cardiovascular 

and respiratory systems, platelets, and GI tract. 
4. Toxicity 

a. Severe liver damage can occur with overdose due to the accumulation of a minor toxic 
metabolite, N-acetyl-p-benzoquinone !mine (NAPQI). 
(1) At tolic doses, the enzymes responsible for glw:uronide and sulfate conjugation become sat­

urated; more acetaminophen is shunted to the CYP450 enzymes and metabolized to NAPQI. 
(a) NAPQI is usually rapidly conjugated with hepatic glutathione (GSH) to form non­

toxic products. 
(b) When hepatic GSH stores are depleted, NAPQI accumulates and causes hepatic 

damage by interaction with cellular proteins. 

VI. DRUGS USED FOR GOUT 

A. Gout 
1. Gout ls a familial disease characterized by recurrent hyperur:l.cemla and Inflammatory arthritis 

with severe pain. 
a. It is caused by deposits of uric acid (the end product of purine metabolism) in joints, carti­

lage, and the kl.dney. 
b. Serwn urate in acess of 6 mg/ dL is associated with gout. 

Z. Acute gout tlares are treated with oral glucocorticoids or nonsalicylate NSAJDs, particularly 
indomethacin. In certain patients, colchicine may also be used. 

3. Chronic gout is treated with a uricosuri.c agent probenecid, which increases the elimination of 
uric acid. It can also be treated with febuxostat or allopurinol, which inhibit uric acid production. 

4. Serious gout refractory to the above treatments can be tteated with peglolicaH, a recombinant 
uricase that is administered by infusion. 

B. Colchicine 
1. M•t:lte11ism alat:6011. Themechanlam of action of colchlc1ne iBWlclear.Itisan anti-inflammatory 

agent that prevents polymerization of tubulin into microtubules. It interferes wilh migration al 
neutrophils to sites associated with mediating gout symptoms. 

2. lsdicatian1. Colchicine is used for the relief af inflammation and pain in acute gouty 1rtttritis. 
It is most effective when taken within 24 hours of the acute gout flare. 

3. Atlnt1• •lftctitinclude gntrointestinal diltrtll (nausea, vomiting, and diarrhea). 
a. Higher doses may result in hepatic impairment and blood dyscrasias. 
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Hypounthlne 

!~ x.1::s 
Urlcacfd 

(urinary excretion) 

! 
Allantoln 

(urinary excretion) 

Allopurinol or FT 
Xenlhine axidue 

Urate axidase 
(pegloticase) 

RGURE U. Mechanism of action of drugs used fur gout 

C. Probenecid 
1. M1t:hesi111t of et:tion. Probenecid is an organic acid that compati1ively inhibits the reabaorption 

of urete at the proximal renal tubule. It increases urinary excretion of uric acid. 
Z. lndic1tion1. These agents are used fur chronic gout, often in combination with colcbicine. 
1. AtlvllH 11ftets. Increased urinary concentration of uric acid may re5ult in the furmation of 

urate stones (urolidtiasis). 
4. 01111 inltNat:tion. Probenecld lnhibl.t& the excretion of other drugs that are actively secreted 

by renal tubules, including penicillins, cephalosporlns, and methotreute. Dose reduction of 
these drugs may be warranted. Sallcylates may diminish the therapeutic effect of probenecld. 

D. Allopurinol and febuxostat 
1. MecllHillll rd •t:tios. These agents decrease uric acid production through xanthine oxidal8 

inhibition. Xanth.ine oxidase is the enzyme responsible for the conversion of hypoxanthine to 
xanthine to uric acid (Fig. 6.3). 

Z. lndit:1tions. Both agents are used for the chronic management of hypeniricemia due to gout. 
Allopurinol is also approved fur hyperuricemia due to cancer. 

1. Atlv11H .tllm may include akin rtah, GI distress, and increased liver enzymes. Febuxostat 
has an increased risk fur haart-relatld death compared to allopwinol. 

E. Pegloticasa 
1. M1cll1sism of •t:tios. Urlcase is an enzyme that converts uric acid to the water-soluble allan· 

toin fur renal excretion; it is absent in hwnans and high primates. Peglodcase is a recombinant 
furm ofuricase (Fig. 6.3). 

Z. lndit:1tion1. Pegloticase can reduce senun urate in a matter of hours. It is approved for use in 
patients with gout who have been unre1pon1iwe to other dnig therapiet. 

1. Atlv11H 11fte1S. Pegloticase has the potential to cause serious side effects such as anaphylaxis 
and infusion reactions. 

4. Rasburicase is also a recombinant uricase enzyme. It is approved for hyperuricemia associated 
with malignancy. 

VII. IMMUNOSUPPRESSIVE DRUGS 

A. Use of immunosuppressive agents 
1. Immunosuppressive agents are used to treat syndromes or diseases that reDect imbalances in 

the immune system, including rheumatoid arthritis, ayatemic lup111 erytltematOlut, inflamma­
tory bowel disease, chronic active hepatitis, Goodpasture syndrome, and autoimmune hemo­
lytic anemia. 
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2. Many immunosuppressive agents used for the management of rheumatoid arthritis are consid­
ered disease-modifying antirheumatic drugs (DMARDs). 
a. These drugs decrease pain and inflammation but are also used to reduce or prevent ioint 

damage and to preserve the structure and function of the joints. 
b. They are not designed for immediate symptom relief, in which it may take several weeks or 

months tor lull effect. 
3. Suppression of the immune system increases the risk of opportunistic viral, bacterial, and fun­

gal infections, as well as increased risk of malignancy. 

B. Conventional (nonbiologic) agents (Table 6.31 
1. Azathioprine (a derivative ofmercaptopurine) 

a. lt1ch1nism at action. The exact mechanism of azathioprine's immunosuppressive action is 
unknown. 
(1) It is a cytotoxic agent that suppresses T-cell activity to a greater degree than B-cell 

activity. 
(2) Its metabolites are incorporated into replicating DNA to halt replication. 
13) They also black pathways necessary tar purine synthesis. 
14) It is metabolized to mercaptopurine, which is also immunosuppressive. 

b. Indications include rejection prophylaxis for renal transplantation and rheumatoid arthritis. 
It is used off-label for other solid-organ transplants. 

c. Adverse ettscts include nausea and vomiting and leukopenia. 
d. Drug inte111ctions. Azathioprine is metabolized to an inactive metabolite by xanthine oxi­

dise. Dose red uctian is necessary when azathioprine is administered with xanthine oxidase 
inhibitors such as allopurinol or febuxostat. 

2. Letlunomide and mycophenolate mafetil 
a. lt1chani1111 at action. Letlunomide and mycophenolate mofetil are both prodrugs that 

inhibit T- and B-cell responses through the inhibition of nucleotide synthesis (Fig. 6.4). 
11) Letlunomide inhibits dihydroorotate dehydrogenase (DHODH), which inhibits pyrimi­

dine synthesis. 
12) Mycophenolate mofetil inhibits inosine monophosphate dehydrogenase (IMPDH) to 

inhibit purine synthesis. 
b. lndicationsinclude rheumatoid arthritis and solid-organ transplant 
c. AdveTSe effects include gastrointestinal distress and reversible neutropenia. 

3. Cyclosporine and tacralimus 
a. Mechanism of action. Both agents are calcineurin inhibitors; they bind to their respective 

immunophilins and inhibit the phosphatase action of calcineurin, which is then unable to 
dephosphorylate nuclear factor of activated T cells (NFAT) (Fig. 6.4), 
11) They prevent translocation of NFAT to the nucleus and inhibit production of interleu­

kin-2 (IL-2) and IL-2-induced activation ofresting T lymphocytes. 

t a b I e 6.3 Conventional lnonbiologic) Agents 

Drug M1ch1ni1m AdV1r11 Eff1cts 

Az1thioprine Metabolites are incorporated into replicating DNA ind Nausea, vomiting, leukopenia 
halt replication 

Leflunomide Inhibits dihydroorotate dehydrogenase to inhibit Gastrointestinal distress, neutropenia 
pyrimidine synthesis 

Mycophenolate mofetil Inhibits inosine monophosph1te dehydrogenase to Gastrointestinal distress, neutropenia 
inhibit purine synthesis 

Cyclosporine Calcineurin inhibitor Nephrotoxicity, hypertension, gingival 
hyperplasia 

T1crolimus Calcineurin inhibitor Nephrotoxicity, hypertension 

Sirolimus Inhibits mTOR activity Impaired wound haaling, incraased 
cholBSterol, anemia 



150 BRS Phannacology 

Antig~presenting cell ...........:::: ::::::; -----
CD80/86 

MHC/pepttd68 

RGURE 8.4. Mechanism of action of conventional (nonbiologicl agentl. FKBP, FK binding protein; IL-2, interleukin-2; 
MHC, major histocompatibility complex; mTOR, mammalian (mechanistic) target of rapemycin; NFAT. nuclear filctor 
of activated T calls; P. phosphate; TCR. T·call receptor. 

b. lndit:lllioM include psorlas18, rheumatoid arthritis, solid-organ transplant, and graft-versus­
host disease. Ophthalmic emulsions or cyclosporine can be used to increase tear production. 
(1) Monitoring periodic trough levels is recommended during therapy. 

c. Advetse effects may include nephrotoxicity, hypertension, headache, tremor, hirsutism, and 
hypeik.alemla. Cyclosporine can also cause 9in9ival hyperpl11ia. 

d. Drug illtfmtion. Both agents are major 111bmt11 of CYP3M enzymes. Dose reductions are 
required when used in combination with strong CYP3A4 inhibitors. 

4. Sirolimus 
a. M1ch111ism of 1ctio11.Sirolimus (also called rapamycin) inhibits mTOR (mammalian target of 

rapamycin), which is an important component of several signaling pathways (Fig. 6.4). 
(1) Inhibition ofmTOR interferes with protein biosynthesis and delays the G1-S transition, 

which blacks the second phase ofT-cell activation. 
(2) B-cell differentiation is also inh1bited. 

b. lndit:lllions include rejection prophylaxis for renal transplantation. It is used off-label for 
other solid-organ transplants and graft-versus-host disease. 
(1) Monitoring sirolimus levels in all patients is recommended. 

c. AtllftlH efffftsindude anemia and thrombocytopenia. impaired wound healing, and meta­
bolic effects, including incre111d cholnterol and triglycerides. 

C. Biologic agents (Tabla 6.4) 
1. Biologic agents are genetically engineered proteins that target specific parts of the immune 

system to block immune response. 
2. lnfliximab, adalimumab, certolizumab, galimumab, and atanercept 

a. TNF-a plays an Important causative role in meumatold arthritis. It ls responsible for inducing 
Il.r 1, Il.r6, and other cytok:ines that further the disease. 

b. Mecl1111i1111 of 1t:tioo. All agents interfere with endogenous TNFa activity by blocking TNFa 
and blocking its interaction with cell surface receptors. Most are monoclonal antibodies. 
Etanercept is a recombinant soluble TNF-receptor dimer. 
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t a b I e 6.4 

Adalimumab 

lnfliximab 

Certoliz.umab 

Golimumab 

Etan11rc11pt 

An1kinr1 

Baailiximab 

Tocilizumab 

Abatlcept 

Antithymocyte globulin 

N ste lizu mab 

Rituximab 

Tofacitinib 

Biologic Agents 

M1ehani1111 

TNF inhibiton 

IL-1-receptcr antlgonist 

IL-2-raceptcr enllgonist 

IL-B-receptcr antagonist 

S11lec1ive T-cell costimulltion blocker 

Polyclonal antibody directed 1111inst T lymphocytH 

Anti-integrin 

Anti-CD2D 
Janus kinase inhibitor 

In general, biologic agents are known 
to cauH an incraued risk of Hrious 
infection1 and malignancy. 

c. lmlit:ations for these agents include rheumatoid arthritis, plaque psoriasis, and many other 
autoimmune disease& 

d. Adntn ""'*-Injection site infections are common. More serious adverse effects include 
an increased risk oftub1rculoai1 and lymphoma. 

3. Anakinra 
a. Mecbani11111 of ar:ffos. Anakinra is a human recombinant IL-1-receptDr antagonill It blocb 

the biologic activity of JL-1 by competitively inhibiting JL-1 binding to the JL-1 receptor to 
decrease the immune response in indammatory diseases. 

b. lmlit:lltiansincl.ud.e Eheumatold arthritis. 
c. Adntn 1tlrH:l!J include injection site reactions and increased risk of infaclions. 

4. Abatacept 
a. MIH:banism al ar:liOB. T-cell activation requires costimulation by an antigen-presenting celL 

Abatacept blocks Iha collimulatory signal. It is a fusion protein consisting of a portion of 
human CTLA.4 and a fragment of the Fe domain of human lgG 1. Abatacept mimics endog­
enous CTI..A4 and competes with CD28 for CD80 and CD86 binding. This prevents complete 
T-cell activation, reduces T-cell proliferation. and reduces plasma cytokine levels (Fig. 6.5). 

Without Abatacept 

With Abatacept 

APC, Antigtln-prestHg cell 

RGURE 6.5. Mechanism of ac:tion of abatacept. 
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b. Indications. Abatacept is approved for use in rheumatoid arthritis. 
c. Adverse effect$. The most common side effect with its use is infection. 

5. Tocilizumab 
a. Mechsni1111 of st:tion. Tocilizumab is a monoclonal antibody against the human IL-& receptor. 

IL-6 is a potent inflammatory cytokine involved in the pathogenesis of several autoimmune 
diseases including rheumatoid arthritis, multiple myeloma, and prostate cancer. 

b. Indications. Tocilizumab is approved for use in rheumatoid arthritis. 
c. Adverse eflectmayinclude increased cholesterol. 

&. Tofacitinib 
a. Mechanism of action. Tofacitinib selectively inhibits Janus kinases {JAK) and prevents the 

phosphorylation and activation of signal transducers and activators of transcription (STAT). 
It interrupls the JAK-STAT signaling pathway that normally influences cellular processes of 
hematopoiesis and immune cell function. It prevents cytokine or growth factor-mediated 
gene expression and intracellular activity of immune cells. 

b. Indications. It is currently approved for rheumatoid arthritis and psoriatic arthritis. 
c. Advsrss sflrlcl$mayinclude increased cholesterol. 

7. Rituximab 
a. Mechsni1111 of st:tian. Rituximab is a monoclonal antibody directed against CD20 on the sur­

face ofB lymphocytes. It binds to the surface of B cells and results in their destruction. 
b. Indications. It is currently approved for the management of rheumatoid arthritis and CD20-

positive leukemia and lymphoma. 
(1) Rituximab, in combination with methotrexate, is approved for use in rheumatoid arthri­

tis unresponsive to other therapies. It is also approved for treating refractory or large 
B-cell non-Hodgkin lymphoma. 

c. Advsrss sffscU. Potentially severe adverse effects include infusion reactions, mucocutane­
ous reactions, and hepatitis B reactivation. 

8. Natalizumab 
a. Mechanism of sctian. Natalizumab is a monoclonal antibody against the a4 subunit of inte­

grin molecules. It prevents transmigration of leukocytes across the endothelium into the 
in.flamed tissue. 

b. Indications include multiple sclerosis and Crohn disease. 
c. Advsrss effscU. It has been associated with the development of progressive multifocal lau­

koencepha lopathy (PML), a neurological disorder caused by an opportunistic viral infection 
that may lead to disability or death. 

9. Antithymocyte globulin {ATG) 
a. Mechanism of action. ATG is a purified immune globulin produced from hyperimmune 

serum of horses immunized with human thymocytes. It is involved with the altered function 
or elimination of T lymphocytes, resulting in decreased T-cell-mediated immune response. It 
can also directly promote the growth ofhematopoietic stem cells. 

b. lndic1tians. It is currently approved for aplastic anemia. It is also used for acute graft-versus­
host disease. 

c. Adverse effect$ many include serum sickness and anaphylaxis. 
(1) Serum sickness is a type III hypersensitivity reaction due to administration of a for­

eign protein or serum. Symptoms may include fever, malaise, rash, arthralgias, and GI 
distress. 

10. Basiliximab 
a. Mechsni1111 at 1t:tian. Basiliximab is a monoclonal antibody that is an interlaukin-2 (IL-2)­

receptor antagonist. It inhibits IL-2-mediated activation oflymphocytes. 
b. lndic1tians. It is used to prevent acute rejection in renal transplant. 
c. Adverse eHet:l$may include hypertension, GI distress, and increased risk of infection, includ­

ing urinary tract infections and viral infections. 

D. Other immunosuppressive agents. Other immunosuppressive agents are discussed in more detail 
in Chapter 8 on drugs acting on the GI tract ( sulfasalazine ), Chapter 11 on infectious disease treat­
ment (hydroxychloroquine), and Chapter 12 on cancer chemotherapy (methotrexate, cyclophos­
phamide, and thalidomide). 



l3ltnfliJ Autocoids, Ergots, Anti-inflammatory Agents, and lmmunosuppressive Agents 15'3 

• DRUG SUMMARY TABLE 

Hila11i11 H,-ftCllp1or .AICltaniAI 
Bromphenir1mint (J-Tan) 
Crltirizine IZyrtecl 
Chlorpheniramint (Aller-Chlor) 
Cltm11tine IT1vi11t, Contact-DI 
Cyproheptadine {Pariectin) 
Deslarltldine IClarinex) 
Dimtnhydrinrte (Dr1m1min1I 
Diphenhydremine IBanedryl) 
Doxylamine (Unisaml 
Fexofenadint (Allegra) 
Levocttirizint O<yzall 
Loretedine (CleritinJ 
Mtclizine {Antivert} 
Promethazint (Phener;an) 

Hila11in1 H,.nceptar .AICltanllltl 
Cimetidint (Tagamtt) 
F1motidine IP1pcid ACI 
Nizalidine IAxid) 
Ranilidine IZ1ntul 

Cllrtmtl'IH 
Cromotyn (lnt11J 
Ntdocromil mt1d1) 

£qta 
Bromoeripline (P1rlod11) 
Dihydroergotamine (Migran11l 
Ergmmine (Ergomarj 
Methylergonolline IM81t!ergine) 

Stttetnil·R•cllftor Aaa•im 
Almotriptan (Axertl 
Bu1pirone (BuSp1rj 
Eletriptan {Ralpax) 
Frovltriimn IFrava) 
Nmtript1n (Amerge) 

Rizatriptln (Mu11t) 
Trazodone IDesyrel) 
Sumatripten (lmitrexl 
Zolmitl'iiJmn IZomigl 

Serottni1-Recllf1or Anta101iltl 
Cyproheptldine (Pariaclin) 
Dol1ntron IAnzemet) 
Granimron (Kytrill 
Ondensetron tzofran) 
P1lono1etron (Aloxi) 

Eitttanaidt 
Alpramdil ICaverjact) 
Carboprost trom81tl1mine (Hem1b1te) 
Dinoprostone (Prastin EZJ 
Epoprostanol (Velrrtn1 
lloprost IVent1vi1I 
Latenoprost IX•laten) 
Misoprostol ICytotee) 
Treprolltinil (Remodulinl 

NSAIDt 
Alpirin (Ecutrin) 
Celecoxib ICelebrexl 
Diclofenac IVolttrenJ 
Etodolac llodine) 
Fenoproftn (Nall'onl 
Flurfliprofan IAnHidl 
Ibuprofen (Advil, Motrinl 
lndomettiacin (lndocinl 
Ketoprofen IOrudis) 
Ketoralac (Toradall 
Meelof'tnamltlt (Meclomtnl 
Mefenamic acid (Ponlltell 
Nabumetone (Relafan) 
Naproxen IAleve) 
Piroxicam IFeldentl 

Sulindae IClinorill 
Tolmltin ITolec:tin) 

No1111ilillARl111ic 
Aeetaminophen tTylenoll 

&old S.111 
Aurenofin IAidaura) 
Gold 1odium thiamelate (Myochry1in1J 

Anlil•ut llUll 
Allopurinol IZylaprim) 
Colchicine (Colcrysl 
FebUXDltlt IUloricl 
Peglotieese IKrystaxu) 
Prabenecid (Benemid) 

l11•n••~•nlli• Dn11 (i1cl1lli11 
DlllAllDa end Bill11ic Aeemsl 

Abatacept (Oranci1l 
Ad1limum1b (Humirel 
Anakinre (Kineret) 
Antithymocyte globulin 

(Thymoglobulin, Atv•ml 
Authioprine (lmuran) 
Basiliximab (Simulectl 
Cyelopho1ph1mide (Cytoxan) 
Cyclosporine IS1ndimmun1, Neoral, 

Gengrafl 
Etanarcapt IEnbrel) 
Hydroxychloroquine (Pl1qu1nill 
lnfliximab IRemicede) 
M81tlatr1X1ta (Rhaumatrex) 
Mycophtnolat:e Mofetil (CellCeptj 
Mycophenolet:e Sodium IMyfottic) 
Sirolimus (R1p1mun1I 
Tacrolimus (Prograll 
Thalidomide CThalomid) 



Review Test 

Diractions: Select the beat answer for each queatton. 

1. A 32-year-old man presents to hiB primary 
care phyaician with complalntB of burning and 
watery eyes and conatant sneezing. He experi­
ence& these symptoms each spring for about 1 
month. The patient l.& a long-haul truck driver 
and ls concerned about potential aide effects of 
any new medications. Which of the following 
drugs would be most appropriate to treat this 
patient? 

(A) Cimetidlne 
(B) Dlmenhydrinate 
(C) Femfenadine 
(D) ScopolamJne 

2.. A 30-year-old mania diagnosed with stage 
m testicular cancer. He undergoes a radi-
cal inguinal orchiectomy and followed by 
chemotherapy with etoposide and cisplatin. 
Which of the following medications would 
help manage chemotherapy-induced nausea 
md vomiting? 

(A) Dlphenhydramtne 
(B) Ondanaetron 
(C) Ranitidine 
(D) Sumatrlptan 

1 A 24-year-old woman has a history of 
migraine he«dache1 with accompanying 
aura. During her last attaclc, ergotamine was 
much le88 effective; therefore, her neurologist 
use. an alternative to treat her current attack. 
Agonist activity at which of the following 
receptors would be the beat target for the new 
treatment? 

(A) 11-Adrenoreceptors 
(B) IIlat:amine H1 
(C) Prostaglandin PP 
(D) Serotonin 5-HTia 

4. A 79-year-old woman ia admitted to the hos­
pital with acute renal failure. She baa a hiatory 
of rheumatoid arthritis managed with metbo­
trente but stated that the pain in her handa was 
much worae over the laat week; therefore, ahe 
took additional pain medication. Which of the 
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following drugs is most likely responsible for 
the adverse renal effect? 

IA) .Aartaminophen 
IBI Colchicine 
IC) Ibuprofen 
ID) Predni&one 

5. A neonate is diagnosed with an atrial septal 
defect of congenital origin. It will require surgi­
cal repair, and adequate systemic perftaion 
requires that the patency of the ductua arte­
riosus be maintained. Which of the following 
agent& would be beat to accompll.&h this goal? 

IAI Alprostadil 
IBI Celeconb 
ICI Indometbacin 
IDI Treprostinil 

I. A 65-~ar-old man presents to his primary 
care physician with complaints of aevere pain 
and redness in his left big toe. Blood work 
revealed a uric acid level of8.3 mg/dL (nonnal: 
3.4-7 mg/dL). Hi1phyaiclan1tarted him on a 
new medication for the chronic management of 
thl.& condition. What la the mechanism of action 
of this new medication? 

(A) Block the metaboliun of xanthine tD uric acid 
IBI Catalyze the ondation of uric acid to 

xanthine 
IC) Decrease the oxidation of allantoin to uric 

acid 
IDI Inhibit the function ofurate oxldue 
IE) Stimulate the function oh:anthine oxldaae 

1. A 35-~ar-old man presents to his doctor 
with complaints of epigaatric pain. The patient 
has a history of a lower back injury in which his 
pain is managed with ibuprofen. He ia diag­
nosed with gastritis. Which of the following be1t 
ezplains the reason for the patient's symptoms? 

[Al Inhibition of pbosphollpaae A2 
IBI Inhibition ofCOX-1 production of PGB2 
[C) Inhibition ofCOX-2 production of PGI2 
ID) Inhibition ofCOX-2 production ofTXA2 
IE) Inhibition of 5-Lipoxygenaae production 

ofLTA4 
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8. A 30-year-old woman presents to her 
physician with complaints of headaches 
associated with sensitivity to light She also 
experiences nausea during most attacks. 
She is diagnosed with migraines and given 
a prescription for sumatriptan. What is the 
mechanism of action for this medication? 

(Al 5-HTlA agonist 
(Bl 5-HT10 agonist 
(Cl 5-HTs antagonist 
(DI 5-HTa.1. antagonist 

9. A 35-year-old woman presents to her physi­
cian with a chief complaint of headaches and 
occasional vomiting for several months. She 
also complains of milky discharge from her 
breasts and a lack of menstruation for the 
last 3 months. Further testing reveals a large 
pituitary adenoma. Which is the mechanism of 
action for the medication that would treat this 
condition? 

(Al 5-HTs antagonist 
(Bl a-Adrenoceptor agonist 
(Cl Dopamine agonist 
(DI IL-1 antagonist 

10. A 24-year-old woman, who is 42 weeks 
pregnant, is admitted to the hospital for 
induction oflabor. A fetal heart monitor 
shows that the fetus is in no acute distress. 
Sterile examination reveals that she is mini­
mally dilated without significant effacement. 
Due to an unfavorable cervix, she is given an 
agent for cervical ripening prior to oxytocin 
administration. What medication was most 
likely given? 

(Al Carboprost 
(Bl Dinoprostone 
(Cl Epoprostenol 
(DI Latanoprost 
(El Treprostinil 

11. A 7-year-old girl is diagnosed with 
chickenpox, in which her symptoms included a 
red, itchy rash and fever. Two days later, she is 
taken to the emergency room due to persistent 
vomiting and mental status changes. Her blood 
work reveals elevated liver enzymes. Which 
of the following medications, when given at 
an appropriate dose, may cause this patient 
presentation? 

(Al Acetaminophen 
(Bl Aspirin 
(Cl Celecoxib 
(DI Ibuprofen 
(El Naproxen 

12. A 24-year-old man is admitted to the 
hospital after a kidney transplant. He is placed 
on appropriate immunosuppression to prevent 
rejection. About 48 hours after starting the new 
treatment regimen, the patient complains of a 
headache and tremors. His blood pressure is 
140/82 mm Hg. What medication most likely 
caused this patient presentation? 

(Al Azithromycin 
(Bl Cyclosporine 
(Cl Leflunomide 
(DI Mycophenolate mofetil 
(El Sirolimus 

13. A 42-year-old woman is started on a new 
medication for the management of rheumatoid 
arthritis. Her rheumatologist explains the pos­
sible adverse effects and schedules her return 
visit to assess lipid parameters 6 weeks follow­
ing initiation. Which of the following medica­
tions was most likely prescribed? 

(Al Anakinra 
(Bl Abatacept 
(Cl Etanercept 
(DI Rituximab 
(El Tocilizumab 



Answers and Explanations 

1. Tha answer is C. Fexofenadine iB a potent histamine H1-receptor antagonist; its poor central 
nervous system (CNS) penetration reduces sedative effects. Dimenhydrinate is a first-gener­
ation H 1-receptor antagonist used for nausea and vomiting; adverse effects include sedation. 
Ranitidine is a histamine Hi-receptor antagonist. 

2. The answer is B. Ondansetron is a 5-HT3-receptor antagonist approved for the prevention of 
chemotherapy-induced nausea and vomiting. Diphenhydramine, buspirone, and ranitidine are 
not used for the management of nausea and vomiting. 

3. The answer is D. The triptans are effective against acute migraine attaclcs; they act as agonists at 
serotonin 5· HT m· and 5-HT m-receptors. Agonists at a-adrenergic receptors, like epinephrine, 
cause vasoconstriction but are not effective for migraines. Antihistamines and agents that inter­
fere with the prostaglandin FP receptor would not be effective either. 

4. Tha answer is C. NSAIDs, such as ibuprofen, are associated with renal toxicity. When taken with 
methotrexate, the risk of nepbrotoxicity increased due to a drug-drug interaction. Prednisone 
is effective in alleviating the inflammation in rheumatoid arthritis but is not associated with 
adverse renal effects. Colchicine is used to treat gout, not rheumatoid arthritis. 

5. The answer is A. B-series prostaglandins, such as alprostadil, are responsible for maintenance of 
the ductus. lnhibitors of prostaglandin biosynthesis, such as indomethacin and celecoldb, cause 
closure of the ductus. 

8. The answer is A. The patient most lilcely has gout, which commonly presents with swelling, 
inflammation, and redness at the base of the great toe. High uric acid levels are also common. 
Allopurinol and febuxostat are xanthine oxidase inhibitors that prevent the metabolism ofhypo­
xanthine and xanthine to uric acid. They can be used for the chronic management of gout. 

1. The answer is I. Inhibition of COX-1 (by ibuprofen) in gastric epithelial cells depresses mucosal 
cytoprotective prostaglandins, especially PGB2. This can lead to GI symptoms, including gastritis 
or gastric ulcers. Inhibition of prostaglandin synthesis by COX-2 induced at sites of inflammation 
does not alfect the action of the constitutively active housekeeping COX-1 i&ozyme found in GI 
tract. Ibuprofen does not inhibit 5-lipoxgenase or phospholipase Ai,. 

8. The answer is B. Sumatriptan is a 5-HTw agonist. Buspirone, an antiamiety medication, is a 
5-HT IA agonist. Ondansetron, an anti.nausea medication, is a 5-IIT3 antagonist. Many antipsy­
chotic medications are 5-HT~ antagonists. 

9. Th1 answer is C. Elevated prolactin secretion can induce galactorrhea, amenorrhea, and infertil­
ity in women. Dopaminergic agonists, such as bromocriptine and cabergoline, inhibit prolactin 
secretion. They can be used to treat hyperprolactinemia, as with pituitary adenomas, or for sup­
pression of normal lactation. 

10. Tha answer is B. Dinoprostone (PGEa) reduces the collagen network within the cervix and is 
used for cervical ripening. Carboprost (PGF:ia) stimulams uterine contractions similar to natural 
labor contractions and is currently approved for termination of pregnancy. Latanoprost (PGF2 

analog) reduces intraocular pressure by increasing the outflow of aqueous humor and is used for 
glaucoma. Epoprostenol and treprostinil (PGI2 analogs) are strong vasodilators used for pulmo­
nary hypertension. 

11. The answer is B. The patient has Reye syndrome, a condition characterized by hepatic encepha­
lopathy and liver steatosis. Symptoms may include mental statll& changes and lncreased liver 
enzymes. It can occur in young children given aspirin during a febrile viral infection {such as 
chickenpox). 
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12. Tha answer is B. Calcineurin inhibitors, such as cyclosporine and tacrolimus, can cause head­
ache, tremor, and hypertension. These adverse effects may be due to increased drug levels; 
therefore, decreasing the drug dose may help alleviate symptoms. The other medications listed 
do not generally cause this side effect profile. 

13. The answer is E. Tocilizumab, an Il..-6-receptor antagonist, is associated with increases in lipid 
parameters, including total cholesterol. Llpid parameters should be assessed about 4-8 weeks 
after initiation and about every 24 weeks thereafter. 



Drugs Used in Anemia and 
Disorders of Hemostasis 

I. DRUGS USED IN THE TREATMENT OF ANEMIA 

A. Iron 
1. Structurt mnd ttor111 of iron (Fig. 7.1) 

1. Iron is an integral component of heme. About 70% of 11111 body iron is found in h11noglolain. 
Heme iron is also an e68ellti.al component of muscle myoglabin and of several enzymes, 
including catalaae, peroxidase, and cytochromes. 

la. Iron is star•d in retlculoendothellal cells, hepatocytes, and int21tinal cells aa t.rritin (a particle 
with a ferric .bydroxl.de core and a surface layer of the prot2in apoferrldn) and hemoaiderln 
(aggregates of ferridn-apoferritin). 

2. Ala1orption and tr1n1part 
1. Heme iron is more readily abaorbed across the intestine than inorganic iron. 
la. Inorganic iron in the t.rrous llltt (Ftz+J is mum more r11dily 1blorbed than that in the t.rric 

... 19,ftk). 
(1) Gastric acid and ascorbic acid promote the absozption of ferrous iron. 

c. Iron is actively transported across the intestinal cell; it is then oxidized to fmic iron and 
stored u ferrltin or tranaported to other ttssues. 

d. Iron is tnlnspartld in the plaama bound to the glycoprotein lnnlferrin. 
(1) Spec:tflc cell 1urface receptors bind the transferrln-iron compla, and the iron Is deliv­

ered to the recipient cell by endocytosis. 
3. Regul1tion 

a. Iron storage is regulated at the level of absorption. 
(1) Except for menstruation and bleeding disorders, very little iron is lost from the body, 

and no mechanism exists for increasing excretion. 
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la. When pluma iron concentrations are low: 
(1) The number oftnlnsfenin rtc1ptors is incre11td (facilitating cellular absorption). 
(Z) Ftnitin synthesis is d1crt111d (reducing tissue iron storage). 

c. When iron 1tore1 are high: 
(1) IDteatinal 1lasorption is dRnand. 
(Z) Synthesis oftn1nlferrin la d1crt111d (inhibiting additional cellular uptake). 
(3) hrritin 1ynthem la incn111d. 

4. C1u1es at iron deficiency 1nemi1 
1. Bleeding (~30 mg of iron la lost in a normal menstrual cycle) 
la. Dietary deficiencies 
c. Malabsorption syndromes (celiac ditieae, Wlripple disease) 
d. Increased iron demand& (pregnancy, lactation) 

5. Iron 111t suppltmtnts 
1 . om,,,.,,,. (fetrow ,_,,,,., ~ 11s,...., ltnDn ,,,..,., polyurt:Mnde ;,.. C01811'-J 

(1) All are therapeuttcally equivalent and have aimllar adverse effects when doses are 
adjuatsd according to iron content. 

(Z) Approximately 25% of orally administered iron Is 1blarb1d. 
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;·~m·~·~Do j 
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(Fenllln, Fe3+) U 

t 
RGURE7.1. Absorption end circu· 
lation of iron within the body. 

Hemogl' AOC. /' Hemolys;s 

(3) Oral iron treatment may require 3-6 months to replenish body stares. 
(4) Adverse effects 

{a) Gastrointestinal {GI) distress (nausea, cramps, fiatulence, constipation, and 
diarrhea) is very common. 

(b) Other effects include black tarry stools and a metallic taste. 
(5) Drug and f'ODd interactions 

(a) Medications that reduce 1111tric acid (antacids, histamine receptor blockers, and 
proton pump inhibitors [PPis]) can reduce iron ab1orption. 

(b) Calcium-containing food and beverages may impair iron absorption. 
b. ,,,,.,,,.,., •llBIS (ftnit: c111Joxymalto1•. ftnic glucos111, lttumoxytol, ins 1ucrou, asd 

iro11 d1xtnsJ 
(1) Intravenous (IV) iron may be preferred over oral iron In patients with: 

{a) Intolerable GI side effects of oral Iron 
(b) Iron absorption disorders caused by inilammatory bowel disease, gastric surgery, or 

hereditary absorption defects 
(c) Severe anemic conditions (when rapid correction desired) 

(2) Advent and toxic effects 
(a) Allergic or infusion reactions may occur with IV administtation, including urticaria, 

bronchospasm, and anaphyluis. 
i. Premedication may be given to those with a history of asthma or multiple drug 

allergies. 
(3) In acute iron toxicity, which is potentially fatal in children, deferoxamine, an iron· 

chelating agent, may be used. It binds iron and promotes excretion. 

B. Vitamin Biz 
1. Stntcture 

a. Vitamin B1z is an essendal cofactor, in which wrious groups are covalently .lliiked to the cobalt 
atom, forming the cobalamins. 
(1) Mltflvlcobalamin is a coenzyme essential for the production of methionine and 

5-adenosylmethionine from homocysteine and for the production of wu:ahydrofolate 
from methyltetrahydrofolate. 

(2) Deoxyadenosyl~balamin participates in the mitochondrial reaction that produces 
succinyl-CoA from methylmalonyl-CoA. 
{a) Vitamin Bu deficiency leads to the production of abnormal fatty acids. 



160 BRS Ph1nn1calagy 

2. Transport and absorption 
a. In the stomach, dietary vitamin B,2 complexes with inbinsic factor, a peptide secreted by the pari­

etal cells. The intrinsic factor-vitamin B12 complex is absorbed by active transport in the distal ileum. 
b. Vitamin B12 is transported in the plasma bound to the protein transcobalamin II and is taken 

up by and stored in hepatocytes. 
3. EHecu of Bu deficiency 

a. Vitamin B12 is essential for normal DNA synthesis and fatty acid metabolism. 
b. VitaminB12 isnotsynthesizedbyeukaryoti.ccellsandisnormallyobtainedfrommicrobialsynthesis. 
c. Loss of vitamin B12 from the body is very slow (2 µg/day); hepatic stores are sufficient for up 

to5years. 
d. A deficiency results in impaired DNA replication, which is most apparent in tissues that are 

actively dividing, such as the GI tract and erythroid precursors. 
e. The appearance oflarge macrocytic (megaloblastic) red cells in the blood is characteristic 

of this deficiency. 
f. Vitamin B12 deficiency can also result in irreversible neurologic disorders. 
g. Vitamin B12 (along with vitamin B6 and folic acid) participates in the metabolism ofhomocys­

teine to cysteine. filevations in homocysteine are associated with accelerated atherosclerosis. 
4. Specific agents include cyanocobalamin or hydroxocobalamin. 
5. Pha1111acologic properties 

a. Parenteral administration of vitamin B12 is standard because the vast majority of situations 
requiring vitamin B12 replacement are due to ma labsorption. 
(1) Uncorrectable malabsorption requires life-long treatment. 
(2) Improvement in hemoglobin concentration is apparent in 7 days and normalizes in 

l-2months. 
&. Indications 

a. For the management of pernicious anemia (inadequate secretion of intrinsic factor with 
subsequent reduction in vitamin B12 absorption) 

b. After a partial or total gastreetomy (to mitigate loss of intrinsic factor synthesis) 
c. For B12 deficiency caused by dysfunction of the distal ileum with defective or absent absorp­

tion of the intrinsic factor-vitamin B12 complex 
d. For insufficient dietary intake of vitamin B12 (occasionally seen in strict vegetarians) 

7. Adverse eHlctsofvitamin B12 are uncommon, even at large doses. 

C. Folic acid (vitamin 81) 

1. Structure 
a. Folic acid is composed of three subunits: pteridine, para-aminobenzoic acid (PABA), and 

one to five glutamic acid residues. 
2. Pha1111acologic properties 

a. Most folate is absorbed in the proximal portions of the small intestine and is transported to 
tissues bound to a plasma-binding protein. 

b. Folic acid requires reduction by dihydrofolate reductase to the active metabolite 
methyltetrahydrofolate. 

c. The cofactors of folic acid provide single carbon groups for transfer to various acceptors and 
are essential for Ille biosynthesis of purines and the pyrimidine deoxythymidylate. 

d. Catabolism and excretion of vitamin B9 are more rapid than that of vitamin Bui hepatic 
reserves are sufficient for only 1-3 months. 

3. EHlcts of folic 1cid deficiency 
a. A deficiency in folic acid results in impaired DNA synthesis; mitotically active tissues such as 

erythroid tissues are markedly affected. 
4. Indications 

a. Anemia due to folic acid deficiency is most often caused by dietary insufficiency or malab­
sorption and can be treated by oral folic acid supplementation. 

b. Folic acid deficiency in pregnant women is associated with an increased risk of neural tube 
defects in the fetus; therefore, supplementation is recommended. 

c. It may be used in cases of rapid cell turnover, such as hemolytic anemia. 
d. Vitamin 812 deficiency should be ruled out before using folic acid as the only treatment for 

anemia, especially since neurologic deficits of vitamin B12 deficiency may be irreversible. 
5. Adverse eHlcts are uncommon with folic acid supplementation. 
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D. Pyridoxine lvitamin 81) 

1. Sideroblastic anemias are characterized by decreased hemoglobin synthesis and intracellular 
accumulation of iron in erythroid precursor cells. 
a. Iron is available but not incorporated into hemoglobin in a normal manner. 
b. Agents that antagonize or deplete pyridoxal phosphate can cause this type of anemia. 
c. Hereditary sideroblastic anemia is an X-linked trait. 

2. Pyridoxine (vitamin 81) can be used for the management of sideroblastic anemia, although it 
has variable efficacy with inherited forms of the disease. 

E. Hydroxyurea 
1. Mechanism of action (in 1kkle cell dilea1e) 

a. Sickle cell disease (SCD) refers to genetic disorders resulting from the presence of a mutated 
form of hemoglobin, hemoglobin S (HbS). 
11) The mutated hemoglobin distorts the red blood cells (RB Cs) into a crescent shape at low 

oxygen levels. The sickle-shaped cells are not flexible and many burst apart or stick to 
vessel walls causing a blockage or decreasing blood flow. 

b. Hydroxyurea increases the production of fetal hemoglobin, which makes red cells resistant 
to sickling and reduces the expression of adhesion molecules. 

2. lndic1tions 
a. Hydroxyurea has been shown to reduce or prevent several complications due to sen. It is 

effective in reducing painful episodes and the necessity of blood transfusions. 
3. Adn111 llffscts include GI distress and changes in skin, ha~ and nail. Myelosupprassion is the 

major dose-limiting toxicity. 

F. Drugs acting on erythroid precursor cells 
1. Erythropoietin (EPO) is produced by the kidney. It is essential for normal reticulocyte produc­

tion. Synthesis is stimulated by hypoxia. 
2. Erythropoiesis-stimulating agents (ESAs) 

a. Specific agents include epoetin a/fa and darbepoetin a/fa. 
b. lf1ch1nism of action 

11) ESAs stimulate the proliferation and differentiation of erythroid precursor cells in the 
bone marrow. 

12) They induce the release of reticulocytes from the bone marrow into the bloodstream, 
where they mature to erythrocytes. 

13) Increased hemoglobin and hematocrit levels follow the increased reticulocyte count. 
14) The action ofESAs requires adequate stores of iron. 

c. Adminiltrltion 
11) Epoetin alfa has a shorter half-life and is administered subcutaneously (SubQ) three 

times a week, versus darbepoetin, which is administered weekly. 
d. Indications 

11) Both agents are approved for patients with anemia due to chronic kidney disease or 
anemia due to chemotherapy in cancer patients. 

12) Epoetin alfa is also approved for anemia due to zidowdine in human immunodefi­
ciency virus (HN)-infected patients. 

13) In some situations, they may be used to reduce the need for transfusions. 
(a) When a rapid increase in hematocrit is needed, RBC transfusions are effective in 

1-3 hours, whereas ESAs may take 2-6 weeks. 
e. Adntsl 1fflctsmay include hypertansion and headache, most likely due to rapid expansion 

of blood volume. They can also cause thrombosis. 
I. Pl8cautions 

11) The serum hemoglobin concentration of patients treated with an ESA should not exceed 
12 g/dl. 
(a) Hemoglobin levels above this target have been shown to increase the risk of mortal­

ity and serious cardiovascular and thromboembolic events, including myocardial 
infarction and stroke. 

12) ESAs may increase the risk for tumor progression or shorten overall survival in patients 
with breast, non-small cell lung, head and neck, lymphoid, and cervical cancers. 

13) The lowest dose ofESA necessary to prevent RBC transfusion should be used in order to 
prevent the severe adverse outcomes. 
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II. DRUGS ACTING ON MYELOID CELLS 

A. Myelaid growth factors 
1. Filgrastim and pegfilgrastim (granulacyte colony-stimulating factor, G-CSF) 

a. Meell111ilm of 1t:tio11 
(1) G-CSFs stimulate bone marrow production, maturation, and activation ofneutrophil• to 

increase their migration and cytotoxicity. 
(2) They do not increase the number ofbasophils, eosinophils, or monocyteg. 

b. Admini#ration 
(1) Pegftlgrastim 18 pegylated, giving It a longer half-life; It allows for one single SubQ dose 

compared to the daily administration required by ftlgrasttm. 
C. lndit:llliOM 

{1) G-CSFs ma:y be used fallowing the adminl8tration of chemotherapy when neutrapenia 
is anticipated ("primary prophylul!i-). 

(2) They ma:y also be used during ratreatment after a previous cycle of chemotherapy 
caused neutropenic feyer ("secondary prophyluis"). 

(3) G-CSFs are used to shorten the duration of chemotherapy-induced neutropenia after 
bone marrow transplantation. 

d. Adv1111 •lflctsmay include nausea and bone pain. 
2. Sargramastim (granulacyte-macrophage colony-stimulating factor. GM-CSF) 

a. Mechanism of •t:tion 
(1) Sargramostim. stimulates proliferation, dlfi'erentiatlon, and activity of neutrophils, 

eosinaphils. manocytes. and macraphagn. 
b. lndit:llliOM 

{1) Reduce the duration of neutropenia and incidence of infection in patients receiving 
myelosuppressive chemotherapy or bone marrow transplantation. 

(2) Mobilize peripheral blood progenitor cell• prior to collection. 
(3) For bone marrow graft failure. 

c. Adv1111 •lflcts may include bone pain, fever, nausea, and rash. 
1. Romiplastim 

a. M1ch111ism of •t:tion 
(1) Romlplostim binds to the thrambapaietin (TPO) receptor. It produces a dose-dependent 

increase in platllets. 
b. lndit:lllions. It is approved for chronic immune thrambacytopenia (ITP). 
c. Advetse IHclionincludeheadache and arthralglas. 

Ill. DRUGS USED IN HEMOSTATIC DISORDERS 

A. Parenteral antica19ul1ntt 
1. Heparin (Ufff. unfractianated heparin) 

•. Sttuctul9 
(1) Heparin is a large suHated polysaa:haride polymer that is isolated &om porcine or 

bovine intestines. 
(2) Each batch 18 a mixture of different-length polysaccharides, with an average molecular 

weight of 15,000-20,000 daltons. 
b. Mec1Jani1111 of •t:tian (Fig. 7.2) 

(1) Heparin potentlates the action of antithrombin m (ATlll). It binds to ATill via a key 
pentasaccharide sequence and irrevenibly inactivates factor Ila (thrombin) and factor 
XI. It also inactivates coagulation factors IXa, Xia, and Xlla. By deaeasing duombin­
mediated events in coagulation, including the conversion offi.brinogen to fibrin, tibrin­
mediated clot formation is inhibited. 
(a) It does not have anticoagulant activity on its own; binding to ATill is required. It 

causes a conformational change, which converts ATID &om a slow to rapid inhibitor 
of coagulation. 
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Unhacllorm!Bd hepart n 

(about 45 eaccha~de unl1ll, 
MW-13,500) 

Low molacular weight (L.MW) heparins 

(about 1 5 aa.cc:ha~de unrm, 
MW-4,500) 

~ ta=r Xa lnhlblm 

Efl'8cl on 'lllrombln 

Binds ID antilhrombin Ill (ATI II) 
and thrombi n 
Onactivatee ttwombin) 

Binde ID antilhrombin Ill CATI II) 
but not to thrombln 
(poorly irw:tivlllDI thrombin) 

No ettec:t on thrombi n 

xosne) 

Catalytlc &Ila ff
Subatrate racognition 

Hepmln--- (Ac:Ulle site) 
binding 

Direct thrombin inhibitore site 

IT
Al'pllolHln, 
dlblplnn 

n 

2\::=:~ LY ., ..... 
Seleal!Yely Inactivate thrombln 

Eff9cl on Flclor XII 

Binds to antilhron11in Ill (ATill) 
via pantBaaccharlda 
(9Ulficient to inectivate )(a) 

Binde to antithron11in Ill (ATill) 
via pantBaaccharlda 
(IUlficient to inllCtiW.111 )(a) 

Binds to anlllhroimln Ill (ATill) 
via pentuaccharlda 
{9Ulficient to inectivata )(a) 

No effect on .xa 

RGURE 7.2. Mechanism of action for heparin, low molecular weight heparin, selective factor Xa inhibitors, and direct 
thrombin inhibitors. (Reprinted with permission from Golan D. Principles of Pharmacology. 4th ed. Philadelphia, PA: 
Wolters Kluwer Health, 2016, Figure 23.15;Adapted from Lefkavits J, Topol EJ. Directthrombin inhibitors in cardiovascular 
medicine. Circulation 1994;90:1522-1536, Figure 1.) 
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(b) Only one-third of molecules contain the pentasaccharide sequence needed to bind 
antithrombin. 

(c) Anticoagulant activity is influenced by chain length (need 18 saccharides to bind 
thrombin). 

(2) It provides anticoagulation immediately after administration. 
(3) It cannot inhibit clot-bound factors Ila or Xa. 

c. lndic&tions 
t1) It provides preoperative prophylaxis against deep vain thrombosis (DVT) and reduces 

pulmonary embolism (PE) risk in patients with established thrombosis. 
(2) It is used for the treatment of acute coronary syndrome (ACS), DVT, or PE. 
(3) Heparin can be given to prevent stroke or systemic arterial embolism in patients with 

atrial fibrillation or mechanical or prosthetic heart valves. 
(4) It prevents clotting in extracorporeal circulation devices. 

d. Administration and monitoring 
(1) Heparin must be given by IV infusion or deep SubQ injection. 

(a) Bio availability is less with SubQ injection compared to IY. 
(2) It is not injected intramuscularly (IM) due to the potential for hematoma. 
(3) Activated partial thromboplastin time (am) is commonly used to monitor heparin 

therapy. Achieving and maintaining a therapeutic level may be difficult 
e. Adverse effects 

(1) Blaading is a common and potentially dangerous adverse effect. 
(a) Protamine sulfate can be given for heparin revenal. 

i. Protamine is a positively charged alkaline protein. When given in the presence 
of heparin, which is strongly acidic and negatively charged, a salt is formed and 
stops the anticoagulant activity of heparin. 

(2) Moderate thrombocytopenia may occur. 
(3) Rarely, heparin-induced thrombocytopenia (HIT) can occur. 

(a) HIT is prothrombotic disorder caused by antibodies to complexes of platelet factor 
4 (PF4) and heparin. 

(b) It is a potentially life-threatening complication in which the antibodies cause 
thrombocytopen ia (by peripheral platelet consumption) and thrombosis (by platelet 
activation). 

(4) Long-term use may be associated with osteoporosis. 
f. Pl8c1utians ind contraindications 

(1) Heparin is contraindicated in patients with active bleeding and in patients with hemo­
philia, thrombocytopenia, hypertension, or purpura. 

(2) It should not be used before or after brain, spinal cord, or eye surgery. 
(3) Extreme caution is advised in the treatment of pregnant women. 

g. Drug intfJractians 
(1) Heparin should not be used in combination with other drugs that interfere with platelet 

aggregation. 
2. Low molecular weight heparin (LMWH) 

a. Specific agents include enoxaparin and daltaparin. 
b. Mechanism of action (Fig. 7.2) 

(1) LMWH acts by increasing ATlll-mediated inhibition of the formation and activity of 
factor Xa. They have a higher ratio of antifactor Xa to antifactor Ila activity. Similar to 
UFH, it decreases thrombin-mediated events in coagulation, including the conversion 
offibrinogen to fibrin; therefore, fibrin-mediated clot formation is inhibited. 
(a) They do not have anticoagulant activity on their own; binding to ATIIl is required. 

They cause a conformational change, which converts ATIII from a slow to rapid 
inhibitor of coagulation. 

c. lndic1tions 
(1) Enoxaparin is approved for the management of ACS and for DVT prophylaxis and 

treatment 
(2) Dalteparin is approved for DVT prophylaxis, extended treatment of venous thrombo­

embolism for cancer patients, and unstable angina. 
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d. Adminisfnltian and monitoring 
11) LMWH offers a greater pharmacokinetic predictability than UFH, which allows for 

once- or twice-a-day SubQ dosing without the need for aPTI monitoring. 
12) Similar to UFH, they should not be given IM. 

a. Adverse effects, precautions, contraindications, and drug interactions are similar to those of 
heparin. 
11) Protamine will only partially reverse the anticoagulant effect of LMWH. 

3. lndirectfactor Xa inhibitor 
a. Specific agent fondaparinux 
b. Mechanism of acdon (Fig. 7.2) 

11) It causes ATlll-mediated selective inhibition of factor Xa, which interrupts the coagula­
tion cascade and inhibits thrombin formation and thrombus development. 
(a) It does not have anticoagulant activity on its own; binding to ATIII is required. It 

causes a conformational change, which converts ATIII from a slow to rapid inhibitor 
of coagulation. 

c. Indications 
11) Fondaparinux is approved for prophylaxis of thrombus formation in patients undergoing 

hip or knee surgery, treatment of PE, and DVT. 
12) Off-label, it may be used for the management of HIT. 

d. Administration and monitoring 
11) It has a long half-life, allowing for once daily dosing by SubQ administration. 

e. Adverse effects, precautions, contraindications, and drug interactions are similar to those of 
heparin. 
11) Protamine will not reverse the activity of fondaparinux. 

4. Parenteral direct thrombin inhibitors IDTls) 
a. Specific agents include bivalirudin, desirudin, and argatroban. 
b. Mach.aism ofaction(Fig. 7.2) 

11) These agents directly bind to the active site ofthrombin and inhibiting its downstream 
effects. 

c. Indications 
11) Bival irudin is approved for percutaneous coronary intervention (PCI) and percutaneous 

transluminal coronary angioplasty, in conjunction with aspirin. It may also be used in 
HIT. 

12) Desirudin is approved for DVT prophylaxis in patients undergoing hip replacement 
surgery. 

13) Argatroban is approved for prophylaxis or treatment of thrombosis in adults with HIT. It 
can also be used for PCI in adults who have or are at risk for HIT. 

d. Adversa effBcts 
11) Like other anticoagulants, DTis can cause bleeding. There is no available reversal agent. 

B. Oral anticoagulants 
1. Direct factor Xa inhibitors 

a. Specific agenl$include rivaroxaban, apixaban, edoxaban, and betrixaban. 
b. Mechanism of acdon. Similar to fondaparinux, these agents inhibit factor xa in both the 

intrinsic and extrinsic coagulation pathways (Fig. 7 .2). 
c. Indications 

11) Rivaroxaban is approved for the prevention of embolic stroke in patients with atrial 
fibrillation with nonvalvular heart disease, for the prevention of venous thromboem­
bolism following hip or knee surgery, and for the treatment of venous thromboembolic 
disease (VTB). 

12) Apixaban is approved for the prevention of stroke in nonvalvular atrial fibrillation, for 
the prevention of VTB following hip or knee surgery, and for the treatment and long­
term prevention ofVTE. 

13) Edoxaban is approved for the prevention of stroke in nonvalvular atrial fibrillation and 
to treat VTE following treatment with UFH or LMWH. 

14) Betrixaban is approved for prophylaxis of VTB in adults hospitalized for an acute medi­
cal illness who are at risk for thromboembolic complications due to moderate or severe 
restricted mobility or other risk factors. 
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d. Administration and monitoring 
(1) Compared to warfarin, these agents have a rapid onset of action and shorter half-lives. 
(2) They can be given as a fixed oral dose and do not require close monitoring of therapeu­

tic effect 
e. Advsrss sffscts include bleeding. Andexanat alfa is a catalytically inactive form of factor Xa 

that acts as a "decoy" to bind and sequester the anticoagulant It was approved to reverse 
anticoagulation for apixaban and rivaroxaban. 

f. Precsutians sad contraindictllians are similar to those of other anticoagulants. 
g. Drug inte111ctians 

(1) Drugs that inhibit CYP3A4 enzymes can increase the effect of rivaroxaban and apixaban. 
2. Oral directthrombin inhibitor 

a. Specific agsnt dabigab'an 
b. Mechanism al action. This agent is an oral DTI. Similar to the parenteral DTis, it inhibits both free 

and fibrin-bound thrombin, therefore inhibiting coagulation. Inhibition is reversible (Fig. 7 .2). 
(1) It prevents cleavage of fibrinogen to fibrin, prevents and activates factors V, VIII, XI, and 

XIlI, and inhibits thrombin-induced platelet aggregation. 
c. Indications. It is approved for prophylaxis and treabnent of DVT and PE. It can also be used to 

reduce the risk of stroke and systemic embolism in patients with nonvalvular atrial fibrillation. 
d. AdvslSIJ flffscts. The primary side effect of dabigatran is blaading. ldarucizumab is a humanized 

monoclonal antibody Fab fragment that binds to dabigatran to reverse its anticoagulant effect 
e. Precautions and cantraindicatians are similar to those of other anticoagulants. It should be 

used in with caution in renal impairment, as it can lead to prolonged clearance. 
3. Warfarin 

a. Mechanism al action 
(1) Vitamin K is required for the synthesis of several clotting factors in the liver. 
(2) Warfarin is a vitamin K antagonist. It blocks the regeneration of vitamin K epoxide, thus 

inhibiting synthesis of the vitamin K-dependent clotting factors II, VI I, IX. and X, as well 
as the anticoagulant proteins C and S. 
(a) The clotting factors require carboxylation of a glutamate residue to become acti­

vated. Carboxylation requires the reduced form of vitamin K, but warfarin inhibits 
the enzyme vitamin K epoxide reductase. 

(3) Clotting factors produced before warfarin therapy decline in concentration as a function 
of factor half-life. 
(a) Factor VII has the shortest half-life of 4-6 hours. Factor II has the longest half-life 

ranging from 42-72 hours. Similar to factor VII, protein C also has a short-half life. 
(b) Warfarin initially decraasas protein C levels (an anticoagulant) faster than the 

coagulation factors. This may create a transient hypercoagulable state. 
(c) It does not affect established thrombi. 

b. Indications 
(1) Warfarin is used for the prevention and treabnent of venous and pulmonary thrombo­

embolism, as well as embolic complications due to atrial fibrillation or cardiac valve 
replacement. 

(2) It may also be used as an adjunct to reduce systemic embolism, such as a recurrent MI 
or stroke, after a MI. 

c. Administration and monitoring 
(1) Due to the initial potential of a hypercoagulable state, bridging therapy with UFH or 

LMWH may be used to achieve immediate anticoagulation. 
(a) Overlapping therapy is often used for 5-7 days (to be sure warfarin has adequately 

depleted the clotting factors). 
(2) The international nonnalized ratio (INR), a standardized measurement of the prothrom­

bin time (PT), is used to monitor warfarin therapy. 
(a) Warfarin must be monitored regularly since it has a narrow therapautic range. 

Levels can be affected by numerous drug or food interactions, as well as different 
disease states, such as hepatic dysfunction. 

d. Adve11e ellecb 
(1) Blaading is a common and potentially dangerous adverse effect. 

(a) In some cases of bleeding, phytonadione (vitamin K) can be given to reverse warfa­
rin's anticoagulant effect. 
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a. Pl8t:autians and cantraindicatians 
11) Many of the precautions and contraindications are similar to those of UFH and LMWH. 
12) In addition, warfarin is contraindicated in pregnancy since it can readily cross the pla­

centa and cause hemorrhage in the fetus. 
I. Drug int8111ctians 

11) Drugs that inhibit CYP2C9 (amiodarone, tluconazole, and trimethoprim-sulfamethoxa­
zole) and CYP3A4 (clarithromycin and ketoconazole) may increase INR and increase 
the risk of bleeding. 

12) Drugs that induce CYP2C9 {rifampin, carbamazepine, and phenobarbital) and CYP3A4 
(rifampin, carbamazepine, and phenytoin) can decrease INR and decrease efficacy of 
warfarin therapy. 

13) Aspirin and salicylates increase warfarin action by inhibiting platelet function and dis­
placement ofwarfarin from plasma-binding sites. 

14) Certain antibiotics can decrease microbial vitamin K production in the intestine (inhibit 
microbes responsible for production of vitamin K precursors). 
la) This may result in hypoprothrombinemia, even without warfarin. 

15) Oral contraceptives decrease the effectiveness ofwarfarin by increasing plasma-clotting 
factors and decreasing ATIII. 

g. Faad int8111ctians 
11) Vitamin K-containing foods, such as green leafy vegetables like spinach, can decrease 

the efficacy ofwarfarin. A balanced diet with consistent vitamin K intake is essential. 
12) Acute ingestion of alcohol can inhibit CYP2C9 and increase INR. Chronic ingestion may 

induce CYP2C9 and decrease INR. 

C. Hemostatic agents 
1. Vitamin K, lphytonadione) 

a. Vitamin K1 is found in certain foods and is available for oral or parenteral use. It is required for 
posttranslational modification of clotting factors II, VII, IX, and X. 

b. Administration of vitamin K to newborns reduces the incidence of hypoprothrombinemia, 
which is especially common in premature infants. 

c. IV administration is typical for patients with dietary deficiencies and for replenishment of 
normal levels reduced by antimicrobial therapy or surgery. 

d. It is effective in reversing bleeding episodes induced by warfarin. 
2. Plasma protein preparations include the following: 

a. Specific agents 
11) Lyophilized factor VIII concentrate and recombinant factor VIII 
12) Cryoprecipitate (plasma protein fraction obtained from whole blood) 
13) Concentrates of plasma (variable amounts of factors II, IX, X, and VII) 
14) Lyophilized factor IX concentrates, recombinant factor IX 
15) Recombinant factor Vila 
16) Recombinant thrombin 
17) Antithrombin 
II) Anti-inhibitor coagulant complex-activated clotting factor 

b. Indications 
11) Hamoph ilia A (classic hemophilia, due to a deficiency in factor VIII) 
12) Hemophilia B (Christmas disease, due to a deficiency in factor IX) 
13) Hereditary ATIII deficiency 
14) In some cases, human plasma can be lifesaving (trauma, massive transfusion, dissemi­

nated intravascular coagulation). 
3. Desmopressin acetate increases factor VIII synthesis and can be used before minor surgery in 

patients with mild hemophilia A. 
4. Inhibitors ot fibrinolysis 

a. Aminocaproic acid is a synthetic agent similar in structure to lysine. It competitively inhibits 
plasminogen activation (Fig. 7.3). 
11) It is used as an adjunct in the treatment of hemophilia, for postsurgical bleeding, and in 

patients with hyperfibrinolysis. 
12) Tranexamic acid is a more potent analog of aminocaproic acid. 
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FIGURE 7.3. Mechanism of ection for fibrinolytic end entifibrinolytic agents. t-PA. tissue plasminogen activator. 

D. Antithrombotics (antiplatelet medications! 
1. Aspirin (sea Chapter 61 

a. Mechanism al action. Low doses of aspirin (81 mg) produce a clinically relevant antiplatelet 
effect through irreversible inhibition of cyclooxygenase-1 {COX-I), which is required for the 
production of the thromboxane A2 (promoter of platelet aggregation) (Fig. 7.4). 
(1) Irreversible inhibition means its antiplatalat affect lasts for the life span of platelet 

{7-10 days). The recovery of platelet function is usually 2-3 days. 
(2) Higher doses (>325 mg) will also inhibit cyclooxygenase-2 (COX-2) and block prosta­

glandin synthesis for its analgesic and antipyretic effects. 
(3) Other nonsteroidal anti-inflammatory drugs (NSAIDs) do not have comparable anti.­

thrombotic activity. 
b. lndic11ians. It has many indications, including coronary artery disease, ACS, stroke, VTE pre­

vention, revascularization procedures, and stent placement 
c. Advene ellec~. Its major adverse effect is bleeding, most commonly in the GI tract. 

2. Dipyridamola 
a. Mechanism al •ctian. Dipyridamole promotes vasodilation and inhibition of platelet aggre­

gation. It inhibits phosphodiesterase IPDE) breakdown of cyclic adenosine monophosphate 
( cAMP) and inhibits adenosine reuptak.e. Both increase cAMP, which inhibits platelet activa­
tion and aggregation (Fig. 7.4). 

b. lndic•lians 
11) It is used with warfarin to decrease thrombosis in patients after artificial heart valve 

replacement. 
(2) With aspirin, it is used to reduce the risk of stroke in patients who have had transient 

ischemia of the brain or complete ischemic stroke due to thrombosis. 
c. Advene effects may include abdominal distress, headache, and dizziness. Similar to other 

antiplatelet medications, it can increase the risk of bleeding. 
d. Cilostazol is also a PDE inhibitor that increases cAMP and leads to platelet inhibition and 

vasodilation. It is used for the management of intermittent claudication. 
3. P2Y,1-receptor inhibitors 

a. Specific agents include clopidogral, prasugrel, and ticagralor, which are available as oral 
medications, and cangrelar, which is available for IV therapy. 

b. Mechanismolat:lian(Fig. 7.4) 
(1) The P2Y12-receptors are located on the surface of platelets. Adenosine diphosphate 

{ADP) acts as an agonist on the P2Y12-receptor, which inhibits adenylyl cyclase and 
allows for platelet activation. 

(2) These agents bind to the ADP P2Y1rreceptor on the platelet surface, which prevents 
ADP-mediated activation of the GPilb/Illa-receptor complex, thereby reducing platelet 
aggregation. 

c. lndic•lians 
11) Clopidogrel is approved to reduce the rate of MI and stroke in patients with ACS and in 

patients with a recent MI, recent stroke or peripheral arterial disease. It is used off-label 
to prevent coronary stent thrombosis. 
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(2) Ticagrelor is approved to reduce MI and stroke in patients with ACS or a history of MI. 
It also reduces the rate of stent thrombosis in patients who have been stented fur the 
treatment of ACS. 

(3) Prasugrel is approved fur ACS managed with PCI. Cangrelor is also used for PCI. 
d. Advetse effects 

(1) These agents can increase the risk of bleeding and hemorrhage. 
e. Drug inte111ctions 

(1) Clopidogrel is a prodrug, and its effectiveness is dependent on its conversion to an active 
metabolite by the cytochrome P450 CYP2C19 enzyme. 
(a) Proton pump inhibitors, like pantoprazole, inhibit the CYP2C19 enzyme and may 

prevent metabolism of clopidogrel to its active metabolite. 
(b) CYP2Cl9 poor metabolizers may also have decreased clopidogrel effectiveness. 

4. GPllb/llla inhibitors 
a. Specific agenl!I include abciximab, eptifibatide, and tirofiban. 
b. Mechanism of action (Fig. 7.4) 

(1) The abundant platelet glycoprotein GPIIb/Illa plays a critical role in platelet aggrega­
tion. GPilb/Illa is an integrin that, when activated, binds to fibrinogen. There are two 
GPIIb/IIla-binding sites on a fibrinogen molecule, thus permitting fibrinogen-mediated 
platelet aggregation. 

(2) Abcixima b is the Fab fragment of a chimeric monoclonal antibody that contains human 
and mouse lgG components. It binds ta GPllb/lll11nd blacks fibrinogen binding. It also 
binds to the vitronectin receptor. 

(3) Eptifibatide is a small synthetic peptide that competes far fibrinagen binding to 
GPilb/IIla. Tirafiban is a peptide mimetic of low molecular weight that binds to the 
GPIIb/IIla-receptor. 
(a) Both agents inhibit ligand binding to the !lb/Illa-receptor by their occupancy of the 

receptor but do not block the vitronectin receptor. 
c. Administllltion. Due to their short half-lives, they are given by a continuous IV infusion. 
d. lndic&tions. These drugs have been approved for use in patients undergoing PCI, for unstable 

angina, and for post-MI.Use has decreased with newer antiplatelet agents. 
e. Advetse effects. The most common adverse effect is bleeding, especially if used in combina­

tion with heparin. 
5. Thrambin receptor antagonist 

a. Specific agent Vorapaxar 
b. Mechanism of&ction (Fig. 7.4) 

(1) Vorapaxar is an antagonist of the protease-activated receptor-I (PAR-1) that is expressed 
on platelets. It inhibits thrombin-induced platelet aggregation. 

c. lndic&tions. It is indicated in conjunction with aspirin or clopidogrel to reduce cardiovascular 
events in those with history of MI or with peripheral artery disease. 

d. Advetse effects include bleeding. 
a. Pl8c&ution1 &ad contlllindiclltions 

(1) Due to the very long half-life, vorapaxar is effectively irreversible, in which inhibition of 
platelet aggregation may last up to 4 weeks after discontinuation. 

(2) Due to its high risk for bleeding, use is contraindicated in patients with history of stroke, 
TIA, intracranial hemorrhage, or with active pathological bleeding. 

E. Thrombolytics (fibrinolytic drugs) 
1. Tissue plasminagen activator (tPA) 

a. Specific ag&ntsinclude alteplase and tenecteplase. 
b. Mechanism of action (Fig. 7 .3) 

(1) tPA is an endogenous protease that causes local fibrinolysis by binding to fibrin in a 
thrombus and converting plasminogen to plasmin. 

(2) These drugs rapidly lyse thrombi by catalyzing the fonnation of the protease plasm in 
from its precursor, plasminogen. 

c. Phannacological p10pettie1 
(1) Alteplase is a recombinant human protein produced in cultured cells. 



l31ttitill Drugs Used in Anemia and Disorders of Hemostasis 171 

(2) Tenecteplase is a genetically engineered form of human tPA that has a longer half-life, 
higher specificity for fibrin, and greater resistance to plasminogen activator inlnbiwr-1 
than native tPA. 
{a) The Increase In half-life permits admlnlstration as a bolus rather than by continu­

ous infusion. 
d. lndicnons 

(1) .Antithrombodcs are used in patients with acute arterial thrombosis including acute 
myocardial infarction (AMI) and stroke. 
{a) The use of thrombolytics has reduced morbidity and mortality associated with 

acute Ml and ischemic stroke. 
(b) Outcomes following are improved if adminiltration occurs promptly after the eY1nt 

(within 3-6 h). 
(2) tPA has also been used in the treatment of PE and for DVT. 

e. Adntn 1fltH:t6 

(1) The most common adverse effect of all thrombolytics ls bl11ding. 
{a) Bleeding sites include both internal (intracranial, retroperltoneal, GI, genitourinary, 

respiratory) and superficial sites (venous cutdowns, arterlal punctures, sites of 
recent surgical intervention) . 
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Review Test 

DirBCtions: Select the best answer for each question. 

1. A 4S.-year-old woman is admitted to the 
hospital with complaints of fatigue and darlc 
tarry stools. One hour after admission, she 
begins vomiting what loob like coffee grounds. 
Laboratory results reveal an INR of 8.1. She has a 
history of deep vein thrombosis, for which she is 
takingwarfarin. Which of 1he following would be 
1he most appropriate treatment for this patient? 

(A) Andexanet alfa 
(B) Desmopressio 
(C) Idarucizumab 
(D) Phytonadione 
(E) Protamine 

Z. A 66-year-old man presents to his oncologist 
with complaints of shortness of breath, espe­
cially with physical activity, such as climbing 
stairs. He also complains of constant fatigue. 
An electrocardiogram appears normal, but his 
hematocrit level is 8.1. He is currently being 
treated with chemotherapy for stage IV lung 
cancer. Which of the following drugs may be 
used to manage this patient's symptoms? 

(A) Bpoetin alfa 
(B) Ferrous sulfate 
(C) Filgrastim 
(D) Pyrldoxine 
(E) Romiplostim 

1 A 56-year-old woman presents to her physician 
wi1h complaints of a temporary loss of peripheral 
vision, loss of coordination. and dizziness 2 da)'ll 
prioi: She is still having trouble with coordination. 
Her family history reveals that her mother bad a 
stroke at the age of61. At. this point in time, which 
of the fullowing medications would be 1he best 
prophylactic regimen fur this patient? 

(A) Abciximab 
(B) Aminocaproi.c acid 
(C) Clopidogrel 
(D) Bnoxaparin 
(E) Reteplase 

4. A 53-year-old woman is brought to the emer­
gency room by her husband, approximately 
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1 hour after complaining of constant abdominal 
pain, nausea, and shortness of breath. Further 
testing, including an electrocardiogram and 
cardiac enzyme tests, leads to a diagnosis of a 
moderate myocardial lnfarctlon due to occlu­
sion of the left descending coronary artery. 
Which of the following would be the best course 
of treatment for this patient? 

(Al Alteplase 
(II Darbepoetin alfa 
(Cl Fondaparinux 
(DI Phytonadione 
(E) Rivaronban 

5. A 28-year-old woman presents to her obstetri­
cian for her first prenatal appointment She is 
8 weeks pregnant. After an ultrasound and other 
routine te&ting, her physician gives her papeiworlc 
that covers the dos and don' ts for a safer preg­
nancy, including follc acid supplementation. Hthe 
patient disregards 1he recommendations for folic 
acid supplementation, what is the risk to the fetus? 

(Al Cleft palate 
(Bl Congenital heart disease 
(C) Down syndrome 
(D) Neural tube defects 
(E) Phenylketonurla 

6. A 65·year-old man presents to his nephrulo· 
gist for the management of end..gtage renal 
disease. His glomerular filtration capacity is 
low enough to require dialysis. In addition to 
dialysis, his nephrologist also prescribes weekly 
injections of epoetin alfa. What is the mecha­
nism for which this agent will help the patient? 

(A) Decrease the release of reticulocytes from 
the bone marrow 

(Bl Decrease differentiation ofreticulocytes in 
the bone marrow 

(Cl Decrease the amount of iron stored in the 
body 

(DI Increue mitochondrial reactions that 
produce succinyl-CoA 

(E) Increue proliferation of erythrold precur­
sor cells in the bone marrow 
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7. A 37-year-old woman presents to her family 
physician for a routine appointment. Her past 
medical history is positive for heartburn, hyper­
tension, iron deficiency anemia, and migraines. 
Her medications include pantoprazole, 
lisinopril, hydrochlorothiazide, propranolol, 
sumatriptan, and ferrous gluconate. The patient 
complains offatigue and light-headedness. 
Laboratory tests reveal low hemoglobin and 
ferritin levels. Her physician is worried about 
other drugs impairing iron absorption. Which 
of the patient's medications may be causing this 
drug interaction? 

(A) Calcium carbonate 
(B) Hydrochlorothiazide 
(C) Llsinopril 
(D) Propranolol 
(E) Sumatriptan 

B. A 78-year-old man presents to his hematolo­
gist for the management of pernicious anemia. 
His doctor prescribes a medication to prevent 
the development of irreversible neurologic 
disorders? His hemoglobin levels improve after 
1 week of therapy. Which of the following medi­
cations was prescribed? 

(A) Cyanocobalamin 
(B) Factor VIlI 
(C) Ferrous sulfate 
(D) Hydroxyurea 
(E) Pyridoxine 

9. A 56-year-old man presents to the emer­
gency room with redness and swelling in his 
right call. An ultrasound is positive for deep 
venous thrombosis. The patient is admitted to 
the hospital and started on warfarin therapy. 
The doctor also starts heparin to achieve imme­
diate anticoagulation. Initial decreases in which 
of the following levels make heparin adminis­
tration necessary? 

(A) Factor II 
(B) Factor VII 
(C) FactorX 
(D) Protein C 
(E) Protein S 

10. A 29-year-old man presents to the emer­
gency department with a chief complaint of 
severe pain in his arms and legs. He has a 
history of sickle cell anemia, but due to insur­
ance issues, he ran out of his medication that is 
supposed to prevent painful episodes and the 

necessity of blood transfusions. Which of the 
following medications was the patient sup­
posed to take? 

(A) Clopidogrel 
(B) Cyanocobalamin 
(C) Darbepoetin alfa 
(D) Deferoxamine 
(E) Hydroxyurea 

11. A 74-year-old woman presents to the infu­
sion center for her next cycle of chemotherapy 
for advanced lung cancer. After her previous 
treatment, she was admitted to the hospital 
with febrile neutropenia, in which she was 
treated with vancomycin for Staphylococcus 
aureus bacteremia. To prevent similar com­
plications with this cycle, which medication 
should be given? 

(A) Epoetin aHa 
(B) Filgrastim 
(C) Hydroxyurea 
(D) Leucovorin 
(E) Phytonadione 

12. A 55-year-old woman undergoes an open 
cholecystectomy. She is admitted for postoper­
ative observation and started on subcutaneous 
heparin treatment to prevent formation of deep 
venous thrombosis, a major risk factor for pul­
monary embolism. How does heparin prevent 
these potential complications? 

(A) Increases activity of antithrombin III 
(B) Increases activity factors II and X 
(C) Increases conversion offibrinogen to 

fibrin 
(D) Inhibits clot-bound IX and XIl 
(E) Inhibits clot-bound lipoproteins 

13. A 63-year-old man presents to his cardiolo­
gist for the management of atrial fibrillation. 
To reduce his risk of stroke, his physician starts 
him on a new anticoagulant. The patient is 
counseled to avoid drinking alcohol and to be 
consistent with his intake of green leafy vegeta­
bles. He is asked to return to the clinic in 1 week 
to monitor his international normalized ratio 
(INR). What is the mechanism of action for the 
anticoagulant that the patient was prescribed? 

(A) Antithrombin Ill activator 
(B) Direct thrombin inhibitor 
(C) P2Y1rreceptor inhibitor 
(D) Phosphodiesterase inhibitor 
(E) Vitamin K antagonist 
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14. A 75-year-old man is brought to the emer­
gency department by ambulance after being 
found on the floor by his wife. She tells the 
physician that his medical history includes two 
prior strokes, for which he takes clopidogrel. 
The patient is also on several other medications 
for the management of gastroesophageal reflux 
disease, hypertension, and hypercholesterol­
emia. After reviewing the patient's medication 

record, the physician is concerned that a drug 
interaction with clopidogrel may have caused 
this patient's symptoms. Which of the following 
medications is the physician concerned about? 

tA) Atorvastatin 
tB) Enalapril 
tC) Losartan 
tD) Omega-3 fatty acids 
tE) Pantoprazole 



Answers and Explanations 

1. Th• answ•r is D. Phytonadione (vitamin K) can be used to reverse the effects ofwarfarin, a 
vitamin K antagonist. Vitamin K promotes liver synthesis of clotting factors (II, VII, IX, X). The 
other agents are not used to reverse the effects of warfarin. Andexanet alfa is approved to reverse 
anticoagulation due to apixaban and rivarouban. Idamcizumab binds to dabigatran to reverse 
its anticoagulant effect. Protamine is used to reverse the effects of heparin. Desmopressin can be 
used for hemophilia. 

Z. The answer is A. Epoetin alfa stimulates the production of erythrocytes, which are frequently 
diminished as a consequence of anti.cancer therapy. It will help correct the patient's hemoglobin 
level. Filgrastim is used to stimulate bone marrow production following the administration of 
chemotherapy to increase neutrophils and help prevent infectton. Although it is given to cancer 
patients undergoing chemotherapy, it would not manage his symptoms offatigue. In some 
cases, pyridoJdne (vitamin Be) can be used to manage sideroblastic anemia. Romiplostim is used 
to increase platelets in patients with chronic immune thrombocytopenia. 

3. The answer is C. The patient has symptoms consistent with a stroke or transient ischemic attack 
(TIA). Prophylactlc antiplatelet therapy should be instituted once the diagnosis is confirmed. 
Clopidogrel is a P2Y12-receptor inhibitor approved to prevent stroke in patients with a history 
of recent stroke. Although enouparin can be used for outpatient therapy, it is not used for this 
indication. Reteplase is a thrombolytlc agent that may be used within hours of a thrombotic 
stroke, but not 2 days after a possible TIA. Aminocaproic acid is used as an adjunct for the treat­
ment of hemophilia or for postsurglcal bleeding. Abciximab is used for patients undergoing PCI 
or for unstable angina. 

4. The answer is A. Thrombolytlcs such as the recombinant tissue plamiinogen activator (tPA) 
alteplase reduce morbidity and mortality if used shortly after an acute myocardial Infarction 
(AMl). They rapidly lyse thrombi by catalyzing the formation of the promase plasmin from 
its precursor, plasminogen. Darbepoetin alfa is an erythropoiesl.s-stimulating agent used to 
increase reticulocyte production. Pondaparinux and rtvarouban are factor XA inhibitors used 
for DVT prophylaxis. Phytonadione is vitamin K, which is not used for this indication. 

5. The answer ii D. Felic acid supplementation has been shown to decrease the incidence of neu­
ral tube defects. The neural tube is the part of the embryo from which a baby's spine and brain 
develop. Folic acid supplementation helps prevent serious birth defects of the spinal cord (such 
as splna bifida) and the brain (such as anencephaly). Since these effects can occur at very early 
stages of pregnancy, women should begin taking folic acid before trying to conceive, whenever 
possible. 

8. Tba answer is E. Epoetin alfa increases the rate of proliferation and differentiation of erythroid 
precursor cells in the bone marrow. It increases the release of reticulocytes. It also increases 
hemoglobin synthesis. The action of erythropoietin require5 adequate iron stores, but it 
does not specifically decrease iron stores. Participation in the mitochondrial reaction that 
produces succinyl-CoA refers to the mechanism of action of one of the natural cobalamins, 
deoxyadenosyl.cobalamin. 

1. The answ•r is A. Calcium carbonate is an antacid commonly used to manage mild heart-
burn symptoms. Calcium may impair iron absorption; therefore, it is important to monitor for 
decreased therapeutic effects of oral iron preparations when antacids like calcium carbonate are 
coadministered. The other medications listed will not affect iron absorption. 

ns 
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8. The answer is A. Cyanocobalamin, or vitamin B121 is used for the management of pernicious 
anemia (inadequate secretion of intrinsic factor with subsequent reduction in vitamin B12 

absorption). Ferrous sulfate is used for iron deficiency anemia. Pyridoxine (vitamin Bs) can be 
used for the management of sideroblastic anemia. Hydroxyurea is used for sickle cell anemia. 

9. The answer is D. Clotting factors produced before warfarin therapy decline in concentration as 
a function offactor haH-Iife. Factor VII has the shortest half-life of 4-6 hours. Factor II has the 
longest half-life ranging from 42-72 hours. Similar to factor VII, protein C also has a short haH­
life. Warfarin initially decreases protein C levels (an anticoagulant) faster than the coagulation 
factors. This may create a transient hypercoagulable state. Heparin is required for anticoagula­
tion due to the initial hypercoagulable state produced bywarfarin therapy. 

10. The answer is E. Hydroxyurea increases the production of fetal hemoglobin and has been shown 
to be effective in reducing painful episodes of sickle crisis. Darbepoetin aHa stimulates the prolif­
eration and differentiation of erythroid precursor cells in the bone marrow in patients with ane­
mia. Although it is used to decrease the necessity of transfusions in patients with chronic kidney 
disease or undergoing chemotherapy, it is not indicated for sickle cell anemia. Deferoxamine, 
cyanocobalamin (vitamin Bu), and clopidogrel are not used for these indications. 

11. The answer is B. Filgrastim is a G-CSF used to stimulate bone marrow production, maturation, 
and activation of neutrophils to increase their migration and cytotoxicity. It can be used as sec­
ondary prophylaxis, after a previous cycle of chemotherapy caused neutropenic fever ("second­
ary prophylaxis"). The other medications are not used for this indication. 

12. The answer is A. Heparin increases the activity of antithrombin by 1,000-fold. It binds to 
antithrombin m via a key pentasaccharide sequence and irreversibly inactivates factor Ila 
{thrombin) and factor Xa. It also inactivates factors coagulations IXa, Xia, and Xlla. By decreas­
ing thrombin-mediated events in coagulation, including the conversion of fibrinogen to fibrin, 
fibrin-mediated clot formation is inhibited. It cannot inhibit clot-bound factors Ila or Xa. 

13. The answer is E. The patient was most likely prescribed warfarin, which is a vitamin K antago­
nist. The international normalized ratio (INR), a standardized measurement of the prothrombin 
time (PT) is used to monitor warfarin therapy. Warfarin must be monitored regularly since it has 
a narrow therapeutic index. Vitamin K-containing foods, such as green leafy vegetables like spin­
ach, can decrease the efficacy of warfarin. Acute alcohol ingestion can also affect warfarin levels. 

14. The answer is E. The patient most likely had another stroke due to the decreased effectiveness 
of clopidogrel. Clopidogrel is a prodrug, and its effectiveness is dependent on its conversion to 
an active metabolite by the CYP2Cl9 enzyme. Proton pump inhibitors, like pantoprazole, inhibit 
the CYP2C19 enzyme and may prevent metabolism of clopidogrel to its active metabolite, there­
fore decreasing its effectiveness. The other medications do not interact with clopidogrel. 
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I. ANTIEMETICS 

Drugs Acting on the 
Gastrointestinal Tract 

A. Pathophyalology of nausea and vomiting 
1. Nausea and vomiting consists of three stages: 

1. Stage 1. N1usta is a subjective, unpleasant feeling of the need to vomit. It may be accompa­
nied by tachycardia, diaphoreais, and salivation. 

b. Stage 2. R*hing, or dry heaving, la the reverse movement of the stomach and esophagus 
without vomiting. 

c. Stage 3. Vomiting is the forceful a:pulsion of gastric contents due to powerful and sustained 
contractions of the mW1cles in the abdomen and thorax. 

2. Vomiting occun when the vomiting centers (present in the lateral reticular formation of the 
medulla) are stimulated. 
1. There are four important !Oun:es of afferent input to the vomiting center: 

(1) The ch1moreceptDr tri111r zont IC'TZ) (uea postrema) is outside the blood-brain bar­
rier (BBB). Drugs such as chemotherapy agents, opioids, and anesthetics stimulate 
the crz, as well as disease states such as uremia. It contains dop1min1 IDJ, serotonin 
(5-HT,), opioid, and n.urakinin (NK,)-receptors. 

(2) The nltibular nnt.r la Important for sensory Information about motion, equilibrium, 
and spatial orientation. It may play an important role in motion aiclaleas. It is rich in 
muscarinic {M1) and hiltlmine (H,)-receptors. 

(3) The ngal and spinal afferent nerves from the gastruintntinal (GI) llut are rich in 
5-HT,-receptors. Irritation from chemotherapy, radiation therapy, distention, or acute 
infectious gastroenteritis can lead to release of mucosal serotonin and activation of 
these receptors; this stimulates wgal afferent input to the vomiting center and CTZ. 

(4) The higher cortical c1ntera play a role in vomiting due to smell, sight, thought, or even 
anticipatory vomiting prior to chemotherapy. 

b. These afferent inputs will lead to activation of the vomiting center in the medulla, which has 
M1- , 5-IIT1-, andH1- receptors. 

B. Anti•m•tics 
1. Musc1rinic M19rec•ptor •nt11onists 

•· S,.t:ilit: •1nt Scopolam.ine 
b. Met:lt••m al Klioll. These agents block the action of acetylcboline in the vestibular nuclei 

They Nduc1 th• ncitlbility of ltbyrinthine rec1ptora and depreu conduction from the ves­
tibular apparatus to the vomiting center. 

c. IUicdolll. Scopolamine can be used fut motion sickness and recovery from anesthesia and 
surgery. 

d. Atlllli•mrnoa. It is available as a transdermal patch programmed to deliver the medication 
over a 3-day period. When used postoperatively, the patch should be removed 24 hours after 
surgery. 

e. Adntn •llKD include drowaineas, dry mouth, and blurred vl.aion. 

171 
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2. Hist1mina H,-racaptor antagonists 
a. Specific agents include meclizine and dimenhydrinate. 
b. Mechsni1111 of sction. These agents act by inhibiting histamine and cholinergic pathways of 

the vestibular apparatus. They block the CTZ, diminish vestibular stimulation, and depress 
labyrinthine function through central anticholinergic activity. 

c. Indications. These agents are used to treat motion sickness and vertigo. 
d. Advetse effects. They cause varying degrees of sedation and dry mouth. They may also have 

other anticholinergic side effects. 
3. Dopamine receptor antagonists 

a. Specific agents include prochlorperazine, promethazine, droperidol, and metoclopramide. 
b. Mechanism of action. These agents block dop1minergic receptors in the brain, including the 

CTZ, and inhibit peripheral transmission to the vomiting center. 
(1) Prochlorperazine and promethazine also block a, a drenoceptors and have antichol iner­

gic and antihist1minic activity. 
(2) Metoclopramide also blocks serotonin receptors in the CTZ. In addition, it enhances the 

response to acetylcholine of tissue in the upper GI tract causing anhancad motility and 
accelerated gastric emptying. 

c. lndicstions 
(1) Promethazine is used to prevent and control nausea and vomiting associated with 

anesthesia and surgery, including postoperative nausea and vomiting {PONV). It is also 
approved for motion sickness. 

(2) Prochlorperazine is used for the management of severe nausea and vomiting. 
(3) Droperidol is approved for PONY. 
(4) Metoclopramide is used for the prevention of PONV and chemotherapy-induced 

nausea and vomiting ( CINV). It is also indicated for diabetic gastroparasis and gastro­
esophageal reflux, due to its ability to stimulate gastric emptying. 

d. Adverse Bflflct:s 
(1) Adverse actions include anticholinergic effects such as drowsiness, dry mouth, and 

blurred vision (less pronounced with droperidol), extrapyramidal effects (due to dopa­
mine receptor blockade), and orthostatic hypotension (due to a1-receptor blockade). 
Droperidol use is associated with QT prolongation and torsade de pointes. 

a. Contl'lindications include Parkinson disease, because of the potential for extrapyramidal 
effects. 

4. Salactiva 5-HT.-racaptor antagonists 
a. Specific agentsinclude ondansetron, dolasetron, granisetron, and palonosetron. 
b. Mechanism of action. These agents block the effects of serotonin at 5-HT ,-receptors, both 

peripherally on vagal nerve terminals and centrally in the CTZ. 
c. Indications. They are very effective for CINV and PO NV. Some are also approved for radiation­

induced nausea and vomiting {RINV). 
d. Advetse effect:s may include headache and constipation. 

5. Cannabinoids 
a. Specific agents include dronabinol and nabilone. 
b. Mechanism of action. Both are preparations of 4-9-tatrahydrocann1binol, the active canna­

binoid in marijuana. They act by inhibiting the vomiting center through stimulation of a CB1 

subtype of cannabinoid receptors. 
c. Indications. Both agents may be used for CINV. Dronabinol is also approved for anorexia in 

patients with acquired immune deficiency syndrome (AIDS). 
d. Adverse effects include sedation, tachycardia, and hypotension. 

&. Benzodiazepines (see Chapter 5) 
a. Specific agent. Lorazepam 
b. Mechanism of action. Lorazepam enhances the inhibitor effects of gamma-aminobutyric 

acid (GABA). The antiemetic mechanism is related to a combination of effects, including 
sedation, reduction in anxiety, and potential depression of the vomiting center. 

c. Indications. It is used off-label as an adjunct with other agents for CINV or for anticipatory 
nausea and vomiting associated with chemotherapy. 

d. Adverse Bflflct:s may include sedation and amnesia. 
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'1. Neurokinin 1 (NK1)-raceptor antagonists 
a. Spnitit: •1ntslnclude aprapitant and fosaprepltant (an Intravenous prod rug of aprepltant). 
b. Mechanism of actias. Aprepltant inhibits the substance P/neurokinin 1 (NK1)-receptor. 1t 

augmentltfle antiemetic activity of 5·111'$·receptor antagoniltl and cortic01teroid1 to inhibit 
acute and delayed phases of chemotherapy-induced emesis. 

c. lntlit:don1. They are used for the management of CINV, both acute and delaved, usually 
in combination with 5-HT. 1nt111oniltl and corticosteroidt. Aprepitant is also approved. for 
PONv. 

d. Atlnrn •""*include fatigue. Aprepitant can also cause hicQlps. 
1. DIUll i11,,,,.ction1. They are metabolized by CYP3A4 enzymes. They aJso moderately inhibit 

CYP3A4. Caudon must be taken when used with other drugs that use the same pathway. 

II. DRUGS USED TO MANAGE OBESITY 

A. Sympatftomimetic drugs 
1. Specific egestsinclude phentennine, diethylpropion, benzphetamine, and phendimetrazine. 
Z. M1cll111i1m ol 1ctio11. These drugs reduce food intake by causing early satiety. They stimulate 

the hypodialamus to reline norepinephrine. 
3. lndintio111. They are indicated as adjunct therapy for ob11ity (in addition to exercise, caloric 

restricQon, and behavioral modification). They are only approved for short-term use due to 
potential side effects and potential for abuse. 

4. AdntH 1l'frlt:ls may Include tachycardia, hypertension, insomnia, constipation, and nervous­
ness. They have a high risk of dependence. 

5. Co11tnisdiclltion 
a. These drugs should not be used in patients with .hypertension, coronary artery disease, and 

hyperthyroidism. 
b. They are contraindicated in patients with a history of dru9 1bu11. 

B. Lip••• inhibitor 
1. Sp•t:ilic •B•llt. Orlistat 
Z. M1cllanism of actios. Orlist.at is a reversible lipase inhibitor of gastric and pancreatic lipases. 

It inactivates the enzymes, malcing them unavailable to digest dialary fats. Orlist.at inhibits 
absorption of fats by approllimately 30%. 

3. /11dit:atio111. It can be used for weight loss and obesity management in conjunction with a 
reduced calorie and low-fat diet. 

4. Advetse effects 
a. The maJor side effects are gastrointestinal related, including oily rectll leakage (fecal spot­

ting), flatulence, and dianflea. 
b. It prewentl absorption of flt-soluble Yitamin• (A, D, B, K); therefore, supplementation may 

be necessary. 
5. Co111t1iBdiclltion 

a. It should not be used in patients with cholastasis and malabsorplion syndromes. 

C. Glucagon-like peptidi-1-receptor agonist 
1. Sp1cifit: ag111t. Liraglu1ide 
2. Mecll1sism ol •ctio11. This agent is an analog of human glucagon-like peptide-1 (GLP-1). It 

increases glucose-dependent insulin secretion, decreases inappropriate glucagon secretion, 
increases B-cell growth/replication, slows gastric emptying, and decreases food intake. 

3. /sdit:ation. It may be used for chronic weight management, in addition to reduced calorie 
intake and exercise. It ls also indicated for the treatment of type Z diabetes. 

4. Ad,,.,.,• 111ft:t. may include tachycardia, headache, and gastrointestinal distress. 

D. Serotonin agonist 
1. Sp1cilic 111111t. Lorcaserin 
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2. M1cbe11ism of at:6011. This Is an agonist at serotonin 5-HTK"recaptDrs. Downstream elfecta 
eventually result In satiety and decreased food intake. 

3. lndie11ion. It is used as an adjunct for chronic weight management, in addition to reduced 
calorie intake and exercise. 

4. Adnt,. tfftt:ts include headache and upper respiratory tract infections. 

Ill. DRUGS USED TO INCREASE APPETITE 

Megntrol is a progeltin that stimulates appetite by antagonizing the metabolic effects of catabolic 
cytokines. It can be used for the treatment of anorexia, cachexia, or unexplained weight Ion in 
patients with AIDS. Dronabinol is a cannabinoid (CB1)·ret:eptor agonist that can also be used for 
anorexia in patients with AIDS. 

IV. AGENTS USED FOR UPPER GI TRACT DISORDERS 

A. Agentl that neutralize acid (antacids) 
1. 61n19/ cll119mtiatiu 

a. Acid neutralization capacity of antacids is highly variable and depends on several factors 
including rate of dissolution (tablet vs. liquid), water solubility, rate of reaction with acid, and 
rate of gastric emptying. 

2. M1ebe11i1111 of at:6011 (Fig. 8.1) 
a. Antacids are weak bases thatreact with gastric hydrochloric add (HCl) to Corm salt and water 

(H20). They rapidly reduce lntragastrlc acidity. 
b. Example of reaction: caC03 + 2HCI ~ caCl2 + H20 + C02• 

3. Advene elfecls and lllller cllatflr:tlNidics for specilic egenls 
a. Sodium bicarbonate 

(1) Atlrem effHu 
(a) Gattric distention and belching may occur due to carbon dioxide. 
(b) Sodium chloride may cause fluid retention. 
(c) Some unreacted sodium bicarbonate is systemically absorbed and can cause meta· 

bolic alkalHit. It should not be used for long-term treatment. 
(2) Collf18indic1tions include hypertension, heart failure, and renal failure. 

b. Calciwn carflanm 
{1) Adntn effHts may include nau111 and b1lching. cal.clum carbonate Is partially 

absorbed from the GI tract and may cause systemic effects llb mltabalic alkalosis. It 
should not be used for long·term treatment 

c. Magnesium hydroxide 
(1) Magnesium hydroJide is not absorbed from the GI tract and therefore produces no 

systemic effects. This agent can be used for lona·tenn therapy. 
(2) The most frequent adverse effect associated with magnesium hydroxide is dianhea. 

d. Alwninum hydroxide may cause constipation. 
e. Many product& have a ~mbinltian of magnnium hydroxide and aluminum hydroxide to 

achieve a ~unteracting balance between each agent's adverse effects an the bowel. 
f. Sodium bicarbonate and calcium carbonate have the potential to cause milk-alkali syn· 

drome, which is characterized by high blood calcium and metabolic alkalosis. 
4. Dl'lll inflllflctions. Antacids alter the bioavailabillty of many drugs: 

a. The increase in gastric pH produced by antacids decreases the absorption of acidic drugs 
and Increases the absorption of basic drugs. 

b. The metal ion In some preparadons can chelate other drugs {e.g., digoxin and tetracycline) 
and prevent their ab10rption. 
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FIGURE 8.1. Mechanism of action for drugs uaed to manage gastric acidity. (Reprinted with permission from Golan 0. 
Principles of Pharmacology. 4th ad. Philadelphia, PA: Wolters Kluwer Health, 2016, Fig. 47 .4.) 

B. lnhibitars al gastric acid praduction 
1. Hi111mine H1-receptar 1ntagoni111 

a. lpet:ilit: 1genfsinclude ranitidine, famotidine, nizatldine, and clmetidine. 
b. llet:llsnism of •t:tian (see Fig. 8.1) 

(1) The Hi-receptor antagonists act as competitive inhibitars of the histamine Hrreceptar 
on the parietal cell. 

(2) This results in a decre111 in histamine-stimulated g11tric acid ncretian. 
(3) Although other agents such as gastrin and acetylcholine may induce acid secretion, 

histamine is the predominant final mediator that stimulatn parietal acid secratian. 
c. Plletmet:ologit:al ptOpllli• 

(1) These drugs are rapidly absorbed, and effects are observed within I few minuta1 to 
haun. 

(2) Although they are less patent than proton pump inhibitors (PPIB), they still suppress 
24-hour gastric acid secretion by about 70911. 

d. They predominandy inhibit basal acid secratian, whidi accountB for their efficacy in sup­
pressing noctumal acid secretion. 

e. lndiclltians include peptic ulcer disease IPUD), gastrDesophageal reflux disease IGERD), 
stress-related gastritis (in intensive care settings), and non-ulcer-related dyspepsia. 

1. Am1111 1111r:s 
(1) These agents are associated with drowain••· 
(2) Confusion may be seen with intravenous administration, especially in the elderly. 
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(3) Cimatidina is also an androgen-receptor antagonist and can induce galactorrhea, gyna­
comastia, and impotence. 

g. Drug int1ractio111 
(1) Cimetidine is a cytochrome P-450 inhibitor. It affects several pathways, including those 

catalyzed by CYP1A2, CYP2C9, CYP2D6, and CYP3A4. 
(a) It can increase the half-life of drugs that are metabolized by this system, including 

warfarin. theophylline, phenytoin, and benzodiazepines. 
2. Proton pump inhibitors 

a. Specific agents include omeprazole, lansoprazole, dexlansoprazole, esomeprazole, panto­
prazola, and rabeprazole. 

b. Mechanism of action (see Fig. 8.1) 
(1) They are covalent, irreversible inhibitors of the H+/K+-ATPase pump (proton pump) in 

parietal cells. 
(2) As lipophilic weak bases, these agents are delayed-release prodrugs (to protect against 

their destruction by gastric acid), activated in the acidic compartments of parietal cells. 
(3) They are rapidly converted to an active cation, which forms a covalent disulfide linkage 

to the H+/l(•-ATPase proton pump; this results in its inactivation, thereby blocking the 
transport of acid from the cell into the lumen. 

c. Phsrmsca/agica/ prapsttiss 
(1) These agents reduce both meal-stimulated and basal acid secretion. 
(2) Not all proton pumps are inhibited with the first dose; therefore, complete symptom 

relief may take 3-4 days. 
(3) Acid secretion resumes only after new pump molecules are synthesized and inserted 

into the luminal membrane, providing a prolonged (up to 24- to 48-hour) suppression 
of acid secretion. 

(4) Since they block the final step in acid production, PPis are effective in acid suppression 
regardless of other stimulating factors. 

(5) Their bioavailability is decreased significantly by food; ideally, they should be adminis­
tered about 1 hour before a meal. 

d. Indications include GERD, PUD, Zollinger-Ellison syndrome, Helicobacter pylori-induced 
ulcers and NSAID-induced ulcers. They are more effective than H2-antagonists. 
(1) PPls are used in combination with antibiotics, and in some cases, bismuth subsalicylate for 

the treatment of H. pylori-induced ulcers. Potential treatment regimens include the following: 
(a) Quadruple therapy: bismuth, metronidazole, tetracycline, and a PPI 
(b) Triple therapy: clarithromycin, amoxicillin, and a PPI 
(c) Triple therapy: clarithromycin, metronidazole, and a PPI 

e. Adverse effects include nausea, abdominal pain, headache, and hypomagnesemia. 
f. Pn1c•utions include an increased risk for Clastridium diffici/...,.ssociatad diarrhea, espe­

cially in hospitalized patients. 
(1) Reduced gastric acid might facilitate survival of these bacteria in the upper gastrointes­

tinal tract. 
g. Drug inten1ctions 

(1) Some PPis, like pantoprazole, inhibit the CYP2Cl9 enzyme and may prevent metabo­
lism of clopidogrel to its active metabolite, therefore, decreasing its effectiveness. 

(2) They may decrease the bioavailability of vitamin B12 and other drugs that require acidity 
for their gastrointestinal absorption, such as digoxin and ketoconazole. 

C. Agents that promote mucosal defense 
1. Sucralfate 

a. Mechanism al action. Sucralfate is a complex salt of sucrose sulfate and aluminum hydrox­
ide. It forms a viscous gel that binds to positively charged proteins and adheres to gastric 
epithelial cells, including areas of ulceration. It protects the surface of the stomach from 
degradation by acid and pepsin. 

b. lndic•tiansinclude duodenal ulcer management (Fig. 8.1). 
c. Advetse effects may include constipation and nausea. 
d. Drug intrJractians. It may bind and impair absorption of certain medications, including 

quinolone antibiotics, phenytoin, and warfarin. 
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2. Misoprastal 
a. llet:hMism of at:lian. Mi&oprostol is an analog of prostaglandin E1 that acts in the GI tract to 

stimulate bicarllonata and mucus production. It replaces the protective prostaglandlns con­
sumed with prostaglandin-inhfbiting therapies, such as NSAIDs (see Fig. 8.1). 

b. lndit:lllia11. It is used for the prevention of NSAID-inducad gastric ulcers. 
c. Adntn elllm may include diarrhea and abdominal pain. 
d. l'nH:lflfion1. It may cause abortion; therefore, it must be used with caution in women of child­

bearing age and is contraindicated in pregnant women. 

V. DRUGS USED TO DISSOLVE GALLSTONES 

A. Ursodiol 
1. llet:haism al st:lian. This drug's conjugated form reduces hepatic synthesis and secretion of 

cholastaral into bila, and its reabsorption by the intestine. It effectively dissolves cholaslarol 
gallstones. 

2. lndit:lllians. The capsules are used for the management of noncalcifiad gallbladder stones and 
for the prevention of gallstones in obese patients experiencing rapid weight loss. The tablets 
can be used for primary biliary cirmosis. It requires administration for months to reach full 
affect. 

3. Adnrn •lftets may include diarrhea. 

VI. DIGESTIVE ENZYME REPLACEMENTS 

A. Pancrelipase 
1. llet:haism at.t:fian. Pancrelipase is a digestive enzyme replacement preparation of semipurl­

fied enzymes that contain various mixtures of lipase and proteolytic enzymes such as trypsin 
and amylase. The products dissolve in the duodenum and act locally to break down fats, pro­
tein, and sterch. 

2. lndit:lllians. It is used to treat exocrine pancreatic insufficiency usociated with cystic fibrosis 
and pancraatitis. 

3. Adnrn llftets are minimal, but may include occasional GI upset and hyperuri.cosurla. 

VII. AGENTS THAT ACT ON THE LOWER GI TRACT 

A. Agents used far constipation 
1. General characteristics 

a. Luatives act primarily on the large intestine to promote an increase in the fluid accumulated 
in the bowel, dacraasa nat absorption of fluid from the bowel, or allllr bowel motility. These 
actions facilitate the evacuation of fecal material. 

b. They should not be used chronically as they may induce "laxative dapandance:' 
c. Many are contraindicated in bowel obstruction. 

2. Bulk-fonning laxativn 
1. Sp1t:ilit: •ll•'* include bnn, psyllium, methylcellulose, and polyt:arbophil. 
b. llet:h1niam of 1t:tioa. Bulk-forming laxatives absorb water in the intestine to form a bulky 

emollient gel, which promotes peristalsis and reduces transit time. 
111 They produce laxation after 2-4 days; 11daqu11B hydration is required. 

c. lmlit:lllion& These agents are the treatment of choice for chronic constipation. 
d. Adwtn ellem. They may cause abdominal cramps, bloating, and flatulence. 
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3. Osmotic laxatives 
a. Specific agent$ 

(1) Salt-containing osmotic laxatives include magnesium citrate, magnesium hydroxide, 
and sodium phosphate. 

(2) Salt-free osmotic laxatives include lactulose and polyethylene glycol (PEG) electrolyte 
solutions. 

b. Mechanism at sctian. They retain water in the lumen by osmosis. They diS1end the colon and 
cause a reflex increase in periS1alsis to promote bowel evacuation. 
(1) Onset of action typically occurs 3-6 hours after oral administration and 5-15 minutes 

after rectal administration. 
(2) They require adequate hydration for effect. 

c. Indications. These agents are used for both acute and chronic constipation. 
(1) PEG solutions may be used for bowel cleansing prior to rectal examination. 
(2) Lactulose can also be used for hepatic encephalopathy. Bacterial degradation oflactu­

lose results in an acidic pH. This causes NH3 to convert to N~ +, which is trapped in the 
colon for elimination, thereby reducing blood ammonia levels. 

d. Adverse effect$ 
(1) Abdominal cramping, bloating, flatulence, and diarrhea may occur. 
(2) Sodium phosphate may cause hypernatremia and phosphatemia, especially in patients 

with renal dysfunction. 
4. Irritant (stimulant) laxatives (cathartics) 

a. Specific agents include bisacodyl and senna. 
b. Msch.aism of action. They have a number of poorly understood mechanisms. They stimu­

late smooth muscle contractions resulting from their irritant action on the bowel mucosa. 
Local bowel inflammation also promotas accumulation of watar and electrolytes. The 
increased luminal contents stimulate reflex peristalsis, and the irritant action stimulates 
peristalsis directly. 
(1) The onset of action occurs in 6-12 hours. 
(2) These agents require adequate hydration. 

c. Indications. Both agents may be used for the temporary relief of occasional constipation. 
Bisacodyl is also approved for bowel cleansing prior to rectal examination. 

d. Advsrss llftfJcts may include abdominal cramps and electrolyte disturbances. 
e. Ptec1utian1. Chronic use may result in cathartic colon, a condition of colonic distention, and 

development oflaxative dependence. 
5. Stool softener 

a. Specific agent Docusate sodium 
b. Mechanism of action 

(1) Docusate has a detergent action that facilitates the mixing of water and fatty subS1ances 
to increase luminal mass. 
(a) It is an anionic surfactant that reduces surface tension of the oil-water interface of 

stool, which results in enhanced incorporation of water and fat, allowing for stool 
softening. 

(b) The onset of action is within 12-72 hours. 
c. lndic1tion1. It is approved for occasional constipation with hard, dry stools. It may be used to 

prevent straining during defecation. 
d. Adverse effect$ may include abnormal taste, abdominal cramping, and diarrhea. 
e. Pl8caution. Prolonged or frequent use may result in dependence. 

&. Lubricating agent 
a. Specific agent Mineral oil 
b. Mechanism of action. It coats fecal contents and thereby inhibits absorption of water; it 

softens and lubricates hard stools, allowing for easier passage of stool without irritating the 
mucosa. 

c. lndic1tion1. It may be used for relief of occasional constipation. Rectal use may also help 
relieve fecal impaction. 

d. Advetse effects may include abdominal cramps and rectal discharge. 
e. Pl8cautions and contraindications 

(1) Mineral oil decreases the absorption of fat-soluble vitamins (A, D, E, K). 
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12) Aspiration of mineral oil may lead to lipid pneumonitis. 
la) For this reason, use is contraindicated in bedridden patients or those with difficulty 

swallowing. 
7. Opioid-receptor antagonists 

a. Sper:itir: 1gents include melhylnaltrexone, naloxegol, naldemedine, and alvimopan. 
b. lfech1nism al action. These agents black opioid binding at the mu-receptor in peripheral 

tissues, such as the GI tract. They inhibit the decreased gastrointestinal motility and delay in 
gastrointestinal transit time due to opioids. 
11) These agents do not affect opioid analgesic effects. 

c. lndic1tians. They are used for opioid-induced constipation. Alvimopan is only approved for 
postoperative ileus. 

d. Adll8fSI 1tftlt:ts may include abdominal pain, flatulence, and nausea. 
e. Precautions 

11) GI perforations have been reported in patients with impaired structural integrity of the 
GI wall, such as PUD, diverticular disease, or infiltrative GI tract malignancies. 

12) They may be associated with opioid withdrawal symptoms, such as anxiety, chills, diar­
rhea, and yawning. 

13) Alvimopan has an increased incidence of myocardial infarction. 

B. Antidiarrheal agents 
1. General characteristics 

a. Antidiarrheal agents may be used safely in patients with mild to moderate acute diarrhea. 
b. They should not be used in patients with bloody diarrhea, high fever, or systemic toxicity due 

to the risk of worsening the underlying condition. 
c. They should be discontinued in those whose diarrhea is worsening despite therapy. 

2. Opioid agonists 
a. Specific 1gentsinclude loperamide, diphenoxylate plus atropine, and difenoxin plus atropine. 
b. lf1ch.nism al action. These agents act on the opioid receptor in circular and longitudinal 

intestinal muscles. They inhibit peristalsis and prolong transit time. 
c. Adminidrltian 

11) Diphenoxylate and difenoxin are prescription opioid agonists. 
la) Difenoxin is the active metabolite of diphenoxylate. 
lb) At standard doses, they do not have analgesic properties, but at higher doses they 

can cause central nervous system effects. 
i. Theyare combined with small amounts of atropine to discourage overdose {due 

to potential for antichalinergic side effects). 
Iii The anticholinergic properties of atropine may also contribute to the antidi­

arrheal action. 
ii. Prolonged use can lead to opioid dependence. 

12) Loperamide is an over-the-counter drug that does not cross the blood-brain barrier. It 
has no analgesic propanies or potential for addiction. 

d. lndir:1tians 
11) Diphenoxylate is approved for the adjunct management of diarrhea. 
12) Difenoxin is used for the treatment of acute nonspecific diarrhea and acute exacerba­

tions of chronic functional diarrhea. 
13) Loperamide is used for chronic diarrhea associated with inflammatory bowel disease 

(IBD) in adults and acute nonspecific diarrhea and to reduce volume of ileostomy dis­
charge. It may also be used for traveler's diarrhea. 

e. Adverse effects may include dizziness, drowsiness, and abdominal discomfort. 
t. Precautions. At high doses, they may cause severe constipation or paralytic ileus. 

3. Bismuth subsalicylate 
a. lf1ch1nism al action. Bismuth subsalicylate has antisecratory properties {due to salicylate 

moiety) and antimicrobial properties {due to bismuth) (see Fig. 8.1). 
11) It may stimulate absorption of fluid and electrolytes across the intestinal wall. 
12) It may inhibit synthesis of a prostaglandin responsible for intestinal inflammation and 

hypermotility. 
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(3) It exhibits antimicrobial activity directly against bacterial and viral gastrointestinal 
pathogens. 
(a) It binds to toxins produced by different microbes, such as Escherichia coli. 

b. lndic1tion1include diarrhea and dyspepsia. It is effective for the treatment and prophylaxis of 
traveler's diarrhea. It is used off-label for H. pylori eradication. 

c. Adverse eHects include fecal discoloratian (grayish black) and tongue discoloration (dark­
ening). Tinnirus may also occur. 

4. Octreotide 
a. Mechanism of action. Octreotide is an analog of somatostatin. It decreases diarrhea by sev­

eral mechanisms. 
(1) Octreotide acts directly on epithelial cells to reduce the secretion of a number of pan­

creatic and GI hormones, including vasoactive intestinal polypeptide (VIPJ, serotonin, 
gastrin, secretin, and pancreatic polypeptide. 

(2) It may also prolong intestinal transit time, promote intestinal absorption, and decrease 
secretion of tluids and electrolytes. 

b. lndic1tion1 
(1) It is used in cases of severe diarrhea caused by carcinoid syndrome or by excessive 

release of GI tract hormones, including gastrin and VIP. 
(2) It may be used off-label for the treatment of diarrhea caused by chemotherapy, graft 

versus host disease, short-gut syndrome, and dumping syndrome. 
(3) In may be used in the treatment of neuroendocrine tumors of the GI tract. 

c. Adverse effects may include mild GI distress and headache. It may cause the formation of 
gallstones due to alteration of fat absorption. 

C. Agent used for antiflatulence 
1. Simathicone 

a. Mechanism of action. Simethicone has the ability to collapse gas bubbles by forming a thin 
layer on their surface. It altars the surface tension of gas and mucus bubb las enabling them to 
coalesce, or form together. This accelerates the passage of gas through the GI tract through 
belching, passing of flatus, or increased absorption of gas into the bloodstream. 

b. lndic1tions. It is indicated for the management of gas retention, including the relief of pres­
sure, bloating, fullness, and discomfort due to gastrointestinal gas. 

c. Adverse effects are minimal but may include mild diarrhea, nausea. and regurgitation. 

D. Agents used in the treatment of irritable bowel syndrome 
1. Antispasmodics (anticholinergic agents) 

a. Specific agents include dicyclomine and hyoscyamine. 
b. Mechanism of action. These agents block the action of acetylcholine in the enteric plexus 

and on smooth muscle to relieve symptoms of intestinal spasms. 
c. lndic1tions. They may be used for the management of irritable bowel syndrome (ms) or 

other functional GI disorders. 
d. Adverse effects may include dizziness, dry mouth, and blurred vision. 

2. Serotonin (5-HTsJ-racaptor antagonist 
a. Specific agent Alosetron 
b. Mechanism of 1ction. Alosetron blocks 5-HT, receptors on enteric neurons in the GI tract to 

reduce pain, abdominal discomfort, urgency, and diarrhea. 
c. lndic1tion. It is approved for the treatment of woman with savara IBS in whom diarrhea is the 

predominant symptom. Due to the risk of serious GI adverse reactions, it should only be used 
in women who have not responded to conventional therapy. 

d. Adverse effects may include headache and constipation. 
e. Prec1ution. Due to the risk for ischemic colitis, it should be discontinued immediately in 

patients who experience rectal bleeding, bloody diarrhea, or sudden worsening of abdominal 
pain (until further evaluation). 

3. Chloride channel activators 
a. Type 2 chloride channels (CIC-2) help maintain tluid balance in the bowels. 

(1) Activation increases fluid in the bowel to help with the passage of stool. 
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b. Lubiprostona 
11) Mechanism of action. This agent stimulates CIC-2 in the small intestine, thereby 

increasing intestinal fluid secretion and intestinal motility. It increases fluid in the bow­
els to help stool to pass. 

12) Indications. It is approved for IBS with constipation (females only), chronic idiopathic 
constipation, and opioid-induced constipation. 

13) Adverse effects may include headache and nausea. Dyspnea may also occur, which is 
often described as chest tightness; it generally occurs shortly after taking the first dose 
and resolves within a few hours. 

c. Linaclotide 
11) Mechanism of action. This agent increases cyclic guanosine monophosphate ( cGMP) 

concentrations, which results in chloride and bicarbonate secretion into the intestinal 
lumen. Intestinal fluid increases, and GI transit time is decreased. 

12) Indications. It is approved for ms with constipation and chronic idiopathic constipation. 
13) Adverse effects may include diarrhea, headache, and upper respiratory tract infections. 

d. Both agents are contraindicated with known or suspected bowel obstruction. 

E. Agents used in inflammatory bowel disaasa 
1. General characteristics for IBD 

a. IBD is a spectrum of chronic, idiopathic, and inflammatory intestinal conditions. 
b. It causes significant GI symptoms that may include diarrhea, abdominal pain, bleeding. ane­

mia, and weight loss. 
c. IBD comprises of two distinct disorders: lTicerative colitis and Crohn disease. 

11) Ulcerative colitis is characterized by confluent mucosal inflammation of the colon start­
ing at the anal verge and extending proximally. 

12) Crohn disease is characterized by transmural inflammation of any part of the GI tract, 
but most commonly the area adjacent to the ileocecal valve. 
la) The inflammation is not necessarily confluent; therefore, areas of inflammation 

may be in-between areas of relatively normal mucosa. 
d. Since the etiology and pathogenesis of these disorders remain unknown, medications are 

used to dampen the generalized inflammatory rasponsa. 
11) Specific goals of phannacotherapy include controlling acute exacerbations, maintain­

ing remission, and treating specific complications, such as fistulas. 
2. 5-Aminasalicylates 15-ASA) 

a. Specific agenfsinclude sulfasalazine, olsalazine, balsalazide, and various forms of mesalamine. 
b. Mechanism of action 

11) The specific mechanism is unknown. 
12) They may decrease inflammation by inhibiting cyclooxygenase and lipoxygenase to 

decrease prostaglandin and leukotriene synthesis. 
13) They may inhibit the functions of natural killer INK) calls, mucosa! lymphocytes, and 

macrophages. 
14) They may scavanga oxygen-derived fraa radicals. 

c. Formulations 
11) The effectiveness of therapy depends on achieving high drug concentration at the site 

of active disease. 
12) They are believed to work topically (not systemically) in areas of diseased gastrointes­

tinal mucosa. 
13) To overcome the rapid absorption of 5-ASA from the proximal small intestine, a number 

of formulations have been dasignad to dalivar it to various distal segments of the small 
bowel or the colon, including delayed-release capsules and pH-dependent release. 

d. Indications. These agents are most effective for the treatment of mild to moderate ulcerative 
colitis. They may also be used in Crohn disease. 

a. Ad'llJTS8 sffsctsare mainly related to the sulfa moiety. They may include headache, dyspep­
sia, and skin rash. Sulfasalazine may also cause oligospennia (reversible) and impair folate 
absorption. 

3. Many other agents can be used for the management af IBD, including glucocorticoids, anti­
metabolites (azathioprine and methotrexate), and TNF-inhibitors (infliximab, adalimumab, 
certolizumab, and natalizumab). These agents are discussed in more detail in other chapters. 
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• DRUG SUMMARY TABLE 

Anti1111etics 
B1111ndilllflJi• 
Lorazepam IAtivan) 
Cw1lli11ih 
Dron1binol IMuim1I, Syndrosl 
Nabilone ICesemet} 
lJtJpM/111-nt:fl/lllN lllilfllflllllltr 
Droperidol (lnapsintl 
Metl>clopramide IReglanl 
Pr11chl11rper1zine ICompazine) 
Prometh1zine (Phenervan) 
HirflllliH H,.m:tptw..,,,,,.,,. 
Dimenhydrinm (Dramamine) 
Diphanhydramin1 (Ben1dryl) 
Meclizine (Antjyert) 
•""'7N•~llllllHi# 
Scopol1min1 (Transderm Scop) 
ltun:lki11io f-l'K,,.., lllllllfDlli* 
Aprapitent (Emend) 
FosaprapitJlnt (Emend) 
llllHfjre s-Hl'~.....,,.,. 
Dolasstron (Anzemet} 
GraniHtron (Sancu•ol 
Qndansetron (Zofrenl 
P1lonose1ron IAlaxil 

Dn11 Uted ta -•a• Ollatty 
BIP-r-m:'l"°f llftlllirt 
Liraglutide (Sexenda, Victoz.a) 
UpaNll/llJJllltlf 
Qrlistat IXtnicel, Alli) 
lfln1Wi'11Pli# 
Lorcaurin (Balviql 
,,,,,,.,..,,,ilntH: """' 
Banzphetamine IRegimex) 
Diettrylpropion (generic only! 
Phandim8tn1Zine (generic only! 
Phantannine (Adipax) 
Dnt• lbtd ta lntretff .AfJltite 
Dr11n1binol {Marino!, Syndrosl 
Megastrol (Magaca) 

At•nts lbtd ta Neutralize tt lllllibit 
Acid Proillctim 

bflr:Hls 
Calcium carbonate lllJMS, Rolaidsl 
Magnesium hydroxide (Milk of 

Magnesie) 
Magnesium hydroxide plus aluminum 

hydraxide IMaalox) 

Sodium bicerbonate IAlka-Seltzarl 
HirtHu"' H~..,,,,,.,,. 
Cimetidine {Tegamet) 
F1motidina (P1pcid) 
Niatidine IAxid) 
Ranitidine IZtntac) ,.,... ,..,, ,,,.,.,,.,., 
Dexlanaoprazole (Da.xilent) 
E•omaprezole INexium) 
llnsoprazola (Prevacidl 
Omaprazola {Prilosecl 
P1ntoprazole IProtonixJ 
Rabeprazole (Aciphex) 

M1CG11I Protecdn At•• 
Mitoprom>I (Cytotac) 
Sucralfate (Carataml 

Ae•ntl Uted for Ct11etipetio1 
B11li-lt11'111llf laxllflvu 
Methylcellulose {Citrucel) 
Polyurbophil (FiberConl 
Ptyllium IMetamucil) 
lnllut (lfl'1lrltult} """'"'" (i:llfiHlt6t:IJ 
Bisecodyl IDulcolax) 
Senna (Senokot) 
l.MlltH:llliOf .,.,,, 
Mineral oil (Fleet Qil) 
OtttHdt; laxlf/1111 
Llctulose {Con11t11lo1t) 
M1gne1ium citnite ICitromal 
Magnesium hydroxide (Milk of 

Magnesia) 
Polyethylene glycol (PEGI electrolyte 

solution IGoLYIELVI 
Sodium phosph1t1 IRaet Enama) 
a,;,,;, l'K'flll1w llDlfMI• 
Alvimopan IEntereg) 
Mathylnaltrexone IRelistorl 
N1ldemedine ISvmproic) 
Nalo.xegol IMOV1ntik) 
StHI,.,,,,,,., 
Docusate (Colace) 

Ae•ntl Uted for Dierrllee en• 
FIMllHCI 

Bismuth 1ub111icyl1te (Pepto·Bi1mol) 
Diftnoxin + atropine IMotofanl 
Diphanoxylata + atropine {Lomolill 

l.Dperamida {lmodium) 
Oi:traotide (Sandostetinl 
Simathicone (Gas-X) 

Alam far 1nn.n1111laiy hw9I 
Dl•••(IBD) 

IS-Mill811iDplielflid Millrlivu 
Sulfe11lazin11Azulfidinel 
Matalamina (Asacol, PentaHI 
Olsalazine (Dipentuml 
Bal11l1zide (Col1z1~ Giazol ......... 
•MercaptDpurina IPurixan) 
Azathioprine {lmuran) 
Mathotruate (R1suvo, Trex111) 
CMI..,..,. 
Budeaonida (Entocort) 
Pradnisolone IMillipredl 
Mathylprednisolone {Medrall 
1irlnt • .,..;, ,..,,,, (JNF) tloeiillf ., .... 
Adalimumab (Humire) 
Cartlllizumab (Cimzia) 
lnflixim1b (Remicade) 
Nataliwmab O'y11bril 

Ae•lll for lrritlbl1 BIWll ly111lrom1 
(IBS) 
~(Mlidoli~ ., ... , 
Di~clomine (Bantyll 
Hyoscyamine (1.ev•inl 
Cb/etlff cMIJJJfll .r:tlnfllll 
Linaclotide !Linzan) 
Lubiprottona IAmitiza) 
Smflohl (S-llT~ .,,,.,_i# 
Alosatron (l.otronax) 

Prati11tic 111n111 
Metoclopramida IReglanl 

Dn1s Und to Dilltlv9 G1ll11ten11 
Ursodiol IActigalll 

n1..-1n Enzvme Rttlaci1111nts 
Pancrelipan ICreonl 



Review Test 

Diractions: Select the best answer for each question. 

1. A 74-year-old man presents to his oncologist 
for the management of stage IV pancreatic can­
cer. Due to his age, the oncologist chooses a less 
toxic chemotherapy regimen that will include 
gemcitabine plus albumin-bound paclitaxel. 
He also prescribes a medication to prevent 
chemotherapy-induced nausea and vomiting. 
What is the most likely mechanism of action for 
the prescribed medication? 

IAI Cannabinoid ( CB1)-receptors antagonist 
IBI Dopamine (DJ-receptor agonist 
ICI Glucagon-like peptide (GLP-1)-receptor 

agonist 
(DI Histamine (H1)-receptor agonist 
IEI Serotonin (5-HT3)-receptor antagonist 

2. A 65-year-old woman presented to the infu­
sion center for her first cycle of chemotherapy 
for stage III breast cancer. She is started on 
doxorubicin plus cyclophospb.amide. The 
oncologist prescribes ondansetron and dexa­
methasone to prevent nausea and vomiting. In 
addition, he writes a prescription for a medi­
cation that will prevent delayed nausea and 
vomiting and augment the effect of the other 
antlnausea medications. What medication was 
most likely prescribed? 

IAI Aprepitant 
(Bl Drunabinol 
ICI Loruepam 
IDI Meclizine 
IEI Metoclopramide 

3. A 57-year-old man presents to his physi­
cian with concerns about a history of motion 
sickness. He has plans to go on a cruise for his 
25th wedding anniversary and does not want 
to be sick during his trip. The doctor writes a 
prescription for a medication to help prevent 
nausea and vomiting while on the cruise ship. 

What is the mechanism of action for the medi­
cation that was most likely prescribed? 

IAI Cannabinoid (CB1)-receptor agonist 
IBI Dopamine (DJ-receptor antagonist 
ICI Muscarinic (MJ-receptor antagonist 
ID) Neurokinin {NK1)-receptor antagonist 
IEI Serotonin (5-IITs)-receptor antagonist 

4. A 53-year-old woman presents to her physi­
cian with complaints of bloody diarrhea and 
severe abdominal pain. She has a history of irri­
table bowel syndrome ems), in which diarrhea 
is the predominant symptom. Her doctor asks 
her to immediately discontinue the medica­
tion she takes for the management of ms, until 
further testing is completed to rule ofischemic 
colitis. Which of the following medications was 
the patient most likely taking for JBS? 

IAI Alosetron 
IBI Dicyclomine 
ICI Linacloti.de 
IOI 1.AJ.biprostone 
IEI Simetbicone 

5. A 35-year-old woman presents to her family 
physician for her routine physical The patient 
is obese, with a body mass index of 31 kg/mi. 
She is currently on lisinopril for hypertension 
and pravastatin fur dyslipidemia. The patient 
tells the doctor that she is interested in taking 
an over-the-counter medication for weight loss 
but hesitant to start due to the side effeds that 
may include rectal leakage, gas, and diarrhea. 
Which of the following medications is the 
patient interested in taking? 

IAI Liraglutide 
IBI Lorcasertn 
ICI Megestrol 
IDI Orlistat 
IEI Phentermine 

,89 
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6. A 43-year-old man is admitted to the hos­
pital for gastrointestinal bleeding. The patient 
has a history of atrial fibrillation, for which 
he is currently being treated with warfarin. 
Laboratory results show that his hemoglobin is 
9.4 g/dL and his international normalized ratio 
(INR) is 7 .1. The pharmacist performs a medi­
cation reconciliation and discovers that the 
patient recently started a new over-the-counter 
medication for heartburn. She is worried about 
a potential drug interaction with warfarin. 
Which of the following medications did the 
patient most likely take for heartburn? 

tA) Aluminum hydroxide 
tB) Calcium carbonate 
tC) Cimetidine 
tD) Pantoprazole 
tE) Sucralfate 

7. A 34-year-old man presents to his gastroen­
terologist for further evaluation of persistent 
burning stomach pain, heartburn, and nausea. 
In the past, he has been treated with ranitidine 
for peptic ulcer disease. His laboratory results 
are positive for elevated levels of gastrin. A 
colonoscopy reveals evidence of ulcers involv­
ing the jejunum. The patient is diagnosed with 
Zollinger-Ellison syndrome and started on a 
new medication that inhibits gastric aid pro­
duction. What is the patient at risk for with the 
medication that was most likely prescribed? 

tA) C. difficile-associated diarrhea 
tB) Gastrointestinal perforation 
tC) Ischemic colitis 
tD) Lipid pneumonitis 
tE) Milk-alkali syndrome 

8. A 63-year-old woman is admitted to the 
hospital with complaints of early fullness after 
very small meals and vomiting undigested 
food. She has a long-standing history of poorly 
controlled diabetes. The physician is concerned 
about diabetic gastroparesis and starts her on 
an antinausea medication that will also help 
increase gastric motility. What medication was 
most likely started? 

tA) Dimenhydrinate 
tB) Droperidol 
tC) Prochlorperazine 
tD) Metoclopramide 
tE) Ondansetron 

9. A 61-year-old woman is admitted to the hos­
pital for severe constipation, unresponsive to 
stool softeners and stimulant laxatives. She has 
a history of stage IV breast cancer that metas­
tasized to the spine. She is on a fentanyl patch 

to manage severe pain due to the metastasis. In 
addition, she takes a hydrocodone-acetamino­
phen combination as needed for her back 
pain. Considering her past medical history and 
current medications, which of the following 
agents would be most appropriate to manage 
her constipation? 

tA) Diphenoxylate 
tB) Methylcellulose 
tC) Mineral oil 
tD) Naldemedine 
tE) Polycarbophil 

10. A 33-year-old man presents to his primary 
care physician for a routine physical examina­
tion. The patient tells the doctor that he will be 
traveling to Mexico for a vacation the following 
month and is concerned about developing trav­
eler's diarrhea. Which of the following agents 
can the physician recommend for prophylaxis 
against this condition? 

tA) Bismuth subsalicylate 
tB) Llraglutide 
tC) Lorcaserin 
tD) Octreotide 
tE) Simethicone 

11. A 45-year-old man presents to his infec­
tious disease specialist for the management of 
acquired immune deficiency syndrome (AIDS). 
The patient complains of nausea and decreased 
appetite. The physician is concerned that the 
patient has lost about 15 lb over the past 2 
months. Which of the following medications 
may help manage these symptoms? 

tA) Dimenhydrinate 
tB) Dronabinol 
tC) Metoclopramide 
tD) Ondansetron 
tE) Phentermine 

12. A 65-year-old man presents to his gastro­
enterologist with a 3-month history of watery 
diarrhea. Further testing reveals that the patient 
is hypokalemic with an absence of hydrochloric 
acid in his gastric secretions. He also has an 
elevated serum level of vasoactive intestinal 
peptide. The patient is diagnosed with a pan­
creatic islet cell tumor {VIPoma). Which agent 
would be most appropriate to treat the patient's 
symptoms? 

tA) Bismuth subsalicylate 
tB) Gastrin 
tC) Glucagon 
tD) Octreotide 
tE) Sulfasalazine 



Answers and Explanations 

1. Th• answ•r is E. 5-Hr8-receptor antagonists, such as ondansetron, are highly effective in the 
treatment of chemotherapy-induced nausea and vomiting. The other options are not appropri­
ate for the treatment of nausea and vomiting. Antagonists at histamine and dopamine receptors 
can help with nausea and vomiting, but agonists will not have this effect. Cannabinoid-receptor 
agonists can help manage nausea, but antagonists at this receptor will not have this effect 
Glucagon-like peptide-I-receptor agonists are used for weight management, not nausea and 
vomiting. 

2. Th• answ•r is A. Aprepitant is the first available substance P antagonist used for the preven-
tion of both sudden and delayed chemotherapy-induced nausea and vomiting. It can be used 
synergistically with serotonin 5-HT8 antagonists, such as ondansetron, and corticosteroids, such 
as dexamethasone. While the other drugs are used for the management of nausea and vomiting, 
they do not necessarily augment the effect of ondansetron and dexamethasone. In addition, they 
are not approved to help with delayed nausea and vomiting. 

3. The answer is C. The patient was most likely prescribed scopolamine, a muscarlnic (M1)­

receptor antagonist, where it blocks the action of acetylcholine in the vestibular nuclei The 
vestibular center is important for sensory information about motion, equilibrium, and spatial 
orientation. It may play an important role in motion sickness. Scopolamlne reduces the excit­
ability oflabyrinthine receptors and depreues conduction from the vestibular apparatus to the 
vomiting center. It is approved for motion sickness. The other mechanisms are for drugs that 
help with nausea, but they do not act in the vestibular center and are not approved for motion 
sickness. 

4. The answer is A. Alosetron, a 5-HTrreceptor antagonist, has been shown to provide some 
relief of irritable bowel syndrome (IBS). It is approved for the treatment of women with severe 
IBS in whom diarrhea is the predominant symptom. Due to the risk for ischemic colitis, it 
should be discontinued luunediately in patients who experience rectal bleeding, bloody diar­
rhea, or sudden worsening of abdominal pain (until further evaluation). Dicyclomine is an 
antispasmodic agent used in ms. Lubiprostone and linaclotide are chloride channel activators 
used for IBS. Simethicone is used for flatulence. These agents do not carry the same risk for 
ischemic colitis. 

5. The answer is D. The patient is interested in taking orllstat, a reversible lipase inhibitor of 
gastric and pancreatic llpases. OrUstat Inactivates the enzymes, making them unavailable to 

digest dietary fats. It can be used for weight loss and obesity management in conjunction with a 
reduced calorie and low-fat diet. The adverse effect& are gastrointestinal related and may include 
oily rectal leakage, fecal spotting. flatulence, and diarrhea. It can also prevent absorption of fat­
soluble vitamins (A, D, E, K); therefore, supplementation may be necessary. Liraglutide, lorca­
serin, and phentermine are used forweightloss but do not have these adverse effects. Megestrol 
stimulates appetite. 

&. The answer is C. Cimetidine, a Hz-antagonist, is a competitive inhibitor of the P-460 system, 
which thereby increases the half-life of warfarin. This can lead to supratherapeuti.c levels of 
the drug and an increased bleeding risk. The other medications do not have this drug--dfu8 
interaction. 

1. The answer is A. The patient was most likely started on a proton pump inhibitor (PPI). 
Compared to antacids and H2-antagonists, PPis are more potent acid suppreBSOrs. They are used 
for the treatment of Zollinger-Ellison syndrome. PPis carry the risk for C. d~ssociated 
diarrhea. The other conditions are not likely with PPI therapy . .Antacids, Hz-antagonists, and 
mucosal protective agentB are not indicated for Zollinger-Ellison syndrome. 

,,, 
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8. The answer is D. Poor gastric emptying is a manifestation of the neuropathy that accompanies 
long-standing diabetes. Metoclopramide is a prokinetic agent used in the treatment of diabetic 
gastroparesis. It is a dopamine-receptor antagonist used for nausea and vomiting but also 
enhances the response to acetylcholi.ne of tissue in upper GI tract, causing enhanced motility 
and accelerated gastric emptying. The other agents can help with the management of nausea 
and vomiting but do not enhance gastric motility. 

9. The answer is D. The patient most likely has constipation due to opioids. Naldemedi.ne is a 
peripherally acting opioid-receptor antagonist that is indicated for opioid-induced constipation. 
Methylcellulose and polycarbophil are bulk-forming laxatives; they are most likely not strong 
enough to treat the patient's constipation. Naldemedine would also be a better option than 
mineral oil, a lubricating agent Diphenoxylate is an opioid-receptor agonist and used for the 
treatment of diarrhea. It would make the patient's constipation worse. 

10. The answer is A. Bismuth subsalicylate is effective for both the treatment and prophylaxis of 
traveler's diarrhea, most often due to Escherichia coli-contaminated water. Octreotide is used for 
severe diarrhea associated with carcinoid syndrome or excessive release of GI tract hormones. 
Liraglutide and lorcaserin are used for weight loss. Simethicone is used for flatulence. 

11. The answer is B. Dronabinol contains .6.-9-tetrahydrocannabinol, the active cannabinoid in 
marijuana. It acts by inhibiting the vomiting center through stimulation of a CB1 subtype of can­
nabinoid receptors. It may also enhance appetite by acting on these same receptors. It may help 
with the nausea and is also approved for anorexia in patients with acquired immune deficiency 
syndrome. Dimenhydrinate, metoclopramide, and ondansetron are also used for the manage­
ment of nausea but would not help increase the patient's appetite. Phentermine is a sympatho­
mimetic drug used for weight loss. 

12. The answer is D. Octreotide is used in the treatment of endocrine tumors, such as gastrinomas, 
glucagonomas, and VIPomas, to help alleviate the diarrhea. Bismuth subsalicylate is used to 
treat traveler's diarrhea, and sulfasalazine is used treat such inflammatory bowel disease, such as 
Crohn disease. Gastrin is a GI hormone. 
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Drugs Acting on the 
Pulmonary System 

I. INTRODUCTION TO PULMONARY DISORDERS 

A. .Asthm1 
1. Adi•• is t:b1ractarind by 1clb •ilOd• of b1011choco11"1ictio11 c1111H by ud111yi1111 

1itw1y ilr111mlllllit11. 
1. A hallmark of aathma 18 bronchial byperreacttvity to nwneroua kinds of endogenoua or 

exogenous stimuli 
II. In asthmatic patients, the response to varioua stimuli 18 amplified by peralat.ent lnDanunation. 

Z. Barly-phaae responBe. Alltigenic sti11111Ji tti11e1 Ille te/eHe of 111edi1lots Oeukotrienes, 
histamine, PGD21 and many others) that cause a broncbospaatic reaponae, with 1moatll muscle 
cantn1ction, mucus 1ec:retion, and recruitment al infl1mm1tury celllt such ea eosinophllil, 
neutrophils, and macrophages. 

1 Late-phase response (may occur within houn or days). An inOammatory response in which the 
levels of histamine and other mediators released from inflammatory cells rise again and may 
induce bronchospasm. Bventually, fibrin and collagen deposition and tissue destruction occur. 
Smooth muscle hypel1rophy occurs in chronic asthma. 

4. Nooantlgenic stimuli (cool air, exercise, and nonOJddizlng pollutanta) can trigger nonspec1Dc 
bronchoconatrlction after early-phase sensltlzation. 

5. The mdl1chalin1 ch1ll1n111 test is frequently used in the diagoom of aathma. 
a. Methacbollne is a muscarlnic cbollnergic agonist 
II. Nonastbmatics have a low-level response to methachollne, whereas asthmatic patients have 

hyperre1pon1iveness {exaggerated bronchoconstriction). 

B. Chronic abllruclin pulmanary din111 
1. Chronic branchili1 

a. Chronic broncllitis is characterized bypulmanary obstruction caused by mu:e11ive production 
of mucus due to hyperplasia and hyperfunctioning of mucuHecreting goblet cells; this 
causes a chronic (>2 months) cough. 

II. Smoking or environmental irritants often induce chronic bronchitis. 
Z. Emphy111111 

a. Emphysema is a type of chronic obstructive pulmonary dieeaee (COPD) charactl!rized by 
irnversible loss al 1lvtoli due to destruction of cell walls. Thia decreases the surface area 
available for gaa ezchange. 
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II. AGENTS USED TO TREAT ASTHMA AND OTHER BRONCHIAL 
DISORDERS 

A. Categories of phamacologic agenll 
1. Phannacologic agents used to treat asthma are often dMd.ed into two broad categories. 

•· Quick-relief medications (rescue medications; relievers) are taken as needed for rapid, 
short-term relief of symptoms. 
(11 Bxamples include short-acting Pi-agonists. 

b. Long-tenn control medications are taken regularly to control chronic sympto• and prevent 
asthma attacks. 
(11 Bxample5 include long-acting IJJ-agonists and inhaled corticosteroids. 

B. Adrenergic agonists 
1. Mech1nism of 1ction 

a. Adrenergi.c agonists atimulata JJi-adrenocaptors, causing an increase iD cyclic adenos­
ine monophosphate (cAMP) levels, which leads to relaxation of bronchial 1111ooth muscle 
(Fig. 9.1). 

2.. Sllart-acting /Jrtnltenr:epflK aganists (SABA•) 
a. Specific ageat.sinclude albuteral, levelbuterol, terbulaline, and metaproterenol. 

(11 These agents have enhanced Prreceplar selectiwity and are preferred because they 
produce lass cardiac stimulation (except metaproterenol, which la nonselectlve ). 

(21 They are generally administered by inhalation, in which their onset of action is 
1-5 minutes. 

b. lndit:1ti0111. They are used for quick relief of acute aslhma symptoms, such as shortness of 
breath, wheemig. and chest tightness. 

c. SABAs are prescribed for as needed use and should not ba UHd routinely. 
(11 Escalating use may be a sign that asthma is inadequately controlled. 
(21 Long-term use of these agents for the treatment of chronic asthma is associated with 

dhninished control, perhaps due to ~receptor down-regulation. 
3. Laag-sr:ting /Jrad1enocepta1 agaaists (lABb} 

a. lpet:itit: agellfsinclud.e salmeteral, fannoterol, and vilanterol. 
(11 These agents are administered as iDhalants but have a slower onset of action and a lon­

ger duration of action than the short-acting preparations. 
I•) They have very lipophllic side chains that slow diffusion out of the airway. 

ATP\ 
Beta agonlatll ~ AC 
albuterol ~ 

~ 
cAMP 

I 
Thaophylllne ---8----+ PDE 

AMP.,..___/ 

AC, edanytyl cyclase; cAMP, cyclic AMP; 
PDE, phosphodlasterase 

Bronchodllallon 

· I 
Bronchlal tone 

Adenoslne t.. .§ Acetylcholine 

s~ Muaca~nk 
Thaophylllne antaganlats 

lpratroplum 

Bronchoconatrlcllon 

FISURE 1.1. Mechanism of actian for p-agonim, muscarinic antagonists, and methylxanthines. 
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b. Indications. LABAs are used in combination with inhaled glucocorticoids for patients with 
moderate to severe asthma. 
(1) They should never be prescribed as monotherapy. 
(2) They are very effective for long-tenn control of asthma but should not be used to treat 

1n acute attack. 
c. Albuterol and terbutaline can be administered orally for long-term control. 

4. Adn11e effects 
a. The adverse effects of adrenergic agonists are based on receptor occupancy. 
b. They are minimized by inhalant delivery directly to the airways. 

(1) The most common adverse effect is skeletal muscle tremor. 
(2) Increased heart rate and palpitations may occur, especially with nonselective agents 

like metaproterenol. 
(3) ~rAdrenoreceptor agonists may decrease serum potassium levels. 

C. Methylxanthines 
1. Specific agents include thaophyllina. 
2. Mechanism of action (Fig. 9.1) 

a. Theophylline inhibits phosphodiesterase (PDEI enzymes (mostly PDE3 and PDB4); this pre­
vents degradation of cAMP, leading to bronchial smooth muscle ral1x1tion. 

b. It is also an adenosine-receptor antagonist. 
(1) Adenosine causes bronchoconstriction and promotes the release of histamine from 

mast cells. 
c. It may enhance calcium uptake through adenosine-mediated channels, leading to an 

increased force of contraction of diaphragmatic muscles. 
3. Ph11rm11cologic propslfiN 

a. Theophylline has a narrow therapeutic index; blood levels should be monitored to prevent 
drug intoxication. The therapeutic range is 5-15 mg/L. 

b. Clearance of theophylline has wide variability and is affected by diet, drugs, and liver function. 
c. It is metabolized in the liver and excreted by the kidney. 

4. Indications 
a. Theophylline can be used as add-on therapy when inhaled corticosteroids or ~-adrenoceptor 

agonists inadequately control asthma symptoms. 
b. It may be used treat chronic bronchitis and emphysema. 
c. Caffeine, another methylxanthine, may be used to treat apnea in preterm infants (based on 

stimulation of the central respiratory center). 
5. Adn11s Bft8cts and drug int8111ction1 

a. At therapeutic doses, theophyllinemaycause insomnia, restlessness, and worsening of dyspepsia. 
b. Mild intoxication may cause nausaa and vomiting (central emetic effect), headache, tachy-

cardia, and tremors. 
c. Severe intoxication may lead to arrhythmias and seizures. 
d. It may interact with cytochrome P450-1A2 (CYP1A2) inducers and inhibitors. 
e. Some macrolide and £1.uoroquinolone antibiotics may increase theophylline levels. 

D. Muscarinic antagonists 
1. Mechanism of action 

a. Muscarinic antagonists are competitive antagonists of acetylcholine {ACh) at the muscarinic 
receptor. They inhibitACh-mediated constriction of bronchial airways. Anticholinergics also 
decrease vagal-stimulated mucus secretion (Fig. 9.1 ). 

b. Mostagentsactpreferentiallyon the muscarinic M3 receptor. 
2. Specific agent$ 

a. Short-acting muscarinic antagonists include ipratropium bromide. 
b. Long-acting muscarinic antagonists include tiotropium, umeclidinium, and glycopyrronium. 

3. Indications 
a. All agents can be used for the maintenance of COPD. 
b. lpratropium can be used (off-label) for acute asthma exacerbations. 
c. Tiotropium can be used for asthma maintenance therapy. 
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4. Advsrss sffsr:ts 
a. These agents are given by inhalatian. Systemic absorption is low, although some absorption 

from the lung can occur. 
b. Ipratropium bromide and tiotropium are quaternary ammonium compounds; therefore, they 

are poorly absorbad and do not cross the blood-brain barrier. 
(1) For this reason, these agents have fewer adverse effects. 

c. Dry mouth and abnormal taste may occur. Urinary retention may be seen in elderly patients. 

E. Glucocorticoids 
1. M1r:hani1111 of action (Fig. 9.2) 

a. Glucocorticoids bind to intracellular glucocorticoid receptors. They form asteroid-receptor 
complex, which translocates to the nucleus and binds to glucocorticoid response elements 
in DNA. 
(1) This altars the transcription of several genes, including those coding for the 

~-adrenergic receptor and anti-inflammatory proteins. 
b. They can reduce the number of inflammatory calls and decrease vascular parmaability and 

mucus production. 
(1) While they do not directly affect contractile function of the airway smooth muscle, they 

can produce a significant increase in airway diameter. 
(a) This effect is most likely from attenuating prostaglandin and leukotriene syntheses 

via annexin la and inhibiting the immune response, including production of 
cytokines and chemoattractants. 

2. Spscifir: agsnts include baclomathasone, triamcinolone acetate, budesonida, flunisolide, and 
fluticasone propionate. 
a. Glucocorticoids are available as oral, topical, and inhaled agents. 

3. Indications 
a. These are first-line agents for the treatment of persistent asthma. 

(1) Inhaled glucocorticoids may be recommended for the initial treatment of asthma, with 
additional agents added as needed. 

INFLAMMATORY CELLS 

l Mastcells 
Macrophages 
T-lymphocytes 
Eosinophils 

Glucocorticoids 
~ 

cJ]~ 
GR 

INFLAMMATORY GENES 

Cytokines 
(IL-4, IL-13, IL-5, TNF-a 
IL-6, PGD2) 

Chemoattractants 
(CCL17, CCL22) 

Inflammatory enzymes 
(COX2, MMP-9, elastase) 

ANTI-INFLAMMATORY GENES 

1 
SLP-1 
MKP-1 
GILZ 

FIGURE 9.2. Effects of glucocorticoids in asthma. SLP-1, secretory leukoprotease inhibitor 1; MKP-1, MAP 
kinase phosphatase; GILZ, glucocorticoid-induced leucine zipper. 
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(2) They are used prophylactically rather than to reverse an acute attack. 
(3) Because of their systemic adverse effects, oral glucocorticoids (see Chapter 10) are 

usually reserved for patients with severe persistent asthma. 
b. Inhaled glucocortlcolds are poorly effective in COPD. 

4. AdntH 1l'frll:ls 
a. Systemic effects are decreased when administered by inhalation. 
b. Common adverse effects of inhaled glucocortlcoids lnclude hoarseness and oral candidiasis. 

Patients should rinse their mouth with water (without swallowing) after each use to prevent 
oral candidiasi.s. 

c. Serious adverse etfects of systemic glucocorticoids include adrenal suppression and 
osteoporosis. 

F. Leukotriene palflway inhibitors 
1. Leukotriene-receptor antagonists 

a. $p1r:ilir: 1g1Bfs lnclude zafirlukast and montelukast 
b. M1cbanism al action (Fig. 9.3) 

(1) Cystelnyl leulCDtrienes ( CysLTs) are synthesized by eoslnophils and mast cells, which are 
prominent In asthmatic JnDammadon. They are also released from the nasal mucosa 
following exposure to an allergen, leading to symptoms of allergic Ihinitis. 

(2) Cysll's include leukotriene C., D., and B, (ll'C., LTD., L'l'B., respectively). 
(3) Montelukast and zafirlukast are cysteiD:yt leukotriene type-1-nctptor antagoniltl. 
(4) They reduce airway edema, bronchoconltriction, and inflammatory cell infiltration. 

Aspirin 
(In AS as1hmaUce) _,. 

Cold air---+ 

Eoelnophll Mast cell 

Arachlclonlc acid 

~Llpaxyganw lnhlbltora -E)-...1 
Zlleuton 5-llpox.ygsna88 

Leukatrtene Reoeplor 
Antagonlst9 
Montelukast 
Zafirlukast 

! 

Eoslnophll 
recrui1ment 

Cystelnyl-leulmtrlenea 
(LTC4, LTD4, LTEJ 

Bronchoconstrfctlon 

RGURE 9.3. Mechanism of action of leukotriene pathway inhibitors. 

+----Exercise 
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c. lndiclllioas. Montelukast and zafirlukast may be used for the prophylaxis and chronic treat­
ment of asthma. Montelukast may also be used to relieve symptoms associated with allergic 
rhinitis. Both are administered orally. 

d. AdllWH •lfet:ta of zafirlukast include headache and elevation in liver enzymes. 
e. Dtu1 ilftMWttion. Zafirlukast may increase the serum concentration ofwarfarin. 

Z. 5-LipoxygenaH inhibitor 
•· Sptcilic •111tt. Zileuton 
b. M1clla11ilm at 1ctio11. Zileuton inhibits 5-lipoxyg1n111, the rate-limiting enzyme in leukot­

riene biosynthesi.s. Inlnbiting leukottiene formation can help decrease 1ha inflammation, 
mucous secretion. and bronchoconstriclion associated with asthma (Fig. 9.3). 

c. lndiclllioas. Zlleuton is approved for the prophylaxis and chronic treatment of asthma in 
adults and children ~12 years of age. It is adminfstered orally. 

d. AdntH tllfBt:ts. Zlleuton can cause headaches. It also has the potendal to cause hepatotoxic­
i1y; therefore, liver enzymes should be monitored; elderly women appear to be at highest risk. 

3. It is important to note that the leulCDtriene pathway is one of many responsible for the inflam­
matory symptoms associated with asthma. For this reason, leukotriane pathway inhibiton 
are 1 ... affective than inhaled corticolteroida, which affect several processes involved with 
inflammation. 

G. Anti-lgE antibody 
1. Specific 191111. Omalizumab 
Z. M1clt111ism al 1t:lio11. Omalizwnab is a monoclonal antibody 1hat binds 1o human lgE's 

high-affinity Fe receptor, blocking 1ha binding of lgE tD mast calls, basophlls, and other cells 
associated with the allergic response (Fig. 9.4). 
a. It also lowers free serum IgH concentrations by as much as 90%. Since it does not block the 

allergen-antibody reaction, it leads to a reduction in allergen concentrations. 
b. These activities reduce both the early-phase degranulation reaction of mast cells and the late­

phase release of mediators. 
3. lndic1tio111. Omalizumab is used as an adjunct treatment for 11thm1 in patients over 6 years old 

whose asthma is inadequately controlled wi1h inhaled glucocor1icoids and lABAs, as well as 
in asthmatic patients with allergies (by allergy skin tests or in vitto measurements of allergen­
specific IgB). It is administered by subcutaneous injection every 2-4 weeks. 

4. AdntH ""''*include injection site reacdons and arthralgia. It may also cause anaphylaxis; 
therefore, patients should be monitored after admlnistration. 

IL-4, IL-13 _., ",r r 
'- ICiE ~ "(' ~-°'- Anti·lgE 
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' r "" '­
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~ @ ~;: 

T lymphoeytLe Macrophage Eoe'jphll 

Chronic l:ftammatlon .,..___! 
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~ 
Histamine, Cya-LTs, PGD2 

FIGURE 9.4. Mechaniem of action for anti·lgE monoclonal antibodies. 
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H. Phosphodiastarase-4 1nzym1 inhibitDr 
1. Specific •gellf. Roflumilast 
2. Mecllesi1111 rd action. Roilumilast ls a phosphodiesterase type 4 (PDH4) inhibitor; it leads 

to increased cAMP lewels and bronchodilation. It may also have anti-inflammatory activity 
through inhibition of cytokine release and decreased neutrophils. 

3. lstlintion. It is approved to reduce the ri•k of COPD exacerbations. 
4. Adr•t1• elflt:D include nausea, diarrhea, and weight loss. It may be associated with 

neuropsychiatric reactions and should be used with caution in patients with a history of 
depression or suicidal thoughts and behavior. 

I. Chramones (see Chapter 6) 
1. Specific •1•11t. Cramolyn sodium 
2. MeclJ111i1m rd •c6os. Cromolyn sodium la a mast c1ll mbilizer. It prevents the release oflus­

tamlne and slow-reacting substance of anaphyla:xis (SRS-A) from sensitized mast cells. They do 
not affect airway smooth muscle tone. 

3. lstlintion. It can be given by nebulization for chronic control of nthma. 
4. Ad,,.,,• 11ftt:D are rare but may include dry mouth, throat irritation, and cough. 

Ill. DRUGS USED TO TREAT RHINITIS AND COUGH 

A. Rhinitis 
1. Rhinltla ls in1lanunation and swelling of the mucous membrane of the nose, characterized by 

one or more of the following: nasal congestion, rhlnonhea, nasal itching, and sneezing. 
a. ln1lammatory mediators (histamine, leulcotrienes, prostaglandins, klnins) produce mucus 

production, vasodilation, parasympathetic stimulation, and airway widening. 
2. It may be caused by allergies, viruses, vasomotor abnormalities, or rhinitla medicam.entosa 

(rebound nasal congestion due to extended use of topical decongestants). 

B. Atentl used to treat rhiniti• 
1. AntihittaminH (see Chapter 6) 

a. Sptcific •II"'*· First-generation agents include diphenhydramine, hydroxyzine, bromphe­
niramine, and chlorpheniramine. Second-generation agents include loratadine, cetirizine, 
and faxoflnadina. 

b. M•cbanism rd •ction. Antihlatamlnes are histamine (H1)-raceptar antagonists. They do not 
block the release of histamine. They also decrease secretions through their anticholinergic 
activity. 

c. lndicnons. .Antihistamines can reduce sneezing, itching, and rhinorrhea. 
(1) Compared to intranasal glucocorticoids, they are less e:tfective for nasal congestion. 

d. Amm '1fltcl& Firtt-generation antihistamines cause 18dation since they are lipophilic and 
cross the blood-brain barrier. 'nteycan also cause anticholinertic effects such as dry mouth 
and dry eyes. Second-generation agents are less sedeting. 

2. a-Adrenaceptar agonists 
a. Sptcific •II"'*· Oxymetazaline and phenvtephrine are available as intranasal sprays. 

Phenylephrine and p11udo1phedrine can be adminJstered orally. 
(1) While intranasal adminlatration allows for rapid onset and has few systemic effects, It 

also has an increased risk for rebound nasal congestion. 
(2) Oral administration allows for a longer duration of action but has an increased risk for 

systemic effects. 
b. Mechanism rd actioo. u-Adrenoceptor agoniats reduce airway resistance by constricting 

dilated arterioles in the nasal mucosa. 
c. lntlit:.tion. They are used for the treatment of nasal congestion. 
d. Atlw#N tllftH:IS may include nervousness, ttemOlf insomnia. dizziness, and Ihinitis medica­

mentnsa (chronic mucosal inflammation due to prolonged use of topical vasoconstrictors, char­
acterized by rebound congestion, tachyphylaxis, dependence, and eventual mucosa! necrosis). 
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3. Inhaled corticosteroids 
e. Specific agents include beclomelhasone, budesonide, flunisolide, fluticasone, and 

mometasone. 
b. Mechanism al action. Inhaled glucocorticoids exert their anti-inflammatory action through 

a wide range of effects on various inflammatory cells and mediators, including mast cells 
and histamine. 

c. Indications. These agents are effective for the management of nasal congestion and mainte­
nance therapy for allergic rhinitis. They require 1-2 weeks for full effect 

d. Advetse eHects include ora I candidiasis. Patients should rinse their mouth with water (with­
out swallowing) after each use to prevent oral candidiasis. 

4. Anticholinergics might be more effective in rhinitis, but the doses required produce systemic 
adverse effects. 
a. lpratropium, a poorly absorbed ACh antagonist administered by nasal spray, is approved 

for rhinorrhea associated with the common cold or with allergic or nonallergic seasonal 
rhinitis. 

C. Cough 
1. Cha111ctetistics al cough 

a. Cough is produced by the cough reflex, which is integrated in the cough center in the medulla. 
11) The initial stimulus for cough probably arises in the bronchial mucosa, where irritation 

results in bronchoconstriction. 
t2) Cough receptors, specialized stretch receptors in the trachea and bronchial tree, send 

vagal afferents to the cough center and trigger the cough reflex (Fig 9.5). 

D. Agents used to treat cough 
1. Antitussive agents 

a. Opioids. Codeine, hydrocodone, and hydromorphone 
11) These agents decrease sensitivity of the central cough center to peripheral stimuli and 

decrease mucosal secretions. 
12) Antitussive actions occur at doses lower than those required for analgesia. 
13) These agents produce constipation, nausea, and respiratory depression. 

b. Dextromathorphan 
11) Dextromethorphan is the L-isomer of an opioid; it is active as an antitussive agent, but 

has less analgesic activity or addictive liability than codeine. 
12) Dextromethorphan is less constipating than codeine. 

c. Benzonatata 
11) Benzonatate is a glycerol derivative chemically similar to procaine and other ester-type 

anesthetics. 
12) It reduces the activity of peripheral cough receptors and also appears to reduce the 

threshold of the central cough center. 
2. Expectorants stimulate the production of watery, less-viscous mucus; they include 

guaifenesin. 
t1) Guaifenesin acts directly via the gastrointestinal tract to stimulate the vagal reflex. 
t2) Near-emetic doses of guaifenesin are required for beneficial effect; these doses are not 

attained in typical over-the-counter preparations. 

Stimuli -----+ Larynx, Trachea, Bronchi -----+ Afferent nerves 

Cough .,__ Laryngeal and 
respiratory muscles 

FIGURE 9.5. Mechanism of cough. 

Cough canter In 
medulla oblongata 

.,__/ Efferent nerves .,.4----
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3. Mucolytics. N-Acatylcystaine 
(1) N-Acetylcystelne reduces the viscosity of mucus and sputum by cl11ving disulfide 

bonds. 
(2) It is delivered as an inhalant and modestly reduces COPD exacerbation rates by 

roughly 30%. 
(3) Intravenous N-acetylcysteine is used as an antidote for acetaminophen toxicity 

(unrelated to its mucolytic activity) • 

• DRUG SUMMARYTABLE 

ao1t-Acti11 ""'*'9oc1pmr 
Aeo1i1t1 

Albuttt0l IProv1ntil, V1ntolinl 
Llvalbutlrol (Xopenexl 
Metlproteranol IAlupunU 
Tarbutalin1 {Bricanyl Turbuheler) 

Lm1-Ac1i111JrAdr1noC111tw 
Aeo1i1t1 

Salmeterol (Serev1nt) 
Formoterol (Foradil} 
Terbuteline (Brican~ Turbuhaler} 

Mllhylulldllnn 
Theophyllint (Elixophyllin, Thtochron} 

Mac.ri1ic AnlllDI~ 
Aclidinium (Tudor21 Prnnir) 
Glycopyrronium (CuvpoH, Robinull 
lpretropium bromide (A1rovallU 
Tiotropium (Spiriva} 
Umeclidinium (lncruH EJliptll 

PDE41 lnlllbllort 
Roflumilallt IDalirtsp) 

lnlllllll llucocartlcaldl 
Beclomethasone (Beclovent, V1ncenll 
Triamcinolone (Natacort) 
Buduanide IRhinocort) 
Flunisolidt (AeroBid) 
FluticHone (Flovent) 
Cicl1Sonid1 (Alv11coJ 
Mom1t11on1 IRov1nt) 

l"kotri•e lnhilli• 
Zalirfukalt (Accolate} 
Mont11luk11t (Singulairl 
Zilauton (Zyflol 

Anti·l1E AntibedJ 
Omalizumab IXolairl 

Antilliltlt11illes (•lected HrrlCll'tW 
1ni1onilltl, '" c111,.., 6) 

Diphanhydramint IBenadryll 
Lorat1din1 (Claritin) 
Fexof'enedine IAllegral 
Chlorphaniremint (Allar·Chlor) 
Bromphaniramine (J·Tan) 

11-Atl ... ac.,._ "4111ills (•lected, I 
1MCll1pl9rZ) 

Oxymatazoline IAfrinl 
Phanylaphrina (Naa-Synaphrinal 
P11udo1ph1drin1 ISudaf1d) 

Antllu11ln1 
Cod1in1 ICodaina Conlin} 
Hydrocodone IZohydro HR) 
Hydromorphone (Dilaudidl 
Daxlramathorphan (Dalsym} 
Banzon1t11te CTassalon Parlesl 

Elpectarem 
Guaifenaain (Mucinax) 

Mlnlvtlc1 
N-Acetyh:ysteina IAcltldlltlt, 

Mucomvst' 

ai ...... 
Cromolyn sodium (Nasalcroml 



Review Test 

Diractians: Select the best answer for each question. 

1. A 17-year-old patient is brought to his 
allergist with complaints of a chronic cough 
that often increues with severity at different 
times throughout the day. His symptoms occur 
about twice a week and are beginning to inter­
fere with his studies. Which of the following 
would be the most appropriate treatmentfor 
this patient? 

IA) Budesonide 
IB) Diphenhydramine 
IC) Omalizwnab 
ID) Prednisone 
IEI Theophylline 

2. A 52-year-old woman presents to the 
emergency room with complaints of a severe 
asthma attack. A week prior, she was dis­
charged from the hospital after being treated 
for a myocardial infarction. Her medications 
include daily aspirin and lisinopril. A diag­
nosis of drug hypersensitivity is made after 
further evaluation. What medication should 
be prescribed for the management of her drug 
hypersensitivity? 

IA) Albuterol 
IB) Budesonide 
IC) Ipratropium 
ID) Theophylline 
IE) Zafirlukast 

3. A 20-year-old man presents to hill primary 
care phyaiclan with complaints worsening 
shortness of breath due to his asthma. He is in 
college and participates 1n several intramural 
athletic programs, but in the last month, he 
has used his albute:rol inhaler at least 20 times 
following baseball practice. He has not been 
waking much at night. For the last 5 years, the 
patient has been well managed with inhaled 
glucocorticoids. Which of the following would 
be the best change in the treatment for this 
patient? 

IA) Etanercept 
IBI Salmeterol 
IC) Triamcinolone 
ID) Zileuton 
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4. A 62-year-old man presents to the 
emergency room with complaints of sh.ortne111 
of breath and light-headedness. Further 
workup reveals a tachyarrhythmia. The patient 
was recently started on mmiflomcin for the 
management of an upper respiratory infection, 
and the pharmacist is concerned that his 
symptoms are due to a drug interaction with 
his asthma medication. Which of the following 
medications was the patient most likely taking 
for the management of asthma? 

(A) Albuterol 
(8) Budesonide 
(C) Om.allzumab 
(D) Prednisone 
(E) Theophylline 

5. A 51-year-old woman is currently on 
theophylline for the management of chronic 
asthma. Which of the following state-
ments correctly describes the action for this 
medication? 

(A) Adenosine-receptor antagonist 
(B) ~-Receptor agonist 
(C) Histamine-receptor agonist 
(D) Muscarinic-receptor antagonist 

8. A 24-year-old woman presents to the 
pharmacy to pick up a prescription for the 
management of her persistent cough. She was 
started on a medication that was supposed to 
decrease sensitivity of the central cough center 
to peripheral stimuli and decrease mucosal 
secretions. Which of the following medications 
was prescribed? 

(A) Benzonatate 
(B) Codeine 
(C) Diphenhydramine 
(D) Guaifenesin 
(E) N-Acetylcysteine 
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7. A 74-year-old woman presents to her 
physician with complaints of urinary retention 
and dry mouth for the past 2 weeks. Recently, 
she was started on a new medication for 
the management of COPD. Which of the 
following medications most likely caused these 
symptoms? 

(Al Budesonide 
(Bl Montelukast 
(Cl Salmeterol 
(DI Theophylline 
(El Tiotropium 

B. A 33-year-old man presents to his family 
physician with worsening shortness of breath 
due to asthma. He is started on zileuton and 
asked to return to the clinic in 3 months to 
check liver enzymes. What is the mechanism of 
action for this new medication? 

(Al Inhibits prostaglandin biosynthesis 
(Bl Inhibits leukotriene synthesis 
(Cl Inhibits leukotriene receptors 
(DI Inhibits 12-lipoxygenase 

9. A 49-year-old man presents to his primary 
care physician with complaints of difficulty 
breathing. He has a 15-year history of smok­
ing. Physical examination is positive for 
wheezing. Pulmonary function tests and 
lung diffusion studies are completed, and the 
patient is diagnosed with chronic obstructive 
pulmonary disease. He is prescribed tiotro­
pium twice a day. Six months later, he returns 
to the clinic. Although he quit smoking, he has 
complaints of one episode of serious shortness 
of breath each day. Which of the following 
medications should be added to his treatment 
regimen? 

(Al Beclomethasone 
(Bl Dexamethasone 
(Cl Roflumilast 
(DI Zileuton 



Answers and Explanations 

1. lha answer is A. This is a fairly classical presentation of asthma, which should be confinned 
with further pulmonary testing. Mild persistent asthma can be treated in several ways, but 
inhaled glucocorticoids, such as budesonide, are very effective. Oral prednisone has many 
side effects, e5pecially in a young person. Omalizumab is for patient5 who are refractory to 
other treatments and those with allergies. Antihistamines such as diphenhydramine are poorly 
effective in asthma, and theophylline is only moderately effective. 

Z. The answer is E. The patient has drug hypersensitivity due to hex recent history of aspirin. 
Aspirin's inhibition of cyclooxygenase most likely caused a shift of arachidonic acid metabo­
lism to the leukotrlene pathway, therefore leading to bronchoconstriction. Zafirlukast, a 
leukotriene-receptor antagonist, can help with the management of aspirin-induced asthma. 

3. The answer ia B. The patient's asthma is worsening, especially in response to exercise or 
increased allergen exposure, and the excess of short-acting Pz-agonists requires a change in 
medication. The best choice would be a long-acting Pz-agonist like salmetercl. Oral glucocorti­
colds, like triamcinolone, have many adverse effects, and zileuton is unlikely to be sufHclently 
efli.cacious in the worsening asthma. Etanen:ept is an anti-inflammatory used in rheumatoid 
arthritis. 

4. lha answer is E. Theophylline has a narrow therapeutic index; blood levels should be 
monitored to prevent drug intoxication. Clearance of theophylline has wide variability and is 
affected by diet, drugs, and liver function. At therapeutic doses, theophylline may cause insom­
nia, restlessness, and worsening of dyspepsia. Severe intoxication may lead to arrhythmias and 
seizures. Fluoroquinolone antibiotics, such as moxilloxacin, may increase theophylline levels 
and lead to toxicity. 

5. lha answer is A. Theophylline may have several mechanisms of action, but its 
adenosine-receptor antagonist activity and the inhibition of phosphodiesterase are best 
understood. 

&. The answer is B. Opioid& such as codeine decrease sensitivity of the central cough center to 
peripheral stimuli and decrease mucosa! secretions. The antitusaive actions occur at doses lower 
than those required for analgesia. Benzonatate reduces the activity of peripheral cough recep­
tors. Guaifenesin is an expectorant that stimulates the production of watery, less-viscous mucus. 
N-Acetylcysteine is a mucolytic that reduces the viscosity of mucus and sputum by cleaving 
disulfide bond&. 

7. The answer ia E. Tiotropium is an acetyl.choline {ACh) muscarinic-receptor antagonist It is used 
for the maintenance ofCOPD. Although it is administered as an inhalation and systemic absorp­
tion is low, elderly patients may be at risk for adverse effects such as urinary retention and dry 
mouth, due to the anticholinergic activity. The other medications do not cause urinary retention 
or dry mouth. 

8. The answer is B. By inhibiting 5-lipoxygenase, zileuton reduces leukotriene biosynthesis; it does 
not inhibit {and in fact it might increase) prostaglandin synthesis. 

9. The answer is C. Roflwnilast ls a fairly speclftc PDE4 inhibitor, useful to decrease emcerbations 
in patient& with chronic obstructive pulmonary disease (COPD). Oral glucocorticoids such as 
delCamethasone, pose serious risks when used chronically and inhaled gl.ucocortlcoids, like 
beclomethasone, are not recommended in early-stage COPD. Zileuton is ineffective in COPD. 
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Drugs Acting on the 
Endocrine System 

I. HORMONE RECEPTORS 

All known hormones, and drugg that mimic hormones, act via one of two b11ic receptor systems: 
membrane-associated receptors and intracellular receptors (see Chapter 1). 

A. Membr1ne-nsoci1ted receptors 
t. Membrane-associated receptors bind hydrophilic hormones {which penetrate the plasma 

membrane poorly) outside the cell. Rumples of hydrophilic hormones include insulin, 
adreDocorticotropic hormone (ACTH), and epinephrine. 

Z. Membrane-usociated receptors tralUlmit ajgnals into the cell by a variety of aeoond messenger 
mechanisms, including the following: 
I. Changes in cyclic adenosine monophoaphate (cAMP) or cyclic guanosine monophosphate 

(cGMP) caused by changes in the activity ofcyclases. 
b. Inaeaaed phosphoinositide turnover via increased phosphoinositide kinase activity. 
c. Changes in intracellular calcium (Cai+) by acting on intracellular stores or membrane caa. 

channel a. 
d. Changes in intracellular ions by action OD specific channela. Theae include sodium (Na•), 

ea:a., pot:aasium (le•), and chloride (CI-). 
•· In.creaaed tyroaine phosphorylation OD specific proteins by the action of tyroaine ldnases. 

B. Intracellular receptors 
t. Intracellular receptors bind hydrophobic hormones (which penetrate the plasma membrane 

easily) inside the cell-either in the cytoplasm or in the nucleus. Bnmples of hydrophobic hor­
mones include cortisol, retinal, and estrogen. 

Z. Intracellular receptors modulate the transcription rate of specific target genes to change the 
levels of cellular proteim. 

II. THE HYPOTHALAMUS 

A. Agents llfr.ctint growth hannane 
t. Growth hormoDe-releasinghormone (GHRH) 

1. GHRH is produced by the hypothalamus within the arcuate nucleus. 
b. It binds to specific membrane GHRH receptors on pituitary somatotrophs and rapidly ele­

vates serum growth hormone (somatotropin) levels. 
Z. Somatotropin release-inhibiting hormone {SST, somatostatin) 

a. SST peptides are produced in the hypothalamus, pancreatic D cells, and other areas of the 
gastrointestinal (GI) tract. 

b. SST binds to somatostatin receptors in the plasma membrane of target tissues. 

205 
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c. Somatostatin inhibits many functions throughout the body, including the following: 
(1) The release ofgrawth harmane (GH) and thyroid-stimulating hannane (TSH) from the 

pituitary. 
(2) The release of glucagon and insulin from the pancreas. 
(3) The secretion of a number of gut peptides, including vasaactive intestinal polypeptide 

{VIP), and gastrin. 
(4) The secretion ofvasodilator hormones, especially within the gut. 
(5) The growth and proliferation of many cell types. 

3. Somatostatin analogs 
a. Octreatida (see Chapter 8) 

(1) Mechanism of action. Octreotide mimics natural samatostatin. It has several different 
effects, including the following: 
(a) Inhibition of serotonin release. 
(b) Inhibition of secretion of gastrin, VIP, insulin, glucagon, secretin, motilin, and pan­

creatic polypeptide. 
(c) Decreased secretion ofTSH. 
(d) Suppression of luteinizing hormone (LH) response to gonadotropin-releasing hor-

mone (GnRH). 
(e) Decreased GH and insulin-like growth factor-! (IGF-1). 
(f) Decreased splanchnic blood flow. 
(g) In some cases, it is more potent than endogenous somatostatin; for example, it pro­

vides more potent inhibition of GH, glucagon, and insulin. 
(2) Indications 

(a) It is used to treatacromegaly. 
(b) It is also used for the management of severe diarrhea associated with hypersecre­

tory states such as VIP-secreting tumors (VIPomas). 
(c) Other indications include gastrinomas, glucagonomas, variceal and upper GI 

bleeding, and TSH-secreting adenomas. 
(3) Advene effects may include nausea, cramps, and increased gallstone formation. It may 

also cause hyperglycemia. 
b. Lanreotide 

(1) Mst:h.nism of action. Lanreotide is a long-acting somatostatin analog. Similar to 
somatostatin and octreotide, it inhibits many endocrine, neuroendocrine, and exocrine 
functions. It causes decreased GH secretion and IGF-1 levels. 

(2) Indications 
(a) It is approved for the long-term treatment of acromegaly, in patients with subopti­

mal response to surgery or radiotherapy. 
(b) It is also used for the treatment of carcinoid treatment and gastroenteropancreatic 

neuroendocrine tumors. 
(3) Advene elfects may include bradycardia, hypertension, and GI distress, including 

abdominal pain, nausea, and diarrhea. 

B. Gonadatropin-releasing hormone agonists (see Chapter 12) 
1. Endogenous GnRH is secreted from the preoptic area of the hypothalamus. It binds to specific 

receptors on pituitary gonadotrophs. 
2. Specific agents include leuprolide, triptorelin, goserelin, nafarelin, and histrelin. 
3. Msch.nism of action (Fig. 10.1) 

a. GnRH agonists modulate the function of the hypothalamic-pituitary gonadal axis. 
b. Short-term or pulsatile administration increases the synthesis and release of both LH and 

follicle-stimulating honnone (FSH). 
c. Chronic administration inhibits the release of both LH and FSH by causing a reduction in the 

number of GnRH receptors. 
(1) This leads to a subsequent decrease in levels of testosterone, dihydrotestosterone, and 

estrogen. 
(2) The use of these agents results in castration levels of testosterone in men and 

postmanopausal levals of estrogen in women. 
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FIGURE 10.1. The hypothalamic-pituitary axis. The pituitary releases trophic hormones such as follicle-stimulating 
hormone {FSH) and luteinizing hormone {LH) in response to releasing hormones produced in the hypothalamus. It 
also releases adrenocorticotropic hormone {ACTHI. which is not shown in this figure. The trophic hormones act on 
peripheral organs such as the ovary or testis to increase the production of gonadal steroids. Gonadal steroids in turn 
exert negative feedback on the hypothalamus and pituitary. GnRH, gonadotropin-releasing hormone. 
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4. Indications 
a. Chronic administration (decreased LH and FSH) is useful in the treatment of harmane­

dependent hyperplasia and cancer, including prostate cancer, breast cancer, endometriosis, 
and fibroids. 
(1) All agents are used in the management of advanced prostate cancer. 
(2) Goserelin can be used for the management of advanced breast cancer. 
(3) Leuprolide, nafarelin, and goserelin are indicated for endometriosis; leuprolide is also 

approved for the treatment of uterine fibroids. 
b. Pulsatile administration (increased LH and FSH) is used for infertility treatment. 
c. Leuprolide, triptorelin, nafarelin, and histrelin can be used for central precocious puberty. 

5. Adverse effects may include hat flashes, gynecomastia, sexual dysfunction, and decreased 
bane mineral density. 

6. Precautions 
a. Tumor flare may occur in the first few weeks of treatment, due to initial increases in testoster­

one (in men with prostate cancer) and estrogen (in women with breast cancer). This presents 
as worsening of disease symptoms. 

C. Gonadotropin-releasing hormone agonists (see Chapter 12) 
1. Specific agents include catrorelix, ganirelix, and degarelix. 
2. Mechenism al action. These agents block the GnRH receptors and decrease the release of LH 

andFSH. 
a. For their use in ovarian stimulation, delaying the LH surge prevents ovulation until the fol­

licles are of adequate size. 
b. For their use in prostate cancer, they result in rapid androgen deprivation by decreasing tes­

tosterone production and levels. 
(1) Unlike the GnRH agonists, these agents do not cause a surge of testosterone or estradiol 

on initiation of therapy. 
3. Indications 

a. Cetrorelix and ganirelix are used for controlled ovarian stimulation in conjunction with 
gonadotropins. 

b. Degarelix is used for the treatment of advanced prostate cancer. 
4. Adverse eftfJcts 

a. Degarelix may cause hot flashes and increased transaminases. Cetrorelix and ganirelix may 
cause headache. 

D. Prolactin-relaasing factor and prolactin-inhibiting factor 
1. Pralactin-releasing factor (PRF) 

a. Various hormones stimulate prolactin secretion, including thyrotropin-releasing hormone 
(TRH), testosterone, estrogen, and VIP. 

b. Dopamine 1nt&gonists and other drugs that reduce dopaminergic activity cause an increase 
in pralactin secretion, including the following: 
(1) Antipsychotics (e.g., chlorpromazine, haloperidol) 
(2) Antidepressants (e.g., imipramine) 

c. lndic1tions. Drugs that promote prolactin secretion are used for the treatment of lactation 
failure. 

2. Prolactin-inhibiting factor (PIF) 
a. Dopamine agoni1ts inhibit pral1ctin secretion. 

(1) Bramacriptine activates dopamine (DJ-receptors in the tuberainfundibular pathway, 
which inhibits pituitary prolactin secretion. 

(2) Cabergaline is a potent D2 agonist with greater D2 selectivity. It is more effective in 
reducing hyperprolactinemia than bromocriptine. 

b. lndic11tians 
(1) Inhibition ofprolactin secretion in amenorrhea, galactorrhea, and prolactin-secreting 

tumors. 
(2) Correction of female infertility secondary to hyperprolactinemia. 
(3) Bromocriptine can be used for the treatment of Parkinson disease. 
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E. Corticatrapin-releasing honnone 
1. Corticottopln-releaslng hormone (CRH) stimulates ACTI:I synthesis and release in pituitary 

corticottophs. 
Z. Corticorelin is an analog of human CRH. It is used diagnostically to discriminate between 

pituitary and ectopic sources of ACTH production and to differentiate between hypolhalamic­
hypophyseal and primary adrenal disease. 

F. Thyrotropin-releasing honnone (TRH). TRH stimulates the secretion ofTSH from the pituitary and 
induces prolactin secretion. 

Ill. THE ANTERIOR PITUITARY 

A. Growth hormone agonists and antagonists 
1. GH is important for the growth of skeletal muscle, linear bones, and organs. 
Z. It has both direct and indirect actions mediated by the synthesis and release ofIGF-1 from the 

liver and the kidney. 
a. Direct actions of GH include antagonism. of the action of insulin, stimulation of triglyceride 

hydrolysis in adipose tissue, increased hepatic glucose output, positive calcium balance, 
renal reabsorption of sodium and potassium, and production of somatomedins or IGFs in 
the liver and other tissues. 

b. Indirect actions of GH mediated by IGF-1 lnclude longitudinal growth of bones and growth 
of soft tissue, Increased amino acid transport, DNA and RNA synthesis, proliferation of many 
tissues, and Increased protein synthesis and positive nitrogen balance. 

3. Recombinant human growth honnone 
a. Specific •gellt. Somatropin 
b. M1cll1niMt of fftion. Somattopln binds to dimeric GH-receptors leading to ttanscripdon 

and translation of GR-dependent proteins, including IGF-1. 
c. lntlicdon• 

(1) It is used for the treatment of growtfl failure in pediatric patienta, including the following: 
(a) Replacement therapy in children with GH deficiency 
(b) Short stature associated with Turner syndrome 
(c) Prader-Willi syndrome 

(2) Other approved uses include long-term replacement of GH deficiency in adults, treat­
ment of cachexia in patients with acquired Immune deficiency syndrome (AlDS) wast­
ing, and short-bowel syndrome. 

d. Ahern effects .ad c0Btnisdic1tion1 
(1) Edema, metabolic disturbances, and infection site reactions have been reported with 

GH treatment 
(2) Administration is conttaindicated in obese patients, patients with closed epiphyses 

without GH deficiency, and patients with neoplastic disease. 
4. GH receptor antagonist 

a. Sptcific agut. Pegvisomant 
b. M1chtni#B of 1t:tios. Pegvisomantis a recombinantGH thats electively binds to GH-receptors 

and blocb the binding af endogenous GH; this leads to decreased concentrations of GF-1 and 
other GH-responsive proteins. 

c. lndiclllion. Itis used for the treatment of acromegaly. 
d. Ahern effects may include nausea and diarrhea. 

B. Gonadotropins 
1. LHasdFSH 

•• ltnn:tllnl 
(1) IJ:I and FSH are glycoproteins found in the anterior pituitary. 
(2) LH, FSH. and TSH are all compOSld af an identical u subunit. with a 1J subunit unique 

to each hormone. 
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b. Actions and phannacologic prapsltiss(Fig. 10.1) 
(1) The activity of LH and FSH is mediated by specific membrane receptors that cause an 

increase in intracellular cAMP. 
(2) In women: 

(a) LH increases estrogen production in the ovary and is required for progesterone 
production by the corpus luteum after ovulation. 

(b) FSH is required for normal development and maturation of the ovarian follicles. 
(3) Inmen: 

(a) LH induces testosterone production by the interstitial Leydig cells of the testis. 
(b) FSH acts on the testis to stimulate spermatogenesis and the synthesis of androgen­

binding protein. 
c. Specific agent;s 

(1) Urofollitropin (purified human FSH) 
(2) Follitropin alfa or beta (recombinant human FSH) 
(3) Menotropins (purified combination of human FSH and LH) 

d. Mechanism af action 
(1) Women: These agents replace deficient or abnormal FSH serum concentrations in 

patients experiencing ovulatory function impairment They mimic the actions of 
endogenous FSH and directly stimulate follicle recruitment. growth, and maturation. 

(2) Men: They stimulate spermatogenesis in men with hypogonadotropic hypogonadism. 
e. Indications 

(1) Women: They are used in controlled ovarian stimulation in preparation for an assisted 
reproductive technology (in vitro fertilization). 

(2) Men: They are used for spermetogenesis induction. 
f. Advsrse etfBcts may include headache and abdominal cramps. Men may also experience 

breast pain and acne. 
g. PTBcautionsinclude increased risk thromboambolic events. Women are also at increased risk 

for ovarian hyperstimulalion syndrome (OHSS) and multiple births. 
(1) OHSS occurs about 10 days after using injectable medications to stimulate ovulation. 

Symptoms may include abdominal pain, bloating, weight gain, nausea, vomiting, and 
shortness of breath. 

2. Human chorionic gonadotropin (hCGJ 
a. hCG is produced by the placenta and can be isolated and purified from the urine of pregnant 

women. hCG is nearly identical in activity to LH, but differs in sequence and carbohydrate 
content. 

b. Specific agents. Urine-derived or recombinant hCG 
c. Mechanism af action 

(1) Women: These agents mimic the normal LH surge and stimulate ovulation. They cause 
the dominant follicle to release its egg. 

(2) Men: They actlike LH to stimulate testosterone production from Leydig cells. Stimulation 
of androgen production causes development of secondary sex characteristics. 

d. Indications 
(1) Women: It ill approved for ovulation induction with assisted reproductive technology. It 

is generally administered after FSH to stimulate the final maturation stages of the fol­
licles. Ovulation will occur 36-72 hours after administration. 

(2) Men: It is used for the management of hypogonadotropic hypogonadism and prepuber­
tal cryptorchidism. 

e. Adverse effects 
(1) These agents may cause edema and headache. Men may also experience gynecomastia 

and precocious puberty. 
f. Prec1utian1 include an increased risk for thromboembolism. Women are also at increased 

risk for OHSS and multiple births. 

C. Thyroid-stimulating hormone 
1. Structure and function 

a. TSH is secreted from the anterior pituitary. 
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b. It stimulates the production and release oflriiodathyranine (T1) and thyroxine (T,) from the 
thyroid gland. The effect is mediated by sdmulation of specific TSH receptors in the plasma 
membrane, thereby increasmg Intracellular cAMP. 

2. Specific •1e11t Thyrotropin a 
3. lltn:llaaism of at:tian. Thyrotropin a binds to TSH receptors, which stimulates iodine uptake, 

organification, synthesis, and secretion of thyroglobulin (Tg), T3 and T4. 
4. lndication1 

1. It is used for follow-up diagnostic imaging in patients with well-differentiated thyroid cancer 
who have previously undergone thyroidectomy. 
111 When used as a diagnostic tooL the amount of Tg detected after admiDistration can 

reveal if a thyroidectomy or ablation was successful. 
b. It may also be used for thyroid tissue remnant ablation. 

111 When used for cancer, it helps stimulate the uptake of radiolabeled iodine to destroy 
cancerous tissue. 

5. Adwltu ""9t:ls may include nausea, headache, and paresthesias. 

D. Adrenocarticatrapic harmana (ACTH: carticatrapin) and casyntrapin 
1. Actio111 1od plJannacalogk prapettiu 

a. ACTII is secreted from the anterior pituitary. It stimul1ta1 the 1drenoco11ic1I secretion of 
glucocorticoid1 and, to a lesser extent, mineralocorticcids and androgens. 

b. Bffects are mediated by specific membrane-bound ACTII receptors coupled to an increase 
in intracellular cAMP. 

c. The terminal sequence of ACTII is identical to 11-melanocyte-stim.ulati.Dg hormone {a-MSH); 
e:EeSS ACTH levels may produce hyperpigmentation. 

2. Spet:itit agents include corticotropin injection and cosyntropin. 
3. l11diclltia111 

a. ACTII is used in the evaluation of primary or secondary hypoadrenalism. It is used to screen 
fur adranacol1ical insufficiency. 

b. ACTII may be used in special circumstances when an increase in glucocorticoids is desired. 
However, the direct administration of steroids is usually preferred. 

4. Adwltu efftt:ts 111d contrai11dication1 
a. The adverse effects associated with ACTII are similar to those of glucocorticoids. 
b. Allergic reactions, acne, hirsutism. and amenorrhea have been reported. 

IV. THE POSTERIOR PITUITARY 

A. Antidiuratic hannana (ADH, vasaprassin) 
1. ADH prapattiu 1od at:lion1 

a. ADH is synthesized In the hypothalamus and stored in the posterior pituitary. It is released in 
reaponse to increasing plasma osmolarity or a fall in blood pressure. 

b. Three types of receptors mediate the actions of ADH. 
111 V1·receptors are coupled to increased inositide turnover and increased intracellular 

calcium. 
(a) V1• is located in the vascular smooth muscle, myometrium, and kidney. 
(b) V1b is located in the CNS and adrenal medulla. 

121 V2-receptors are coupled to an increase in cAMP. 
(a) V2 is located in renal tubules. 

c. Functions of ADH 
(1) In renal tubules, ADH increases the pannaability of watar through the insertion of 

aquaparin-2 water channels into the apical and basolateral membranes. 
121 It also increases the transport of urea in the inner medullary-collecting duct, which 

increases the urine-concentrating ability of the kidney. 
131 ADH causes vasocanstriction (via Vla·receptors) at higher doses. 
141 It stimulates the hepatic synthesis of coagulation factor VIII and von Wille brand factor. 
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2. ADH analogs (see Chapter 3) 
a. Specific 1gents include vasopressin and desmopressin (DDAVP). 
b. Msch1ni1m af 1ction 

(1) In vasodilatory shock, vasopressin stimulates the V1-receptor to increase systemic 
vascular resistance and mean arterial blood pressure. 

(2) In central diabetes insipidus, stimulation of the V2-receptor increases cAMP, which 
increases water permeability at the renal tubule; this results in decreased urine volume 
and increased osmolality. 

(3) In von Wtllebrand disease and hemophilia A, desmopressin increases plasma levels of 
von Willebrand factor, factor VIII, and tissue plasminogen activator (t-PA); this leads to 
a shortened activated partial thromboplastin time and bleeding time. 

c. Indications 
(1) Synthetic vasopressin is approved for the treatment of centra I diabetes insipidus and to 

increase blood pressure in adults with vasodilatory shock. 
(2) Desmopressin's V2 activity is 3,000 times greater than its V1 activity; it is effective for the 

treatment of central diabetes insipidus. It is also used for the treatment of nocturia, von 
Wille brand disease (type 1 ), and hemophilia A. 

d. Advene effects include hyponatremia. 
3. Selective vasoprassin receptor antagonists (aquaretics) (see Chapter 3) 

a. Specific agents include tolvaptan (oral) and conivaptan {intravenous). 
b. Msch1ni1m af 1ction 

(1) These agents are antagonists atthe Vrreceptor. 
(2) They promote the excretion of free water wilbout loss of elactrolytas, which results in 

net tluid loss. The end effect is increased urine output, decreased urine osmolality, and 
increased serum sodium concentrations. 

(3) Tolvaptan is selective for the V2-receptor, whereas conivaptan blocks both v1.- and 
V2-receptors. 

c. Indications. These agents are approved for the management of euvolemic or hypervolamic 
hyponatremia, including the syndrome of inappropriate secretion of anti.diuretic hormone 
(SIADH). 

d. Advetse effects &nd precautions. These agents can cause hypernatremia. Rapid correction of 
hyponatremia {>12 mEq/L/24 h) may cause osmotic damyelination syndrome. 
(1) Symptoms of osmotic demyelination syndrome include paresis, behavioral distur­

bances, seizures, lethargy, confusion, and coma. In many cases, they are reversible or 
only partially reversible. 

4. Nonselective vasopressin receptor antagonist 
a. Specific 1gent. Demeclocycline 
b. Mechanism al action. This agent is a tetracycline antibiotic that also inhibits Ille action of 

ADH. 
c. lndic&tion. It is used off-label for the management of SIADH. 
d. Advs11& lllhJcts may include photosensitivity and nephrogenic diabetes insipidus. 
e. Prec&utionr. Use should be avoided in young children {<8 years of age), since it can cause 

tissue hyperpigmentation and tooth discoloration. 

B. Oxytocin 
1. Actions and pha11111cologic properties 
2. Oxytocin is synthesized in the hypothalamus and secreted by the posterior pituitary. It differs 

from ADH only by two amino acids. 
a. It elicits milk eiection from Ille breast and stimulates contraction of uterine smooth muscle. 
b. Oxytocin has been associated with parental, mating. and social behaviors. 

3. Specific agent. Oxytocin 
4. M&chani1111 al action. Oxytocin activates G protein-coupled receptors and triggers an increase 

in intracellular calcium levels in uterine myafibrils. It also increases local prostaglandin pro­
duction, further stimulating uterine contraction. 

5. lndic1tion1. It can be used antepartum for labor induction and maintenance. It can be used to 
control postpartum blaading or hemorrhage. 
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6. AdntH 1tftlt:ts and p11c1utioa 
a. Oxytodn may produce cardiovascular instability, including hypotenaton and tachycardia. 
b. Due to its structural similarity lD ADH, high doses may have antidiuretic effects. 
c. Oxytocin can cause uterine rupture and should not be used after uterine surgery or if signs of 

fetal distress are present. 

V. DRUGS ACTING ON THE GONADAL AND REPRODUCTIVE 
SYSTEM 

A. Estrogens 
1. Stmctut11111d pmp1mn 

a. Natural estrogens 
(1) Natural estrogens include l 7(J-estradiol (B2), estrone (Bl), and estriol (B3). 

(a) Estradiol is 1he maf or secretory product of the ovary and is the most potent natural 
estrogen. 

(b) Estrone is the principle source of estrogen in postmenopausal women. 
(c) Estriol is placental estrogen and is only seen during pregnancy. 

(2) Natural estrogens are produced by the metabolism of cholesterol (Pig. 10.2). 
(a) Testosterone is the immediate precursor of estradiol. Conversion of testosterone 10 

17~astradiol is catalyzed by die enzyme aram11a11. 
(b) Estrone and estrlol are produced in the liver and other peripheral tissues from 

l 7P·esttadiol. 
b. Synthetic estrogens 

(1) A variety of synthetic estrogens have been produced. 
(2) Frequently used synthetic estrogens include ethinyl estradiol and mestranol. 
(3) They may be administered orally, topically, transdermally, or by injection. 

z. Mmboli1111 
a. 17~Esttadiolisextensivelyboundtosexsteroid-bindingglobulin(SSBG)andsenunalbumin. 
b. Natural estrogens are subject to a large first-pass effect 

3. M1t:IJ1si1m at 1t:Dos (see Fig. 10.l) 
a. Estrogens bind to specific intracellular estrogen receptors (BR·a and ER·IJ). 

(1) In general, BR-a has many growth-promoting properties, whereas BR-P has antigrowth 
effects. 

b. The hormone-receptor complex interacts with spedftc DNA sequences and alters the ttan­
scriptl.on rates of target genes (see Fig. l.IF) by recruiting coactiwtors and corepressors. 
(1) This leads to a change in the synthesis of specific proteins within a target cell. 

RGURE 1G.2. Enzymatic conversion of andro· 
gens tD estrogens and dihydrotes'IDsterone. 
17ll·HSD is hydroxyateroid dehydrogenaH. 
There ere multiple isofcrms of this enzyme: 
types 1 and 3 catalyze reacrfons that make 
more active steroids; types 2 and 4 make less 
active metabolites. 
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4. Etfects 
a. Growth and development 

(1) Estrogens are required for the development and maturation of female internal and 
external genitalia, growth of the breasts, linear bone growth at puberty, and closure 
of the epiphyses. 

(2) Estrogens also influence typical female distribution of subcutaneous fat and pubic and 
axillary hair. 

(3) They are required in the uterus for growth of myomelrium and for growth and develop­
ment of the endometrial lining. 
(a) Continuous exposure can lead to endometrial hyperplasia and bleeding. 

b. Menstrual cycle 
(1) Estrogens are required for ovarian follicular development and regulation of the men­

strual cycle. 
c. Systemic metabolism 

(1) Estrogens increase plasma triglycerides and tend to decrease serum cholesterol by 
decreasing low-density lipoprotein (LDL) and increasing high-density lipoprotein 
{HDL) concentrations. 

(2) They increase levels of transferrin, steroid- and thyroid-binding globulins (TBGs), 
plasminogen, fibrinogen, and coagulation factors II, VII, VIII, IX, and X. They decrease 
antithrombin III, protein C, and protein S. 
(a) Overall, estrogens increase the coagulability of blood. 

(3) Estrogens decrease bone resorption, with little effect on bone formation. 
(4) They increase leptin release from adipose tissue. 

d. Estrogens also influence libido and mood. 
5. Indications 

a. Estrogens are used for estrogen replacement therapy in ovarian failure. 
b. They are also used in menopausal therapy. 

(1) Menopausal hormone therapy {MHT) can be achieved with oral, parenteral, topical 
(intravaginal), or transdennal estrogens, with or without progestins. 
(a) Estrogens are usually administered in a cyclical manner to avoid long periods of 

continuous exposure. 
lb) Concomitant use of estrogen therapy with a progestin reduces the incidence of 

endomelrial carcinoma. 
(2) Postmenopausal estrogen therapy improves hot flashes, sweating, and atrophic vagini­

tis. It also slows the rate of bone loss. 
c. They are also used for menstrual abnormalities and oral contraception. 

&. Adverse effer:ts .ad r:antmindir:ation1 
a. Estrogens are associated with nausea, headaches, cholestasis, and hypertension. 
b. They present an increased risk of endometrial cancer that is dose and duration dependent. 

(1) Risk is reduced by periodic withdrawal of estrogen therapy and replacement by 
progestin, or concomitant treatment with both drugs. 

c. Estrogen therapy is the major cause of postmenopausal bleeding and may mask bleeding due 
to endometrial cancer. 

d. They are contraindicated in the presence of estrogen-dependent or estrogen-responsive 
carcinoma, liver disease, or thromboembolic disease. 

B. Agents with antiestrogen activity 
1. Selective estrogen receptor modulator (SERM) 

a. SERMs are ligands for the estrogen receptor that have agonist activity in one tissue but may 
have antagonist activity or no activity in another tissue. 
(1) Agonist activity is preferred in the bone, brain, and liver. 
(2) Antagonist activity is preferred in the braast and endamatrium, to prevent the develop­

ment of cancer. 
b. Specific agent Clomiphene 
c. Mer:hani1m of action {see Fig. 10.1) 

(1) This agent is a SERM with potent antiestrogen activity. 
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12) Clomiphene competes with estrogen for ER-binding sites and delays replenishment of 
ERs in cells. It inhibits the negative feedback effects of estrogen at hypothalamic and 
pituitary levels, leading to an increase in gonadotropin relaase IFSH, LH). 

13) This results in enhanced follicular maturation and stimulation of ovulation. 
d. Indications. It is used for the treatment of fem a le infertility in women with ovulatory dysfunc­

tion. It is not effective in women with ovarian or pituitary failure. 
e. Adverse effects include hot flashes and ovarian enlargement. 
t. Ptscaution1 include an increased risk for OHSS and ovarian cancer. It may also increase the 

risk for multiple births. 
2. Synthetic androgen 

a. Specific agent Danazol 
b. lt1ch1ni1111 of action (see Fig. 10.l) 

11) Danazol is a testosterone derivative with antiandrogen, antiestrogenic, and antiproges­
togenic properties. 

12) It inhibits several of the enzymes involved in steroidogenesis but does not inhibit 
aromatase. 

13) It may also bind to estrogen and androgen receptors and inhibits gonadotropin release 
in both men and women. 

14) Danazol decreases pituitary output of FSH and LH. It causes regression and atrophy of 
normal and ectopic endometrial tissue. 

c. Indications. It is used to treat endomatriosis and fibrocystic breast disease. 
d. Adve11e effect$ may include weight gain, acne, and increased hair growth. 
e. Ptscaution1. It has the potential to cause several dangerous effects, including hepatocel lular 

disease, intracranial hypertension, and thromboembolism. 
t. Contrllindications. It should not be used in pregnant women and in patients with hepatic 

disease. 
3. Agents with antiestrogen activity that are used in the treatment of breast cancer are included in 

Chapter 12, which covers cancer chemotherapy. These include the following: 
a. Estrogen receptor antagonist {fulvestrant) 
b. SERMs (tamoxifen, raloxifene, toremifene) 
c. Aromatase inhibitors ( anastrozole, letrozole, exemestane) 

C. Progestins 
1. Structure and actiwty 

a. The most important natural progestin is progesterone, which is synthesized by the ovaries, 
testes, and adrenals. 

b. Synthetic progestins include the 19-nor compounds, such as norethindrone, norgestrel, and 
levonorgestrel. 
11) All of these agents are potent oral progestins derived from testosterone; some have 

androgenic activity. 
c. Several synthetic derivatives of progesterone have progestin activity, including megestrol, 

medroxyprogesterone acetate, and hydroxyprogesterone caproate. 
d. Gonanes include norgestimate and desogestrel; these agents have reduced androgenic 

activity. 
e. Drospirenone is a spironolectone analog with antimineralocorticoid, antiandrogenic, and 

progestational activity. 
2. Actions and pharmacologic p10p1tti11 (see Fig. 10.l) 

a. Progestins bind to intranuclear receptors (PR-A and PR-B) that alter the transcription of tar­
get genes. 

b. Progesterone is extensively bound to corticosteroid-binding globulin (CBG) in the plasma 
and is not administered orally because of rapid hepatic metabolism. 

c. Progestins are eliminated by hydroxylation to pregnanediol and conjugation with glucuronic 
acid and subsequent urinary excretion. 

d. Progestins have multiple actions. They slow the mitotic activity of the estrogen-stimulated 
uterus, cause vascularization of the endornetrium, and induce a more glandular appearance 
and function. 
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e. Progestins can decrease triglycerides and HDL, but may slightly increase LDL, depending on 
the preparation and dose. They also increase lipoprotein lipase. 

f. Progestins increase basal and stimulated insulin secretion and stimulate appetite. 
3. Indication• 

a. Progestins are administered orally, by depot injection, as a vaginal gel, and as a slow-release 
intrauterine device. 

b. They are used for contraception, alone or in combination with estrogens. 
c. They can be used in the treannent of endometrial cancer and endometria I hyperplasia. 
d. Progestins control abnormal uterine bleeding and can also be used to delay menstruation for 

surgical or postoperative reasons. 
e. They may be used diagnostically to evaluate endometrial function in amenorrhea. 

D. Agents with antiprogestin activity 
1. Specific agent Mifepristone (RU-48&) 
2. Mechani1m of action 

a. Mifepristone is a norethindrone derivative with potent antiprogestin and antiglucocorticoid 
activities. 

b. It is a competitive antagonist of progesterone and glucocorticoid receptors. 
c. It blocks effects of progesterone and leads to contraction-inducing activity in the 

myometrium. 
3. Indications. Mifepristone has been approved for use to induce medical abortion in the first 

trimester of pregnancy (in combination with misoprostol). 
4. Adverse efflctsinclude nausea, diarrhea, abdominal pain, and vaginal bleading. 
5. Precautions. It has the potential to cause excessive bleeding and bacterial infections. 

E. Hormonal contraceptives 
1. Combination oral contraceptives 

a. Specific agents include combinations of estrogen and progasti n. 
(1) The estrogen component is either ethinyl estradiol or mestranol. 
(2) The progestin component may include norethindrone, norgestrel, levonorgestrel, or 

drospirenone. 
b. Mechanism of action (see Fig. 10.1) 

(1) These agents inhibit ovulation via negative feedback. They suppress the production 
of FSH to prevent follicle maturation and suppress the LH surge to prevent ovulation. 

(2) The most important mechanism for providing contraception is inhibition of the midcycle 
LH surge, so that ovulation does not occur. 

(3) They also cause alterations in the genital tract, in which they render the cervical mucosa 
unfavorable for sperm penetration and produce an unfavorable environment for 
implantation of an embryo. 

c. lndicatian1. Other than their use in contraception, these agents are used for the manage­
ment of dysmanorrhaa, polycystic ovary syndrome, menorrhagia, endomatriosis, acne, and 
hirsutism. 

d. Administration 
(1) Most combination pills are taken continuously for 21 days, followed by a 7-day 

withdrawal (or placebo) period to induce withdrawal bleeding. 
(2) Some oral contraceptives are given on an extended rather than monthly cycle. 

(a) The number of episodes of withdrawal bleeding per year is reduced and can be 
completely eliminated. 

(b) In addition, shortening the hormone-free interval may reduce symptoms associated 
with hormone withdrawal, such as headache or pelvic pain. 

(3) Backup contraception is generally needed if two or more consecutive hormonal pills 
are missed. 

e. Adrentlges of their use include a decreased risk tor endometrial, ovarian, and colon 
cancer. 

f. Advel'le eHects may include hypertension, increased triglycerides, and the potential for 
breakthrough bleeding. 
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g. Pl8t:autians 
11) They increase the risk ofthrombaembolism. 

11) Estrogens increase levels of fibrinogen and coagulation factors II, VII, VIII, IX, and 
X, while decreasing concentrations of antithrombin III. 

12) They increase the risk of breast cancer. 
13) They are associated with an increase in morbidity and mortality due to myocardial 

infarction (may be age related). 
la) The risk of cardiovascular complications increases markedly in women aver age 35 

and in women who smoke. 
h. Contraindications. These agents are contraindicated in cardiovascular disease, thromboem­

bolic disease, estrogen-dependent cancer, impaired liver function, undiagnosed bleeding, 
and migraine. 

i. Drug inte1t1ctians. Any drug that increases liver microsomal enzyme activity, such as rifampin 
and certain anticonvulsants, accelerates the metabolism of oral contraception and may 
decrease efficacy. 

2. Progestin-anly preparations 
a. Specific agents 

111 Norethindrone is available as an oral formulation {"minipill") and must be taken 
daily. 

12) Medroxyprogesterone acetate is available as a subcutaneous or intramuscular injection 
administered every 3 months. 

13) Etonogestrel is a subcutaneous implant that provides contraception for up to 3 years. 
14) Levonorgestrel is available as an intrauterine device that provides contraception for up 

to 5years. 
b. lt1ch1nism at action. The primary mechanism for progestin-only contraception is thicken­

ing the mucus in the cervix, making it difficult far sperm ta enter. They also suppress ovula­
tion, although they do not do this consistently; therefore, they may result in irregular fertile 
periods (see Fig.10.1). 

c. Indications. These agents are ideal contraception for women in whom estrogen is contrain­
dicated or causes additional health risks, including women who are breast-feeding, women 
with a history of migraines with aura, and women who smoke. 

d. Administrltian 
11) The oral formulation (minipill) must be taken at the same time each day to maximize 

contraceptive efficacy. Backup contraception should be used for at least 2 days if it is 
taken more than 3 hours late or missed. 

e. Advantages. It can decrease the risk of endomatria I cancer. 
f. Adverse effects may include irregular bleeding. acne flairs, and follicular cysts. 
g. Pl8t:autians. It can incraasa the risk of breast cancer. 
h. Drug inte1t1r:tians. Any drug that increases liver microsomal enzyme activity, such as rifampin 

and certain anticonvulsants, accelerates the metabolism of oral contraception, and may 
decrease efficacy. 

3. Pastcoital lemergency) oral contraceptives 
a. Sp1r:ilic 1g1nt. Levonorgastrel 
b. lter:h1nism at 1r:tian. The mechanism is not fully understood. It alters sperm transport. 

inhibits ovulation, and prevents implantation. It does not affect established pregnancies. 
c. Indications. It is used to prevent unwanted pregnancy after unprotected intercourse or 

failure of a contraceptive method. It is less effective than standard oral contraceptive 
regimens. 

d. Administntian. It can be offered without regard ta the day afthe menstrual cycle due to uncer­
tainty in timing of ovulation. It must be taken within 72 hours of unprotected intercourse. 

e. Adverse effects may include nausea, vomiting. and irregular bleeding. 
f. Another available agent for emergency contraception is ulipristal 1catate. It is more effective 

than levonorgestrel, but only available by prescription. 
11) This agent is a pragestin raceptar modulator. It prevents progestin from binding to the 

progesterone receptor and postpones follicular rupture when administered prior to 
ovulation; this can delay or inhibit ovulation. 
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F. Androgens and anabolic steroids 
I. Testosterone 

a. Testosterone is synthesized primarily in the Layd ig cells of the testes under the influence of 
LH. 

b. It is metabolized to the more potent 5o:-dihydrotestostarone by So:-raductasa. 
c. Testosterone is extensively bound to SSBG and albumin. 
d. Natural testosterone can be administered transdennally or intramuscularly. 

2. Synthetic •ndrogens 
a. The 17-substituted testosterone esters (testosterone propionate, testosterone enanthate, and 

testosterone cypionate) are administered by injection. 
b. The 17-alkyl testosterone derivatives include methyltestosterone, fluoxymesterone, and 

oxymetholone. 
c. Nandrolone and oxandrolone are testosterone derivatives with a higher anabolic-to-andro­

genic ratio than testosterone itself. 
3. Actians(see Fig. 10.1) 

a. Androgens fonn a complex with a specific intracellular receptor (a member of the nuclear­
receptor family) and interact with specific genes to modulate differentiation, development, 
and growth (see Fig. 1.lF). 

b. Androgenic actions 
(1) Androgens stimulate the differentiation and development ofwolffi.an structures, includ­

ing the epididymis, seminal vesicles, prostate, and penis. 
(2) Androgens stimulate the development and maintenance of male secondary sexual 

characteristics. 
c. Anabolic actions 

(1) Anabolic steroids cause acceleration of apiphyseal closure, and they result in linear 
growth at puberty. 

(2) Anabolic steroids cause an increase in muscle mass. 
(3) Behavioral effects include aggressiveness and increased libido. 

4. Indications 
a. Hypogonadism 

(1) Androgens promote linear growth and sexual maturation and maintain male secondary 
sexual characteristics, libido, and potency. 

b. Estrogen-dependent breast cancers 
c. Wasting disorders in AIDS or after severe burns 

5. AdveTSe eHects .ad contnindicatians 
a. Androgens and anabolic steroids produce dacr11sad testicular function, edema, and altered 

plasma lipids (increased LDL and decreased HDL levels). 
b. These agents cause masculinization in women. 
c. Androgens increase plasma fibrinolytic activity, causing severe bleeding with concomitant 

anticoagulant therapy. 
d. 17-Alkyl substituted androgens (but not testosterone ester preparations) are associated with 

increases in hepatic enzymes, hyperbilirubinemia, and cholestatic hepatitis, which may 
result in jaundice. 

e. Androgens and anabolic steroids are contraindicated in pregnant women and in patients 
with carcinoma of the prostate or hepatic, renal, or cardiovascular disease. 

6. Prec.utians. Athletes may use these agents inappropriately; large doses of androgens increase 
the extent and rate of muscle formation and may increase the intensity of training. 

G. Agents with antiandrogen activity 
I. 5a-Raductasa inhibitors 

a. Specific agentr include finasteride and dutasteride. 
b. Mschanism at action. These agents inhibit the conversion of testosterone to dihydrotestos­

terone. They markedly suppress dihydrotestosterone levels and decrease the size of the pros­
tate gland (see Fig. 10.1). 

c. lndic1tion1 
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(1) Both are approved for the treatment of benign prom lie hyperplasia. 
(a) They are more effective with larger prostates. 
(b) Treatment for ~ 12 months may be needed to sufficiently reduce prostate size and 

Improve symptoms. 
(c) Prostate-speclflc antigen (PSA) concentrations will decrease. 

(2) Finasteride is also approved for the treatment of male-pattern baldness. 
d. Masiloring. After about 3-6 months of use, these agents reduce PSA concentrations. A new 

baseline PSA should be established; any patient with an increased PSA should be evaluated 
for prostate cancer. 

e. Atl'llm •iftH:D may include HXUll dpfunction, including deaeased libido and ejaculatory 
or erectile dysfunction. 

f. l'ncaution 
(1) Although these agents reduce the overall incidence of prostate canceJ;. they may 

increase in the incidence of high-grade prostate cancers in those that develop prostate 
cancer. 

(2) These agents may affect the d1Y1loping fetus, including the potential for abnormalities 
or extemal male genitalia. Pregnant women should avoid contact with the medication, 
including exposure from the semen of a male partner who was ezposed. 

2. Agents with antlandrogen activity that are used in the treatment of prosta~ cancer are included 
in Chapter 12, which covers cancer clurmotherapy. This includes the following: 
a. Antiandrogen agents: Flutamide, bicalutamitk, nilutamide 
b. Androgen synthesis inhibitors: Abiratmme and ketoconazole 

VI. THE ADRENAL CORTEX 

A. Corticosteroids 
1. Nlltu18l •dresocomc.I steroids 

a. Glucocorticoids are synthesized under the control of ACTH. 
b. Cortisol (hydrucorlisone) is the predominant glucocorlicoid in hwnans (Fig. 10.3). 
c. The major mineralocorlicoid of the adrenal cortex is aldol18rone (Fig. 10.3). 
d. 11-Deoii.ycorticosterone, an aldosterone precursoi; has both mineralocorticoid and gluco­

corticoid activity. 
e. The adrenals also synthesize various androgens, predominantly dehydroepiandrosterone 

and androstenedione. 
2. Synthlllic •d,.11ocomc1l rt110ids 

a. A wide array of steroid compounds with various ratios or mineralocorticoid to gl.ucocorticold 
properties has been synthesized (Table 10.1). 

b. A Ci-C2 double bond, as Jn prednisolone and prednisone, Increases glucocorticold activity 
without increasing mineralocorticoid activity. 

c. The addition of a 9u-Duoro group increases activity {dexamethasone oriludrocortisone). 
d. Methyladon or hydroxylation at the 16« position abolishes mineralocorticoid activity with 

little effect on glucocorticoid potency. 
3. M1cll11ti1m of fftioa. The effects of mineralocorticoids and glucocorticoids are mediated by 

two separate and specific intracellular recepiors, the mineralocorticoid receptor (MR) and 
glucocorticoid receptor (SR). 
a. Natwal and synthetic steroids enter cells rapidly and interact with these intracellular 

receptors. 
b. The resulting complexes modulate the transcription rate of specific genes and lead to an 

increase or decrease In the levels or specific proteins. 
4. l'll•nn•cologic propelfiei 

a. Most circulating cortisol is bound to CBG; some is also bound to plasma albumin. 
(1) Some of the potent synthetic glucocorticoids, such as deumethasone, do not bind to 

CBG, leaving all absorbed drug in a free state. 
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FIGURE 10.3. Biosynthesis of adrenal steroids. 

t a b I e 10.1 Properties of Adrenocortical Steroids 

Agent 

Oral Glucocorticoids 

Cortisol 

Cortisone 

Prednisone 

Prednisolone 

Dexamethasone 

Betamethasone 

Triamcinolone 

Aldosterone 

Fludrocortisone 

Topical Glucocorticoids 

Betamethasone 

Clobetasol 

Halobetasol 

Amcinonide 

Fluocinonide 

Triamcinolone 

Beclomethasone 

Fluticasone 

Hydrocortisone 

Dexamethasone 

Desonide 

Equivalent Dose (mg) 

20 

25 

5 

0.75 

0.6 

4 

0.01 

Highest potency 

Highest potency 

Highest potency 

High potency 

High potency 

High potency 

Medium potency 

Medium potency 

Medium potency 

Low potency 

Low potency 

Metabolic Potency 

20 

20 

1.0--1.5 

4 

0.3 

0.1 

Testosterone 

Anti-inflammatory 
Potency 

1 

4 

4 

30 

25--40 

5 

Estradiol 

Sodium-Retaining 
Potency 

1 

0.5 

0.5 

0.05 

0.05 

0.1 

3,000 

125-250 
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b. The kidney excretes both natural and synthetic steroids. Agents with the longest half-life tend 
to be the most potent 
11) Short-acting agents such as cortisol are active fur 8-12 hours. 
12) Intermediate-acting agents such as prednisolone are active for 12-36 hours. 
13) Long-acting agents such as dexamethasone are active for 39-54 hours. 

c. There are a variety of dilferent formulations, including oral, intravenous, intramuscular, 
subcutaneous, inhalation, otic, rectal, and topical. 

5. Administration 
a. In some cases, drug administration attempts to pattern the circadian rhythm: A double dose 

is given in the morning, and a single dose is given in the afternoon. 
b. Alternate-day therapy may relieve clinical manifestations of the disease state while causing 

less severe suppression of the adrenal-hypothalamic-pituitary axis. 
c. Patients removed from long-term glucocorticoid therapy must be weaned off the drug aver 

several days, using progressively lower doses to allow recovery of adrenal responsiveness. 
6. Glucocotticoid1 

a. Glucocorticoids affect virtually all tissues. Therapeutic actions and adverse effects are exten­
sions of their physiologic effects. 
11) Physiologic effects 

ta) The physiologic effects of glucocorticoids are mediated by increased protein break­
down, leading to a negative nitrogen balance. 

lb) They increase blood glucose levels by stimulation of gluconaagenesis. 
tel These agents increase the synthesis of several key enzymes involved in glucose and 

amino acid metabolism. 
Id) Glucocorticoids increase plasma fatty acids and ketone body formation via 

increased lipolysis and decreased glucose uptake into fat cells and redistribution 
of body fat. 

tel These agents increase kaliuresis via increasing renal blood flow and glomerular 
filtration rate; increased protein metabolism results in release of intracellular 
potassium. 

If) Glucocorticoids decrease intestinal absorption of caa. and inhibit osteoblasts. 
lg) Glucocorticoids promote Na+ and water retention. 

121 Anti-inN1mmatory 11tfect:s. Glucocorticoids inhibit all of the classic signs of inflamma­
tion (erythema, swelling, soreness, and heat). Effects include the following: 
ta) Inhibition of the antigenic response of macrophages and leukocytes. 
lb) Inhibition of vascular permeability by reduction of histamine release and the action 

ofkinins. 
tel Inhibition of arachidonic acid and prastaglandin production by inhibition ofphos­

pholipase Ai, (mediated by annexin 1) and the cyclooxygenase enzymes. 
Id) Inhibition of cytokine production, including IL-1, IL-2, IL-3, IL-6, tumor necrosis 

factor-a, and granulocyte-macrophage colony-stimulating factor. 
13) Immunologic 11tfect:s 

ta) Glucocorticoids decrease circulating lymphocytes, monocytes, eosinophils, and 
basophils. 

lb) Glucocorticoids increase circulating neutrophils. 
tel Long-term therapy results in involution and atrophy of all lymphoid tissues. 

14) Other effects include the following: 
ta) Inhibition of plasma ACTH and possible adrenal atrophy 
lb) Inhibition offibroblast growth and collagen synthesis 
tel Stimulation of acid and pepsin secretion in the stomach 
Id) Altered CNS responses, intluencing mood and sleep patterns 
tel Enhanced neuromuscular transmission 
If) Induction of surfactant production in the fetal lung at term 

b. Indications 
11) Glucocorticoids are used in replacement therapy fur primary or secondary insufficiency 

(Addison disease); this therapy usually requires the use of both a mineralocorticoid and 
a glucocorticoid. 
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(2) Inflammation and immunosuppression 
(a) Glucocorticoids are used to treat rheumatoid arthritis, bursitis, lupus erythema­

tosus, and other autoimmune diseases, asthma, nephrotic syndrome, ulcerative 
colitis, and ocular inflammation. 

(b) These agents are also used in hypersensitivity and allergic reactions. 
(c) Glucocorticoids can reduce organ or graft rejection. 

(3) Diagnosis of Cushing syndrome (dexamelhasone suppression test) 
(a) This test measures the suppression of plasma cortisol following the administration 

of dexamethasone, which normally binds to GR in the pituitary and inhibits ACTII 
production. Failure to suppress cortisol may indicate primary Cushing syndrome or 
ectopic ACTH production. 

(41 Other indications include sarcoidosis, dermatologic disorders, idiopathic nephro­
sis of children, neuromuscular disorders, such as Bell palsy, shock, adrenocortical 
hyperplasia, stimulation of surfactant production and acceleration of lung matu­
ration in a preterm fetus, and neoplastic diseases including adult and childhood 
leukemia. 

c. Adverse effects and contnindications 
(1) Adverse effects of glucocorticoids include the following: 

(a) Adrenal suppression 
(b) Hyperglycemia and other metabolic disturbances, including steroid-induced 

diabetes mellitus and weight gain 
(c) Osteoporosis 
(d) Peptic ulcers 
(e) Cataracts and increased intraocular pressure (leading to glaucoma) 
(f) Edema 
(g) Hypertension 
(h) Increased susceptibility to infection 
(i) Muscle weakness and tissue loss 
Ii) Poor wound healing 

(2) Prolonged use may lead to iatrogenic Cushing disease. 
(3) Certain glucocorticoids have mineralocorticoid activity, potentially causing 

sodium retention, potassium loss, and eventual hypokalemic and hypochloremic 
alkalosis. 

7. Min•r•locotticoids 
a. Actions. Mineralocorticoids primarily affect the kidney, regulating salt and water balance 

and increasing sodium retention and potassium loss. 
b. Specific agent. Fludrocortisone is the agent of choice for long-term mineralocorticoid 

replacement 
c. Indications. Mineralocorticoids are used in replacement therapy to maintain electrolyte and 

fluid balance in hypoadrenalism. 
d. Adverse effects include sodium retention and hypokalemia, edema, and hypertension. 

B. Adranocortical antagonists 
1. Mitotane 

a. Mschanism of action. Mitotane is an adrenolytic agent. It suppresses the adrenal cortex and 
causes selective atrophy of the zona fasciculata and zona reticularis. It can reduce plasma 
cortisol levels in Cushing syndrome produced by adrenal carcinoma. 

b. Indication. Itis used foradrenocortical carcinoma. 
c. Adverse effects may include GI distress, confusion, lethargy, and rash. 

2. Metyrapone blocks the activity of 11-hydroxylase, thereby reducing cortisol production. It is 
used diagnostically to assess adrenal and pituitary function. 

3. Ketoconazole is an anti.fungal agent that, at high doses, is a potent inhibitor of several of the 
P-450 enzymes involved in steroidogenesis in the adrenals and gonads. It can be used for 
Cushing syndrome (see Fig. 10.1). 
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VII. THE THYROID 

A. Thyroid hormone receptor 1gonists 
1. Syatllni1 of Bllfllf81 thyroid llotmones 

1. Natural thyroid hormones ire formed by the iodination af tyrotine rHidu• on the glycopro­
tein thyroglobulin. 

b. A tyrosine residue may be iodinated at one (monoiodotyrosine, MlT) or two (diiodotyrosine, 
DIT) positions. 

c. Two iodinated tyrosines are then coupled to synthesize 1riiodothyronine (T.: fonned from one 
molecule each af MIT and DIT) or thyroxine tT~ fanned from two DIT moleculn). 

d. The thyroid honnones that are unbound in plasma are transported through the cell mem­
brane into the cytoplaam. 

e. T4 has only minimal hannonal 1ctivity but is much longer lasting and can be converted tD T,, 
the more active farm, by 5' deiodinase. 

f. TSH, which acts by a membrane-associated G protein-coupled receptor, increases follicular 
cell cAMP, and stimulates biosynthesi.s. 

9. 1- is a potent inhibitor of thyroid hormone release. 
z. Taytoid llormon1 pt8patetio• 

8. levothrroxin• {aynthetic TJ 
(1) This is the preparation of choice, although it takes 1-2 weeks before effects are seen. 

b. liothyronine (synthetic Tj 
(1) This agent is best for short-tann supprassion af TSH. 
(2) It ls effective for the treatment of myxadema coma. 
(3) Since T, is the more potent form, It has incra111d risk for cardiotuxicity. 

c. Lio1rix is a 4:1 mixture of the above T, and T~ preparadons. 
d. Desiccated thyroid {animal) is prepared. from animal thyroid glands and contains a mixture 

ofT"' T!I MIT, and DIT. 
(1) The potency can vary. It also has the potential for protein antigenicity. 
(2) Given the availability of synthetics, it is not recommended for initial therapy. 

3. M1clJ1si1m of •ction 
a. Thyroid hormones interact with specific nuclear rectptor proteins located in the nucleus of 

target cells. Ts is the most actin form in binding to the receptor. 
b. They alter the synthesis rate of speclflc mRNAs, leading to increased production of apedfic 

proteins. 
c. Thyroid hormones are responsible for many life.sustlining actions, including optimal 

growth, development. function, and maintenance af body tissues. 
(1) lncreased ATP hydrolysis and oxygen consumption contribute to the effects of thyroid 

honnones on basal metabolic rate and thermogenesis. 
4. Plt111Ut:ologic p10p•rti11 

8. More than 99% of circulating T4 is bound to plasma proteins; only 5%-10% ofT! is protein 
bound. 

b. Most Ts and T4 are bound to thyroxine-binding globulin (TBG). 
5. ActioN 

a. Thyroid hormones are essential for normal physical and mental d1Velopment of the fetus, 
including linear growth of the long bones, growth of the brain, and normal myelination. 
(1) Hypothyroidism in infants leads ta cretinism (my.xedema with physical. and mental 

retardation). 
b. Thyroid honnones increase heart rate, peripheral resistance, basal metabolic rate, blood 

sugv levels, and synthesis of fatty acids. 
c. They decreaH pinna cholesterol and triglyceride levels. 
d. They inhibit TRH and TSH release from the hypothalamus and pituitary, respectively. 
e. Thyroid hormones exert maintenance effects on the CNS, reproductive tract, GI tract, and 

musculature. 
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6. Indications 
a. Primary, secondary, or tertiary hypothyroidism, including that caused by Hashimoto disease, 

myxedema coma, simple goiter, or following surgical ablation of the thyroid gland. 
(1) Hashimoto thyroiditis (chronic autoimmune thyroiditis): This is the most common 

cause of hypothyroidism in iodine-sufficient areas; it is characterized by gradual thyroid 
failure caused by autoimmune-mediated destruction of the thyroid gland. 

(2) Myxedema coma: This condition is a medical emergency; it is a life-threatening com­
plication due to severe hypothyroidism. It can lead to hypothermia, slowing of organ 
function, and mental status changes. 

b. TSH-dependent carcinomas of the thyroid may be treated with thyroid hormones if other 
therapies are not feasible. 

7. Advsrss 11ffflr:ts are directly related to hormone level. 
a. They may include nervousness, anxiety, and headache. 
b. High hormone levels may induce arrhythmias, angina, or infarction. Caution must be used in 

the elderly and in patients with underlying cardiovascular disease. 
c. Long-term therapy can decrease bona mineral density by causing an increase in bone 

turnover. 
8. Drug intenctians. Medications such as sodium polystyrene, cholestyramine, calcium, multivi­

tamins, and aluminum hydroxide may decrease absorption thyroid hormone. 

B. Antithyroid drugs 
1. Thioamides 

a. Specific agent$ include the following: 
(1) Propylthiouracil (PTU) 

(a) Due to multiple daily dosing and the potential for causing severe hepatitis its use is 
reserved fur certain conditions, including 
i. First trimester of pregnancy (itis more strongly protein bound than methimazole 

and less likely to cross the placenta) 
ii. Thyroid storm (since it is rapidly absorbed) 

(2) Methimazole 
(a) This agent is about 10 times more potent than PTU. 
(b) It is the drug of choice for hyperthyroidism since it can be administered once daily 

and has a lower risk for liver injury. 
b. Msr:hanism of action (Fig. 10.4) 

(1) Thioamides interfere with the organification and coupling of iodide by inhibiting the 
peroxidase enzyme. 

(2) PTU also inhibits the conversion ofl4 to T1• 

c. lndic11tions include the treatment of hyperthyroidism from a variety of causes, including 
Graves disease and toxic goiter. They are also used to control hyperthyroidism prior to thy­
roid surgery. 
(1) Graves disease is the leading cause of hyperthyroidism. It is an autoimmune disorder 

that results in overproduction of thyroid hormones. 
(2) Toxic multinodular goiter is hyperthyroidism characterized by autonomously function­

ing thyroid nodules. 
(3) Thyroid storm is a life-threatening condition associated with hyperthyroidism that is 

undertreated or untreated. Patients may experience increased body temperature, palpi­
tations, chest pain, and anxiety. 

d. Adverse efler:f$ may include rashes, headache, and nausea. 
e. Prec11utians. They have the potential to cause agranylocytosis. 

2. Iodide 
a. Specific agenu include potassium iodide and iodine plus potassium iodide. 
b. Msr:hanism of action (Fig. ID.4) 

(1) In high intracellular concentrations, iodide inhibits several steps in thyroid hormone 
biosynthasis, including iodide transport and organification (Wolff-Chaikoff effect). 
(a) The Wolff-Chaikolf effect is a protective down-regulation of thyroid hormone pro­

duction in the presence of large amounts of iodine. 
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RGURE 10.4. Medications affecting thy­
roid honnone synthesis. (Reprinted with 
permission from Golan D. Principlas of 
Pharmacology. 4th ed. Philadelphia, PA: 
Wolters Kluwer Health, 2016, Fig. 28.5.J 
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(21 Iodide inhibits the release of thyroid hormone. 
(31 They decrease the size and vascularity of the gland. 

c. lsdit:lttio11• 
(11 This agent is used before thyroid surgeiy, causing firming of thyroid tissues and 

decreased thyroid vascularity. 
IZI It may also be used as an adjunct In thyroid storm. 
(31 It is only indicated for short-tann use. 

(a) The negative feedback. effect of the inttathyroidal iodide concentrations is revers­
ible and transient; therefore, thyroid hormone synthesis and release will return to 
normal a few days after plasma iodide ls increased. 

(4) Iodide is usually combined with a thioamide; it is rarely used as sole therapy. 
d. Adntst tfhlm may cause angi.oedem.a, acneiform rash. a metallic taste on administration, 

and bypeniensitivity reactions. 
3. Radioactive iodine m1 (sodium iodide 1-1311 

a. Met:ll111ilm of 1t:ti011{Fig. lo.4) 
111 Radioactive iodine 1311 is transported and concentrated in the thyroid like the nonradio­

active isotope. 11 emits JS particl11 that are toxic to follicular cells, causing selective and 
local destruction al lllyraid gland. 

b. lndit:lttions. It is used for the treatment of hyperthyroidism, and for some cases of thyroid 
carcinoma, via nonsurgical ablation of the thyroid gland or reduction of hyperactive thyroid 
gland without damage to the surrounding tissue. This agent is also used to evaluate thyroid 
function. 

c. Adntn 1.tflN:tsinclude hypothyraidilm. 
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VIII. THE PANCREAS AND GLUCOSE HOMEOSTASIS 

A. Insulin 
1. Sttut:tutt and 1,,,rll•1i1 

1. Insulin is a polypeptide honnone produced by the pancreatic p cell. It consists of two chains, 
A and B, linked by two disulfide bridges. 

b. Insulin synthesis and release are modulated by the following: 
(11 The most important stimulus is glucose. Amino acids, fatty acids, and ketone bodies 

also stimulate insulin release. 
(Z) The islets of Langerhans contain several cell types, other than JJ cells, which synthesize 

and release peptide humoral agents (including glucagon and somatostatin) that help 
modulate insulin secretion. 

(3) m-Adranargic pathways inhibit secretion of insulin; this is the predominant inhibitory 
mechanism. 

c. P-Adrenergic stimulation increases insulin relea11. 
d. mevated intracellular Ca2 • acts as an insulin secretagogue. 

z. Mechanism of action {Fig. 10.5) 
I. Insulin bmds to the extracellular domain of specific high-affinity receptors (with tyrosine 

kinase activity) on the surface oflivei; muscle, and fat cells. 
(11 When insulin binds, 1pecilic tyro1ine reaiduu of the in1Ulin receptor became phos­

phorylated (autuphospharylation). The phosphorylated receptor in turn phosphorylates 
other signaling proteins, which leads to a signal transduction cascade. 

(ZI Other substrates for phosphorylation include insulin receptor substrates-I to -4. 
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FIGURE 10.5. Physiologic and pharmacologic regulation of glucose homeDstasis. (Reprinted with permission from Golen 
D. Prim:iples Df Pharmacology. 4th ed. Philadelphia, PA: WDhers Kluwer Health, 2016, Fig. 31.1.) 
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(3) The increase in glucose transport in muscle and adipose tissue is mediated by the 
recruitment of insulin-regulated glucose transporters (GLUT-I and GLUT-4) into the 
plasma membrane. 
(a) The effect of insulin on the glucose transporter distribution is reversible. 

Within an hour of insulin removal, GLUT-4 is removed from the membrane 
and restored in intracellular vesicles ready to be re-recruited to the surface by 
insulin. 

b. Insulin alters the phosphorylation state of key metabolic enzymes, leading to enzymatic acti­
vation or inactivation. 

c. It induces the transcription ofsevaral genes involved in increasing glucose catabolism and 
specifically inhibits transcription of other genes involved in gluconeogenesis. 

3. Physiologic actions of insulin 
a. Insulin promotes systemic cellular K+ uptake. 
b. Liver 

(1) Inhibits glucose production and increases glycalysis 
(21 Inhibits glycogenolysis and stimulates glycogen synthesis 
(31 Increases the synthesis of triglycerides 
(4) Increases protein synthesis 

c. Muscle 
(1) Increases glucose transport and glycolysis 
(2) Increases glycogen deposition 
(3) Increases protein synthesis 

d. Adipose tissue 
(1) Increases glucose transport 
(2) Increases lipogenesis and lipoprotein lipase 
(3) Decreases intracellular lipolysis 

4. Insulin prepantianr (Table 10.2) 
a. Insulin is classified by the timing of its action in the body, including the onset of action and 

duration of action. 

t a b I e 10.2 

Rapid-acting Insulin 
Insulin aspart 
Insulin glulisine 
Insulin lispro 

Sliort-ntlng 1 ... 11. 
Regular insulin 

lnt9rm1di1te-acting ln1Ulin 
Insulin NPH 

L111-acti11 l11Ulin 
Insulin detemir 
Insulin glargine 

Ultr1-lang-acting Insulin 
Insulin degludec 

Pharmacologic Properties of Insulin 

On11t PNk 

10--30 minutes 33-911 minutes 

~minutes 2-4 hours 

1-3 hours 4-8 hours 

1-2.hours Minimal 

Not available Minimal 

Duration 

3--!i hours 

Dir1ctian1 

Usually taken immediately before a meal 
to cover the blood glucose elevation 
from eating. 

Often used with longer-acting insulin. 

l>-12 hours Usually taken about30 minutes before 
a meal to cover the blood gluco11 
elevation from 11ting. 

Often used with longer-acting insulin. 

12-16 hours Often combined with rapid- or 
short-acting insulin. 

Up to 24 hours Often combined with rapid- or 
short-acting insulin. 

They lower blood glucose levels when 
rapid-acting in.ulin stops working. 

Up to 42 hours Often combined with rapid- or 
short-acting insulin. 

They lower blood glucose levels when 
rapid-acting insulin stops working. 
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b. R1pid-1cting insulin preparations 
(1) Specific agent$ include insulin lispro, insulin asp1rt, and insulin glulisine. 
(2) These agents are modified with different amino acid residues to make them more 

soluble, allowing them to rapidly dissociate into monomers. 
(3) They have a rapid onset of action (15-20 minutes), with a shorter duration of action 

(4-6 hours). 
(4) They are often injected minutes before a meal and provide better postprandial control 

of glucose levels than regular insulin. 
c. Short-acting insulin preparations 

(1) Specific agent$ include regular insulin. 
(2) Regular crystalline insulin naturally self-associates into a hexameric molecule (six insu­

lin molecules) when injected subcutaneously. Before it is absorbed, it must dissociate 
to dimers and then to monomers. 
(a) This principle is the premise for additives such as protamine and zinc, as well as 

modifications of amino acids for insulin analogs. 
(3) The onset of action is around 30 minutes to I hour; its duration of action is around 6-8 

hours. 
d. Intermediate-acting insulin 

(1) Specific agent$ include insulin NPH (neutral protamine Hagedorn). 
(a) This insulin is modified with the addition of protamine, which prolongs the time 

required for absorption and increases the duration of action. 
(2) The onset of action is typically within 1-2 hours, with a duration of action of more than 

12hours. 
e. Long-acting insulin 

(1) Specific agenq include insulin glargine, insulin detemir, and insulin dagludac. 
(2) These agents were modified to mimic basal insulin secretion and have a steady release 

with no peak effect. The duration of action is up to 24 hours. 
(a) Insulin degludec is considered an ultra-long-acting agent and has a longer duration 

of over 40 hours. 
5. Indications 

a. Insulin is used to treat all manifestations of hyperglycemia, in both type 1 (insulin-dependent) 
and type 2 (non-insulin-dependent) diabetes mellitus. 
(1) Most patients with type 2 diabetes are treated with dietary changes and oral hypogly­

cemic agents, although insulin can be used as first-line therapy in more severe cases. 
6. Dosing considel'lltions 

a. Patients with type 2 diabetes may require higher doses of insulin, due to insulin resistance. 
b. Honeymoon phase (remission phase of diabetes): 

(1) This may occur in patients recently diagnosed with type I diabetes. 
(2) It occurs when ~ cells in the pancreas can still secrete enough endogenous insulin to aid 

in blood glucose control, resulting in a reduced exogenous insulin requirement. 
c. Acute illness 

(1) Oftentimes with acute illness, there is an increase in cortisol, which causes an elevation 
in blood glucose. 

(2) Patients with an acute illness may require higher insulin doses. 
7. Adverse effects 

a. Hypoglycemia may occur. Symptoms include tachycardia, tremor, sweating, confusion, agi­
tation, and in more severe cases, loss of consciousness or coma. 

b. Other adverse effects may include hypokalemia, lipodystrophy, or hypertrophy of the subcu­
taneous fat at the injection site, and weight gain. 

B. Sulfonylureas 
1. Specific agents 

a. First-generation agents include tolbutamide, chlorpropamide, and tolazamide. 
b. Second-generation agents include glyburide, glipizida, and glimepiride. 
c. All are equally effective in lowering blood glucose. 
d. Second-generation agents are prescribed more often; they are more potent and have fewer 

adverse effects and drug interactions. 
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2. Muhllnilm of action (Figs. 10.5 and 10.6) 
a. These agents are oral insulin sacratagoguas; they cause insulin release from pancreatic p 

cells. 
b. They bind to the sulfonylurea receptor (SUR1) and block ATP-tensitive potassium (K+) chan­

nels, resulting in depolarization. The voltage-gated calcium (Ca~) channels open, resulting 
in Ca2+ in.ftm: and triggering insulin release. 

c. Long-term use also reduces serum glucagon, which may contribute to hypoglycemic effects. 
3. /adit:atiass. These agents are approved for the management of adults with type 2 diabetes mel­

libls (non-insulin-dependent diabetes mellitus). 
a. Since they require functional pancreatic P calla to produce their effect an blood glucose, they 

cannot be used in patients with type 1 diabetes. 
4. Ad11111H 11lfltmsinclude hypoglycamia and weight gain. With some agents, such as chlorprop­

amide, alcohol consumption produce5 a di5ulfiram-like reaction. 
5. Pnt:aations. Caution must be used in patients with hepatic or renal dysfunction. Caution must 

also be used in patients with a sulfa allergy. 

C. Maglilinidu 
1. SpRilit: qeRIS include rapaglinida and natealinide. 
2. Muhllnilm of action (see Fig. 10.5) 

a. These agents are oral insulin secretagogues. 
b. They have a similar mechanism to sulfonylureas, but they bind to distinct regions on the SUR, 

molecule. 
c. Upon binding, they block ATP-sensitive potassium (K•) channels, resulting in depolariza­

tion. 'Ihe voltage-gated calcium (Ca2+) cliannels open, resulting in eaz.. inftm: and triggering 
insulin release. 

RGURE 1o.&. Physiologic and pharmaco· 
logic regulation of insulin release from pan· 
creatic II c 11111. (Rep rintad with permission 
from Golan D. Principles of Pharmacology. 
41h ed. Philadelphia, PA: Woltars Kluwer 
Health, 2016, Fig. 31.3.) 
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3. Indications 
a. These agents are approved for the management of type 2 diabetes mellitus. 
b. Since they have a fast onset of action and shon duration of action, they are recommended in 

patients with irTegular meal schedules, and in patients who develop late postprandial hypo­
glycemia when taking a sulfonylurea. 

c. They are used instead of sulfonylureas in patients with a history of sulfa allergy. 
4. Adverse eHectsinclude hypoglycemia. Repaglinide can cause weight gain. 

D. Biguanides 
1. Specific agent Matfonnin 
2. Mechanism of action (see Fig. 10.5) 

a. Metfonnin reduces hepatic glucose production and intestinal absorption of glucose; it does 
not alter insulin secretion. These effects are believed to be due to an increase in the activity 
of AMP kinase, a key intracellular regulator of energy homeostasis. Metformin also increases 
peripheral insulin sensitivity. 

b. Its glucose lowering action does not depend on functional pancreatic ~ cells. 
3. Indications. It is approved for the management oftypa 2 diabetes mallitus. 
4. Advantages. It rarely causes hypoglycemia and weight gain. 
5. Adverse afttJcts include GI distress. It has the potential to cause lactic acidosis. 

a. Lactic acidosis is characterized by nonspecific symptoms, including GI distress (nausea, 
vomiting, abdominal pain), lethargy, hyperventilation, and hypotension. 

6. Contraindications 
a. Due to an increased risk of lactic acidosis, metformin should not be used in patients with 

congestive heart failure, renal impairment, or who are seriously ill. 
b. In some cases, metformin should be temporarily discontinued before iodinated contrast, due 

to the potential for acute kidney injury and increased risk for lactic acidosis. 

E. Thiazolidinadionas 
1. Specific agents include pioglitazone and rosiglitazone. 
2. Mechanism of action (see Fig. 10.5) 

a. These agents are insulin sensitizers; they act to decrease insulin resistance. 
b. They bind to a specific intracellular receptor, PPAR-y (peroxisome proliferator-activated 

receptor-gamma), a member of the nuclear-receptor family. 
c. They predominantly affect liver, skeletal muscle, and adipose tissue. 

(1) In the liver, thiazolidinediones dacraasa glucose output and insulin levels. 
(2) In muscle, thiazolidinediones increase glucose uptake. 
(3) In adipose tissue, these drugs increase glucose uptake and decrease fatty acid release 

and may increase the release of hormones such as adiponectin and resistin. 
d. The actions of these drugs require the presence of insulin. 
e. Thiazolidinediones reduce plasma glucose and triglycerides. 

3. Indications. They are approved for the management of type 2 diabetes mellitus. 
4. Advene eHectsmayinclude edema and weight gain. 
5. Precautions. They cause an increased risk for fractures and bladder cancer. They can cause or 

exacerbate congestive heart failure. 
6. Contraindications include heart failure and liver disease. 

F. a-Glucosidase inhibitors 
1. Specific agents include acarbose and miglitol. 
2. Mechanism of action (see Fig. 10.5) 

a. These agents act as competitive, reversible inhibitors of pancreatic a-amylase and intestinal 
11-glucosidase enzymes; they act in the lumen of the intestine. 

b. Inhibition of a-glucosidase prolongs the digestion of carbohydrates and reduces peak plasma 
glucose levels. 

3. Indications. They are approved for the management of type 2 diabetes mellitus. They are help­
ful in reducing postprandial glucose. 

4. Advene eHects may include GI distress and tlatulence. 
5. Contraindications include intestinal diseases associated with disorders of digestion or absorp­

tion, such as intestinal obstruction and inflammatory bowel disease. 
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G. Glucagon-like peptida-1 (GLP-1) agonists 
1. Specific agents include exenatide, liraglutide, lixisenatide, albiglutide, and dulaglutide. 
2. Mechanism of action (see Fig. 10.5) 

a. These agents are analogs of the hormone incretin (GLP-11. 
b. They increase glucose-dependent insulin secretion, dacraasa inappropriate glucagon 

secretion, slaw gastric emptying, decrease food intake, and promote f}-cell proliferation. 
3. Indication. They are approved the management of type 2 diabetes. These agents also cause 

weight loss; therefore, liraglutide is also approved for weight management. 
4. Adverse effects may include GI distress. 
5. Precautions. They cause an increased risk for acute pancreatitis and thyroid tumors. 

H. Dipaptidyl peptidase 4 (DPP-4) inhibitors 
1. Specific agents include sitagliptin, saxagliptin, and linagliptin. 
2. Mechanism of action (see Fig. 10.5) 

a. DPP-4 is responsible far the proteolysis of incretins, including GLP-1 and glucose-dependent 
insulinotropic peptide. 

b. These agents inhibit DPP-4 to increase active incretins. This leads to an increase in insulin 
synthesis and release and suppresses glucagon production in a glucose-dependent manner. 

c. They may also improve f}-cell function. 
3. lndicetions. They are approved the management of type 2 diabetes. 
4. Adverse eHecrs may include rhinitis and upper respiratory infections. They may also cause 

pancreatitis. 

I. Amylin analogs 
1. Specific agent. Pramlintide 
2. Mechanism of action (see Fig.10.5) 

a. Amylin is a polypeptide stored and secreted by f}-cells of the pancreas; it is cosecreted 
with insulin to reduce blood sugar. Concentrations are abnormally low in patients with 
diabetes. 

b. Pramlintide can reduce postprandial glucose through prolongation of gastric emptying, 
reduction of postprandial glucagon secretion, and reduction of caloric intake through cen­
trally mediated appetite suppression. 

c. It causes weight loss and reduces postprandial glucose levels. 
3. Indications. It is used in combination with insulin for type 2 diabetes. 
4. Adverse effects may include nausea, hypoglycemia, and gastroparesis. 

J. Sodium-glucose cotransparter 2 (SGLn) inhibitors 
1. Specific agsntsinclude canagliflozin, ampagliflozin, and dapagliflozin. 
2. Mechanism of action 

a. SGLT2 is the main site of filtered glucose reabsorption. 
b. These agents inhibit SLGn in the proximal renal tubules; this results in reduced reabsorp­

tion of filtered glucose from the tubular lumen and lowers the renal threshold for glucose 
(RTG). 

c. Reduction of filtered glucose reabsorption and lowering of RTG results in increased urinary 
excration of glucose, thereby reducing plasma glucose concentrations. 

3. Indications. They are approved for the managementoftype 2 diabetes. 
4. Adnnragssinclude weight lass and a modest dacraasa in blood pressure. 
5. Adverse effects may include genitourinary infections and increased serum potassium. 
6. Contnindications include severe renal impairment. 

K. Agents that increase blood glucose (hyperglycemics) 
1. Glucagan 

a. Structure and secretion 
(1) Glucagon is produced by tha alpha (a) calls of tha pancreas. 
(21 It is structurally similar to secretin, VIP, and gastric inhibitory peptide. 
(3) Secretion is inhibited by elevated plasma glucose, insulin, and somatostatin. It is stimu­

lated by amino acids and sympathetic stimulation and secretion. 



232 BRS Phannacology 

b. M•cll111illn of 1ctio11 
(1) Glucagon stimulates adenylate cyclase to produce increased cAMP. 
(2) H increases blood glucose by stimulating glycogenolysis and gluconeogenesis in the 

liver. In general, its actions oppose the actions of insulin. 
(3) Large doses produce marked relaxation of the smooth muscle in the stomach, intes­

tines, and colon. 
c. lndit:etion 

(1) Glucagon is used for the treatment of severe hypoglycemia. It rapidly increases 
blood glucose in insulin-induced hypoglycemia il hepatic glycogen stores are 
adequate. 

(2) It can be used as a diagnostic aid, in which it provides intestinal relaxation prior to 
radiologic examination. 

d. Adnts1 1lft11:ts include a low incidence of nausea and vomiting. 
2. Diazoxide 

a. Mecb111in of 1ctio11. This agent opens ATP-dependent potassium channels on pancreatic 
p cells, resulting in inhibition of ineulin rele11e. 

b. lntlit:etioninclude hyperineulinemic hypoglycemia. 
c. AtllfttH d'tt:Dmayinclude sodium retention, GI distress, and changes in circulating white 

blood cells. 

IX. THE CALCIUM HOMEOSTATIC SYSTEM 

A. Drugs affecting calcium (C12•) homeostasis 
1. Parathyroid hormone (PTH) 

a. Secnltion 
(1) PTII is secreted by dte parathyroid glands in response to low serum eai+. 
(2) Agents such as IJ-adrenoceptor agonists, which increase cAMP in the parathyroid gland, 

cause an increase in PTII secretion. 
b. Physiologic .tflm of l'TH 

(1) Bone 
(a) PrH can increase both the rate of bone formation and bone resorption; thJs is medi­

ated by cytokines produced by osteoblasts that regulate the number and activity of 
osteoclasts. 

(b) Continuous exposure to PTH resuHs in net bone resorption. 
(c) Pulsatile exposure resuHs in net bone formation. 

(2) Kidney 
(a) PTH increases the reab10rption of Cal+ and magnesium (Mgz.). 
(b) It increases the production of 1,25-(0H)J>! from 25-(0H)Ds (1-hydroxylase 

step). 
(c) It decreases reabsoiption of phosphate, bicarbonate, amino acids, sulfate, sodium, 

and chloride. 
(3) GI tract 

(a) It increases intestinal absorption of cas. indirectly by increasing 1,25-(0H)J>,. 
c. lpecilic agellf. Teriparatide {recombinant human parathyroid honnone) 
d. Met:ll•Bilm of •ctio11. Similar to the physiologic effects of PTH, teriparatide stimulates 

osteoblast function, increases GI absorption of calciwn, and increases renal tubular reab­
sorpti.on of calcium. Intermittent ez:posure results in net bone formation. 

e. lntlit:etion include the treatment of Olteopor01is. 
f. AtllfttH •lftlt:i. may include hypercalcemia. 
g. PncaUliOBI. It is only approved for 2 years of use since it has been shown to increase the risk 

for osteosarcoma. 
h. Abaloparatide is also a PIH analog used for the treatment of osteoporosis. 
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2. Calcitonin 
a. Secretion 

11) Calcitonin is secreted by perifollicular cells of the thyroid gland in response to elevated 
plasma Caz+. 

12) Gastrin, glucagon, cholecystokini.n, and epinephrine can also increase calcitonin 
secretion. 

b. Physiologic actions. Calcitonin antagonizes the actions of PTH. 
11) It interacts with specific receptors on osteoclasts to decrease net reabsorption of Caz+. 

Calcitonin may also stimulate bone formation. 
12) Calcitonin increases renal excretion of Caz+, Na+, and phosphate. 

c. Sper:ifir: sgentsinclude synthetic calcitonin (salmon calcitonin). 
d. Indications 

11) It can be used to reduce hypercalcemia due to Paget disease, hyperparathyroidism, 
idiopathic juvenile hypercalcemia, vitamin D intoxication, osteolytic bone disorders, 
and osteoporosis. 
la) Calcitonin can lower serum calcium by 1-2 mg/dL within 1-2 hours; therefore, it is 

a good choice for symptomatic hypercalcemia. 
lb) Tachyphylaxis, a sudden decrease in the response to calcitonin after its administra­

tion, may develop within 48 hours; therefore, it is used for short-term therapy. 
12) It may also be used for postmenopausal osteoporosis. 

e. Administration. It can be given via the intranasal route or by subcutaneous or intramuscular 
injection. Nasal application is not efficacious for the treatment ofhypercalcemia. 

f. Adnrss flft8r:ts may include flushing, rhinitis (with nasal application), hypocalcemia, and 
hypersensitivity reactions (due to salmon component). 

3. Vitamin D and vitamin D metabolites (Table 10.3) 
a. The calciferols include vitamin ~ (cholecalciferol) and vitamin D1 (ergocalciferol). 

11) Vitamin D, is produced in tha skin from cholesterol; this synthesis requires exposure to 
ultraviolet light. 

12) 25-(0H)D3 (calcifediol) 
la) Calcifedial is produced in the liver by hydroxylation of vitamin 03• 

lb) It is the most abundant calciferol metabolite in the plasma. 
13) 1,25-(0H)al>s (calcitriol) 

la) Calcitriol is produced in the kidney by further hydroxylation of 25-IOH)D, by 
1o:-hydraxylasa. Regulation of la-hydroxylase activity determines the serum lev­
els of calcitrial. Enzymatic activity is increased by PTII, estrogens, prolactin, and 
other agents, and it is decreased by l,25-(0H)Jl3, FGF23, and phosphate (direct 
effect). 

lb) Calcilrial is Iha mast active metabolite of vitamin D. 
14) Vitamin D2 (ergocalciferol) 

la) Vitamin D2 is derived from plant metabolism of ergosterol. It has a slightly different 
side chain, which does not alter its biologic effects in humans. 

lb) In humans, vitamin D2 is metabolized in the same manner as vitamin D3 and 
appears to be bioequivalent. 

t a b I e 10.3 
Ag ant 

Erg1m1lciferol ID,) 

Cholacalcifaral IDs! 

Cal cifedial 

Calcitrial 

Calcipatriene 

Doxercalcife rol 

Paricalcital 

Pharmacologic Properties of Vitamin D Preparations 

Mltllbalic Rauta On11t af Action H11f-Lif1 

Hepatic, renal 10--14 day1 30 days 

Hepatic, renal 10--14 day1 30 day1 

Renal 8--10 days 20 days 

Nan• 10 houri 15 hour• 

Hepatic, renal 10 days 30 days 

Hepatic 5-8 hours 36 hours 

None Minutes UV! 15 hours 
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(5) Paricalcitol (l,25-(0H)2-19 norvitamin D2) is a 1,25-hydroxylated vitamin D2 deriva­
tive that reduces serum PTII levels without affecting serum Ca2

• or POl- levels. It is 
approved for the treatment of hyparparathyroidism in patients with renal failure who 
are on dialysis. 

(6) Doxercalciferol (la-( OH) vitamin DJ is used for hyperparathyroidism secondary to renal 
failure. It does not increase intestinal Ca2

• absorption and does not cause hypercalcemia. 
(7) Calcipotriene 

(a) Calcipotriene is a l,24-(0H)2D3 derivative for topical administration for the treat­
ment of skin disorders such as psoriasis. 

(b) It has reduced effects on calcium homeostasis. 
b. Mechanism of action 

(1) Calcitriol increases plasma levels of both Ca2• and phosphate by acting on several 
organ systems; 
(a) Intestine. Increases Caz+ absorption from the GI tract 
(b) Bone. Mobilizes Caz+ and phosphate, probably by stimulation of calcium flux out of 

osteoblasts 
(c) Kidney. Increases reabsorption of both Ca2+ and phosphate 

(2) All vitamin D metabolites bind to vitamin D-binding protein. 
c. Indications 

(1) They are used to elevate serum Caz+. 
(a) Vitamin D and vitamin D metabolites are used to treat hypocalcemia caused by a 

number of diseases, including vitamin D deficiency (nutritional rickets), hypopara­
thyroidism, renal disease, malabsorption, and osteoporosis. 

(2) Reduce cellular proliferation 
(a) Topical calcipotriena has been approved for the treatment of psoriasis; it reduces 

fibroblast proliferation and induces differentiation of epidermal keratinocytes. 
4. Bisphosphonatas 

a. Specific agents 
(1) Non-nitrogen-containing bisphosphonate: etidronate. 
(2) Nitrogen-containing bisphosphonates include alendronate. ibandronate. risedronate. 

zoledronic acid, and pamidronate. 
b. Mechanism of action 

(1) Bisphosphonates are analogs of pyrophosphate that bind directly to hydroxyapatite 
crystals in bona and impair raabsorption. 

(2) The nonnitrogenous bisphosphonates are internalized by osteoclasts and converted 
into an ATP-analog that cannot be hydrolyzed. This metabolite impairs various func­
tions and induces apoptosis in osteoclasts. 

(3) The nitrogen-containing bisphosphonates have a different mechanism. They work 
through the inhibition of famesyl diphosphate synthase, part of the cholesterol biosyn­
thetic pathway. This impairs posttranslational modification of a number of regulator 
proteins critical for osteoclast function, including Ras, Rho, and Rae. They may also 
induce a unique ATP-analog that causes osteoclast apoptosis. 

c. lndic1tions include osteoporosis, Paget disease, and hypercalcemia. 
d. Adminislllltion 

(1) After oral administration, all bisphosphonates have very poor (<10%) oral absorption 
that is decreased by food. 
(a) They should be taken on an empty stomach with a full glass of water. 
(b) Patients must also sit upright for 30 minutes after oral administration, to prevent 

esophageal and gastric irritation. 
(2) Intravenous administration allows for a larger amount of drug to enter the body and 

markedly reduces the frequency of administration. 
e. Advsrss sftfJctsmayinclude esophageal or gastric irritation. 
f. Precautions. They can cause osteonecrosis of the jaw and atypical femur fractures. 

5. Denosumab 
a. Mechanism of action 

(1) Osteoblasts secrete receptor activator of nuclear factor kappa-B ligand (RANKL), which 
activates osteoclast precursors and subsequent osteolysis. 
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(2) Denosumab la a monoclonal antibody that binds to RANKL and blocks th• interaction 
bttwean RANKL and RANK (a receptor located on osteoclast surfaces); this prennts 
ostaoclast fonnation. 

(3) The end effect is dtcreaHd bone resorption and increased bone m111. 
b. lndicdon• 

(1) It is approved for the treatment of oateopomi• and for reducing the risk of bone loaa 
and bone metastasis in patients with cancer. 

c. At/nm 111Kfsmay include hypocalcemia. 
d. l'ncaution: Similar to bisphosphonates, denosumab may cause osteonecrosi.s of the jaw. 

6. Calcimimatic 
a. Sp1t:ifit: 1g111t. Cinacalc1t 
b. Mechanism of action 

(1) The parathyroid gland senses Ca3• via the action of the calcium-sensing receptor 
(CaSR); activation of CaSR reduces the amount of PTH synthesized and released by 
the gland. 

(2) Cinacalcet increases dte sensitivity of the CaSR and lowers PTII and senun calcium and 
phosphorus levels. 

c. lntlicdon• include hypeiparathyroidism and parathyroid carcinoma. 
d. Atl'llm 1/ltH:D may include GI distress, paresdtesias, and arthralgias. 
•· Contraindication include hypocalcemia. 

'1. Calcium 1uppl1mants 
a. Calcium supplements are available in a variety of cai. concentrations and in parenteral and 

oral fonnulations. 
b. lndi1:11ion1. They are useful as dietary supplements for the treatment or prevention ofosteo­

porosls and for the immediate treatment of acute hypocalcemia and hypocalcemic tetany. 
c. Adverse eflectl. Long-term use may cause .hypercalcemia. 

X. RETINOIC ACID AND DERIVATIVES 

A. Topical trttinoin (all-transr1tinoic acid) 
1. Tretinoin is a naturally occurring metabolite of vitamin A. 
2. MeclJ111i1m of •ctios 

a. It may modify epithelial growth and differentiation. 
b. It can decrease the cohesiveness of follicular epithelial cells. 
c. It may stimulate mitotic activity and increase turnover of follicular epithelial cells. 

3. lsdit:11tio111. AI> a topical preparation, it is used for the treatment of acne and photo-agad skin 
including palliation of fine wrinkles, spotty hyperpigmentation, and facial skin roughness. 

4. Atl1111H 11'11c1S of ttetinoin include tenderness, erythema, and burning. It can cause an 
increased risk of sunburn. 

5. P11e1utioa. It should not be used in pregnant women or those attempting to conceive, due to 
the risk for birth defects. 

6. More lnformation about its use in acu~ promyelocytic leukemia can be seen in Chaprer 12 on 
cancer chemotherapy. 

B. lsotntinoin 
1. M1chesi111t of ection. Isotretinoin reversibly reduces dte size of sebaceous glands and hence 

the production of sebum. 
2. lsdit:11tio111. It is an oral agent used for the treatment of 11vere cystic acne and the symptom­

atic management ofkeratinization disorders. 
3.. Ab1111 11ftc1S of isotretinoin include inflammation of mucous membranes (most often 

the lips), rash, and alopecia. Less common adverse effects include arthralgia and myalgia. 
Retin.olds tend to lnhibitlipoproteinllpase, whl.chleads to an.increase in serum triglycerides. 

4. Prec111tion. lsotretinoin is teratogenic and should not be used in women who are pregnant or 
trying to conceive. 
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C. Acitratin 
1. M•t:ltenism of •ctia11. This agent binds to and activates retlnold X receptors and retinolc acid 

receptors to inhibit the expression of the proinilammatory cytokines, including interleukin-& 
and interferon-gamma. This leads to anti-in1lammatory and and.proliferative activity (lceratino­
cyte dilferentiation is normalized). 

Z. lndit:ttion1 include the treatment of severe paorinia. 
3. Adnr,. tfftr:tsinclude akin and nail abnonnalitiea. 
4. Pt1t:tutios1. It is teratogenic and cannot be used in women who are pregnant or trying to 

conceive. 

D. Other retinaic acid derivatives. Other retinoic acid derivatives Include alltretlnoin (used in skin 
disorders associated with Kaposi syndrome), tazarotene (used for psoriasls, photo-aging, and 
acne), and adapalene (used for acne). 

• DRUG SUMMARY TABLE 

HJpDChll1111ic/Pituitlry """" Ethinyl estradiol end norgellimete KatD1:on1zole INizorel) 
Bromocripline IParlodel) {Ortho Tri-Cyclanl Nilutamida {Niledron) 
Cabergolina IDotlinax) Hydroxyprogemrone c1proate Spironol1c:tan1 (Aldecton1I 
Cetrorelix ICetrCJ!ide) (Makena) 
Conivaptan IVaprisoll Lavonorgettrel IMirene, Plan 8) Ctflic .... raid1 
Corticorelin {Actflrell Madraxyprogalt9rona acatltll Amcinonida (Amcortl 
Cortico!Jophin injection gal (HP (Depo-Provere) Beclometh11on1 (Qvar) 

Acttlar) Msge1trol IM11111:1) Bet1meth1son1 ICsllltDnal 
CosyntrGpin 1Cot1rosyn) Mamnol and norathindrona {Nacon) Clobatlsol (Clobax) 
Dasmoprt .. in acetala {DDAVP, Noretflindrone (Orttlo Micronorl Corti1on111:etat1 (Corton1) 

Stimate) Desonide IDesonetel 
Ganirelix IAntlgon) Pretettil 1...-Modeletor Dexameth1sona ID1cadron) 
Goserelin {Zoladex) Ulipristll acmta IEH1I Fludrocorti10ne (Rorinafl 
Histrelin (V1nt1sl Fluocinonida (Vinos) 
Lsuprolide (LuprGn, Eligardl Amit*o19111 Flutica90n1 (Flovent) 
Nafartlin (Synarell Clomiphena (1lso a SEAM) (Clomid, Halobetasol (Ultrav1t11) 
Octraotida (SandostJ!lin) Serophane) Hydrocorti1one (Solu-Cortef) 
Oxytocin IPitocin) Fulvfftnlnt IFulodexl Pradnitolone IMillipredl 
Pegvisomant ISomavert) Danezol IDanocrine) Pradnisone (Daltasona) 
Thyrotropin c (Thyrogen) Triamcinolone (Kanelog) 
Tolvaptan (S1msc1) IERMs 
Triptorelin (Trelsttr) Raloxifene {Evista) Ullra.S•od-Ading lneelin 
Vatopresain IVaaoatrict) Tamoxif'9n (Soltlmox) Insulin aspart INovolog) 

Toremifena IFaramnl Insulin glulisine IApidra) 
GOl .. CllnfiH Insulin liapro (Humalogl 
Follitropin alfa IGonal·F) Atom1t .. 1 lnhi•i• 
Follitropin p (Follistim AQ) Anastrozole IArimidex) S.art-Acti11 llsuli1 
Human chorionic gonadotropin Eicems11t1n1 (Arom11in) Insulin regular IHumulin R, Novolin RI 

{recombinant hCGI (Novartl, Latrozola (femara) 
Ovidrel, Pregnyll lnt1nnediet9-Actil1 lnsulil 

Manotropin1 (Manopur) AntillntHtill Insulin NPH (Humulin N, Novolin NI 
Urofollitropin IBravellsl Mifapristona {RU·48811Mifeprex,. 

Korlym) L119..Acclng ln11lln 
Elfrat1111 •II Pn1 ... ln1 Insulin detemir (l.evemirl 
Equine estrogens !conjugated) Andn119111 Insulin glargina {Lantua) 

{PramarinJ Fluoxymemrona IAndroxyl 
Ertradiol IAlora, Climera, Estrace, Mattlyltalltollterone IM1111ittst) Ullra.f..ont-Acti11 l1suli1 

Elltrogell Oxandrolona (Oxandrin) Insulin dagludec ITmiba) 
Ethinyl estradiol {Etlinyl, Feminone, Oxymetholona IAnadrol-501 

others) Testosterone (Androdenn, AndroGell S1Haayl ... s 
Ethinyl estradiol and da1ogestrel Telltolltarone cypioneta Chlorpropamida IApo·ChlorprGpamide) 

(Linen1, Ortho-Cept) {Depo-Tutomrone) Glimapirida {Amatyl) 
Ethinyl estradiol and drotpirtnona Testosterone ananthata (Andryl) Glipizide (Glucotrol) 

(Vaz) Tell'loll'larone propioneta (Testex) Glyburide IGlynase) 
Ethinyl eatradiol and levonorgelltral Tolazamide {Tolinaae) 

{Aviane, Saaaoniquel An1l11drag111 Tolbutamide {Apo·Tolblltlmida) 
Ethinyl estradiol and noralgastromin Bicelutamida ICuodex) 

(Xulene) Dutalltaride {Avodartl M11liti1ill• 
Ethinyl estradiol and norettiindrone Finamrida IProscarl Nateglinida (Suutix) 

(Aranella, Junel, Loastrin) Flutamida (Eulaxinl Rapaglinida (Prendin) 



Bigu11idM 
Mstformin (Gluct1ph1ge) 

a-Gllco1id1H t•ibitors 
Acarbon IPrecosal 
Miglitol IGly•~ 

'Dli1mti•inlMlimH 
Pioglitazone {Actl»I 
Rt1siglit1zon1 (Avandial 

Gluca.- IN Glu1:111111-like 
Peplide·1 IClP·11 Receplllr .... 

Albiglutide minzeuml 
Dulaglutid• tTtulicityl 
Exanalida IByett1) 
Lir1glutide (Saxende, 

Vimz1l 
Lixisanatida IAdlyxin) 
Glucagon (GlucaGen) 

OPP.IV l•ibitors 
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Linagliptin (Tredjentll 
Saxagliptin IOnglyzel 
Sitagliptin (Januvia) 

ladiu11..Clucos1 Catrln•plllt9r Z 
(SCLT2) lnhillittls 

C1nagliftozin (lnvoklnal 
D1p1gliflozin IF1nci111l 
Empagliflozin IJardiancel 

"9•• 1111 lncruee Blalllll llucaee 
Di1ZOJCide IProglyceml 
Glucagon (GluceGen) 

Al•• Atfecdng Cal' 10111 ..... i• 
Abeloperetide (Tymlo•) 
Calcifediol (Rayaldee) 
Calcitonin lnlmonl (Miecalcin) 
Calcitriol IRocaltroll 
Calcipatrisne (Davonexl 
Denosumeb (Proli1, Xgeva) 
Doxere1lciferol (Heetoroll 
Ergocalcif'llrol (vitlmin Di) ICalciferol) 

Pericelcitol (Zamplar) 
Teriperatide IForteol 

81911hmpllanlla 
Alendronate IFosemaxl 
Etidron1te IDidronall 
lbendronate IBanival 
Pemidronltl (Aredie) 
Risadronate IActDnall 
Zoladronic acid IReclast. Zomete) 

Calcinimtia 
Cinacalcet ISensipar) 

llllillic Acid D1rintinl 
Acitretin ISoriltlnel 
Adapalene (Differinl 
Alitratinoin IPanratin) 
Bexarotene (Targratinl 
lsotratinoin {Accutene, Zenetene) 
Tazarotene {Avaga) 
Tretinoin IRetin·A. Renova) 



Review Test 

Diractians: Select the best answer for each question. 

1. A 49-year-old woman presents to her 
primary care physician with complaints of 
sweating profusely nearly every night. She 
has a history of a ttansvaginal hysterectomy 
5 years ago but has intact ovaries. She has a 
BMI of 22. Upon physical examination, all her 
vital signs are within normal limits. Which 
of the following would best manage her 
symptoms? 

IA) Calcitriol 
IB) Conjugated estrogens 
IC) Levonorgestrel 
ID) Raloxifene 

2. A 42-year-old woman is admitted to 
the intensive care unit with symptoms of 
mental status changes and hypothermia. 
On physical examination, her blood pres­
sure is 80/55 mm Hg and her heart rate is 
50 beats per minute. She is diagnosed with 
myxedema coma and started on intravenous 
Duids. Which of the following medications 
would also be appropriate to start at this 
time? 

IA) Uothyronine 
IB) Methimazole 
IC) Radioactive iodine 
ID) Teriparatide 

3. A 71-year-old man presents to his doctor 
with complaints of back pain, difficulty uri­
nating, and blood in his urine. After further 
testing, he is diagnosed with prostate cancer 
and started on leuprolide therapy. Three days 
later, the man returns to the office with com­
plaints ofincreased dlfll.cultywith urination 
and increased pain. Why are his symptoms 
worse? 

IAI Direct effect of leuprolide on the 
prostate 

IB) Reduced conversion of testosterone to 
dihydrotachysterol 

IC) Prostatic resistance to leuprolide 
ID) Transient agonist action ofleuprolide 
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4. A 62-year-old woman presents to her physi­
cian for the treatment of osteoporosis. She is 
started on a new medication that is an estrogen 
receptor agonist in the bone and an antagonist 
in the breast What are the potential adverse 
effects of this medication? 

(A) Acneiform rash 
(B) Arrhythmias 
(C) Hot ft.ashes 
(D) Rhinitis 

5. A 36-year-old woman complains of hot 
ii.ashes, feelings of weakness, and increased 
appetite. Physical examination reveals that the 
patient is tachycardic and has a prominent pulse 
pressure. Laboratory tests are positive for anti­
TSH antibodies. Wblch of the following would be 
the most appropriate treatment for this patient? 

(A) Ketoconazole 
(B) Liotrix 
(C) Methimamle 
(D) Thyrotropin a 

6. A 45-year-old woman is diagnosed with type 
2 diabetes by her endocrinologist. She is started 
on a new medication, in which the side effects 
may include hypoglycemia and weight gain. 
What medication was most likely prescribed? 

(A) Canagliflozin 
(B) Bxenatide 
(C) Glyburide 
(D) Pramlintide 

1. A 55-year-old woman complains to her 
dentist about swelling. pain, and redness in 
her gums and two loose teeth. She has a recent 
history of a tooth enraction. Her past medical 
history is positive for osteoporosis and hyper­
tension. Which of the following medications 
may have caused this patient's symptoms? 

(A) Cinacalcet 
(B) Ibandronate 
(C) Raloxlfene 
(D) Propylthiouracll 
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8. A 55-year-old man with a 10-year history of 
alcoholism presents to his family physician for 
his annual history and physical. On physical 
examination, his doctor notes icterus and 
yellow sclerae. The patient's serwn bilirubin 
levels are elevated, and liver function tests 
are abnormal. In addition, his serum calcium 
is abnormally low. The doctor prescribes a 
vitamin D derivative to correct his calcium 
level. Which of the following would be most 
appropriate for this patient? 

(Al Calcitriol 
(Bl Cholecalciferol 
(Cl Dihydrotachysterol 
(DI Ergosterol 

9. A 59-year-old woman presents to the 
emergency department with symptoms of 
confusion and difficulty breathing. On physi­
cal examination, the doctor notes that she is 
tachycardic, is tachypneic, and appears very 
disoriented. She does not remember the day 
of the week. The patient has a history of type 
2 diabetes and vaguely remembers taking her 
"sugar medicine" earlier in the day. Which of 
the following drugs is most likely responsible 
for her condition? 

(Al Acarbose 
(Bl Glipi.zide 
(Cl Glucagon 
(DI Metformin 

10. A 60-year-old man with history of type 
2 diabetes presents to his endocrinologist for a 
follow-up appointment 3 months after starting 
glipizide and metformin for the management of 
type 2 diabetes. Laboratory tests reveal a fasting 
blood glucose of 182 mg/ dL and a HbAlc level 
of7.9%. Since his Ale target was not achieved 
after several months of dual therapy, the doctor 
prescribes a medication that increases insulin 
sensitivity in adipose tissue and muscle. Which 
of the following medications was prescribed? 

(Al Dapagliflozin 
(Bl Miglitol 
(Cl Nateglinide 
(DI Rosiglitazone 



Answers and Explanations 

1. lha answer is B. Vasomotor symptoms are the most common complaint of perlmenopausal 
women. Estrogen is the only effective treatment for these symptoms. Since there is no concern of 
endometrial cancer, a progeatin is not Indicated. Raloxifene makes hot Bashes worse; and while 
a vitamin D analog might help maintain ca>+, it would not have any effect on the vasomotor 
symptoms. 

2. The answer is A. Myxedema coma is a severe form of hypothyroidism that can occur due to 
long-standing decrease in thyroid hormone levels. llothyronine (synthetic T3) is effective for 
short-term suppression ofTSH and is useful in the treatment ofmyxedema coma. Methimazole 
and radioactive iodine are used for the management of hyperthyroidism. Teriparatide is a para­
thyroid hormone analog used for severe osteoporosis. 

3. The answer ia D. Leuprolide and the other GnRH agonists may cause "tumor Oare,~ due to a 
transient increase in gonadal steroid production before down-regulation of receptors occurs. 
During the first 2 weeks of therapy, an initial increase in serum testosterone may cause worsen­
ing of symptoms, such as bone pain, hematurla, or bladder outlet obstruction. 

4. The answer ia C. The patient was started on raloxifene, which is an estrogen receptor agonist 
in the bone and an antagonist in the breast. Adverse effects ofral.oxifene include hotft.ashes, 
peripheral edema, and an increased risk of thrombosis. The other adverse effects listed are not 
common with this medication. 

5. The answer is C. The patient's symptoms and anti-TSH antibodies indicate that she most likely 
has hyperthyroidism. Methimazole blocks the initial oxidation of iodine as well as the coupling 
of monoiodotyroslne and diiodotyroslne into T,. Liotrix is a thyroid hormone preparation and 
would be contraindicated. Ketoconazole inhibits a number of P-450-catalyzed reactions, but not 
the production of thyroid hormone. 

&. The answer ii C. Sulfonylureas such as glyburi.de increase the release of insulin from the 
pancreas. They have the potential to cause hypoglycemia and weight gain. lmlnatide (GLP-1 
agonist), pramlintide (amylin analog), and amagliflozin {SLG2 inhibitor) can cawe weight loss. 

1. The answer ia B. The patient most likely has osteonecrosis of the jaw, a rare but serious adverse 
effect of bisphosphonate therapy, such as ibandronate. The risk is higher after dental procedures, 
such as implants or extractions. The other medications do not cause osteonecrosis of the jaw. 

8. The answer is A. Calcitriol would be the most effective agent for hypocalcemia in a patient with 
impaired liver function. The liver provldes the required 25-hydroxylation of dihydrotachysterol, 
cholecalclferol, and ergosterol. 

9. lhe answer ia B. Sulfonylureas, such as glipizide, can cause hypoglycemia. Symptoms of 
hypoglycemia may include confusion, dizzineu, sweating, increased heart rate, and weakness. 
Metformin and U>-glycosidase inhibitors, such as acarbose, rarely cause hypoglycemia. Glucagon 
would raise plasma glucose. 

10. The answer is D. Roslglitazone is a thiazolidinedione, which works by increasing sensitivity 
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to insulin in adipose, skeletal muscle, and liver. The a-glucosidase inhibitors, such as m.lglltol, 
inhibit intestinal hydrolysis of complex saccharides and thereby reduce glucose absorption. 
SLG2 inhibitors, such as dapaglifl<YLin, decrease reabsorption of filtered glucose from the tubular 
lumen in the kidney, allowing fur increased urinary excretion of glucose and reducing plasma 
glucose concentrations. Nateglinide, a meglitinide, stimulates ill5ulin release by closing the 
potassium channels in pancreatic fl cells. 



L 

Drugs Used in Treatment 
of Infectious Diseases 

I. INFECTIOUS DISEASE THERAPY 

Infectious disease therapy is based on the principle of &elective toxicity, In which the intent is to 
destroy the infecting organism without damage to the host Thia can be accomplished by exploiting 
basic biochemical and physical differences between the two organiams. 

A. Choic• af 1pprapriate .ntib1cterial 191nt 
1. The drug of choice la usually the most active drug against the pathogen or the least toxic of sev· 

eral alternative drugs. 
Z. Antibiotics are often u8ed prophylactically to prevent infections; for mample, antibiotics are 

given prior to surgery to prevent surgical-site infections. 
3. The mechanism of action Im1f play an important role in choosing the most appropriate chug, 

in which antibiotics can (Fig. ll.l): 
a. Inhibit bacterial cell wall biosynthesis 
b. Inhibit DNA synthesis and integrity 
c. Inhibit protein synthesis (transcription and translation) 

B. Bact.ricidal and bacteriostatic agents 
1. Bact.ricidal agents cause the dNth of the micraargani•. They eradicate the infection in the 

absence of host defense mec.banlams. These agents include the following: 
a. Inb1hitors of cell wall synthesis 

(1) Penicillins, cephalosporins, carbapenems, aztreonam, vancomycin 
b. Inhibitors ofDNA synthesis and integrity 

m Fluoroquinolones, antifolate drugs 
c. Aminoglycosides (lead to misreading of the genetic code) 

2. Bacttriostltic agents tamporarily inhibit the growth of the microorganism. They do not kill 
the organism; therefore, they require the host defense mechanisms to eradicate the infection. 
Theae agents include the following: 
a. Inb1hltora of protein synthesis 

(1) Macrolides, tetracyclines, clindamycin, and linezolld 

C. Antibiotic resistance 
1. Intrinsic re1istlnce (insemitmty)is the n1tural 1bility of bacteria to resist 1ctivityfrom certain 

antibacterial drugs; this may occur due to different functional or structural features, such as the 
production of enzyme11 that metabolize the drug or inability of the drug to enter the bacteria. 

2. Acquired resistlnce occun when the bacteria dntlops tile ebility to resist activity from cer­
tain antimicrobial agents. 
a. Spontaneous, random chromosomal mutations occur due to a change in a structural protein 

receptor for an antibiotic or a protein involved in drug transport. 
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RSURE 11.1. Antibact11rial dl\lg class&S. (Reprint11d with permission from Golan D. Principlas of Pharmacology. 4th edi­
tion. Philadelphia, PA: Wohers Kluwer Health, 2016, Fig. 33.1.) 

b. Bxtrachromosomal transfer of drug-resistant genes: 
11) Transformation. Transfer of naked DNA between cells of the same species. 
12) Transduction via R plasmids. Asexual transfer of plasmid DNA in a bacterial virus 

between bacteria of the same species. 
13) Conjugation is the passage at ganas from bactaria ta bactaria via direct contact through 

a sex pilus or bridge. It occurs primarily in gram-negative bacilli and is the principal 
mechanism of acquired resistance among Enterobacteriaceae. 

14) Transpositions occur as a result of movement or "jumping• af transpasans (stretches of 
DNA containing insertion aequences at each end} from plasmid to plasmid or from plas­
mid to chromosome and back; this process is independent of bacterial recombination. 

II. ANTIBACTERIAL AGENTS: INHIBITORS OF BACTERIAL CELL 
WALL BIOSYNTHESIS 

A. Penicillins 
1. Stnn:ture 1111d mm:hll11i11B ol 11ctios (Fig. 11.2). 

a. Penicillins have a ~lactam ring; the integrity of the ring is required for antibacterial activity. 
11) Modifications of the R-group side chain (attached to the ~-lactam ring} alter the phar­

macologic propert:iea and resistance to P-lactamase. 
b. Peniclllins inactivate bacterial transpeptidases and pnrnnt Iha crass-linking al paptidagly­

can polymen that is essential for bacterial cell wall integrity. 
11) This results in loss of rigidity and a 1uac1ptibility to rupture. 
12) Penicillins also bind to, and inactivate, penicillin-binding proteins (PBPs) involved in 

cell wall synthesis. 
c. Penicillins are bactaricidal for growing cells. Gram-positive bacteria with thick external cell 

walls are particularly susceptible. 
d. The major caUlie of resistance is the production of ~lactamase1 lpenicillinase1). 

11) The genes for P-Jactamases can be transmitted during conjugation or as small plasmids 
(minus conjugation genes} via transduction. 

12) Common organisms capable of producing penicillinase include Staphylococcus aureus, 
Escherichia coU, Pieudomonas aeruginosa, Neisserla gorn:mhoeae. and Bacillus, Proteus, 
and Bacteroides species. 

e. Resistance may also occur because bacteria lack receptors or other PBPs, are impermeable to 
penicillins, lack cell walls, or are metabolically inactive. 
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FIGURE 11.2. Structures of penicillin, cephalospo­
rin, and clavulanic acid nuclei. Arrows indicate bond 
attacked by ~-lactamases. 

2. Pharmaco/ogic properties 

Penicillin nucleus 

Cephalosporin nucleus 

) 
I o 

\__ N~H-CH,OH 
C=O 
I 
OH 

Clavulanic acid 

a. Penicillins are absorbed rapidly after oral administration (although erratically) and paren­
teral administration. 

b. They are distributed throughout body fluids and penetrate the cerebrospinal fluid ( CSF) and 
ocular fluid to a significant extent only during inflammation. 

c. Gastrointestinal (GI) absorption may be decreased in the presence of food. 
d. Probenecid slows the secretion of penicillins. 

3. Specific agents and their indications (Table 11.1) 
a. Penicillin G is mainly used to treat infections with the following organisms (although resis­

tant strains of bacteria are being isolated more frequently): 
(1) Gram-positive cocci (aerobic). Pneumococci, streptococci, and non-penicillinase­

producing staphylococci. 
(2) Gram-positive rods (aerobic). Bacillus species, also Clostridium perfringens, C. diph­

theriae, and Listeria species, although the use of these agents is declining due to the 
availability of better drugs. 

(3) Gram-negative aerobes. Gonococci (nonpenicillinase producing) and meningococci. 
(4) Gram-negative rods (aerobic). None. 
(5) Anaerobes. Most, except Bacteroides fragilis; it is used for oral anaerobes. 
(6) Other. Treponema pallidum (syphilis) and Leptospira species. These are common 

pathogens for which first-generation penicillins are used today. 
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table 11.1 
Cl111ific1tion ind 
Drugs 

Prototype 
Penicillin G, penicillin V 

P•lollll•s• Reslsa.nt 
Nafcilin, oxacillin, 
dicloxacilin 

Eiand1d Sp..::trum 
Ampicillin. amoxicillin. 
am pi cillin/sulba ctam, 
amoxicillin/clavulanic 
acid 

Allti11111donlDD1I 
Tica rcillin/clavula nic acid, 
piperacillin 

•Nonpenicil linese producing. 

Spectrum of Activity of Penicillins 

Gnim·p11itive Grem·po1itiv1 
Cooci Rods 

Moll Bacillus 

Stllphyl-cci• 

Most penicil linase· Bacillus 
producing 
sta phylococcib 

Less potent than Less potent 
prototypes than prototypes 

'Not effective against methicil I in-resistant staphylococcal infections. 
'l'enicil linase producing. 

Gram·ne11tiv1 Gram-a1g1tive 
Cocci Rods An11rob11 

Gonococci and None Most (except 
meningococci• B. fragifisl 

Gonococci and S.lmontlllll, 
meningococci" H. inlinnzH, 

l'nltrms. and 
""'-"cor;i;i 

Less potent Proteus, E. coli 
than prototypes S1/monef/1, 

P/lfudomones, 
Entllrobactllr, and 
K/1bsie//1 

b. Penicillin Vis an oral form of penicillin G with poor bioavailability, It has a narrower spec­
trum of activity. 

c. Penicillin G benzathine and penicillin G procaine are suspensions of penicillin G that pro­
long its half-life allowing a reduced frequency of injections. 

d. Penicillinase-resistant penicillins (oxacillin, dicloxacillin, mathicillin, and nafcillin) are 
used predominantly for penicillinase-producing staphylococcal infections. 
(1) Their use is declining due to the increased incidence ofmathicillin-resistant S. BUlfJW 

(MRSA) that also confers resistance to cephalosporins. 
e. Extended-spectrum penicillins 

(1) Extended-spectrum penicillins are inactivated by P-lactamases. 
(2) These agents have more broad gram-negative coverage. Like many other penicillin 

agents, resistance has become a more common problem. 
(a) Ampicillin is useful for infections caused by Haemophilus injluenzae, Streptococcus 

pneumonia, Streptococcus pyogenes, Neisseria meningitidis, Proteus mirabilis, and 
Enterococcus faecalis. 

(b) Amoxicillin is similar to ampicillin but has better oral absorption. It is commonly 
used for endocarditis prophylaxis before major procedures. 

(c) Piperacillin has good activity against Pseudomonas and Enterobacter. 
f. .P·Lactamase inhibitors irreversibly inhibit .P-lactamase and increase stability of penicillin 

agents, resulting in an extended spectrum of activity. 
(1) They are structurally related to penicillin but have no antimicrobial properties on their 

own (Fig. 11.2). 
(2) Specific agents include clavulanic acid, sulbactam, and tazobactam. 

(a) Clavulanic acid is used in combination with amoxicillin. 
(b) Sulbactam is used in combination with ampicillin; it is most commonly used for 

gram-negative bacteria as well as most anaerobes. 
(c) Tazobactam is used in combination with piperacillin and is effective against most 

gram-negative organisms, including Pseudamanas species. 
4. Adverse Bffflt:ts 

a. Penicillin agents may cause hypersensitivity reactions (type 1-IgE mediated); symptoms 
may include urticaria, severe pruritus, feveli or anaphylaxis. 
(1) Cross-sensitivity with cephalosporins and other P-lactam agents must be considered. 

b. Gastrointestinal (GI) disturbances, such as nausea and diarrhea, may occur. 
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t a b I e 11.2 Properties of Cephalosporins 

Drug• •nd R11ute Id 
R11ist11nce to P-Lllct1m11e 

Adminiltnltion• Spectrum Df Activitr Enters CNS Pl•smid Chromnonull 

Finl Generation 
Cephalexin (0 I Gram-positive and some gram-negative organisms No Yes No 
Cefadroxil (O) Use: E•cbflrit:lld coli, Klmi.,1-. Protlu• mi,.bili•, 
Cefazolin (P) penicillin- and sulfonamide-resistant un. surgiClll 

praphyl1lli1 

Second Ge•91'tdle• 
Cefaclor (0 I Spectrum extanda to indole-positiva l'rolHI, and No Yea Relatively 
Cefotetan I Pl ...... 
Cefoxitin I Pl U.e: UTI, raplnitory trHI l•hotl-. "rglolil 

Cefuroxime I P,D) 11rapllylllli1 

Third and Faurth Gen1rtdian 
Ceftizoxime IP) Reduced gram-positive activity; Plallflomonn Yes, especially Yes Relatively 
Cefotaxima IPI (cefoperazone and ceftazidime only), N. gonorrhoeae, ceftriaxone {most! 

Ceftriaxone IPJ N. meningitidis, H. influenza, Enterobacter. lbut not 
Salmone/111, indole-positive Proteus, Sruratia, E. coif. cefoperazr:me) 

Cefdinir IPI moderate u11rabe ai:tivity 
Ceftazidime {Pl Use: Serious nasacomi•I inf1ction1, 9anorrh11, 
Cefixime 101 m1ningiti1 
Cefepime ( P) 

•a. oral administration; P. parenteral administration. 

B. Cephalosporins {Table 11.2) 
1. Structure and mechanism at action 

a. Cephalosporins also have a P-lactam ring {Fig. 11.2 ). 
11) Substitutions at R1 determine antibacterial activity. 
12) Substitutions at Hz determine pharmacokinetics. 

b. Cephalosporins have the same mechanisms of action as penicillins. They inactivate bacterial 
transpeptidases and prevent the cross-linking ot peptidoglycan polymers that is essential for 
bacterial cell wall integrity. 
11) This results in loss of rigidity and a susceptibility to rupture. 
12) They also bind to, and inactivate, PBPs involved in cell wall synthesis. 

2. Phannacalagic prapsrtia 
a. Cephalosporins are widely distributed in body tluids; selected agents { cefuroxime, cefotax-

ime, and ceftizoxime) penetrate CSF. 
b. Probenecid slows the secretion of cephalosporins. 
c. Each newer generation of cephalosporins is increasingly resistant to penicillinases. 
d. Third-generation cephalosporins are sensitive to the cephalasporinases {genes are generally 

located on chromosomes as opposed to plasmids). 
3. Specitic egen~ end their indiclltians. Cephalosporins are categorized by their antibacterial 

spectrum. All are inactive against enterococci and methicillin-resistant staphylococci. 
a. First-generation cephalosporins 

11) First-generation cephalosporins include cephelexin, cefazolin, and cefadroxil. 
12) These agents have good activity against some gram-positive organisms (streptococci) 

and some gram-negative organisms. 
13) They are used mainly for f, coil and K/1bsi1/la infections and penicillin- and sulfon­

amide-resistant urinary tract infections. 
141 They are also used prophylactically in various surgical procedures. 
15) These agents do not penetrate CSF. 

b. Secand-generatian cephelosparins 
111 Second-generation cephalosporins include cefoxitin, cefaclor, cefuroxime, cefotatan, 

and cefprozil. 
12) These agents have a somewhat broader spectrum of activity than first-generation drugs. 
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(3) They are used in the treattnent of streptococcal infections as well as infections 
caused by E. coli, Klelniella, and Proteus species. Most aD1erobes (with exception of 
Clostridium difficile) are covered as well. 

(4) Second-generation cephalosporins are used primarily in the management of urinary 
and respiratory tract, bone, and soft tissue infections and prophylactically in various 
surgical procedures. 

(5) With the exception of ceturoxime, these agents do not penetrate the CSF. 
c. Third-generation cephalosporins 

(1) Third-generation cephalosporins include cetdinir, cefixime, cetotax:ime, ceftazidime, 
and caftriaxone. 

(2) These agents have enhanced activity against gram-negative organisms. They demon­
strate high potency against H. innu1nza1, N. gonorrho1B1, N. m1ningitidn, Ent1rob1ct11, 
Salmonella, indole-pasitive Proteus, and Serratia species, and E. coli; and moderate 
activity against anaerobes. 
(a) Cetaperazone and ceftazidime have excellent activity against P. aeruginosa. 
(b) Ceftriaxone is used for sexually transmitted infections caused by gonorrhea, as well 

as in empiric therapy for community-acquired meningitis. 
(3) These agents penetrate the CSF (except cefoperazone). 
(4) Most are excreted by the kidney, except catoperazone and cattriaxone, which are 

excreted through the biliary tract. 
d. Fourth-generation cephalosporin 

(1) Cefepime has powerful coverage against Pseudomonas species, as well as other gram­
negative bacteria. 

e. Fifth-generation cephalosporin 
(1) Ceftaroline is active against methicillin-resistant staphylococci and is used to treatskin 

infections and community-acquired pneumonia. 
(a) It has limited activity against P-lactamase producing bacteria. 

4. Advsrss 1ffflcts and drug ints,..ctions 
a. Cephalosporins may cause hypersensitivity reactions (type 1-IgE mediated); symptoms 

may include urticaria, severe pruritus, feveli or anaphylaxis. 
(1) Cross-sensitivity with penicillins and other ~-lactam agents must be considered. 

b. Gastrointasti nal disturbancas, such as nausea and diarrhea, may occur. 
c. Alcohol intolerance ( disulfiram-like) is seen with cefotetan and ceftriaxone. 
d. Some agents can cause vitamin k deficiency. 

C. Carbapenems 
1. Specific agents include imipenem-c:ilastatin, ertapenem, meropenem, and doripenem. 
2. Mechanism of 1ction 

a. Similar to other P-lactam agents, carbapenems inhibit bacterial cell wall synthesis by binding 
to one or more of the penicillin-binding proteins. 

b. They inhibit the final transpeptidation step of peptidoglycan synthesis in bacterial cell walls. 
c. Cilastatin is an inhibitor of renal dehydropeptidase I (which inactivates imipenem). 
d. Carbapenems are relatively resistant to j>lactamasas. In general, they do not demonstrate 

cross-resistance with other antibiotics. 
3. Phermecolagic•I properties end indicetians 

a. They are useful for infections caused by penicillinase-producing S. aureus, E. coli, Klebsiella 
species, Entrlrobactllr species, and H. inNu1nz1s, among others. 

b. They are also used for Pseudomonas infections (except ertapenem). 
4. Adverse effects 

a. Gastrointestinal distress such as nausea and vomiting may occur. 
b. They have the potential to cause central nervous system effects, including seizures. Imipenem 

has the highest risk for seizures. 
c. They may cause hypersensitivity reactions (type 1-IgE mediated); symptoms may include 

urticaria, severe pruritus, feve[j or anaphylaxis. 
(1) Cross-sensitivity with other ~-lactam agents must be considered. 
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D. Monobactam 
1. Specific agent. Aztreonam 
2. Mechanism of action 

a. Although aztreonam has a monobactam ring, the mechanism of action is similar to ~-lactam 
agents, in which it inhibits bacterial call wall synthesis by binding to one or more of the 
penicillin-binding proteins. 

b. It inhibits the final transpeptidation step of peptidoglycan synthesis in bacterial cell walls. 
3. Phannacological prapellies and indications 

a. Aztreonam lacks the thiazolidine ring that is highly resistant to JHactamases. 
b. It has goad activity against gram-negative organisms, including Pseudomonas aeruginosa, 

but it lacks activity against anaerobes and gram-positive organisms. 
c. Aztreonam is useful for various types of infections caused by E. coli, Klebsiella pneumonias, 

H. influenzae, P. aeruginosa, Enterabacterspecies, Citrabacterspecies, and P. mirabilis. 
4. Adverse effecU may include skin rash and increased serum liver transaminases. 

a. It does not have crass-sensitivity to other ~-lactam agents. 

E. Glycopeptides 
1. Specific agents include vancomycin, talavancin, dalbavancin, and oritavancin. 
2. Mechenism of action 

a. These agents bind to the tenninal end (o-alanyl-o-alanine) of the growing peptidoglycan; 
they prevent further elongation and cross-linking due to inhibition of transg lycosylase. 

b. This results in decreased cell membrane activity and increased cell lysis. 
c. Telavancin, dalbavancin, and oritavancin have a lipophilic side chain giving them additional 

mechanisms; they can cause disruption of membrane potential and changes in cell permeability. 
3. Phannacological prapellies and indications 

a. Vancomycin only penetrates CSF during inflammation. 
b. Vancomycin is only active against gram-positive organisms, including MRSA infections. 
c. Oral vancomycin is used for the treatment C. difficile colitis. 
d. Telavancin, dalbavancin, and oritavancin are used to treat skin and skin-structure infections. 

4. Adverse effects 
a. Rapid infusion of vancomycin may cause red man syndrome, which is an infusion-related 

reaction caused by the release of histamine. It is not considered a drug allergy. 
11) Prolonging the infusion to 1-2 hours will prevent this reaction. 

b. High levels of vancomycin may cause nephrotoxicity. 
c. Telavancin and dalbavancin are potentially teratogenic. 

F. Lipopaptide 
1. Specific agent. Daptomycin 
2. Mechanism of action 

a. Daptomycin binds to the cell membrane via calcium-dependent insertion of its lipid tail; this 
results in depolarization of the cell membrane with potassium efilux and rapid cell death. 

3. Phannacological prapellies and indications 
a. Daptomycin has antibacterial actions similar to that of vancomycin. 
b. It only covers gram-positive bacteria and may be active against MRSA and vancomycin­

resistant strains. 
c. It cannot be used for the traabnent of pneumonia; it is inactivated by pulmonary surfactant 

and does not achieve sufficient concentrations in the respiratory tract. 
4. Adnrs• llff8cts and drug int11actions 

a. Daptomycin may cause myopathy (rhabdomyolysisJ; for this reason, caution must be used 
with HMG-CoA reductase inhibitors ( statins ). 

b. Its use may result in eosinophilic pneumonia. 

G. Miscellaneous cell wall inhibitan 
1. Bacitracin 

a. Mechanism of action 
(1) Bacitracin prevents the transfer ofmucopeptides into the growing cell wall. 
12) It inhibits dephosphorylation and reuse of the phospholipid required for acceptance of 

N-acetylmuramic acid pentapeptide, the building block of the peptidoglycan complex. 
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b. Pharmacological properties and indications 
(1) Bacitracin is most active against gram-positive bacteria. 
(2) It can be used topically in combination with neomycin or polymyxin for minor infections. 

c. Adverse effects may include allergic reactions. 
2. Fosfomycin 

a. Mechanism of action 
(1) Fosfomycin inactivates pyruvyl transferase, an enzyme that is critical in the synthesis of 

bacterial cell walls. 
b. Pharmacological properties and indications 

(1) This agent is active against both gram-positive and gram-negative organisms. 
(2) It is used to treat simple lower urinary tract infections. 

c. Adverse effects may include headache and gastrointestinal distress. 

Ill. ANTIBACTERIAL AGENTS: INHIBITORS OF BACTERIAL 
PROTEIN SYNTHESIS 

A. Aminoglycosides 
1. Structure and mechanism of action 

a. Arninoglycosides passively diffuse via porin channels through the outer membrane of gram­
negative aerobic bacteria. 
(1) Transport across the inner membrane requires active uptake that is dependent on elec­

tron transport (gram-negative aerobes only). 
b. They interact with receptor proteins on the 30S ribosomal subunit (Fig. 11.3). 

DNA supercoil helix 

DNA gyrase l __tL Quinolones 

DNA negative supercoil helix 

DNA 

RNA polymerase l __t:L Rifampin 

mRNA 

30$ initiation complex 

50$ ribosom~I ---...._ I --H- Aminoglycosides 
subunit ~ 

Peptidyl transferase 

70$ initiation complex 

l __H_ Chloramphenicol 

Peptide bond l __J:L Erythromycin 

Peptide elongation 
FIGURE 11.3. Antimicrobial action on bacte­
rial nucleic acid and protein synthesis. 
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11) They interfere with the initiation complex of peptide formation. 
12) They cause misreading of mRNA, causing incorporation of incorrect amino acids into 

the peptide and resulting in nonfunctional proteins. 
13) They lead to a buildup of nonfunctional monosomes. 

c. Aminoglycosides lead to misreading of the genetic code, which is why they are bactericidal 
(other drugs that inhibit protein synthesis are bacteriostatic ). 

d. Resistance generally results from bacterial enzymes that inactivate the drugs. The resistance 
contained on plasmids is transmitted by conjugation. 

2. Pharmacologic propetties 
a. These agents do not penetrate the CSF. 
b. Aminoglycosides have a narrow therapeutic range; it is necessary to monitor serum concen­

trations and individualize the dose. 
3. Specific agents and their indications 

a. Streptomycin can be used for the plague (Yersinia pestis), severe cases ot brucellosis, and as 
an adjunct to the treatment ofmycobacterial infections. 

b. Gentamicin and tabramycin 
11) Gentamicin and tobramycin are active against Enterobacter, indole-positive Proteus, 

l'seudomonas, Klebsiel/a, and Semtia species, among other gram-negative organisms. 
12) These agents are often used synergistically in combination with ~-lactam antibiotics or 

vancomycin for serious infections that require broad coverage. 
c. Amikacin is used in the treatment of severe gram-negative infections, especially those resis­

tant to gentamicin or tobramycin. 
d. Neomycin is administered topically for minor soft tissue infections (often in combination 

with bacitracin and polymyxin). 
e. Oral neomycin is used for hepatic encephalopathy. 

11) Gastrointestinal bacteria by-products result in large amounts of ammonia, which is 
normally cleared by liver; use of neomycin temporarily inactivates the intestinal flora. 

I. The role for aminoglycosides has decreased substantially due to their narrow spectrum of 
activity, potential for toxicity, and the availability of other agents. 

4. Adve11e effects 
a. Aminoglycosidesare ototoxic, affecting either vestibular (streptomycin, gentamicin, and tobra­

mycin) or cochlear auditory (neomycin, amikacin, gentamicin, and tobramycin) function. 
b. They are nephrotoxic and may cause acute tubular necrosis; this can lead to a reduction in 

the glomerular filtration rate and a rise in serum creatinine and blood urea nitrogen. Damage 
is usually reversible. 

c. At high doses, these agents produce a curare-like neuromuscular blockade with respiratory 
paralysis. Calcium gluconate and neostigmine are antidotes. 

d. When applied topically, neomycin can cause contact dermatitis. 

B. Tetracyclines 
1. Structul'8 and mechanism of action 

a. Tetracyclines bind reversibly to the 16S rRNA of the 30S subunit of bacterial ribosomes. 
b. They prevent the binding of aminoacyl tRNA ta the acceptor site on the mRNA-ribosome 

complex and addition of amino acids to the growing peptide, thus inhibiting bacterial protein 
synthesis. 

c. Resistance is plasmid mediated and results primarily from a decreased ability to accumulate 
in the bacteria and from the production of an inhibitor of the binding site for tetracyclines. 

2. Phannacologic propetties 
a. Tetracyclines are distributed throughout body fluids; therapeutic concentrations in the brain 

and CSF can be achieved with minocycline. 
b. The primary route of elimination for most tetracyclines is the kidney. 

11) Doxycyclina is the safest to administer with impaired renal function. 
c. Many tetracyclines undergo enterahepatic recirculation. 

3. Specific agents and indications 
a. Specific agents include tetracycline, doxycycline, minocycline, and demeclocycline. 
b. They are active against both gram-negative and gram-positive organ isms; use has decreased 

due to resistance and the development of safer drugs. 
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c. Tetracyclines are used predominantly for the treatment of rickatlsial infections, including 
Rocky Mountain spotted fever, cholera, Lyme disease, and infections caused by Chlamydia 
species and Mycoplasma pneumonia1. 

d. These agents may be useful for the treatment of inflammatory acne vulgaris. 
a. They are also used in combination regimens for the elimination of infections caused by 

Helicobacter pylori. 
f. Demeclocycline interferes with the action of ADH at the renal collecting duct and can be 

used in refractory cases of syndrome of inappropriate secretion of antidiuretic honnone 
ISIADHJ. 

4. Adverse effects 
a. Tetracyclines cause GI distress, including nausea, vomiting, and diarrhea. 
b. They have the potential to cause photosensitivity reactions. 
c. Tetracyclines can complex with calcium in teeth and bones. They are contraindicated in 

young children and in pregnancy. 
111 Children can develop tooth discoloration. 
121 They can reduce bone growth in neonates. 

d. At high doses, they can cause hepatic damage, particularly in pregnant women. 
5. Food &nd drug interactions 

a. Dairy products, antacids, and multivitamins that contain calcium may impair oral 
absorption. 

C. Glycylcycline 
1. Specific •gent Tigecycline 
2. Mech&nism of action. The mechanism is similar to tetracycline antibiotics, in which it binds to 

the 30S ribosomal subunit of bacteria and inhibits protein synthesis. 
3. Phannacological prapetties &nd indications 

a. Tigecycline is a derivative of minocycline. 
b. It has activity against a variety of gram-positive and gram-negative bacteria, including MRSA. 
c. Indications include community-acquired pneumonia, complicated intra-abdominal infec­

tions, and complicated skin infections. 
4. Adverse effects are similar to the tetracyclines and include GI distress and photosensitivity. 

D. Macrolides 
1. Structun and mechanism of action (Fig. 11.3) 

a. These agents bind reversibly to the 23S rRNA of the 50S subunit, 
b. They inhibit aminoacyl b'anslocation and the formation of initiation complexes by blocking 

the exit tunnel from which the growing peptide emerges. 
c. Resistance is plasmid encoded and is prevalent in most strains of staphylococci and, to some 

extent, in streptococci. It is due primarily to increased active efflux or ribosomal protection 
by increased methylase production. 

2. Phannacolagic properties 
a. Erythromycin distributes into all body fluids, except the brain and CSF. 

3. Specific agents and their indic•tions 
a. Specific agents include erythromycin, clarithromycin, azithromycin, and telithromycin. 
b. Erythromycin is active against gram-positive organisms. It is useful in patients with an allergy 

to ~-lactam antibiotics. It is the most effective drug for Legionnaires disease (Legionella 
pneumophila); it is also useful for the treatment ofsyphilis, M. pneumoniae, corynebacterial 
infections {e.g., diphtheria), and Banletslla pertussis disease lwhooping cough). 

c. Azithromycin is commonly used for community-acquired pneumonia and sinusitis. 
d. Clarithromycin or azithromycin are effective in the multidrug-regimen treatment of dissemi­

nated Mycabacterium awum-intracellulare complex IMACJ infections. 
4. Adverse eflscts include GI distress. They may also cause QT prolongation. 
5. Drug intsractians 

a. Erythromycin and clarithromycin inhibit the metabolism of hepatic cytochrome P-450 3A4 
substrates. 

6. Fidaxomicin is a macrolide antibiotic used for the treatment of C. difficile infection. It has less 
adverse effects and drug interactions. 
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E. Lincosamide 
1. Specific agent. Clindamycin 
2. Mechanism at action. It has a similar mechanism to the macrolides. It binds reversibly to the 

238 rRNA of the 50S subunit and inhibits peptide bond fonnation. 
3. Pharmacological properties and indications 

a. Clindamycin is well distributed throughout body fluids, except for the CNS. 
b. It has good anaerobic coverage and can be used for the treabnent of gynecological infections, 

intra-abdominal infections, and skin and bone infections. 
c. Thpical preparations of the drug are used for the treabnent of acne. 

4. Adve11e effects 
a. Diarrhea is common with clindamycin. It has a high risk for causing C. difficile infections 

(psaudomembranous colitis). 

F. Oxazolidinones 
1. Specific agent Linezolid 
2. Mechanism at action. Linezolid inhibits bacterial protein synthesis by binding to the 238 rRNA 

of the SOS subunit; this prevents the fonnation of a functional 70S initiation complex, which is 
essential for bacterial translation. 

3. Indications 
a. Linezolid can only be used for gram-positive infections. 
b. It is commonly used for the treatment ofvancomycin-resistant enterococci (VRE) infections, 

pneumonia, and skin infections. 
4. Adve11e effects 

a. Linezolid may cause thrombocytopania, headache, and GI distress. 
b. It is not preferred for prolonged therapy due to the potential for serious hematologic and neu­

rologic toxicity. 
5. Drug inte111ctions include serotonergic agents, in which it may increase the risk for serotonin 

syndrome. 

G. Miscellaneous inhibitors of bacterial protain synthesis 
1. Chloramphenicol 

a. Structu/8 and mechanism at action (Fig. 11.3) 
11) Chloramphenicol inhibits bacterial protein synthesis by binding to the bacterial 50S 

ribosomal subunit to block the action of peptidyl transferase and thus prevents amino 
acid incorporation into newly formed peptides. 

12) High concentrations inhibit eukaryote mitochondrial protein synthesis. 
13) Resistance results from the production of a plasmid-encoded acetyltransferase capable 

of inactivating the drug. 
b. Pharmacalogic properties 

11) Chloramphenicol is absorbed rapidly and distributed throughout body fluids. 
ta) Therapeutic levels can be obtained in the CSF. 

c. Indications 
11) Chloramphenicol is a broad-spectrum, bacteriostatic, antibiotic that is active against 

most gram-negative organisms, many anaerobes, clostridia, Chlamydia, Mycoplasma, 
and Rickettsia. 

12) Due to the potential for savara and potentially fatal adverse effects, use is limited to the 
treatment of infections that cannot be treated with other drugs, such as typhoid fever 
and meningitis due to H. injluenzae. 

d. Adverse effects and drug interactions 
11) Chloramphenicol causes dose-related bona marrow suppression, resulting in pancyto­

penia that may lead to irreversible aplastic anemia. 
ta) It may also cause hemolytic anemia in patients with low levels of glucose &-phos­

phate dahydrogenasa. 
12) Use in neonates may lead to gray baby syndrome, which results from the inadequacy of 

both cytochrome P-450 and glucuronic acid conjugation systems to detoxify the drug. 
ta) Symptoms include cyanosis, abdominal distention, and vasomotor collapse. 

13) Chloramphenicol inhibition of cytochrome P-450 isozymes can result in elevated and 
toxic levels of other drugs. 
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2. Quinupristin plus dalfopristin 
a. Mechanism of action. Similar to clindamycin and erythromycin, this combination binds the 

50S ribosomal subunit and is bactericidal against most organisms. 
b. Indications. It is used to treat severe infections caused by VRE, MRSA, and multi drug-resistant 

streptococci. 
c. Adverse effects include a complex arthralgia-myalgia. 

IV. ANTIBACTERIAL AGENTS: INHIBITORS OF DNA SYNTHESIS 
AND INTEGRITY 

A. Antifolate agents 
1. Specific agents. Trimethoprim plus sulfamethoxazole. 
2. Structure and mechanism of action (Fig. 11.4) 
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Inhibits reductase 
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FIGURE 11.4. Sulfonamides and trimethoprim inhibition oftetrahydrofolic acid synthesis. 
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a. Sulfamalhoxazola is a sulfonamide; it is a structural analog of para-aminobenzoic acid 
(PABA). 
11) It is a bacteriostatic agent that competes with endogenous bacterial PABA to inhibit the 

activity of dihydropteroate synthase. 
12) It prevents the synthesis of dihydrofolic acid. 

b. Trimelhoprim inhibits dihydrofolate reductase, which prevents the synthesis of tetrahydro­
folic acid. 

c. The combination provides synergistic activity due to sequential inhibition of folate synthe­
sis. They inhibit the production of nucleic acid (purines and pyrimidines) and amino acids 
and thus inhibit bacterial growth. 

3. lndicstians 
a. They inhibit both gram-negative and gram-positive organisms. 
b. Trimethoprim/sulfamethoxazole has many indications, including urinary tract infec­

tions due to E. coli, Klebsiella, Enterobacter, and Proteus species, acute otitis media, 
Shigellosis, Traveler diarrhea, and the prophylaxis and treatment of Pneumocystis pneu­
monia (PCP). 

c. Topical sulfonamides, such as silver sulfadiazine, are used for burn treatment. 
4. Adverse effects 

a. Sulfamethoxazole 
11) This agent may cause hypenensitivity reactions, including rash. 
12) It rarely causes Stevens-Johnson syndrome, an infrequent but fatal form of erythema 

multiforme associated with lesions of the skin and mucous membranes. 
13) Patients with glucose-6-phosphate dehydrogenase deficiency are more susceptible to 

adverse effects, manifested primarily as hemolytic reactions. 
b. Trimethoprim may cause anemia. 
c. GI distress and photosensitivity may occur. 

B. Fluoroquinolones 
1. Specific agents include ciprofloxaci n, norfloxacin, ofl.oxacin, levofloxacin, moxifloxacin, and 

gemifloxacin. 
2. Mechsnism of sction 

a. Fluoroquinolones block bacterial DNA synthesis and are bactericidal. 
b. They inhibit DNA gyrase ( topoisomerase II) and prevent relaxation of positively supercoiled 

DNA required for normal transcription and replication. 
c. They also inhibit topoisomerase IV and interfere with separation of replicated chromosomal 

DNA into the respective daughter cells during cell division. 
d. Resistance and cross-resistance are due to point mutations in the target enzyme or to changes 

in the organism's permeability to the drugs. 
3. Phsnnacologic properties and indications 

a. Ciprofloxacin, ofloxacin, and levofloxacin are highly active against gram-negative bacteria 
and moderately active against gram-positive bacteria. 

b. Moxifloxacin and gemifloxacin have even greater activity against gram-positive organisms. 
c. Quinolones are useful against urinary tract infections and upper and lower respiratory 

tract infections (levofloxacin, moxifloxacin, and gemifloxacin), including infections due to 
Mycop/111111, Legionella, and Chlsmydia. 

d. Ofloxacin is used for otitis media in a topical (otic drop) form. 
e. Ciprolloxacin is used against Bacillus anth11cis. 

4. Adverse effecm 
a. These agents can cause GI distress, QT prolongation, and neurological effects, including 

dizziness, insomnia, and headache. 
b. They increase the risk of tendon rupture. 
c. Use has been strongly associated with C. diffinfections. 

5. Drug intersctions 
a. Divalent and trivalent cations (multivitamins, magnesium/aluminum antacids, mineral sup­

plements) can decrease the absorption of fluoroquinolones. 
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V. ANTIBACTERIAL AGENTS: MISCELLANEOUS DRUGS 
A. Miscellaneous inhibitors of bacterial nucleic acid aynthHi• 

1. Sp1ci6c 19111t. Nitrofurantoin 
a. M1ell111ism at action. Bacterial ftavoproteins reduce nittofurantoin to reactive metabolites; 

these metabolites inhibit the action of bacterial ribosomal proteins, as well as protein and cell 
wall synthesla. 

b. Pb1nucologic1/ pmp1m .. 111d indic1tio111 
{1) Nitrofurantoin is concentrated in urine and ls used solely for the treatment or urinary 

tract infections. 
c. Advetse f!ffect:I include nausea and vomiting, headache, and hemolytic anemia in glucose-

6·phosphatase-deficient padents. It can turn urine brown. 
Z. Spni6c •1•11t Metronidazole 

a. M1ch111ilm at 1ctio11 
(1) Metroni.dazole, a prodrug, is bactericidal apinst most anaerobic bacteria, as well as 

other organisms, including anaerobic protozoal p1ra1it11. 
(2) Transport proteins (such as ferredo:xin) transfer electrons to the Ditto group or meuoni­

dazole forming a nitroso free radical, which interacts with intracellular DNA resulting in 
the inhibition of DNA synthesis and degradation and ultimately bacterial death. 

b. /11dit:llliOM 
{1) 1t is used for many anaerobic infections, including Tl'it:homonH llllgi111/i1 and C. dif­

ficile colitis. 
c. Advetse effects 

{1) Metroni.dazole may cause GI distress, headache, and peripheral neuropathy. 
(2) It can cause a ditulfiram-lika reaction; therefore, alcohol should be a:voided. 

B. Miscellaneous antibiotics 
1. Polymyxins 

a. Polymyxin is a polypeptide that acts as a deterrent to disrupt the call membrane functions or 
gram-negative bacteria (bactericidal). 

b. It has substantial nephrotDxicity and neurotoxicity and is therefore only indicated for oph­
thalmic, otic, or topical use. 

c. Polym.yxinBisoftenappli.edasatopicalointmentincombinati.onwithbacitracinorneomycin. 
Z. Mupirocin is used topically and prophylactically for S. Hlln infections such as impetigo. 

VI. ANTIMYCOBACTERIAL AGENTS 
A. First-line drugs used in the treatment of tuberculosis (TB) 

1. lsoniazid (INH) 
a. Sttuctu1111Jd m11Cbani1111 al 1t:tio11 

{1) INH Is an analog or pyridoxine (vitamin B6). 

(2) Its active metabolite inhibits synthesis of the mycobactarial call wall, by inhibiting 
the enzyme enoyl-ACP reductase required for the synthesis or mycolic acid (which is 
unique to mycobacteria). 

b. Pb111111co/ogic propeltin 
{1) INH p1n11nt11 molt body fluid• and 1ccumulat11 in c1111ted lesions. It enters host 

cells and has access to intracellular forms of mycobacteria. 
(2) It is active apinst Mycobectftium tub11culni1 but is not active against most atypical 

mycobacteria. 
(3) It does not demonstrate cross-resistance with other first-line drugs. 
(4) INH is acetylated in the liver. 

C. /11dit:llliOM 
{1) INH Is administered in combination with one or more first-line drugs to coWlter the 

development ofreslatance, which occws due to mutations that result in decreased con­
version of INH to its active metabolite. 

(2) For prophylaxis, INH is used alone. 
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d. Advers• sfftlcts 
11) INH may produce allergic reactions, including rash or fever. 
12) The metabolites of INH may be hapatotoxic; fast acetylators are more susceptible. 

Jaundice may be observed. 
13) High serum concentrations of this agent may result in peripheral nauropathy; slow 

acetylators are more susceptible. This effect is minimized by the coadministration of 
pyridaxine. 

2. Rifampin (and its analogs: rifapentine and rifabutin) 
a. lfecbsnism al action 

11) Rifampin inhibits RNA synthesis by binding selectively to the P-subunit of bacterial 
DNA-dependent RNA polymerase (Fig.11.3). 
la) Most atypical mycobactaria are sensitive. 

12) Rifapentine and rifabutin are analogs of rifampin. Their pharmacological properties are 
similar to that of rifampin. 

13) Resistance, a change in affinity of the polymerase, develops rapidly when the drug is 
used alone. 

b. Pharmacological prapemes 
11) It is widely distributed, including the CSF. 

c. Indications 
11) Rifampin is active against mast gram-positive organisms, Neisseti11 species, and myco­

bacteria, including M. tuberculosis (in combination with other drugs such as isoniazid). 
12) It is also used in combination with other drugs for the treatment of most atypica I myco­

bactaria, including M. leprae. 
13) Rifampin is also used praphylactically for meningitis from meningococci or H. 

injluenzae. 
d. Adverse effects 

11) Rifampin may cause nausea and vomiting, fever, and jaundice. Excretions, including 
urine, sweat, and tears, may become an orange-red color. 

e. Drug intat11ctions 
11) Rifampin enters enterohepatic circulation and may induce the metabolism of several 

drugs, including anticonvulsants and contraceptives. 
3. Ethambutol 

a. Mechanism ol ac6an 
11) It inhibits a rabinosyl transfarasas involved in cell wall biosynthesis. 

b. Indications 
11) It is active against It. tubsn:ulosis and M. kansasii. 
12) Ethambutol is administered orally in combination with isoniazid to limit the develop­

ment of resistance. 
c. Adverse effects 

11) It produces visual disturbances, resulting from reversible retrobulbar neuritis. It should 
be discontinued immediately in any patient with changes in vision, including color 
blindness. 

12) Ethambutol decreases urate secretion and may precipitate gout. 
13) It may also cause GI distress. 

4. Pyrazinamida 
a. Mechanism of sedan 

11) Pyrazinamide is a prodrug that is converted to pyrazinoic acid, which inhibits mycobac­
terial cell function. 

12) It is inactive at a neutral pH but inhibits tubercle bacilli in the acidic lpH 5) phagosomes 
of macrophages. 

13) Pyrazinamide primarily acts on extracellular tubercle bacilli. 
b. lndicationsinclude tuberculosis. 
c. Adverse effects 

11) It may cause GI distress. 
12) Hepatotoxicity, including jaundice or liver atrophy, may occur. 

5. Streptomycin may be administered in combination with other antimycobacterial agents, 
including resistant strains of TB. 
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B. Second-line drugs used in the treabnent of tuberculosis 
1. P•,.aminosalicylic acid (aminosalicylate) 

e. This agent is an analog of PAB.A; it works similar to sulfonamides but only penetrates 
mycobacteria. 

b. It may produce GI disturbances. 
2. Etltionamide 

1. Similar to isoniazid, this agent blocks the 1Jntht1i1 of mycolic acid. 
b. Resistance develops rapidly, but there is no cross-resistance to INH. 
c. Atl'l1111111Htsinclude severe GI disturbances, peripheral neuropathy (when not given with 

pyridoxine ), and hepatoto:xicity. 
3. Cyclosarine 

a. Cycloserine 18 an analog ofD-alanine that inhibits cell wall biasynthnis. 
b. Adn1111"9ctsinclude CNS toxicity, including selmres and peripheral neuropathy; alcohol 

increases the possibility of seizures. PyridOJdne admlnistered with cycloseriDe reduces the 
incidence of neuropathies. 

C. Commonly u11d drug regimens for TB 
1. In general, 6-month regimens are used for patients with culture-positive TB. 

1. The regimen consists of INH, rifampin, pyrazinamide, and ethambutol. 
b. All four agents are used for the initial 2 months. 
c. The continuation phase is 4 montfts and consists of INH and rifampin. 

(1) This phase 18 extended for an additional 3 months in patients who had cavitary lesions 
at presentation or on a follow-up chest x-ray or are culture positive at the 2-month point 

2. Second-liDe agents can be used when there is resistance to first-liDe agents. 

D. Drugs used in the treabnent of Mycobllt:tel'illlJI lep1We {leprosy) 
1. Dapsone 

1. M1t:61nilm ol ntios. Dapsone is structurally related to sulfonamides; it competitively inhib­
its dihydroptero111 tynthne to preventfolic acid bioryntltMia. 

b. lndintioM 
(1) It is more effective against M. l1p1111 than against M. tubm:ulasis; it is also used as a 

second-line agent to treat l'B1Ul8ot:yrfi1 pneumonia. 
(2) Treatment may require several years to life. 
(3) It 18 often used In combination with rlf'ampin and clofazimlne to delay the development 

of resl8tance. 
c. Advetse effects include hemolysis, methemoglobinemia, nausea, rash, and headache. 

E. Drugs used against atypical mycobacteria 
1. Atypical, noncommunicable, mycobacteria include M. kansasi~ M. marinum, M. avium com­

plex (MAC), M. scrojulaaum, and others. These account for about 10% ofmycobacterial infec­
tions in the United States. 

2. A combination of rifampin, ethambutol, and isoniazid are used to treat M. kanasii. 
3. MAC is tteated by a combination of agents, such as clarithromycin, ethambutol, and ciproftoxa· 

cin, to prevent the emergence of resistance. The tteatment for this infection may be lllelong. 

VII. ANTIFUNGAL AGENTS 

A. Drugs that affect fungal membranes 
1. Amphotericin B 

•· Stnlctu11 •IHI m11t:hsilln of fftion 
(1) Amphotericin B binds to ergosterol, a major component of fungal cell membranes. 

Bacteria are not susceptible because they lack ergosterol 
(2) It forms #amphotericin pores~ that alter membrane stability and allow leakage of eel· 

lular contents. 
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13) Amphotericin B binds to mammalian cholesterol with much lower affinity, but this 
action may explain some adverse effects. 

b. Pharmacalogic prapetties 
11) It has poor penetration into the CNS but can be administered intrathecally for CNS 

infections that do not respond to other agents. 
c. Indications 

11) Amphotericin B has a broad spectrum of activity. 
12) It can be used for the treannent of severe systemic fungal infections, including those 

caused by Candida albicans, Histapl•rm• capsullltum, Cryptocaccus neafarmans, 
Coccidiaides immitis, Blastomyca dermatitidis, Asps1gillus species, and Sparathtix 
schenckii. 

13) In some cases, combination therapy with flucytosina is advantageous for the treannent 
of cryptococcal meningitis. 

d. Adverss effllcts 
11) Conventional amphotericin B can cause infusion-related reactions that may include 

nausea, vomiting, chills, and rigors. Pre-medications, such as diphenhydramine, acet­
aminophen, and/or hydrocortisone are administered to minimize these effects. 

12) It can also cause nephrotoxicity and electrolyte abnormalities. 
13) Lipid formulations have been developed to reduce the toxicities associated with con­

ventional amphotericin B, including nephrotoxicity. 
2. Azola antifungal agents 

a. Specific agents include itraconazole, ketoconazole, miconazole, fluconazole, clotrimazole, 
voriconazola, isawconazole, and posaconazole. 

b. Mechanism of action 
11) These agents selectively inhibit the cytochrome P-450--mediated sterol demethyletion 

of lanostarol to ergosterol in fungal membranes by inhibiting the activity of lanosterol 
14-a-demethylase. 

12) The affinity for the mammalian P-450-dependent enzyme is significantly lower. 
c. lndicstians 

11) These agents are broad-spectrum antifungals; they also inhibit some protozoa. 
12) Indications for itraconazole include aspergillosis, blastomycosis, candidiasis, histo­

plasmosis, and onychomycosi.s. 
13) Voriconazole is used for treannent of invasive aspergillosis, candida infections, 

and infections due to Scedosporium apiospermum and Fusarium species (including 
Fusarium solani). 

14) Fluconazola is used for candida infections, cryptococcal meningitis, and antifungal 
prophylaxis in allogeneic bone marrow transplant patients. 

15) Posaconazole is indicated for prophylaxis of Aspergillus and Candida infections as well 
as for the treannent of oropharyngeal candidiasis. It is also used to treat mucormycosis. 

I&) Isavuconazole can treat invasive aspergillosis and mucormycosis. 
17) Miconazole and clotrimazole (and several other agents) are available for topical appli­

cation. They are useful for many dermatophyte infections, including tinea pedis, ring­
worm, and cutaneous and vulvovaginal candidiasis. 

d. AdveTSe effects 
11) They may cause GI distress and have the potential to cause hepatotoxicity. 

e. Drug inta111ctians 
11) Several of these agents cause inhibition ofCYP3A4 enzyme and may decrease metabo­

lism of certain drugs. 

B. Echinocandins 
1. Specific egentsinclude caspofungin, micafungin, and anidulafungin. 
2. Mscbanism of action. These agents are noncompetitive inhibitors of ~o-glucan synthesis. 

They disrupt the fungal cell wall by depleting cell wall glucan cross-linking, resulting in cell 
death. 

3. Indications. These agents are effective against Candida and Aspergillus species. 
4. Adntse effllcts. Overall, they are well tolerated. Adverse effectives may include elevations in 

liver enzymes and occasional GI distress. 



258 BRS Phannacology 

C. Other antifungal agents 
1. Griseofulvin 

a. Mecll111ism rd •ction. This agent inhibits fungal cell mitosis during metaphase. 1t binds to 
mi.crotubules and prevents apindle fonnation and mitoeit in fungi. It also binds filament pro­
teins such as keratin. 

b. Plt111Uco/ogic1I pt0p#Hti11. It aCQUilulates in skin, hall; and nails. 
c. lndit:etion include hair, nail, and dermatophvte infection•. 
d. AdllWH 1/fecta. Griseofulvin is generally well tolerated but may cause GI distress and rash. 

Rarely, CNS effects and hepatotoxici.ty occur. 
2. Rucytosine 

a. M1cb111i1m ol 1t:tio11. Flucytoslne ls actively transported into fungal cells and la converted 
to 5-tluorauracil and subsequently to 5-fluarodaoxyuridylic acid, which inhibits thymidylate 
synthetaae and pyrimidine and nucleic acid synthesis. 
{1) Human cells lack the ability to convert large amounts of fiucytosine to the uracil form. 

b. fndit:etiOlll 
(1) It is often used in combination widt other agents and is used in the treatment of crypto­

coccal meningitis and candidiasis. 
(2) Retittanct develop• rapidly and limits its use. 

c. AtlllWH 1/fecta include bone marrow deprenion and hair loss. 
1. Nystatin can be used for cutaneous and mucocutaneous fungal infections, including oral can· 

dldiasls. It woJb by binding to sterols in fungal cell membrane; which causes changes in the 
permeability of the cell wall and cell contents to leak. 

4. Toptcal agents used for the treatment of dermatophyte infections of the skin, hair;. and nails 
include tolnaftate, naftlfine, terblnaflne, and butenafine. 

VIII. ANTIPARASITIC DRUGS 

A. Agentl active against pratozoal infection• 
1. AglHfD 1t:tire •1•i111t 1Ul1ti1 

a. Malaria parasite life cycle 
(1) In the primary state of infection, sporozoites are injected into the host by the female 

mosquito (or a contaminated needle). In this preerythrocytic stage, the sporozoites are 
resistant to drug therapy. 

(2) The sporozoites migrate to the liver (primary exoerythrocytic stage) and then sporulate. 
{a) P'llumodtum vivax and P. ovale may not develop to mature liver stages for up to 2 

years (hypnozoites). 
(3) The merozoites that emerge infect erythrocytes {erythrocytic stage), where asexual divi­

sion leads lD cell lylli.s and causes clinical symptoms. 
(4) In P. vivax and P. ovak, the merozoites released can reinfect other red blood cells (sec­

ondary erythrocytic stage), reinfect the liveli or differentiate into sexual forms (pmeto­
cytes) that can reproduce in the gut of another female mosquito. 
(a) Elimination of parasites &om erythrocytes and the liver requires multidrug therapy 

effect as cure. 
{b) P. malarlae and P. falclparum differ from the other plasmodla in that the merozoites 

cannot reinfect the liver to produce a secondary exoerythrocytic stage. The lack of a 
tissue reservoir makes therapy somewhat easier. 

b. Treatment of malaria 
(1) Chloroquine is used for the control of acute, recurrent attacks, but it is not radically 

curative. 
(1) For chloroquine-resistant plasmodia, quinine sulfate is used. 
(b) Pyrim.ethamine/sulfadoxine, doxycycline, quinidine, or clindamycin may be used 

as adjunctive therapy. 
(2) In prophylaxis, chloroquine is used to suppress erythrocytic forms either before or dur­

ing exposure. 
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(a) Primaquine is added after exposure to treat exoerythrocytic forms. 
(b) In regions with chloroquine-resistant strains, metloquine or atovaquone/proguanil 

are used for prophylaxis. 
(c) Sulfonamides and sulfones are also particularly important in the prophylaxis of 

chloroquine-resistant strains. 
(d) Tetracyclines and doxycycline are used as short-term prophylactic agents in areas 

with multiresistant strains of plasmodia. 
c. Chloroquine 

111 Mer:b.aism of ar:tion. Chloroquine concentrates in acidic parasite vacuoles, raising 
their pH, and in hi bits tha activity of ham a polymerase, which converts host hemoglobin 
toxic by-products to nontoxic polymerized material. 

121 lndir:1tions 
(a) Chloroquine is used for malaria treatment and prophylaxis. 
(b) It is used in the control of acute, recurrent attacks, but it is not radically curative. 
(c) It is effective against all plasmodia (P. falciparum, P. vivax, P. malariae, and P. ovale). 
(d) Many species of P. falciparum are resistant to chloroquine. 
(e) Other indications include extraintestinal amebiasis and lupus erythematosus. 

13) Adverse effer:ts. Rarely, hemolysis can develop in patients with glucose-6-phosphate 
dehydrogenase-deficiency. Pruribls is common. 
(a) Rapid parenteral administration of a single high dose may be fatal. 

d. Primaquina (8-aminoquinolina) 
11) Mer:banism of action. This agent disrupts mitochondria and binds to DNA. 
121 lndir:1tions 

(a) Primaquine is used in the treatment of malaria. In combination with chloroquine, 
it is used specifically to eliminate liver hypnozoites after exposure to P. vivax or P. 
ovale for terminal prophylaxis and (radical) cure from malaria. 

(b) It can be also be used for prophylaxis before exposure (casual prophylaxis) when 
other drugs are ineffective or unavailable. 

13) Adverse eflects 
(a) Blood dyscrasias or arrhythmias may rarely occur. 
(bl Primaquine may result in intravascular hemolysis or methemoglobinemia in 

African Americans and dark-skinned Caucasians with glucose-6-phosphate dehy­
drogenase deficiency. 

(c) Due to the relative deficiency of glucose-6-phosphate dehydrogenase, use of this 
agent is not advised during the first trimester of pregnancy. 

e. Quinine 
(11 Mechanism of action 

la) Quinine inhibits nucleic acid synthesis and protein synthesis and decreases carbo­
hydrate metabolism in P. falciparum. In addition, it binds to hemozoin in parasit­
ized erythrocytes. 

121 Indications 
(al It is used in the treatment of malaria and is active against the erythrocytic stage. It 

is primarily used to treat chloroquine-resistant P. falciparum, often in combination 
with doxycycline. 

13) Adverse eflects 
(a) Quinine has a low therapeutic index. 
lb) It produces curare-like affects on the skeletal muscle and may cause headache, 

nausea, visual disturbances, dizziness, and tinnitus (cinchonism). 
(c) Hypoglycemia, which can be fatal, and (rarely) hypotension may occur. 
(di Quinine is associated with •blackwater fever· in previously sensitized patients; 

although rare, it has a fatality rate of 25% due to intravascular coagulation and renal 
failure. 

14) Quinidine is an agent with similar properties and is active against P. vivax and P. 
malaria. 

I. Mefloquine 
11) Mechanism of action. This agent causes destruction of the asexual blood forms of 

malarial pathogens. 
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(2) Indications 
la) It is useful for prophylaxis and the treatment of chloroquine-resistant P. falciparum 

and with chloroquine for prophylaxis against P. vivax and P. ovale. 
lb) It acts specifically on the erythrocytic stage of infection. For eradication of P. falci­

parum, it is used with artesunate. 
le) For eradication of P. ovale and P. vivax, it is used with primaquine. 

(3) Advetse effects. Mefloquin causes GI disturbances at therapeutic doses. Seizures and 
other CNS manifestations are also seen. 

(4) Contraindications. Use is contraindicated in patients with epilepsy or psychiatric disor­
ders and in patients using drugs that alter cardiac conduction. 

g. Atovaquone and atovaquone/proguanil 
(1) Mechanism at action 

la) Atovaquone inhibits electron transport to reduce the membrane potential of mito­
chondria. Resistance develops rapidly. 

lb) The mechanism of antimalarial action of proguanil is uncertain. Its metabolite, 
cycloguanil, selectively inhibits plasmodia dlhydrofolata reductasa/thymidylata 
synthetase to inhibit DNA synthesis. 

(2) Indications 
la) Coadministration of atovaquone with proguanil is effective for the treatment and 

prophylaxis of P. falciparum. 
lb) Atovaquone is used as an alternative treatment for P. jiroveci pneumonia. 

(3) Advetse effects include GI dysfunction, headache, and rash. 
h. Pyrimathamina 

(1) Mechanism at action. Pyrimethamine and its prodrug analog, proguanil, inhibit dihy­
drofolate raductasa ofplasmodia at concentrations less than that needed to inhibit the 
host enzyme. 

(2) Indications. Pyrimethamine is used in combination with sulfadoxi.ne, a sulfonamide 
with similar pharmacologic properties. 

(3) Advetse effects. It is associated with megaloblastic anemia and folate deficiency (at 
high doses). 

i. Artemether and lumefantrine 
(1) Msch1nism al action. These agents inhibit nucleic acid and protein synthesis to reduce 

and eliminate parasites. 
(2) Indications. This combination is used for the treatment of uncomplicated malaria. It is 

used as first-line therapy to treat the erythrocytic stage of P. falciparum. 
(3) Adntss sllscts may include GI distress, weakness, and dizziness. 

2. Agents active against amebiasis 
a. The major infecting organism in amebiasis is Entamoeba histolytica, which is ingested in cyst 

form, divides in the colon, and can invade the intestinal wall to cause severe dysentery. 
b. General drug characteristics 

(1) The tissue amebicides (metronidazole and tinidazole) are active against organisms in 
the intestinal wall, liver, and other extraintestinal tissues. 

(2) The luminal amebicidas (iodoquinol, paromomycin, and nitazoxanide) act effectively in 
the intestinal lumen. 

c. Matronidazole and tinidazole 
(1) Mechanism of action. These agents form free radicals that damage DNA and prevent 

further DNA synthesis. 
(2) Indications 

la) Metronidazole and tinidazole are used for intestinal amebiasis as well as for amebic 
liver abscassas, generally in combination with a luminal amebicide iodoquinol or 
paromomycin to eradicate luminal disease. 

lb) These agents are also active against Gianli1 intfJstinalis (formerly G. lamblia) and 
T. ngin1/is. 

le) Metronidazole shows activity against many anaarobic bacteria. 
(3) Adverse eHects 

la) Metronidazole has a disulfiram-like action; therefore, alcohol should be avoided. 
Tinidazole appears to be better tolerated. 
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(b) Metronidazole should be avoided in the first trimester of pregnancy due to possible 
teratogenic effects. 

d. Paromomycin is a broad-spectrum antibiotic, related to neomycin and streptomycin, 
which is useful as an alternative treatment for mild-to-moderate luminal infections or in 
asymptomatic carriers. It may cause GI distress. 

3. Agents active against leishmaniasis 
a. Stibogluconete sodium 

111 Mer:hanism of action. It is an antimonial agent; the mechanism is unknown. 
12) lndir:ations. It is effective against all Leishmania (cutaneous, visceral). 
13) Adve11e eHer:u. GI disturbances are common, and electrocardiogram changes may 

occur with continued therapy. 
b. Pentamidina 

11) Mer:hanism of action. It interferes with microbial nuclear metabolism through inhibi­
tion of DNA, RNA, phospholipid, and protein synthesis. 

12) lndir:ations. It can be used to treat L donovani infections when antimonials have failed 
or are contraindicated. It is also indicated for the treatment of PCP. 

13) Adve11e effer:ts may include nephrotoxicity and hypoglycemia. 
c. Nitazoxanide is used to treat G. lamblia and C. parvum. It inhibits the pyruvate-ferredoxin 

metabolic pathway. Overall, it is well tolerated. 
4. Agents used in the treatment of trypanosomiasis 

a. Nifurtimox is used to treat South American trypanosomiasis caused by Trypanosoma cruzi 
IChagas disease). 

b. Suramin, the mechanism of which is unknown, is useful for the treatment of early-stage 
African trypanosomiasis, or sleeping sickness, caused by T. brucei rhodesiense. Adverse 
effects include GI disturbances and rarely rash, among others. 

c. Eflomithine, an alternative for late-stage West African trypanosomiasis, is an ornithine decar­
boxylase inhibitor. 

d. Pentamidine is standard therapy for the disease caused by T. rhodesiense; it can be used as an 
alternative to suramin in the early stage of the disease. 

5. Drug therapy far other protozoa/ infer:tions 
a. Giardiasis. Metronidazole and tinidazole are the drugs of choice. N itazoxan ide is also used. 
b. Toxoplasmosis is treated with a combination ofpyrimethamine and sulfadiazine (or clindamy­

cin). This is a common opportunistic infection in immune-compromised patients. 

B. Agents active against metazoan infections lanthelmintics) 
1. Agents effective against nematode (roundworm} infections 

a. Albendazole and mebendazole 
(1 J Mechanism of action 

la) These agents bind with high affinity ta parasite-free P-tubulin to inhibit its polym­
erization and microtubule assembly. 

(b) They also irreversibly inhibit glucose uptake by nematodes; the resulting glycogen 
depletion and decreased ATP production immobilize the intestinal parasite, which 
is then cleared from the GI tract. 

121 lndicstions 
(a) Albendazole is the drug of choice for cysticercosis and cystic hydatid disease. 
(b) Mebendazole and albendazole are used to treat roundworm infections caused by 

Ascaris lumbricoides, Capillaria philippinensis, Enterobius vermicularis (pinworm), 
Necator americanus (hookworm), and Trichuris trichiura (whipworm). 

(cl They are also recommended for infections caused by the cestodes, E. granulosus 
and E. multilocularis. 

13) Ad11e11e effects may include GI distress during short-term therapy. They are potentially 
teratogenic. 

b. Pyrantel pamoate 
111 Mechanism of action. It selectively produces depolarizing neuromuscular blockade and 

inhibition of acetylcholinesterase (AChE) of the worm, resulting in paralysis; intestinal 
nematodes are flushed from the system. 
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(Z) ladit:•tions lnclude the treatment of infections caused by roundwonn, hoakwonn, and 
pinwarm. 

(31 Advttrfl tdlllCt$ may include dizziness, headache, and GI distre11. 
c. Diethylcarllamazine 

111 Mt11:hanism of aclio11. This agent dacraasas micrafilariaa muscular activity, causing 
their dislocation. It also disrupts their membranes, making them susceptible to host 
defense mechanisms. 

(21 lndic1ti01J1. It is the drug of choice to treat loia1i1, despite host response-induced 
toxicity, and it is a first-line agent for the treatment of lymphatic lil1ri11i1 and tropical 
pulmonary eosinophilia caused by Wuchereria bancrofti and Brugia malayi. 

(31 Adn1111 effecr.. Host destruction of parasites may result in uvara but raY1r1ibl1 
reactions, Including leuk:ocytosis, retinal hemorrhages, and oculm complications. 
'Dl.chycardia, rash, fever, encephalitis, and lymph node enlargement may also occur. 

d. lwennectin 
111 Mt11:hanism al Bt=tian. It causes paralysis of the organism's musculature by activation of 

invertebrate-specific glutamala-galad Cl- channals. 
121 lndit:lltiaas. It is the drug of choice for the oral treatment of onchocerciasis. and it is a 

first-line agent for the treatment of lymphatic filariasis and tropical pulmonary eosino­
philia caused by W. bancrofti and B. malayi. 

(31 Advttrfl efllt:ts. In onchocerciasis, the destruction of the microfilariae can cause bron­
chospasm, hypotension, and high fever. 

1. Apa "'8t:tin agaillll cNtod• (tlp1wotm) and tnm•tod• (Rulr1} infaclion 
a. Praziquantel 

(11 M1t:hBnism of action. Praziquantel causes p1ralpi1 of the worm due to increased cell 
membrane permeability of calcium. 

(ZI ladit:•tions. It is the most effective drug against all types of fluke infections, includ­
ing blood fluke infections (schistosomiasis), intestinal and liver fluke infections, and 
lung fluke infections (paragonimiasis). It is also useful in the treatment of blpewonn 
infections. 

(31 Ad11111S11 slf8cts include fever and rashes. Use is contraindicated in oculm cystlcercosis 
because of host-defense-induced irrtvtrsible eye damage. 

b. Bithionol inhibits parasite respiration. It is an alternative for Fasciola hepatica (sheep liver 
ftuke infection) and as an alternative to praziquantel for acute pulmonary paragonimiasis. 

IX. ANTIVIRAL DRUGS 

A. Antiharpatic drugs 
1. Acyclovir and valacyclovir 

1. M1cll1111ia ol actitm 
(11 Acyclovir is a purine analog that needs to be converted to nucleoside triphosphate for 

activity. 
(21 It requires viral dlymidine kinase to be selectively converted to monophosphate; it then 

uses cellular enzymes to be convertad to a biphosphata fonn that competitively inhibits 
die activity of viral DNA polymerase. 

131 Acyclovir triphosphate is also incorporated into viral DNA, where it acts to compete 
with deoxy GTP fur viral DNA polymerase and as a chain terminator. 

(41 It does not eradicate latent virus. 
(5) Valacyclovir is a prodrug that is converted rapidly and completely in the intestine and 

liver to acyclovir. 
(61 Resistance generally develops due to decreased viral thymidine kinase activity or an 

alteration in DNA polymerase. 
b. lmlieations 

111 These agents are active against herpes simplex virus IHSVI types I and II and to a lesser 
extent against Epstein-Ban virus IEBVI. varicella-zoster virus IVZVI, and cvtom1galo­
viru1 (CMV). 
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12) Chronic oral administration provides suppression and shonaning of duration of symp­
toms in recurrent genital herpes. 

13) Ophthalmic application is used to treat herpes simplex dendritic keratitis and topi­
cal application is used for mucocutaneous herpetic infections in immunosuppressed 
patients. 

14) They may be used to prevent reactivation of HSY infections. 
c. Adverse effects 

11) Reversible renal insufficiency (crystalline nephropathy) or neurotoxicity, including 
tremor, delirium, and seizures, may develop without adequate patient hydration. 

d. Famciclovir is a prodrug that is well absorbed and then converted by deacetylation to pan­
ciclovir, which has activity similar to that of acyclovir except that it does not cause chain 
termination. 

2. Penciclovir, docosanol, and trifluridine are used as topical creams to treat herpes infections. 
a. Docosanol prevents fusion of the HSY envelope with call plasma membranes, thereby inhib­

iting viral penetration. 
b. Host cell phosphorylated trifluridine inhibits viral DNA polymerase with inhibition of DNA 

synthesis. 
3. Ganciclovir and valganciclovir 

a. Mecbani1111 of 1ction 
(1) Ganciclovir is a deoxyguanosine analog that, as the triphosphate (like acyclovir), inhib­

its replication of CMY (also HSV, but not as well); monophosphorylation in CMV is 
catalyzed by a viral phosphotransferase {in HSV by a viral thymidine kinase), 

12) Resistance is primarily the result of impaired phosphorylation due to a point mutation 
or a deletion in the viral phosphotransferase. 

b. Indications 
11) Ganciclovir is used to treat CMY retinitis, colitis, esophagitis, and pneumonitis in 

immunocompromised patients. 
c. Adnrse effects include reversible nautropania and thrombocytopania. 
d. Yalganciclovir is an ester prodrug that is converted to ganciclovir by intestinal and liver 

enzymes. Its uses are similar to those of ganciclovir. 
4. Foscarnet 

a. ltech1ni1111 of action 
11) Foscamet inhibits viral DNA and RNA polymerase and human immunodeficiency virus 

IHIVI reverse transcriptase directly by binding to the pyrophosphate-binding site. 
12) Resistance is due to point mutations in viral DNA polymerase and HIV reverse 

transcriptase. 
la) Foscamet is not cross-resistant with most other antivirals. 

b. Indications. Foscarnet is approved for use in the treatment of CMY infections and acyclovir­
rasistant HSY infections. 

c. Adverse effects. Use is limited by nephrotoxicity and electrolyte wasting, which may lead to 

paresthesias, arrhythmias, and seizures. 
5. Cidofovir 

a. ltech1ni1111 of action. This agent is a cytosine analog active against CMY. It does not require 
viral enzymes for phosphorylation and subsequent inhibition of DNA polymerase and DNA 
synthesis. 

b. Indications include CMY infections, including CMV retinitis. 
c. Adverse effects include naphrotoxicity and neutropenia. 

B. Agents used for influenza 
1. Amantadina and rimantadine 

a. Mecbani1111 of action. Amantadine and rimantadine interact with the M2 protein of the pro­
ton channel of the virus to inhibit tha uncoating and replication of the viral RNA in infected 
eel Is. The point mutation development of resistance is common (Fig. 11.5). 

b. Indications. Amantadine and rimantadine are used to treat influenza A infections {when 
administered within the first 48 hours of symptoms) and as prophylaxis during flu season. 
These agents do not suppress the immune response to the influenza A vaccine. 
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R&URE 11.5. Silas Df action of antiviral drugs. (Reprinted with permi11ian from Golan D. Principles of Phanmacalagy. 
4th ed. Philadelphia, PA: Woltars Kluwer Health, 2016, Fi11. 33.2.J 

c. Adntn d9t:ls. Theycau.se mild CNS diets (insomnia. narvausnusl and some GI dysfunc­
tion. Patients with a history of seizures require close monitoring. Teratog1nic effects have 
been noted. 

2.. Zanamivir and neltamivir 
a. Afedt111itm ol 1t:tion. These agents are n1uraminida11 inhibhDrs; they potentially alter par­

ticle aggregation and release (Fig. 11.5). 
b. lndic1tiOM. They are used for the treatment and prophylaxis of acute uncamplicnd influ­

enza infection. The agents are effective against both influenza A and B. 
c. Adlllllll& d9t:ls. Abdominal pain and GI dysfunction are common with osaltamivir (an oral 

agent}. Zanamivir (an intravenous agent) may cause bronchoepaam. 

X. ANTIRETROVIRAL DRUGS 

A. Nucleoside reverse transcriptase inhibibln 
1. Sp•t:ifir: Qtnfsinclude llnofovir, abacavir, zidovudine, emtricitabine, lamivudine, didanosine, 

and staw.dine. 
2.. llach•nin al •ctian (Fig. 11.5) 

1. Nucleoside reverse ttanscriptase inhibitors (NRTis) act by competitinly inhibiting HIV­
encoded RNA-dependent DNA polymerase !reverse transcriptase)to cause chain termination 
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that decreases viral DNA synthesis and virus replication. They prevent infection, but do not 
clear cells already infected. 

b. NRTis must first undergo intracellular phosphorylation to be active. 
3. Indications 

a. These agents are used for the treatment ofmv 1 and 2 in combination with other antiretrovi­
ral agents; they are referred to the backbone of antiretroviral therapy. 
(1) They are often administered in pairs; combination therapy is used for treatment and to 

reduce the likelihood of the development of resistance. 
(2) Some agents, like zidovudine, are used for postexposure prophylaxis and for the preven­

tion of perinatal HIV transmission. 
4. Adve11e eHecl$. NRTis may cause leukopenia, neuropathies, pancreatitis, and hepatic steato­

sis. They also have the potential to cause lactic acidosis. 

B. Nonnucleosida reverse transcriptasa inhibitors tNNRTlsJ 
1. Specific agents include efavirenz, nevirapine, rilpivirine, etravirine, and delavirdine. 
2. Mechanism of ection (Fig. 11.5) 

a. These agents are noncompetitive inhibitors of HIV-encoded RNA-dependent DNA polymerase 
(reverse transcriptaseJ. Similar to NRTis, they cause chain termination that decreases viral 
DNA synthesis and virus replication. They prevent infection, but do not clear cells already 
infected. 

b. They do not raqui ra phosphorylation for their activity but rather act directly. 
3. Indications. These agents are used for the treatment of HIV-1. 
4. Adn111 effecl$ may include GI dysfunction, hepatitis, and skin raactions. including Steven­

Johnson syndrome. 
a. Efavirenz and rilpivirine may cause neurologic and psychiatric side effects. 

C. HIV-1 protease inhibitors 
1. Spscific agsnts include ritonavir, darunavir, atazanavir, and lopinavir. Rarely used agents 

include indinavir, nelfinavir, saquinavir, fosamprenavir, and tipranavir. 
2. Mschanism of action (Fig. 11.5) 

a. These agents are HIV-1 protease inhibitors (Pis) that competitively inhibit viral-induced Gag­
Pol polyprotain claavaga by H IV-1 protease, a step necessary for virion maturation; this leads 
to clearance of the immature virion. 

3. Indications 
a. These agents are used for the treatment of HIV 1 and 2. They are used in combination with 

nucleoside analogs. 
4. Phannacological properties 

a. Bioavailability of most Pis is increased with a high-tat meal. 
b. Resistance due to changes in the protease gene may occur. 

5. Adn11e effects 
a. These agents may cause many metabolic aftacts, including hyperglycemia, hyparlipidemia, 

lipodystrophy, and hepatotoxicity. Some agents also have the potential to cause cardiac 
arrhythmias. 

6. Significant drug-drug interactions have been noted that are due to inhibition or induction of 
CYP isoforms. 
a. Ritonavir extensively inhibits many liver CYP enzymes; it may be used as a pharmacokinetic 

"booster" in combination with other protease inhibitors. 

D. lntegrase strand transfer inhibitors (INSTls) 
1. Spscific 1g1nts include raltegravir, elvitegravir, dolutegravir, and bictegravir. 
2. Mechanism of ection (Fig. 11.5) 

a. HIV integrase is essential for lilV replication; it is an enzyme that catalyzes the process where 
viral DNA is integrated into the genome of the host cell. 

b. These agents bind to tha viral enzyme integrase to pravant HIV replication and viral integra­
tion into the host cell. 

c. They target the strand transfer step of viral DNA integration and prevent the binding of the 
preintegration complex to the host cell DNA. 
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3. Indications. These agents are used for the treatment of HIV 1 and 2. 
4. AdveTSe effects. Overall these agents are well tolerated. They may cause headache, insomnia, 

or dizziness. They may also cause depression and suicidal ideation. 

E. Entry inhibitors 
1. Fusion inhibitor 

a. Specific agent Entuvirtida 
b. Mechanism of action (Fig. 11.5) 

(1) Enfuvirtide binds to the gp41 subunit of the HIV-I viral envelope gpl60 glycoprotein 
complex (gp41 and gpl20) to block the conformational change in the glycoprotein that 
is necessary for interaction with CD4-receptors and viral membrane fusion with the 
host cell membrane. 

c. Indications. It is used for the treatment of HIV-I infections. 
d. Advstse Bfflctsmayinclude GI distress, fatigue, and infection-site reactions. 

2. CCR5 antagonist 
a. Specific agent Maraviroc 
b. Mech11ni11D of 11r:6on. It binds with high selectivity to those host cells with CCR5 chemokine­

receptors to prevent the conformational change in the viral envelope gp120 subunit that is 
also necessary for HIV entry (Fig. 11.5). 

c. Indication. It is used to treat R5 HIV infection that has shown resistance to other antiretroviral 
drugs. 

d. Advetse effects include allergy, joint and muscle pain, and GI disturbances. 
e. Drug--dmg int11111ctions are numerous due to CYP3A metabolism. 

F. Direct-acting antiviral agents (DAAs) used for hepatitis C (HCV) 
1. NS3/4A protease inhibitors 

a. Specific agents include g lecaprevir, grazoprevir, paritaprevir, and simeprevir. 
b. Mechanism of action. These agents are inhibitors of the NS3/ 4A protease, an enzyme involved 

in posttra nslational processing and replication of the hepatitis C virus (HCV) (Fig. 11.5). 
c. Advetse effects may include rash and photosensitivity. 
d. Drug interactions. CYP inducers and inhibitors may affect drug levels. 

2. NS5A protein inhibitors 
a. Specific agentsinclude daclatasvir, elba~ ledipasvir, ombitasvir, pibrentasvir, and velpatasvir. 
b. Mechanism of action. They interfere with viral replication and assembly of the HCV virus by 

binding to the N-terminus ofHCVnonstructural protein 5A (NS5A) {Fig. 11.5). 
c. Advstse Bfllcts may include GI distress, headache, and fatigue. 
d. Drug interactions vary by agent; P-glycoprotein and CYP inducers and inhibitors may affect 

drug levels. 
3. NS5B polymerase inhibitors 

a. Specific agents: 
(1) Nucleoside/nucleotide polymerase inhibitor (NPI): sofosbuvir. 
(2) Nonnucleoside polymerase inhibitors {NNPis): dasabuvir. 

b. MschanillD of action: 
(1) NSSB is a RNA-dependent RNA polymerase; it is active in posttranslational processing, 

which is needed for HCV replication. 
(a) Sofosbuvir (NPI) binds to the catalytic site ofNS5B, leading to chain termination. 
lb) Dasabuvir (NNPI) is an allosteric inhibitor ofNS5B. 

c. Advetse effects may include headache, fatigue, and GI distress. 

G. Agents used for hepatitis B 
1. Lamivudine is an NRTI (see above) used for hepatitis B virus (HBV) infections, providing effec­

tive and rapid response in most patients. It is a cytosine analog that competes with deoxycyti­
dine triphosphate to subsequently inhibit HBV DNA polymerase. This agent slows progression 
to liver fibrosis. It has only minor adverse effects at doses used for HBV infections. 

2. Adefovir 
a. MschanillD of action. It is a nucleotide analog that is phosphorylated to its active metabolite. 

It interferes with HBV viral RNA-dependent DNA polymerase to inhibit viral replication. 
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b. l11dit:lllia11. It Is used for the treatment of HBV. 
c. Adntn 11'frH:t. Dose-related nephratDxicity may occw:. 

3. Interferon alpha 
a. M1cll1niMt of •t:tion. This agent binds to cell membrane receptors to initiate a series of reac­

tions that lead to inhibition of viral activity, including replication. 
b. lntlit:lllion1. It may be used for both HBV and HCV. 

(1) Combination with ribavirin leads to synergistic etfects. 
c. At/nm 1lflm include an influenza-like syndrome after injection, tltrombocytopenia and 

granulocytopania, as well as neuropsychiatric effects. 
4. Entacavir 

a. M1t:IJ.,,i1m al •t:tia11. This agent inhibits HBV DNA palymera11. It Is a nucl.eostde analog that 
Is phosphorylated to its active metabolite. 

b. l11dit:lllia111. It is wed for the treatment ofHBV infections. 
c. Adverse effects. It is generally well tolerated. with headache and fatigue being the most com­

mon etfects. 
5. Ttnofovir is also used to treat HBV infections. 

H. Other antiviral• 
1. Ribavirin 

a. M1ell111ism of action. The mechanism is not clear. It is a guanosine analog that alters the 
synthesis of guanosine trlphosphate, appears to inhibit capping of the viral messenger RNA 
and inhibit viral RNA polymerases. 

b. l11dit:lllia111. Ribavlrln is adminfatered as an aerosol to treat RSY. 
c. Adverse elhN:ts. It may cause hemolytic anemia and is potentially teratogenic. 

2. Palmzumab is a humanized monoclonal antibody directed against the F glycoprotein on the 
surface of RSV. It is used for the prevention of RSV in children and premature infants and chil­
dren. Adverse effects include respiratory infection, rash, and GI dysfunction. 

3. lmiquimad is a topical cream used fur anal and genital warts caused by hwnan papilloma virus. 
The exact mechanism. of action is not well elucidated. Skin reactions are a common etfect 

• DRUG SUMMARY TABLE 

PtnicilliH 
Amoxicillin (Moxetag) 
Amaxicillin/clavutanata 

(Augmentinl 
Ampicillin (generic only) 
Ampicillin/sulbactJlm IUnasyn) 
Dicloxacillin !generic only) 
Nefcillin !generic only! 
Oxacmin (Bactocill in Dextrose! 
Penicillin G (Plizerpenl 
Penicillin G benathine IBicillin L-A) 
Penicillin G procaine {Pfizerpen·AS, 

Wycillinl 
Penicillin V (Pen· VICI 
Piparacillin/Ulzobectem IZosyn) 

Ctph1lupari111 
FimflllHll'ttfiu 
Celadroxil IDuricaf) 
Calazolin IKefzot! 
Cephalexin IKeflexl 
Stcul~ 
Celaclor (Ceclor) 
Cefotettn (Cef11t1n) 
Cafoxitin (Mafoxinl 
Celprozil (Cslzill 
Caluroxime ICe!tinl 
1linl IMMlfin 
Celdinir (Omnicefl 

Cefditorsn ISpeetmefl 
Cefixime (Suprax) 
Caf11t1xime ICl1for1n) 
Cefpodoxime tv1ntinl 
Ceftazidime (Fortal) 
Caltibuten ICedax) 
Ceftriuone IRoeephin) ,....,..lttlliu 
Celepime IMaxipimel 
liMflllMlfiM 
Ceftlroline ITeflarol 
~curtln,,_, 

Caltlzidime/avibactem IAvycaz) 
Ceftolozene/tazob1etam IZerbaul 

Clrt1p111m1 
Dc11ipenem IDoribax) 
Ertaptnem (lnvanz) 
lmipanam-cilastatin (Primaxinl 
Meropenem IMerreml 
Meropenem and vaborbactam 

(Vabomarel 

M1111allai:ctn 
Aztreonem (Azacttm) 

GlycGpepllidas 
Delbavencin IDalvance) 
Oritavancin (Qrbactiv) 

Telav1ncin IVibativl 
Vancomycin (Vancocin) 

UpoPl!lli .. 
Daptomycin ICubicinl 

Otlllr Call w.11 .. h•ilD11 
Becitracin IBACiiM, Bacitin) 
Fosfomycin IMonurol) 

Ami•11lycolill•• 
Amilcacin IAmildnl 
Gent1micin IGeramycinl 
Neomyein lgenerie only) 
Streptomycin (generic only) 
Tobramycin INabcin) 

Tltrltyeli ... 
Demeclocycline (Declomycinl 
Dmtycycline IVibramycinl 
Minocycline IMinocin) 
Tetracyeline (Sumyeinl 

Glyeyleycliae 
1igecycline ITygacil) 

Mllcnlid• 
Azithromycin IZithromaxl 
Clarithromycin (Biaxin) 

(Continued} 



268 BRS Phannacology 

Erythromycin IEry· Tab) 
Fid1xomicin IDilicid} 
Teli1hromycin IKetak} 

Oxazalidi1Dne 
Lintzalid IZyvox) 
Tedizolid {Sivextro) 

11nf1ttrtmin 
Quinuprill1in/d11fopri111in (Synercid) 

liKttlll~· 
Clindemycin {Cleocin) 

Milctll11et111 Alti11icnllilll 
Ctilar1mpti1nicol (Ctilaramyc91in) 
Metronidezole {Flagyl) 
Mupirocin {Bactrobanl 
Nitroflmintvin IM1crod1ntin) 
PolymyxinB 

An1ifDlll'll At•n'lll 
Malenide (Sulflmylon} 
Silver sulf1di1zin1 (Silv1dena) 
Sulflcmmidt (Ov1e1) 
Sulflulazine {Azulfidintl 
Trimlttloprim (Primsoll 
Trimlttlopri'm/SW!ametiloxezole 

IBactrim) 

P,rimethl11ine 
Pyrimethamine IDuepriml 

Fl~uinolon" 
Ciproflaxacin !Cipro) 
Del1llOX1cin (Baxdela} 
Gamiflllllllcin IFactiva) 
lavo1lox1cin (Lev1quin} 
Moxifloxecin IAveloxl 
Norfloxacin (Noroxin) 
Oflox1cin (Floxin) 

An1ivi11lt 
~ .... 
Acyclovir (Zovirax) 
Cidafavir (Virtide) 
Docounol IAbrevel 
Famciclovir (Famvir) 
Fo•camet lfo•c1vir) 
Ganciclovir (Cytovene} 
Panciclavir (Danavirl 
Trifluridine IVirapticl 
Valacyclovir IValtrex) 
V1lg1nciclovir IV1lcyte) 
Atlti-illlllttlala lftlllS 
Amantadine IGocovri) 
Osa!tJlmivir (T1miflul 
Peramivir {Rapivabl 
Rimantldine (Flumadine) 
Zanamivir IRelenz1l 
Alltinltnritll •fll* 
Ab1c1vir 1Zi1ganl 
Ataz1navir IRay1taz} 
Darunavir IPreziml 
Delavirdine (RHcriptDr) 
Didano•ine (Videx) 
Efavirenz (Su111i111) 
Emtricit1bin1 (Emtriva} 
Enfuvirtide IFuzeon) 
Etravirine (lntelencel 
FoHmprenavir ILuiva) 

lndin1vir ICrixinnl 
Lamivudina (Epivirl 
Lapin1Yir/riton1vir IKal11J1I 
M1r1viroc (Selzentry} 
Nelfinevir {Virecaptl 
Nevirtpine IVir1mune) 
Raltagravir llHntnml 
Rilpivirine IEdur1nt) 
Ritllnavir INarvir) 
Saquinavir (lnviraae) 
St1Yudine IZ.ritl 
Tenof'ovir IVire1dl 
Tlpranavir (Aptivus} 
Zidovudine IRetrovirl ,,,,.,,..,,.,, ...,,.,,,,., ., .. 
Abacavir end lamivudine {Epzicom) 
Ab1c1vir, l1mivudine, and zidovudine 

(Trizivir) 
Atazanavir and cobicistlt IEvotaz} 
Bictag11vir, amtricitabine, and tenofo· 

vir alafenemid1 IBiktarvy) 
Darunavir and cobicimt {Prezcobixl 
Darunavir, cobicistat. emtricitebine, 

and tenofovir alafenamide 
(Symtuzal 

DolutBgravir, ab1c1vir, ind l1mivudin1 
{TriumaQI 

Dolutegravir ind rilpivirine IJuluc1l 
Eflvirenz, emtricitlbine, and tenofovir 

disoproxil fum111te IAtripla} 
Eflvirenz, l1mivudin1, and mnofavir 

di•oproxil fumarlte ISymfi) 
EJvitBgrlvir, cobicistl\ emtricitlbinu, 

and tenomir allfenamidt 
(Genvgyal 

Elvitagrl'llir, cobiciltat, emtricitlbille, 
and tanofovir disaproxil fumarm 
{S1ribild) 

L1mivudine ind tenot\)vir di•oproXJ1 
fumuete (Cimduol 

Lopinavir and ritonavir (Kaletra) 
Rilpivirine, amtricitabine, and tanafavir 

alaftnamidt {Odaftey) 
Rilpivirine. amtricitabine. and tenofovir 

disoproxil fumaratu IComplura) 
Tenof'ovir alafenamide and emtric· 

itabine (Dascovy) 
Tenof'ovir disoproxil fumarat1 and 

1mtricitabine tTruvada) 
Zidovudine and l1mivudine (Combivirl 
AJ:rtjjflllllli.,... 
Adef'ovir (Hepseral 
D1cl1t1svir (D11dinza) 
Elba811ir end grazoprevir IZepetierl 
Ent11c1vir (Baracludel 
Glucaprevir and pibrentasvir 1Mavyrll11 
Interferon alfa·2b Untron A} 
L1mivudin1 (Epivirl 
Ledip1svir 1nd sof'osbuvir (Huvoni) 
Ombitasvir, paritaprevir, ritllnavir, plus 

duabuvir IViekira Pak) 
Pegylated irmnferon alfl·2b (Pegasysl 
Simeprevir IOlysiol 
Sofosbuvir (Sovaldil 
Sofoabuvir and velpata811ir IEpcluHI 
Tenof'ovir disopraxil fumarate IVireadl 
Velpatesvir !generic only) 
flliM:""'11Ha lllfti!lilwl .... 
lmiquimod (Ald1r1I 
P1livizum1b ISyn1gis) 
Ribavirin IModariba) 

•Avail1ble from 1he CDC, WHO, or ottler distribution prog11ms. 

Antifu111I At•• 
Amptiatericin B--convention1I 

(Fungizona} 
Amptiataricin &-lipid camplex 

(Ab1lc1t) 
Amphutericin B--lipo1om1I 

IAmBisomal 
Butenafine ILatrimin Ultra} 
Butacon1zal1 (&ynazola-1) 
C1spofungin (C1ncid1s} 
Clotrimazole llotrimin AF) 
Econazole IEcoZ1) 
Fluconllole IDiftucanl 
Flucytosine (Ancobon) 
Griseofulvin IGrifulvin V} 
IHvuconazole ICresembal 
ltr1con1zole (Spo11noxl 
KltDcon1zole (Nizorall 
Miconazole (Micatinl 
Micafungin (Myc1mine} 
Naftifine {Naftinl 
Nystatin {Nystop) 
Oxiconazole IOxistatl 
Po11conazole fNOX1fil) 
Sar!Jlconazol1 (Ert1ezo} 
Sulcanazol1 !Exaldenn) 
Terbinafint {l.amiail) 
Tercon1zolt CTemol-71 
Tloconazole IV1gist1t· 1) 
Tolnlftate (Tinactin) 
Voricon1zale (Vfend) 

AntillJCD .. ctlrill Ageltl 
C1praomycin ICap1mt! 
Cyclo99rine {Seromycinl 
Eth1mbutDI IMyambutoll 
Ethionemide Cfrecmrl 
l1oniazid U1ot1mine} 
Pymin1mid1 (Tabrazidl 
Rifabutin IMycobutin) 
Rifampin {Rifadin) 
Rifaptntine (Priftin) 
Rifaximin (Xifaxan} 

D"ll' for llyc«Hr:twift ,.,,., 
Clofazimine (llmprene)1 

Dapson1 l111naric only! 

An11J1rtlllllc A411nt1 
Alband1zol1 (AlbanZI) 
Artemetl!ar/lumefentrin1 

(Coarteml 
Artesunate• 
Atov1quon1 IMapronl 
AtovaQuone/Proguenil IMeleron1) 
Chloroquine IAralenl 
Disthylcubamazint tHetr1zan)1 

Eflomithint (Qrnidyl)1 

lvermectin IStromectDI} 
Maband1zole (Emverm) 
MafloQuina {Mefloquine) 
Nitezoxanid1 IAlinial 
Paromomycin (Humatinl 
Pantamidine (Pentaml 
Praziquantel (Bittricide) 
Prim1quine (generic onlyl 
Pyrantel pemoat1 IPin..)() 
Quinine llluelaquinl 
Sodium S1ibogluconate1 

Tlnidazole (Tindamax} 



Review Test 

Diractions: Select the best answer for each question. 

1. A 27-year-old man presents to his primary 
care physician with complaints of a painless 
ulcer on his penis. The patient admits to 
having unprotected intercourse 2 weeks 
prior. Visualization of the lesion by dark field 
microscopy demonstrates spirochetes, and he 
is diagnosed with syphilis. The patient has no 
known drug allergies. Which of the following 
medications would be most appropriate for the 
treatment of this patient? 

IAI Bacittacin 
Ill Dmycycline 
ICI Erythromycln 
(DI Penicillin G 

2. A 19-year-old man presents to the emer­
gency room with a severe headache, pho­
tophobla, and a stiff neck. After a lumbar 
puncture, the patient is diagnosed with 
bacterial meningitis. Which of the follow­
ing cephalosporins is most appropriate for 
empiric treatment? 

IAI Cefamlin 
(Bl Cefephne 
(Cl Ceftriaxone 
(DI Cefuroxlme 

3. A 27-year-old woman with a history 
ofintra:venous drug abuse is admitted 
to the hospital for fever and shortness of 
breath. Multiple blood cultures are positive 
for S. aureus with resistance to methicil­
li.n. A transesophageal echocardiogram is 
positive for trlcW1pid vegetations consistent 
with endocarditis. Which of the follow-
ing is an appropriate antibiotic to treat this 
condition? 

(Al Aztreonam 
111 Ceftriaxone 
ICI Gentamicin 
IDI Imipenem 
IEI Vancomycin 

4. A 16-year-old boy presents to his pediatri­
cian with a rash on the palms and soles of his 
feet as well as fever and headache. His mother 
reports that a tick bit him while camping the 
week prior. His Weil-Fel.i:I: test result is positive, 
suggesting Rocky Mountain spotted fever. What 
agent should be given to treat this condition? 

IAI Bacitracin 
Ill CiproDoxacin 
ICI Doxycycline 
IDI Erythromycin 
IEI Streptomycin 

5. A 27-year-old woman presents to the 
emergency room with complaJnts of urinary 
frequency, urgency, and dysuria. A urinalysis 
demonstrates bacteria and white blood cells; 
therefore, she is started on trimethoprlm/sul­
famethoxazole for empiric treatment. Three 
days latei:, she returns with a fever and blistel'5 
around, and inside, her mouth and nose. What 
should be included in the differential diagnosis? 

IAI Aplastic anemia 
IBI Glucose-6-phosphate dehydrogenase 

deficiency 
ICI Red man syndrome 
IOI Steven-Johnson syndrome 

6. A 43-year-old woman with a history of HIV 
presents to the emergency room with short­
ness of breath. Laboratory results reveal a C04+ 
count of 150, and an arterial blood gas indicates 
hypoxia. A chestx-ray shows bilateral intersti­
tial infiltrates. The emergency room physician 
suspects Pneumocysds jiraueci pnewnonia, 
which ls confirmed with bronchoscopy and 
sliver staining of bronchial washings. Which of 
the following medications should be started? 

IAI Azithromycin 
IBI Clindamycin 
ICI Isoniazid 
IDI Miconazole 
IEI Trimethoprim/sulfamethoxazole 
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7. A 35-year-old woman with a history of type 2 
diabetes presents to her primary care physician 
with fever and dysuria. She is started on a medi­
cation that has the potential to cause tendon 
rupture. What is the mechanism of action for 
the drug that was started? 

(A) Inhibition of bacterial cell wall synthesis 
(B) Inhibition ofDNA gyrase 
(C) Inhibition of RNA synthesis 
(D) Inhibition of the 30s ribosome 
(E) Inhibition of the 50s ribosome 

8. A 35-year-old man presents to his family 
physician for a physical exam after his mother 
is diagnosed with tuberculosis (TB). Although 
a purified protein derivative (PPD) is negative, 
the physician recommends prophylaxis 
against TB. Which of the following medica­
tions is most appropriate for TB prophylaxis in 
this patient? 

(A) Etharnbutol 
(B) Isoniazid 
(C) Pyrazinamide 
(D) Rifampin 
(E) Streptomycin 

9. A 12-year-old girl with a history of acute 
lymphoblastic leukemia is admitted to the hos­
pital for a bone marrow transplant Seven days 
after her transplant, she develops a fever. Blood 
cultures reveal a resistant strand of Candida 
albicans, and she is started on appropriate 
treatment. After her first infusion, the patient 
develops hypotension, fever, and rigors. The 
next day, labs reveal that her serum creatinine 
is increased. Which medication was most likely 
administered? 

(A) Amphotericin B 
(B) Fluconazole 
(C) Griseofulvin 
(D) Micafungin 
(E) Nystatin 

10. A 23-year-old man with a history of 
AIDS presents to the emergency room with 
fever, neck pain, and photophobia. A lumbar 
puncture is performed and the cerebrospinal 
fluid is positive for Cryptococcus neoformans 
on India ink stain. Which of the following 
agents is preferred for the treatment of this 
condition? 

(A) Cycloserine 
(B) Flucytosine 
(C) Fluconazole 
(D) Griseofulvin 
(E) Tolnaftate 

11. A 23-year-old man is planning to spend a 
year in Africa to work in the Peace Corps. He 
is counseled about malaria prevention and is 
prescribed a medication for chemoprophy­
laxis, which concentrates in acidic parasite 
vacuoles and inhibits the activity of heme 
polymerase. What medication is prescribed for 
chemoprophylaxis? 

(A) Atovaquone 
(B) Chloroquine 
(C) Doxycycline 
(D) Pyrimetharnine 
(E) Quinine 

12. A 14-year-old boy returns from a Boy 
Scout backpack trip with foul-smelling watery 
diarrhea. On further questioning, he admits 
to drinking water from a mountain brook 
without boiling it first. Stool is sent for ova 
and parasites. He is eventually diagnosed 
with a Giardia lamblia infection. Which of 
the following drugs is the most appropriate 
treatment? 

(A) Mebendazole 
(B) Metronidazole 
(C) Nifurtimox 
(D) Suramin 
(E) Thiabendazole 

13. A 42-year-old man, with a history of 
myelodysplastic syndrome, presents to the 
emergency room with mental status changes 
and a headache. A computed tomography 
scan is ordered and demonstrates a ring­
enhancing lesion. He is started on empiric 
treatment for a Toxoplasmosis gondii abscess. 
Which agent should be included in his 
treatment? 

(A) Ivermectin 
(B) Niclosarnide 
(C) Praziquantel 
(D) Pyrimethamine 
(E) Pyrantel pamoate 
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14. A 23-year-old woman with a history of 
non-Hodgkin lymphoma presents to the 
hospital for her next cycle of chemotherapy. 
A week after treatment, she complains 
of abdominal pain, bloody diarrhea, and 
low-grade fevers. Cultures are positive 
for CMV, and the infectious disease team 
starts treatment empiric therapy for CMV 
colitis. Two days later, the patient requires 
supplementation with most electrolytes, 
including potassium. Which medication was 
most likely started for the treatment of CMV 
colitis? 

(Al Aman ta dine 
(Bl Docosanol 
(Cl Foscarnet 
(DI Ganciclovir 
(El Trifluridine 

15. A 23-year-old woman presents to an 
appointment with her obstetrician after she 
discovers she is 6 weeks pregnant The patient 
has a history of HIV and is concerned about the 
potential consequences. The doctor counsels 
her about a medication that may be used to 
decrease the risk of transmission to the unborn 
child. What is the mechanism of action for this 
medication? 

(Al CCR5 antagonist 
(Bl Fusion inhibitor 
(Cl Integrase strand transfer inhibitor 
(DI Nucleoside reverse transcriptase inhibitor 
(El Protease inhibitor 



Answers and Explanations 

1. Tha answer is D. Patients with primary syphilis require a slngle intramuscular dose of benza­
thine penicillin G. Oral preparations of penicillin G or penicillin V are insufficient. Doxycycline 
for 14 days is an alternative treatment in penicillin-allergic patients. Bacltracin is only indicated 
for topical U5e and insufficient for syphilis. Erythromycin is not indicated for syphilis. 

2. The answer is C. Ceft:riaxone Is a third-generation cephal.osporin that has excellent CNS pen­
etration. Most third-generation cephal.osporins enter the CNS. The first- and second-generation 
agents, cefazolin and cefuroxlme, respectively, do not enter the CNS. There are limited data on 
the effectivene&& of cefepime in meningitis. 

3. The answer is E. Vancomycin is the drug of choice for serious infections due to methicillin-resis­
tant S. aureus (MRSA), In the case of endocarditis, the treattnent is usually 6 weeks. The resis­
tance of MRSA is often due to altered penicillin-binding proteins, not P-lactamases. Aztreonam, 
imipenem, and ceftri.amne do not treat MRSA. Gentamicin is often used in conjunction with 
penlcllllns in a non-MRSA setting. 

4. Tha answer is C. Doxycycllne, a tetracycline (30S ribosome inhibitor), is the antibiotic of choice 
to treat Rocky Mountain spotted fever, a rickettsial disease. Streptomycin can be used to treat 
plague and brucellosis. Bacitracin is only used topically. Ciprofloxacin can be used to treat 
anthrax, and erythromycin is the most effective drug for the treattnent of Legionnaires disease. 

5. The answer is D. Steven-Johnson syndrome is a form of eryth.ema multiforme, rarely assocl­
ated with sulfonamide use. Signs and symptoms may include fever and a red or purple rash that 
spreads. The rash Is often painful and may cause blisters on mucous membranes, such as the 
mouth, nose, and genital areas. Patients with glucose-6-phosphate dehydrogenase deftclency 
are at risk of developing hemolytic anemia. Red man syndrome is associated with vancomycin. 

6. The answer is E. Trimetboprim/sulfamethoxazole is not only the treatment for Pneumocystis 
jirouecii pnewnonia but should also be considered for prophylaxis in patients undergoing 
immunosuppressive therapy or with mv. Azithromyci.n can be of use in Mycobacterium avium­
intraceUulare {MAC complex). Isoniazid is used for tuberculosis (TB). Miconazole is an antifun­
gal used for vulvovaginal candidiasis. 

1. The answer is B. The patient was most likely started on a Ouoroquinolone, such as clprofloxacin, 
a group of antibiotics that inhibit bacterial topoisomerase II (DNA gyrase ). Fluoroquinolones 
cause an increased risk of tendon rupture. The antibiotic classes that inhibit the 30S ribosome 
include aminoglycosides and tetracycline. Inhibitors of the SOS ribosome include chlorampheni­
col, erythromycin, and clindamycin. Bacterial cell wall inhibitors include penicillins, cephalo­
sporins, and vancomycin. Rifampin inhibits DNA-dependent RNA polymerase (RNA synthesis). 

8. The answer is B. Isoniazid can be used alone for the prophylaxis of tuberculosis (TB) in the case 
of such exposure. All the other agents are important in the treatment of a known TB infection 
and are often used in combination with isoniazid. Often rifampin, ethambutol, streptomy-
cin, isoniazi.d, and pyrazinamide are used for months together, as many strains are multidrug 
resistant. 

9. The answer is A. Amphotericln B is used in the treatment of severe disseminared candidiasis. It 
often causes severe adverse effects, which is why its use is reserved for more resistant infections. 
Adverse effects may include fevers and chills on infusion and nephrotmicity. Toxicity has been 
decreased with liposomal preparations. Nystatin is used as a "swt&h and swallow" treatment for 
oral candidiasis. Micafungin and fluconazole are used for the treatment of candidiasis but do 
not cause nephrotoxicity and infusion-related reactions. Griseofulvin Is a topical agent used in 
dermatophyte infedions. 

272 
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10. Tha answer is C. Fluconazole is the best agent to treat cryptococcal meningitis and has good 
central nervous system (CNS) penetration. Flucytosine penetrates the CNS and is often used 
with other antifungals, as resistance to tlucytosine commonly develops. Tolnaftate and griseoful­
vin are topical agents used in dermatophyte infections. Cycloserine is an alternative drug used 
fur myco bacterial infections and is both nephrotoxic and causes seizures. 

11. The answer is B. The patient was most likely prescribed chloroquine, which concentrates in 
acidic parasite vacuoles, raising their pH. It also inhibits the activity of heme polymerase, which 
converts host hemoglobin toxic by-products to nontoxic polymerized material. For malaria 
prophylaxis, it is used weekly. 

12. The answer is B. Metronidazole is used to treat protozoa) infections due to Giardia, Entamoeba, 
and Trichomonas species. Nifurtimox is used to treat Chagas disease (due to Trypanosoma 
cruzi). Suramin is used to treatAfrican trypanosomiasis. Mebendazole is used to treat round­
worm infections, and thiabendazole is used to treat Strongyloides infection. 

13. The answer is D. Toxoplasmosis is treated with a combination ofpyrimethamine and sulfadia­
zine. Ivermectin is used to treat filariasis, whereas praziquantel is used to treat schistosomiasis. 
Niclosamide can be used to treat tapeworm infections, and pyrantel pamoate is used to treat 
many helminth infections. 

14. Tha answer is C. Foscamet is indicated for the treatment of CMV infections. Adverse effects 
include electrolyte wasting and nephrotoxicity. In most cases, electrolytes need to be supple­
mented during foscamet therapy. Ganciclovir is used for the treatment of CMV but does not 
have the same adverse effect profile; it causes neutropenia. The other agents are not used for the 
management of CMY. 

15. The answer is D. Zidovudine is the only agent approved to prevent fetal transmission of HIV as 
it crosses the placenta. It is a nonnucleoside reverse transcriptase inhibitor that causes chain 
termination, which decreases viral DNA synthesis and virus replication. 



Cancer Chemotherapy 

I. PRINCIPLES OF CANCER CHEMOTHERAPY 

A. General principl11 for cancer and antineoplastic 1herapy 
1. Cancer tumor& ari11 from a single mutated cell. Ar. the tumor grows, it develops more muta· 

tion~ where it becomes more heterogeneous and more difficult to treat. 
a. The greater the tumor burden, the more dllllcult it ls to treat; therefore, early treatment i& 

ctltical. 
2. M ...... 1i1 occurs when cancer cells break away from tha lacatian al th• primary cancer diag· 

no&i& and travel through the blood or lymphatic ayatem to form new tumors in other parts of 
the body. 
a. Metastatic cancer bas the same name and the same type of cancer cells u the original, or 

primary, cancer. For eKample, breut cancer that spreads to the lung ls not considered lung 
cancer (it is considered breast cancer). 

3. The growth tr1ctio1 is the proportion of cells in a tumor population that are actively 
dividing. 
a. Slow gnming tumors with a small growth fraction are less responsive to cell cycle-specific 

clrugL 
4. The 101-c•ll kill mad•I states that cell destruction cau&ed by chemotherapy la a fil'lt-ard•r 

proc111, in which each dose of chemotherapy kills a constant fraction al c1ll1 rather than a 
canstant number. 

5. There are many diJferent site11 of action fur cancer chemotherapeutic drugs (Fig. 12.1). 

B. Tha ctll cycle (Fig. 12.2) 
1. Many chemotherapy drugs only act on cells that are actively reproducing; they do not kill cells 

that are in the resting phase (Go). 
2. Cancer drugs can be divided into two general classes: 

a. Cell cycl...,ecific (CCS) drugs 
(1) Theae drug& are toxic to the proportion of cells in the part of the cell cycle in which the 

agent Is active. 
(Z) They are 1ch1dul1 d1p1ndBnt and are generally more effective when given aa a longe~ 

or continuous, infusion. 
(3) Bnmples include antimetlbalites, taxenes, and wince alkaloids. 

214 

b. Cell ~le-nonspecific (CCNSI drugs 
(1) These drugs exert their cytotoxic effect throughout the cell cycle. 
(2) They are doee dependent 
(3) E.nmples include alkylating agents and anthracyclin11. 

c. Both types of drugs are particularly effective when a large proportion of the tumor cells are 
proliferating (when the growth &action is high}. 
(1) CCNS drugs are more lfflctiY1than CCS drugs in G1 (rnting phna). 
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Purines and pyrimidines 

·t 6-M.,oaptopm;oo 
6-Thioguanine 1-----1l 1nhibit purine ring synthesis 
Methotrexate ....__ __________ ___, 

Aibonucleotides 

Hydroxyurea ~1-----11 Inhibits ribonucleotide reductase i-1----•-
Methotrexate l, __ __,I 
S-Fluorouraci~ .__1n_h_ib_it_d_T_M_P_s_y_nt_h_e_si_s ___ _. 

Deoxyribonucleotides 

Cytarabine ~1-----1l 1nhibits DNA synthesis 

DNA 

Bleomycin ~1-----11 Scission of DNA 

Daunorubicin 1-----1l 1ntercalate DNA 
Doxorubicin = 
Dactinomycin ....__ __________ ___, 

Alkylat;og agao" 
Nitrosoureas 1----11 Cross-link DNA Cisplatin ....__ __________ ___, 

RNA 

L-Asparagina~1-----1l 1nhibits protein synthesis ·t 
Proteins 

Vinca alkaloi~ I 
Paclitaxel _J, __ __,.__1n_h_ib_it_m_ic_ro_t_u_bu_1_e_fu_n_c_ti_o_n _ __, ·t 
FIGURE 12.1. Sites of action for cancer chemotherapeutic drugs. 

C. Principles for combination chemotherapy 
1. There are several reasons to administer chemotherapy drugs simultaneously. 

a. Using a combination of drugs with different mechanisms can target asynchronously dividing 
tumor cells to maximize the rate of cell killing. 

b. Targeting different pathways may make it more difficult for resistance to develop. 
c. Combination regimens may allow for the use of lower drug doses, which can help reduce 

adverse effects and dose-limiting toxicities. 
2. Examples of combination regimens are in Table 12.1. 
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Methotrexate 
6-Mercaptopurine 
Cytarabine 
Hydroxyurea s 

DNA synthesis 

G1 
Presynthesis 

~ 
Premitotic 

Vincristine 
Vinblastine 
Paclitaxel 

FIGURE 12.2. Cell cycle specificity of some antitumor drugs. Sis the phase of DNA synthesis; 62 is the premi­
totic phase for synthesis of essential components for mitosis; Mis the phase of mitosis in which cell division 
occurs; G, is the phase for synthesis of essential components for DNA synthesis; G0 is a " resting " phase that 
cells may enter when they do not divide. 

D. Resistance 
1. Resistance may occur due to the inability of chemotherapeutic agents to reach sufficient "kill" 

levels in certain tissues (e.g., brain, ovaries, testes). 
2. Primary resistance 

a. Primary resistance is seen in tumor cells that do not respond to initial therapy. 
b. It is related to the frequency of spontaneous mutation. 
c. There is less likelihood that a small tumor burden has resistant cells. 

3. Acquired resistance 
a. Acquired resistance develops or appears during therapy. 
b. Acquired resistance can result from the amplification of target genes. 
c. Gene amplification also occurs in the multidrug resistance phenotype (MDRl). 

4. Mechanisms for drug resistance 
a. Reduced intracellular concentration of a drug can occur through several methods; this results 

in an insufficient amount of drug to reach the target. It can occur by the following: 
(1) Preventing uptake of a drug; for example, decreased methotrexate entry may occur due 

to decreased expression of the reduced folate carrier. 

t a b I e 12.1 Examples of Common Combination Regimens 

ABVD 

BEP 
CHOP 

CAF 

CMF 

FOLFOX 

MOPP 

MVAC 

R-CHOP 

PVB 
VAD 

Adriamycin (doxorubicin), bleomycin, vinblastine, dacarbazine 

Bleomycin, etoposide, platinum (cisplatin) 

Cyclophosphamide, hydroxydaunorubicin (doxorubicin), vincristine, prednisone 

Cyclophosphamide, Adriamycin (doxorubicin), 5-FU 

Cyclophosphamide, methotrexate, 5-FU 

5-FU, oxaliplatin, leucovorin 

Mechlorethamine, vincristine, prednisone, procarbazine 

Methotrexate, vinblastine, Adriamycin, cisplatin 

Rituximab, cyclophosphamide, hydroxydaunorubicin (doxorubicin), vincristine, 
prednisone 

Platinum (cisplatin), vinblastine, bleomycin 

Vincristine, Adriamycin (doxorubicin), dexamethasone 

Hodgkin lymphoma 

Testicular 

Non-Hodgkin lymphoma 

Breast 

Breast 

Colorectal 

Hodgkin lymphoma 

Bladder 

Non-Hodgkin lymphoma 

Testicular 

Multiple myeloma 
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t a b I e 12.2 The Multidrug Resistance (MDffl Gene: Drug Specificity end Tissue Distribution 

o,.a• Mectd •r llDll 
Adriemrcin 

Daunomycin 

Dectinomycin 

Plicamycin 

D"I* Not Afl'tcttd Irr lllDR 
Methotrexate 

6-Thioguenine 

Cyllrebine 

Cyclt1pho1ph1mida 
EtDposida BCNU 
Vinbl19tine Bleomrcin 

Vincristine Cisplatin 
VP-18 

1i11u• with Hilll llDBbpnllli11 111111• with Law•• Elpreaion 
Bonam11Tow Caton 

Liver 

P1ncreas 
Kid nay 

Adrenal 

Braest 
Ovary 

Skin 
Cantrel nervous sy8tem 

(2) Promoting efflux of a drug; for example, classical mullidrug resistance (MDR) occurs as 
a consequence of increased expression of drug emux pumps such as P-glycoprotein or 
mulddrug resistance-associated proteins. This causes resistance to many drug classes 
includ.lngaxanes, anthracyclines, and vine• alkaloids (Table 12.2). 

(3) Drugs may also be inactivated (or prodrugs may not be actiwted). 
b. T1rget-b11ed mechani1m1 can cause drug resistance through altered drug transport or 

bypl11ing m111bolic requirementl for the drug target 
(1) An example is the expre58ion of a mutant dihydrofolate reductase (DHPR), which alters 

the drug target for methottexate, preventing it from binding. 
c. Some mutations in proteins cause insensitivity to apoptosis. 

(1) For example, mutations Jn key proteins associated with control of apoptosiB, such as p53 
and Bcl-2, can result in failure to induce the apoptotic response to DNA damage and 
can thereby reduce the sensitivity of tumor cells to anticancer drugs. 

(2) The p53 protein is crucial in muldcellular orgmisms, where it regulates the cell cycle 
and functions as a tumor suppressor. Loss of activity ofp53 commonly occurs in pan­
creatic, lung, and colon cancers. 

d. Cellular repair of drug effect is another mechanism for drug resistance. 

II. ALKYLATING AGENTS 

A. General characteristics of alkylating agents 
1. M•cll•11ism of ar:tian 

a. Cytotodcl.ty from alk.ylating agents results from directly damaging DNA, including inhibition 
ofDNA replication and transcription, mispairlng of DNA, and strand breakage. 
(1) They have an electrophilic center that becomes covalently liiiked to the nucleophilic 

centers of target molecules. 
(Z) Most agents target the nitrogen• and oxygens of purin11 and pyrimidinn in DNA. This 

may lead to abnormal DNA strand c:ross-links. 
(3) They directly damage DNA to prevent cancer cells from reproducing. 

b. They are CCNS agents and work in all phllH of the cell cycle. 
2. Atl1111H 11ftctr 

a. The dose-limiting side effect is myelosuppreaion. 
b. Since they damage DNA, they may cause long-term damage to the bone marrow and can lead 

to secondary leukemia. 
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c. Nausaa and vomiting are common adverse effects of alkylating agents. 
d. They are also highly toxic to dividing mucosa! cells, causing oral and gastrointestinal (GI) 

ulcers. 
e. They may cause i nlertility and alopecia. 

B. Nitrogen mustards 
1. Sper:ifir: 1gentsinclude cyclophosphamide and iforlamide. 
2. Mer:h&nism al 1ctian. These agents are prodrugs and require activation by hepatic cytochrome 

P450 enzymes before being metabolized to their respective cytotoxic species, phosphoramide 
mustard and ifosfamide mustard. 

3. lndic1tions 
a. Cyclophosphamide is a component of many combination treatments for a variety of cancers, 

such as non-Hodgkin lymphoma, breast carcinoma, and ovarian carcinoma. It is also used in 
certain autoimmune conditions, such as lupus nephritis. 

b. Ifosfamide is used for the treatment of various cancers as well, including non-Hodgkin lym­
phoma, testicular cancer, and sarcoma. 

4. AdveTSe effects 
a. Myelosuppression is common. 
b. Hemorrhagic cystitis may occur due to acrolain, a by-product of the activation of cyclophos­

phamide or ifosfamide. 
(1) This is characterized by diffuse bladder mucosal inflammation with hemorrhage involv­

ing the entire bladder. Symptoms may occur such as bladder pain, irritative bladder 
symptoms, and blood in urine. 

(2) It can be prevented by coadministration of the sulfhydryl compound 2-mercaptoeth­
anesulfonate (Mesna), which complexes with acrolein to form a nontoxic product elimi­
nated in urine. Ample hydration is also important. 

c. Ifosfamide can cause encephalopathy, which may include symptoms of confusion, halluci­
nations, or blurred vision. 

C. Alkyl sulfonate 
1. Sper:ifir: 1gent Busulfan 
2. lndic1tions. It is used in the conditioning regimen (in combination with cyclophosphamide) 

prior to allogeneic hematopoietic progenitor cell transplantation for chronic myeloid leukemia 
(CML). 

3. AdveTSe effects 
a. Busulfan causes severe myelosuppression. 
b. In high doses, it produces a rare but sometimes fatal pulmonary fibrosis. 
c. It has been associated with skin hyperpigmentation. 

D. Nitrosoureas 
1. Specific •gents include carmustine and lomustine. 
2. Mer:h&nism ol 1ction. These agents are highly lipophilic and cross the blood-llrain barrier. 

They require biotransformation, which occurs by nonenzymatic decomposition, to metabolites 
with both alkylating and carbamoylating activities. 

3. lndic1tians. Since they cross the blood-brain barrier, they are useful for the treatment of brain 
tumors. 

4. Adverse eflfJcrs 
a. These agents are markedly myelosuppressive but with delayed effect, possibly up to 6 weeks. 
b. They can also cause pulmonary toxicity and central nervous system (CNS) toxicity, including 

ataxia and dizziness. 

E. Platinum analogs 
1. Specific agents include cisplatin, carboplatin, and oxaliplatin. 
2. lndic1tions 

a. Cisplatin and carboplatin are used to treat various types of cancer, including lung, ovarian, 
bladdeli and testicular cancer. 

b. Oxaliplatin is used to treat colorectal cancer. 
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3. Adntst1 1tftlt:ts 
a. Cisplatin can cause dose-limiting nephratDxicity and paripharal neurapadly. 

(1) Amifostine can help reduce the cumulative renal toxicity associated with repeated 
administration of cisplatin in patients with advanced ovarian cancer. 
(8) Its active metabolite detoxifies reactive metabolites of cisplatin. 
(b) It can also act as a sca:venger of free radicals that may be generated (by cisplatin or 

radiation therapy) in tissues; therefore, it is also indicated to reduce :xerostomia in 
head and neck cancer patients. 

b. Carboplatin causes dose-limiting myelosuppression. 
c. Both cisplalin and carltaplatin can cause atotoxicity, which may manifest as ttnnltua or hear­

ing loss in hlglt frequency range. 
d. Oxaliplalin may cause two types of dose-limiting peripheral 11nsary neurapathy. 

(1) The Drat type is an acute presentadon, which ls reversible. Peripheral symptoms are 
often exacerbated by cold; therefore, exposure to cold temperatures or cold food and 
beverages should be avoided. 

(2) The second type is dose dependent and often interferes with activities of daily living, 
such as buttoning a shirt writing, or even swallowing. 

Ill. ANTIMETABOLITES 

A. General characteristics af antimetabolites 
1. Anttmetabolites are often structurally related ta naturally occurring compounds found in the 

body (amino acids, DNA, RNA). 
2. They usually exert damage to DNA by competing for binding sites on enzymes or incorporating 

directly into DNA or RNA. The net e:tfect is Jnhibition of cell growth and proliferation. 
3. Generally, these agents induce cell death in the S phase of the cell cycle. 
4. Myelnupprt11ion is the dose-limiting toxicity for most drugs in this class. 

B. Methotrex8te 
1. M1t:h1si111t ol lt:tion. Methotrexate (MTX) is a folic acid analog diat irreversibly binds to and 

inhibits dihydrofolate reductase (DHRI), thereby inhibiting the fonnation of reduced folates 
and thymidylate synthetase (Fig. 12.3). 
a. Itreducesthepooloftetrahydrofolaterequlredfortheconversionofdeoxyurtdylicacl.d(dUMP) 

to deoxyth.ymldylic acid (dTMP), and consequendy, .N6,N1°-methylenetettahydrofolate 18 not 
formed. 

b. The net result is indirect inhibition of DNA synthesis 
2. lndit:1tion1. Methotrexate has many difierent indications. It is used for the treatment of acute 

lymphoblastic leukemia (ALL) in children. It is also useful for die treatment of different types 
of leukemia and lymphoma in adults, as well as for the management of a variety of immune 
ditordert, including refractory daeumatoid altftriti• and Crohn disease. 

3. AdllltH tlftlt:ts 
a. Common adverse effects of methottexate include myalosuppression and g11strointestinal tox­

icity, including mucositis. 
b. Nephrata.xicity may occur at high doses because of predpltadon (crystalluria) of the 7-0H 

metabolite of methotrexate. 
c. Long-term use may lead to hepatoto:xidty and pulmonary toldclty. 

4. Leucorori111e1cnwith high-dose methottexate (Fig.12.3) 
a. Leucovorin (folinic acid) is a reduced form of folic acid. It supplies the necessary caflctor 

blocked by methotrexate and restares 1ctiwe falm stores required for DNA/RNA synthesis. 
b. It is used to reduce the toxic effects of high-dose methotrexate. 

5. Pncelltio• 
8. Clearance of methotrexate is delayed in die presence of third-tpace fluid•, such as pleural 

effusions or ascitas. 
8.. Dm1 imtietions 

a. Some NSAIDs may decrease renal excredon of methotrente. 
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Fluorouracil (5-FU) 1- U-rid_in_e.;..ph_o""'sp_no-'ry'-1a_se __ F-UR I Floxuridine (FUDA) I 

Phosphon·bosy/ transferase 
-~ j F-UDP --re"""duc...,....tas_e ___ F-dUMP 

j 
dUMP --....,...*°"..,....-- dTMP - - DNA 

Thymidylate 
synthetase 

RNA 

Dihydrofolate 
reductase 

.---'-'A_esc_ u_e_" --<~ N5. N10-methylene FH4 FH2 ---- - -- Folate 

I Leucovorin (l>P brmyl-FH.,) I 

+ ~o"}~'I>~· I ~ ~~0 
I <l',.o'J 
t FH4 

Deoxythymidilic acid 
Methionine 

Methotrexate 

FIGURE 12.3. Mechanism of action of fluorouracil, floxuridine, methotrexate, and leucovorin. 5-FU, 5-fluorouracil; dUMP, 
deoxyuridine monophosphate; FH2, dihydrofolate; FH., tetrahydrofolate. 

C. Pemetrexed 
1. Mechanism of action. The primary action of pemetrexed is inhibition of thymidylate synthe­

tase, although it also inhibits other enzymes involved in folate metabolism and DNA synthesis. 
These actions result in inhibition of purine and thymidine nucleotide and protein synthesis. 

2. Indications. It is approved for the treatment of mesothelioma and non-small cell lung cancer 
(NSCLC). 

3. Adverse effects 
a. The dose-limiting side effect is myelosuppression. 
b. It has the potential to cause mucositis and severe cutaneous reactions. Pretreatment with 

dexamethasone is necessary to prevent dermatologic toxicity. 
c. Supplementation with folic acid and vitamin B12 may reduce the severity of toxicities. 

D. 5-Fluorouracil (5-FU) and capecitabine 
1. Mechanism of action. 5-Fluorouracil is a pyrimidine antagonist that must be converted to an 

active metabolite. 5-Fluoro-2'-deoxyuridine-5'-monophosphate (F-dUMP) inhibits thymi­
dylate synthetase and thus the production of dTMP and DNA. Fluorouridine monophosphate 
(F-UMP) is incorporated into RNA to replace uracil and inhibit cell growth. Capecitabine is the 
oral prodrug offluorouracil that undergoes hydrolysis in the liver and tissues to form fluoroura­
cil (Fig. 12.3 ). 

2. Indications 
a. These agents are used in the treatment of colorectal cancer and breast cancer. 
b. 5-FU is also used in pancreatic and gastric cancer. 
c. Topical 5-FU is used to treat premalignant keratosis and superficial basal cell carcinomas. 

3. Adverse effects 
a. Both agents cause myelosuppression and GI toxicity. 
b. They have the potential to cause hand-and-foot syndrome, which is characterized by numb­

ness, paresthesias, tingling, swelling, and erythema. It may also lead to blistering and severe 
pain. 

c. 5-FU may cause neurotoxicity. 
d. Capecitabine may cause hyperbilirubinemia. 



l31ttltiifl Cancer Chemotherapy 281 

E. Cytarabine 
1. M•cll•nism al •ctia11. Cytarablne ls a structural analogue of the pyrimidine nucleoslde, cytt­

dine. It must undergo conversion to the trlphosphate nucleotide (Ara-CTP), which then acts 
as competitive inhibitor of DNA polymerase, resulting Jn decreased DNA synthesis and repair. 

Z. l11diution1. It is used for the management of various types of leukemia, including acute 
mvelogenou1 leukemi1 (AML). 

3. Advm• •Ifft* 
8. It is highly myeloaippreaive and can produce severe leukopenia, thrombocytopenia, and 

anemia. 
b. It can also produce severe GI disturbances. 
c. At high doses, cytarabine can cause cerebellar toxicity. 

F. Gemcitabine 
1. M•cll•nism al •t:6011. Gemdtabine is a pyrimidine antagonist that inhibits DNA synthesis via 

chain termination and other mechanisms. 
Z. l11tliution1. It is used for the treatment of pancreatic cancei; NSCLC, breast cancei; and ovarian 

cancer. 
3. Advm• •Ifft*. Myelotuppreaion is the main dose-limiting effect. 

G. 6-Mercaptopurine (6-MP) and 6-1hioguanine 
1. M•cll•sism al Hlian 

a. 6-Men:aptopw:lne and 6-tbioguanlne are purine antagonim (analogs ofhypoxanthine and 
guanine, respectively). They act as false metabolites and are incorporated into DNA and RNA 
to eventually inhibit synthesis. 

Z. l'll•nn•calogic ptopelfiei 
a. 6-llllen:sptapurine is metaboli7.ed to an inactive metabolite by xan1hine oxidase. 

(1) In dte presence of a xanthine oxidase inhibitoi; such as allopurinol, the dose must be 
decreased significantly to avoid drug toxicity. 

3. l11tliution1 
8. 6-Men:aptopurine is useful in the treatment of ALL. 
b. 6-Thioguanine is used to treat ALL and AML. 

4. Ad1111H 1fflctr 
a. Myelosupprestion is the dose-limiting to:xicity. 
b. Hepatotoxlcl.ty, and GI distress may also occur. 

H. Cladribine 
1. Mecll•si1111 al actios. Cladrlbine ls a purine antlgonist. The active form, 5'-trlphosphate deriv­

ative (2-CaAMP), incoiporates into DNA to result in the breakage of DNA strand and prevent 
DNA synthesis and repair. It also results in dte depletion of nicotinamide adenine dinucleotide 
and adenosine triphosphate (ATP). It is CCNS. 

2. lndintioni. This agent is used for hairy cell leukemia. 
3. Ad1111H dim. Cladribine is transiently myelosuppressive. It may also cause neurotoxicity 

and nephrotoxicity. 

IV. MICROTUBULE DAMAGING AGENTS 

A. Vinci alkaloids 
1. Specific •gestsJnclude vinblastine, vincristine, and vinorelbine. 
Z. MeclJ111i1m al •t:tios 

a. Vmca alkaloids intelfe:re with microtubule assembly and block cells in mitosis by inhibiting 
microtubule polymerization. 

b. They bind to tubulin and inhibit microtubule formation and disrupt formation of the mitotic 
spindle. 

c. These agents are most active during mitosis at meta phase (M phase), blocking chromosomal 
migration and cell division. 
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3. l11dit:1tia111 
a. Vlncrlstine and vinblaatine are used for various types of cancea;. including lymphoma. 
b. Vinorelbine is used for non-small cell lung cancei:. 

4. Adnt,. 1fflcts 
1. Vinbla .. ine and vinorelbine cause dose-limiting myelOluppreaion. 
b. Vincril1ine can cause dose-limiting peripheral neuropltfly, whichmaymanif'est as paresthe­

sias, or even lead to bilateral foot drop. It can also cause conl1ipltion or paralytic ileus. 
c. They are potent vesicants, in which leakage of these drugs out of a vein into the tissue may 

cause blistering or lead to Wisue necrosis. 

B. Taxanes 
1. Specific age.dfinclude paclitaxel, docltaxel, and cabazlta.xel. 
2. Mecbenism al action. These agents bind to and stabilize micratubul11 by enhancing tubulin 

polymerization (inhibit micro tubule depolymerizadon); this arrests cells in mitosis and eventu­
ally leads to apoptosis. They interfere with the late ~ and mitodc phase of the cell cycle. 

3. lndic•tion• 
1. Paclitael is used in breast cancer, ovarian cancer, and NSCLC. 
b. Docetaxel is used in breast cancer, prostate cancer, and NSCLC. 
c. Cabazitaxelis used for prostate cancer. 

4. AtlvllH efftcts 
a. Myelolllppression 18 the dose-limiting toxl.clty. They also cause peripheral neurapltfly. 
b. Paclitaxel causes hyp1rs1n1ilivity reactions due to the vehicle in which it 18 solubilized; pre­

medications are required. 
c. Docetaxel causes fluid retention and perlpheral edema; premedications are required. 

V. TOPOISOMEAASE INHIBITORS 

A. General ch1racteri11ic1 of topoisomeme inhibitors 
1. ActioM of topoitom111n 

a. Regulation of DNA supercoiling is essential to U'anScription and replication. 
b. Tupoisomerase is an enzyme that alters the supercoiling of double-stranded DNA. It cuts one 

or both strands of the DNA to relax the coil and extend the DNA molecule. 
2. Mecbenism of actia11 

a. Tupolsomerase inhibitors bind to topoi1111111me I or topoi1111111me II. 
b. They stablllze the cleavable complex so that religation of the cleaved DNA strand cannot 

occur, which results in the accumulation of cleavable complexes and single- or double. 
stranded DNA breaks ttiat are never repaired. This leads to cell death. 
(1) Topoisomerase I inhibitors cause single-sttand DNA breaks. 
(2) Topoisomerase II inhibitors cause double-stranded DNA breaks. 

B. Camptothecins: topoisomerase I inhibitors 
1. Specific 1g11ttsinclude tapotecan and irinotecan. 
2. l11dit:1tions. Tupotecan is used for ovarian cancer. Irinotecan is used for colorectal cancer. 
3. Ad1111111 elfBcts 

a. Both agents can cause secondary leukemia. 
b. Topotecan can cause dose-limiting myelosupprnsion. 
c. lrinotecan can cause early and late fanns af dianhea. 

(1) The early fonn occurs within the first 24 hours of tteatment It is thought to be a cholin­
ergic effect and can be treated with atropine. 

(2) The delayed fonn is due to the release of an active metabolite, SN-38, which induces 
direct mucosa! damage with water and electrolyte malabsoiption and mucous hyperse­
cretion. It can be life threatening and should be treated with loperamide. 

4. l'tlCluDOBI 
a. SN-38 is metabolized by UDP-glucuronosyl transferase 1A1 (UGT1A1) to form an inactive 

metabolite. Patients with abnormalities in this enzyme (Gilbert syndrome) are highly 
susceptible to irinotecan toxicity. 
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C. Epipodophyllatoxins: topoisom1ra11 II inhibitors 
1. Specific •gellf. Etaposide (YP-16) 
2. lndic1tions include small cell lung cancer, testicular cancer, and lymphoma. 
3. Ad,,.,,• elf11:ta include dose-limiting myelo1uppre11ion (primarily leukopenia). It can also 

cause hypotension with rapid administration and must be infused slowly. 

VI. ANTITUMOR ANTIBIOTICS 

A. General characteristics of antiblmor antibiotics 
1. These drugs are isolated from various strains of the soil microbe Streptomyces. 

B. Anlflracyclin11 
1. Specific •gems include doxorubicin, daunorubicin, idarubl.cin, and eplrublcin. 
2. MeclJ.ai1111 of •ctios 

a. These agents inhibittopoisomerase II and preventreligadon of DNA duringrepllcadon, caus­
ing DNA strand breaks. 

b. They also form intercalation• between DNA b111 pain, causing additional DNA breaks. 
c. They are metabolized in the liver to form oxygen free r1dical1, which adds to the cytotoxici.ty 

(and adverse effects). 
3. lndit:ationi. These agents are used for various types of canceJ;. including leukemia, lymphoma, 

breast canceJ;, and ovarian cancer. 
4. AdntH el'frll:ls 

a. Anthracyclines can cause dose-limiting myelosuppreuion (primarily leukopenia). 
b. They can also cause dose-llm.lting cardiotoxicity. 

(1) The acute form may occur immediately after a single dose. It is uncommon and tran­
sient. It may lead to arrhythmias or, more rarely, pericardlti.s. 

(2) The chronic f'Onn is dOM dependent and is more common. 
(a) Its onset is usually within a year of receiving anthracycline therapy, although it can 

occur several years after therapy. 
(b) It may be life threatening and can lead to dilated cardiomyopathy associated wilfl 

heart failure. 
(c) The exact mechanism is unknown, but it may be the result of increased production 

of free radicals within the myocardium. 
(3) Dexrazoxane is a cardioprotectant that is a potent Intracellular chelating agent. It Inter­

feres with iron-mediated oxygen free radical generation. 
5. l'recelltio11 

a. These agents may cause red or orange discoloradon of the urine. 

C. Dactinomvcin 
1. Met:heniut of ttt:tion. Dactinomycin binds to the guanine portion ofDNA intercalating between 

base pairs. It inhibits DNA and RNA synthesis. 
2. lndit:ationi. It is often used in pediatric cancers, such as Wilms tumor, Ewing sarcoma, or 

rhabdomyosarcoma. 
3. AdntH el'frll:ls may include nausea and vomiting, myelosuppression, and hepatotoxlcity. 
4. l'nceutioa. It la a potent vesicant and may lead to exttavasation without correct catheter 

placement. 

D. Bleomycin 
1. Mecllesi1111 of •ction. Bleomycin binds to DNA producing single- and double-stranded DNA 

breaks through the generation of oxygen free radicals. 
Z. lstlit:11tion1 include tllticular can ctr and Hodgkin lymphoma. 
3. Ad,,.,,• #llllt:D. Pulmonary toxicity, such as pulmonary fibrosis, is the dose-limiting toxicity. It 

can also cause hyperpigmentalion of the skin. 
4. l'ncautioa. Although rare, it may cause severe idiosyncratic reaction, which may lead to hypo· 

tension, fever, chills, wheezing, and confusion. 
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VII. MISCELLANEOUS ANTINEOPLASTIC AGENTS 

A. Hydroxyuraa 
1. M•t:ltenism of ar:tian. Hydroxyurea lnhiblts ribanucl1asid1 di phosphate raducta11 (during the 

S phase of the cell cycle), which catalyzes the conversion of rlbonucleotides to deoxyrlbonucle­
otides and is cruc1al for the synthesis of DNA. 

2. lndi1:1tian1. It is primarily used in the management of chronic granulocytic leukemia and other 
m:yeloprollierative disorders. It is also used for the management of 1ickl1 call anemia. 

3. Atln11e tfftt:tsinclude myelo1uppre11ion and GI dil1rtn. 

B. 1-Asparaginase 
1. MHllanism of 11ctios. L·Asparaginase is an enzyme that cataly.les the deamidation of aspara· 

gine to aspartic acid and ammonia. It helps deaease circulating levels of asparagine. Leukemia 
cells are unable to synthesize asparaglne; thia agent results In cytotoxlclty by reducing the 
exogenous 11p1ragin1 saurca for those cells. 

2. lndi1:1tian. This agent is used for the treatment of All. 
3. Adverse elfecls 

a. This agent may be toxic to the liver and pancreas. 
b. Hypenentitivity and anaphylactic shock to the protein may develop. 
c. Hemorrhaging may occur due to the inhibition of clotting factor synthesis. 

C. Bartezamib 
1. MHllanism of 11ctios. Bortezomib inhibits the 28S prot111ame and dawn-ragulatas the nuclear 

factor kappa B signaling pathway (Nf..xB); this leads to cell cycle arrest and apoptosis. 
2. lndit:1tian. It is approved for the treatment of multiple mploma. 
3. Adn11e •lf8t:ts include GI distress and peripheral nauropathy. 

D. Tretinoin (ATRA. all-tnlns retinoic acid) 
1. Met:ltenism at ntian. Tretinoin binds to one or more nuclear receptors. It decreases prolif­

eration and inducH differentiation of acute promyalocytic leukemia (APL) cells. It initially 
produces maturation of primitive promyelocytes and repopulates the marrow and peripheral 
blood with normal hematopoietic cells to achieve complete remission. 

2. lndit:1tion. It is used to treat APL. 
3. Adv1111 .W.t:u include differentiation syndrome (formerly called retinoic acid-APL syn· 

drome ); signs and symptoms of which may include fever, dyspnea, edema, and the potential for 
multiorgan failure. Treatment includes administration of glucocorticoids (dexamethasone). It 
can also cause laukocytasis due to a rapid maturation of a large mass of leukemic cells. It may 
result in laukostasis. 

VIII. TARGETED THERAPY 

A. SitH of action for targeted agenu 
1. Targets for small molecule compounds, such as tyrosine kinase inhibitors, are typically located 

inside the cell. These agents enter cells relatively easily. 
2. Since monoclonal antibodies are relatively large and cannot enter cells, their targets are outside 

cells or on the cell surface. 

B. Monoclonal antibodies 
1. Rituximab 

a. Met:IJ1ni1111 of •ction. Rituximab is a chimeric (hwnan/mouse) antibody to lgG direct:ed 
against the CD20 antigen an B lymphocytes. This leads to cell lysis, possibly secondary to 
antibody-dependent cytotoxlcity or complement-dependent cytotoxicity. 
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b. Indications. This agent is used for the treatment of CD20-positive non-Hodgkin lymphoma 
and CD20-positive chronic lymphocytic leukemia. It is also indicated for the management of 
rheumatoid arthritis. 

c. Adverse effects 
11) Rituximab may cause GI distress and neutropenia. 
12) It can cause infusion-related reactions that may include fever, chills, and hypotension. 

Premedications are required. 
d. Prec11utions 

11) It can cause mucocutaneous reactions, such as Stevens-Johnson syndrome or toxic 
epidermal necrolysis. 

12) Hepatitis B reactivation may occur. 
13) Progressive multifocal leukoencephalopathy (PML) due to an infection from the John 

Cunningham (JC) virus has been reported. 
2. Brantuximab vadotin 

a. lfech11ni11111 of 11ction. Brentuximab vedotin is an antibody drug conjugate directed at CD30 
that contains a microtubule-disrupting agent (MMAE). It binds to cells that express CD30 and 
forms a complex, which is internalized. MMAE is released and binds to the tubules to induce 
cell cycle arrest and apoptosis. 

b. Indications include Hodgkin lymphoma and anaplastic large cell lymphoma. 
c. Adverse effects include peripheral neuropathy, neutropenia, and infusion-related 

reactions. 
d. Prec11utions. PML and Stevens-Johnson syndrome have been reported. 

3. Trastuzumab 
a. lfech11ni11111 of 11ction. Trastuzumab is a humanized IgG antibody against the human epider­

mal growth factor receptor 2 protein (HER2). It mediates antibody-dependent cellular cyto­
toxicity by inhibiting proliferation of cells that overexpress the HER-2 protein. 

b. Indications. This agent is used in treating HERZ-positive breast cancer and HER2-positiva 
gastric cancer. 

c. Adnts• effects 
(1 J Diarrhea, rash, myelosuppression, and infusion reactions may occur. 
12) Cardiomyopathy is a dose-limiting toxicity, in which trastuzumab may be associated 

with reductions in left ventricular ejection fraction and heart failure. 
4. Cetuximab 

a. lfech11ni11111 of 11ctian. Cetuximab is a chimeric human-mouse IgG antibody that binds to the 
epidermal growth factor receptor (EGFR). It competitively inhibits the binding of epidermal 
growth factor and other ligands, blocking activation. This results in inhibition of cancer cell 
growth and induction of apoptosis. 

b. Indications. Cetuximab is used in the management of KRAS wild-type, EGFR-expressing 
metastatic colorectal cancer (as determined by approved tests). It is also used in treatment 
of squamous cell cancer of the head and neck. 

c. Adntse effects. It can cause GI distress and a rash that may be severe. 
5. Bevacizumab 

a. lfech11ni11111 of action. Vascular endothelial growth factor (VEGF) normally initiates angiogen­
esis. Bevacizumab is a recombinant humanized monoclonal antibody that prevents VEGF-A 
from binding to target VEGF receptors. This causes inhibition of microvascular growth, which 
is believed to retard the growth of all tissues, including metastatic tissue. 

b. Indications. This agent is used in the management of colorectal cancer, non-small cell lung 
cancer, and renal cell cancer. 

c. Adverse effects 
11) Hypenension is a dose-limiting toxicity. 
12) Its use has been associated with thrombotic events, including myocardial infarction 

(MI), pulmonary embolism (PE), and deep vein thrombosis (DVT). 
d. Prec11utions 

11) Bevacizumab has been associated with gastrointestinal perforation, wound healing 
complications, and hemorrhage. 
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6. lpilimumab 
a. Mechanillfl of action. Cytotoxic T-lymphocyte-associ.ated antigen 4 (CTI.A-4) is a down-reg­

ulator of T-cell activation pathways. Ipilimumab is a recombinant human IgG I monoclonal 
antibody that binds to CTlA-4, which allows for enhanced T-cel I activation and proliferation. 
It may indirectly enhance and mediate T-cell immune responses against tumors. 

b. Indications. It is used for the treatment of melanoma and renal cell carcinoma. 
c. Advetse effects include GI distress and rash. 
d. Precautions. This agent may cause severe and fatal immune-mediated reactions, including 

enterocolitis, hepatitis, dermatitis (including toxic epidermal necrolysis), neuropathy, and 
endocrinopathy. Any organ system may be involved. Close monitoring is essential. 

C. Tyrosine kinase inhibitors 
1. lmatinib, dasatinib, nilotinib, and ponatinib 

a. Mechanism of action. These agents inhibit the BCR-ABL tyrosine kinase. Inhibition blocks 
proliferation and promotes apoptosis in BCR-ABL-positive cell lines. They also inhibit plate­
let-derived growth factor (PDGF) and c-Kit 

b. Indications. They are used for the treatment of Philadelphia chromosome-positive (Ph+ I CML 
and ALL and c-Kit-positive gastrointestinal stromal tumors. 
(1) The Ph+ chromosome [t(9;22)(q34;q11 )] results in the formation of a unique gene prod­

uct (BCR-ABL), which is a constitutively active tyrosine kinase. 
c. Advetse eHects may include peripheral edema, nausea and vomiting, and elevated trans­

aminases. They may also cause dose-limiting myelosuppression. 
d. Drug ints,.ctions. Imatinib, dasatinib, and nilotinib are major substrates of CYP3A4; there­

fore, inhibitors or inducers of CYP3A4 should be used with caution. 
2. Gatitinib and erlotinib 

a. Mechanism at action. These agents are inhibitors of epidermal growth factor receptor tyro­
sine kinase that is overexpressed in many types of cancer. 

b. Indications. They are approved for use in EGFR-positive metastatic NSCLC. Erlotinib is also 
used in pancreatic cancer. 

c. Adverse effects include GI distress, acne, and rash. 
d. Drug inter11ctions. These agents are major substrates of CYP3A4; therefore, inhibitors or 

inducers of CYP3A4 should be used with caution. 
3. Vemuratenib 

a. Mschanillfl of action. Vemurafenib is a BRAF kinase inhibitor. It inhibits tumor growth in 
melanomas by inhibiting kinase activity of certain mutated forms ofBRAF (V600E mutation). 

b. lndic1tion. It is used for the treatment of unresectable or metastatic melanoma in patients 
with a BRAFV&OOE mutation. 

c. Advsrss Bflflcts may include rash, arthralgia, and QT prolongation. 
d. Precautions. It may cause photosensitivity and squamous cell care inoma. 

D. lmmunomodulators 
1. Thalidomide and lenalidomide 

a. Mechanism of 1ction. These agents have immunomodulatory, antiangiogenic, and anti.neo­
plastic effects through various mechanisms. 
(1) Both agents inhibit secretion of prointlammatory cytokines, such as tumor necrosis 

factor-alpha. 
(2) They enhance call-mediated immunity by increasing interleukin-2 and interferon 

gamma secretion. 
(3) They cause immune modulation (increase T-helper cells). 

b. Indications. Both agents can be used for the treatment of multiple myeloma. Lenalidomide is 
also used in the treatment of mantle cell lymphoma and myelodysplastic syndrome. 

c. Advsrse effects include hematologic toxicity (neutropenia and thrombocytopenia). 
Thalidomide can cause constipation and peripheral neuropathy. 

d. P11c1ution1 
(1) Both agents are associated with an increased risk of arterial and venous thromboem­

bolic events, including MI, DVT, and PE. 
(2) These agents should not be taken during pregnancy; they may cause severe birth defects 

or embryo-fetal death. 
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IX. CORTICOSTEROIDS 

Mechanism, adverse effects, and other properties of corticosteroids are covered in Chapter 10. Their use 
in malignancy is consids1'8d hef8. 

1. Sp•r:ific •g.nls include prednisone and dexamedlasane. 
2. They are lymphocytic and antimitatic agents. 
3. These agents are useful in treating acute leulremia in children, malignant lymphoma, and both 

Hodgkin and non-Hodgkin lymphoma. 
4. Corticosteroids have significant systemic effects, and their long-term use ls not recommended. 

X. HORMONE THERAPY 

A. Selective estrogen raceptor modulators 
1. Sp1cific 1g1ntsinclude tamoxifen, toremifene, and raloxifene. 
2. MBt:IJB11i1m of •t:601J 

a. Selective estrogen receptor modulators (SERMS) are drugs that have estrogen receptor ago­
nJst or antagonist properties depending on the target tissue. 

b. In the breast, all three agents have antiestrogenic activity. 
(1) They inhibit estrogen-dependent cellular proliferation and may increase the production 

of the growth Jnhlbitor, transforming growth factor-beta (TGF-~). 
3. lstlintion1 

a. Thmoxifen and toremifene are used in honnone receptor-poeitive br11st cancer trtl1ment. 
b. Thmoxifen and raloxlle:ne are used for ri1k raduction for women at high risk of breast cancer. 
c. Raloxifane can also be used for osteoporosis due to its estrogenic activity in bone. 

4. At/111111 11ftctr may include hat flashes. Toremifene can cause QT prolongation. 
5. PIBt:ButiOll!I 

a. Tamoxifln has estrogenic activity In the endometrium and can increase the risk for endom• 
trial cancer. 

b. These agents also carry the risk for thromboembolic events. 

B. Eatrogen receptor antagonist 
1. Sp1cific 1g111t. Fulwlltrant 
2. M1clla11ism ol actio11. Fulvestrant competitively bind• to the Htrogen receptor (BR) on nun ors. 

The nuclear complex causes a dose-related down-regulation ofBRs and blocks the action of 
estrogen to inhibit tumor growth. 

3. /11dintio11. It is approved for honnone-positive braast cancer in postmenopausal females who 
have progressed on tamoxifen. 

4. Adn111 •lftctr may include hat flashes and increased liver enzymes. 

C. Aramatlse inhibitors 
1. Specific agests 

a. Competl.tl.ve inhibitors: anastrozale, letrozole 
Noncompetl.tl.ve inhibitor: aemestane 

z. M1clleai1m of •t:lios 
a. Aromatue is the enzyme that catalyzes the final step in the production of esttogens from 

androgenic precursors within the ovary or in peripheral tissues. 
b. It is responsible for the conversion of adrenal androgens and gonadal androstenedione and 

testosterone to the estrogens, estrone, and esu:adiol, respectively. 
c. These agents inhibit the aromatase enzyme and preYant the conversion of andraltlnedione 

to .mane and festostlrone to 11tradiol. 
d. They decrease twnor mass and delaytwnor progression. 
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3. Indications. These agents are used for the treatment of breast cancer in postmenopausal 
females. 

4. Adverse effects may include decreased bone mineral density, hot flashes, and nausea. 
Anastrozole and letrozole may cause hypercholesterolemia. 

5. Precautions 
a. Anastrozole may increase the risk for ischemic cardiovascular events in patients with preex­

isting ischemic cardiac disease. 
b. These agents do not benefit premenopausal women. 

D. Ganadotrapin-releasing honnone (GnRH) agonists 
1. Specific egentsinclude leuprolide, triptorelin, goserelin, and histrelin. 
2. Mechanism of action 

a. These agents are potent inhibitors of gonadotropin secretion. 
b. Long-term administration results in the suppression of luteinizing hormone (LH) and follicle­

stimulating hormone (FSH) secretion from the pituitary. 
c. This leads to a subsequent decraasa in levels of testosterone, dihydrotestosterone, and 

estrogen. 
d. The use of these agents results in castration levels of testosterone in men and postmeno­

pa usa I levels of estrogen in women. 
3. Indications 

a. All agents are used in the management of advanced prostate cancer. 
b. Goserelin can be used for the management of advanced breast cancer. 
c. Leuprolide, triptorelin, and histrelin can be used for central precocious puberty. 
d. Leuprolide and goserelin are indicated for endometriosis; leuprolide is also approved for the 

treatment of uterine fibroids. 
4. Adverse effects may include hot flashes, gynecomastia, sexual dysfunction. and decreased 

bone mineral density. 
5. Precautions 

a. Tumor flare. Initial administration of these agents, before pituitary receptor desensitization 
occurs, may result in increased LH and FSH release. with a transitory increase in testosterone 
and an exacerbation of disease. 
(1) They are often administered with the anti.androgens (flutamide, bicalutamide, or 

nilutamide), which block the translocation of androgen receptors to the nucleus and 
thereby prevent testosterone action. 

(2) Tumor fl.are can also occur in breast cancer patients, due to an increase in estrogen. 
b. Androgen-deprivation therapy (ADT) may increase the risk for cardiovascular disease, 

including myocardial infarction, sudden cardiac death, and stroke. 

E. Ganadotrapin-releasing honnone (GnRH) antagonist 
1. Specific egent Degarelix 
2. Mechanism of action. It blacks GnRH receptors to decrease secretion of LH and FSH. This 

results in rapid androgen deprivation by decreasing testosterone production. It acts more 
quickly than GnRH agonists. 

3. Indication. It is used for the treatment of advanced prostate cancer. 
4. Advarsa llft8cts may include hot flashes, weight gain, increased liver enzymes, and decreased 

bone mineral density. 
5. Prec1utians. ADT may increase the risk for cardiovascular disease, including myocardial 

infarction, sudden cardiac death, and stroke. It does not cause tumor fl.are. 

F. Androgen synthesis inhibitors 
1. Specific egentsinclude abiraterone and ketoconazole. 
2. Mechanism of action 

a. CYP17 {17a-hydroxylase and 17,20-lyase) is required for androgen biosynthesis. Inhibiting 
CYP17 will inhibit the formation of the testosterone precursors. 

b. Abiraterone selectively and irreversibly inhibits CYPl 7. 
c. Ketoconazole also inhibits CYPl 7 but is less specific. 
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3. lndit:atians. These agent& can be used for metastatic c1stration-r11istant prostate canc11. 
Ketoconazole ls an antifungal agent that is used off-label for this indication. 

4. Advetse effects 
8. Abiraterone may cause edema and fatigue. 
b. Ketoconazole may cause nausea and vomiting and skin rash. 

5. Pncelltio• 
8. Both agents carry the risk of hepatotoxicitr and adrenoconical insufficiency. 

G. First-g1n11ation antiandrogens 
1. Sp1cific 1g1ntsinclude flutamide, bicalutamlde, and nllutamide. 
2. M1t:IJ.,,i1m of •t:tio11. These agent& inhibit the binding af androgens to the androgen rec1ptar. 

They block testosterone eff1cts at the androgen receptor and prevent testosterone stimulation 
of cell growth in prostate cancec. 

3. lndit:atian1. They are used for the treatment of advanced prostate cancer in combination with 
GnRH agonist or surgical castration. 

4. Adnt11 lfltH:u are due to deaeased. androgen activity and include fatigue, gynecomastia, IOll 
af libido, and impotence. 

5. Pncelltion 
a. Flutamide may cause hepatic failure. 
b. Nilutamide may cause interstitial pneumonitis. 
c. ArYr may Increase the risk for cardiovascular disease, Including myocardial lnfarction, sud­

den cardiac death, and stroke. 

H. Second-generation antiandrogen 
1. Specific agent. Enzalutamide 
Z. M1ch1si111t ol 1ction. This agent ls a pure androgen receptor signaling inhibitor. It inhibits 

androgen receptor nuclear translocation, DNA binding, and coactivator mohill2ation, which 
leads to cellular apoptosis and decreased prostate twnor volume. 

3. /stlit:ation. It is used in metattatic caltr8tion-re1i1tant proltlte cancer. 
4. Ad111111 11ftctr may include fatigue, hot flashes, back pain, and seizures. 
5. Pncautio• 

a. Bnzalutamide may cause impaired male fertility. 
b. ArYr may Increase the risk for cardiovascular disease, Including myocardial lnfarction, sud­

den cardiac death, and stroke . 

• DRUG SUMMARY TABLE 

Alky!Ming At•n 
Busulfan {Myleranl 
Carboplllin (Par1pl1tin) 
Cumustine IBiCNUl 
Chlorembucil lleukeranl 
Cisplatin {Platinoll 
Cyclopho1ph1mid1 (Cymx1n) 
DacatlJezine (DTIC-Dome) 
lfosf1mid1 (lfex) 
Lomustine !Gleolltine) 
Mechlt1reth1min1 IMu1t1r;1nl 
Melphelan {Alkeren) 
Oxaliplltin (Eloxatin) 
Procarbazine IM1tul1ne) 
Strtpto.zocin tzenom) 
Tamazolomide CT1mod1r) 
Thiotap1 tTep1din1I 

An11nltlballtn 
5-Fluorouruil {Adrucil) 
6·M1rc1ptDpurine (Purinltholl 
6-Thioguanina ITabloid) 
C1pacitJlbin11Xalodal 

Cl1dribine IMavencl1dl 
Cytar1bin1 {Cy!Dsar) 
Floxuridine (FUDR) 
Fludu1bine (Flud1rel 
Gamcitabine (Gemml 
M11hotrex1te CTrexell) 
P1m11treX1d IAlimtal 

Mlcnrtultul1 D1111glng Ae•lll 
w.c. llllulloidl 
Vinbl1stine IValb•I 
Vincri'1ine (Vincesar PFSI 
Vinorelbin1 IN1velbinal 
ru.... 
Cabazitexal (Jevtlna) 
DocltaJall (Texotrtrel 
Nabpaclitual IAbraxenel 
Paclitaxel (Taxol) 

Tapai110n1ra11 laltibitars 
Etopotida (Topour) 
lrinatacan (C1mpt1>su) 
Topotlnn IHyumtin) 

An1itu11ar Amtibiatius 
Bleamycin (Blenoxanel 
Dactinomycin (Co1mag1nl 
Daunorubicin ICerubidinel 
DDJ1Drubicin (Adriamycinl 
Epirubicin (Ellenca) 
ld1rubicin lldamycinl 
Mitomycin (Mutamycin) 
Mitox1ntron1 (Nov1ntron1I 
Valrubicin (Valstarl 

Mmaclanal Amtlbllllll• 
Bavacizumab (Avastinl 
Brantuximab vedotin IAdcetri1I 
Ca1wcimab (Erbitux) 
lpilimum1b IYeMIYI 
Panitumumab (Vectibixl 
Rituximeb IRituxan) 
Tr1stuzum1b (Hen:eptinl 

Tyro1i111 Ki•• lnllilliilllni 
Dasatinib (Sprycall 
Erlotinib (Tucava) 
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Gefitinib Urena! 
lmatinib (Gleevecl 
Nilotinib (T11ign1) 
Pazop1nib (Votrie!TU 
Sorafenib INexavarl 
Vamuraftnib 1Z1lborat} 

l111nno11od1l11tor1 
lntarfaran alfa-2b Untron A) 
Lenalidamide (Revlimid) 
Thalidomide (Th1lomidl 

Mllcell1111111 Al1ln11Pl11tlc Ag1111 
AldHleukin (Proleukinl 
klperegineu IErwinuel 
Bortazomib (Velcadal 
Hydroxyure1 IHydre1I 
Magaatrol (Megace) 
MitatJne (Lysadran) 
Tretinoin (ATHA, all-trwn.r retinoic 

ecidl 

lelec:tin 1.-.1n •c''*'' 
Modulltors 

Rala>Ciflne (Evist1) 
Tamoxif'en (Solt11moxl 
Toremifena IFerattonl 

Ellrollft Rlclptor All-.onilt 
FulYtttrant lflslodexl 

Arorn1t111 lnhilli ... 
Anastrozola IArimidexl 
Lll!rozole (Femaral 
Exeme.rtene (Aromasin) 

GollMttnfi1 l1l1•in1 Homione 
Anti ...... 

Oeguelix (Firm1gonl 

8011Mltnfi1 l1l1•ing Homione 
Aa•ilt 

Lauprolide {Lupron) 

Go11relin IZoladex) 
Histrelin (VantasJ 
Triptorelin (Traister) 

Anti.drag•• 
Bicalutamid1 IC11odex) 
Enz1lut11mid11Xtandil 
Flutamida {Euflexl 
Nilutamide (Nilandran) 

Adj1nct At•• 
Allopurinol (Zylopriml 
Amifodne (Ethyall 
Derbepoltin 11f1 IArannpl 
Dorazm11n1 IZin1canl) 
Epoetin eh IEpagenl 
Fil11r11tim (N1upog1nl 
Mesn1 IM99nexl 
Leucovorin lfalinic acid) 
Pagfilgredm IN1ul1stal 
Sargramottim lleukine) 



Review Test 

DirltClions: Select the beat answer for each question. 

1. A 64·year-old man is admitted to the hospi­
tal for the management of non-Hodgkin lym­
phoma. He did not respond to his first round 
of treatment and is now started on the RICE 
chemotherapy regimen, which includes ritux­
imab, ifosfamide, carboplatln, and etoposide. 
The next day, the patient complains of a sudden 
onset ofhematnria and bladder pain. Which of 
the following medications may have prevented 
this patient preaentation? 

(A) Amifostine 
(B) Dexrazoxane 
(C) Filgrastim 
(D) Leucovorin 
(E) Mesna 

2. A 21-year-old man starts the VIP regimen 
(etoposide, ifosfamide, cisplatin, mesna) for 
the treatment of metastatic te5ticular cancer. 
The regimen also includes ondansetron for 
the prevention of nausea and vomiting. Three 
days into the first cycle, the patient complains 
of ringing in his ears and difficulty hearing. The 
oncologist is concerned that the patient may be 
experiencing an adverse effect due to one of the 
medications. Which of the following medica­
tions caused this patient's symptoms? 

(A) Ci5platin 
(B) Btoposide 
(C) Ifosfamide 
(D) Mesna 
(E) Ondansetron 

3. A 53-year-old woman is started on the 
hyper-CVAD regimen (cyclophosphamide, vin­
cristine, dolCOrubicln, dexamethasone, metho­
trexate, cytarabine) for the treatment of acute 
lymphoblastic leukemia. The nurse is required 
to administer leucovorin to reduce the potential 
for dangerous adverse effects from one of the 
chemotherapy agents. What is the mechanism 
of action for the medication that requires leu­
covorin administration? 

(A) Block chromosomal migration and cell 
differentiation 

(B) Carbamylate intracellular macromolecules 

ICI Complex with DNA to form cross-linb 
IDI Indirectly inhibit DNA synthesis 
(El Inhibit topoisomerase 

4. A 53-year-old man presents with changes 
in bowel frequency and pencll-1hln stools with 
occasional bright red blood in hia stool. Further 
evaluation leads to a diagnosis of colon cancer 
with metastasis in the liver. His oncologist starts 
him on a topoisomerase I inhibitor that has the 
potential to cause severe diarrhea. Which of the 
following agents was prescnbed? 

IAI 5-Fluorouracil 
(Bl CarmUBtine 
(Cl Eplrubicin 
(DI Irinotecan 
(El Vlncristlne 

5. A 53-year-old woman with breast cancer 
undergoes a breast-conserving lumpectomy 
and lymph node biopsy. Following radiation 
therapy, a chemotherapy regimen is started that 
includes paclitaxel. Which adverse effect may 
the patient experience due to this drug? 

(Al Arrhythmias 
(Bl Hematurla 
(Cl HotOashes 
(DI Peripheral neuropathy 
(El Shortness of breath 

&. A 74-year-old man with a 100-pac.k/year 
history or smoking is evaluated for hemoptysis. 
A computed tomography (CT) scan of the chest 
shows numerous pulmonary nodules. The 
patient undergoes a CT-guided biopsy, which 
is positive for small cell carcinoma of the lung. 
He ls started on a chemotherapy regimen that 
includes a topoisomeraae n inhibitor. Which of 
the following medications has this mechanism 
of action? 

IAI Busulfan 
Ill Capeci.tabine 
(Cl Etoposide 
IDI Topotecan 
(El Vlnorelbine 

29'1 
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7. A 56-year-old woman is diagnosed with 
stage IV metastatic breast cancer. Her oncolo­
gist starts her on a chemotherapy regimen that 
includes a drug th.at may cause dose-dependent 
cardiomyopathy associated with heart failure. 
What is the mechanism of action for this par­
ticular agent? 

(A) Activate complement-dependent 
cytotoxicity 

(B) Inhibit dihydrofolate reductase 
(C) Inhibit thymidylate synthetase 
(D) Inhibit topoisomerase II 
(E) Promote microtubule assembly 

8. A 32-year-old man is diagnosed with meta­
static testicular cancer with lesions in both his 
lung and brain. He is a professional cyclist and 
refuses the standard treatment after he learns 
it may compromise his pulmonary function. 
Which of the following drugs may cause this 
complication? 

(A) Bleomycin 
(B) Cisplatin 
(C) Cyclophosphamide 
(D) Topotecan 
(E) Vinorelbine 

9. A 35-year-old man presents to his physi­
cian with complaints of fullness in the inguinal 
region. A computed tomography (CT) scan 
demonstrates several confluent enlarged lymph 
nodes. Biopsy specimens demonstrate malig­
nant CD20-positive B cells. He is diagnosed 
with diffuse large B-cell lymphoma. Which of 
the following agents will likely be effective for 
the treatment of his cancer? 

(A) Bevacizumab 
(B) Brentuximab 
(C) Ipilimumab 
(D) Rituximab 
(E) Trastuzumab 

10. A 17-year-old girl sees her physician for 
swollen lymph nodes in the supraclavicular 
region. A core biopsy demonstrates Reed­
Stemberg cells and fibrotic bands, a finding 
characteristic of nodular sclerosis Hodgkin 
disease. She is started on a medication that 
targets CD30-positive cancer cells and inhibits 
microtubule polymerization. What is a poten­
tial adverse effect of this medication? 

(A) Arrhythmias 
(B) Gastrointestinal perforation 
(C) Peripheral neuropathy 
(D) Photosensitivity 
(E) Thrombotic event 

11. A 63-year-old postmenopausal woman is 
diagnosed with early-stage estrogen receptor­
positive breast cancer, which is initially 
managed by partial mastectomy and radia­
tion therapy. Her oncologist also prescribes a 
medication to prevent relapse. Which of the 
following medications was prescribed? 

(A) Anastrozole 
(B) Carboplatin 
(C) Goserelin 
(D) Hydroxyurea 
(E) Leuprolide 

12. A 56-year-old man complains of fatigue 
and malaise. On physical examination, he has 
significant splenomegaly. His white blood 
cell count is dramatically elevated, and the 
physician suspects leukemia. Chromosomal 
studies indicate a (9:22) translocation, the 
Philadelphia chromosome, confirming the 
diagnosis of chronic myelocytic leukemia 
( CML). Which of the following might be used 
in his treatment? 

(A) Amifostine 
(B) Anastrozole 
(C) Gefitinib 
(D) lmatinib 
(E) Rituximab 

13. A 37-year-old man presents with changes 
in bowel habits for the last several months. 
He complains of narrow stools along with 
occasional blood in his stool. After further 
evaluation, including a colonoscopy, he is 
diagnosed with stage IV colon cancer with 
metastatic lesions in his liver. The oncolo-
gist recommends the use of a medication 
that blocks signaling by vascular endothelial 
growth factor. What is a common side effect of 
this medication? 

(A) Cardiomyopathy 
(B) Hypertension 
(C) Hepatitis 
(D) Neuropathy 
(E) Photosensitivity 



14. A 54-year-old woman is diagnosed with 
chronic myeloid leukemia. She also has a 
history of gout, for which she takes allopu­
rinol. Her hematologist would like to start 
chemotherapy within the next couple of days. 
A significant dose reduction is required for 
one of the chemotherapy agents due to a drug 
interaction that prevents its metabolism. Which 
of the following drugs will require a large dose 
reduction? 

(A) Capecitabine 
(B) Cisplatin 
(C) Fluorouracil 
(D) Mercaptopurine 
(E) Thalidomide 

15. A 63-year-old man with a history of prostate 
cancer presents to his oncologist with com­
plaints ofbackpain. Laboratory tests reveal 
that his prostate-specific antigen levels are 
increased, and a computed tomography scan 
reveals enlarged paraaortic lymph nodes 
and osteoblastic lesions of his lumbar spine. 
Therapy with which agent should be started? 

(A) Anastrozole 
(B) Leuprolide 
(C) Mitotane 
(D) Prednisone 
(E) Tamoxifen 
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16. A 56-year-old woman with a history of pan­
creatic cancer presents to her oncologist with 
complaints of pain, swelling, and tingling in her 
feet. She told her doctor it began shortly after 
she went for a long walk. Her physical examina­
tion is positive for plantar erythema that looks 
like a sunburn. What chemotherapy agent most 
likely caused this patient presentation? 

(A) 5-Fluorouracil 
(B) Etoposide 
(C) Irinotecan 
(D) Thalidomide 
(E) Vinorelbine 

17. A 42-year-old premenopausal woman 
undergoes a partial mastectomy and radiation 
therapy for stage II estrogen receptor-positive 
breast cancer. After completing the treatment, 
her oncologist explains that there is little advan­
tage to adding systemic chemotherapy in such 
an early-stage cancer and recommends treat­
ment with tamoxifen. Which of the following is 
a concerning side effect of this medication? 

(A) Aplastic anemia 
(B) Bowel perforation 
(C) Hypotension 
(D) Myelosuppression 
(E) Thromboembolism 



Answers and Explanations 

1. Tha answer is E. The patient may be experiencing hemorrhagic cystitis due to lfosfa.mide 
therapy. Symptoms of hemorrhagic cystitis usually occur within 48 hours of treatment and may 
include hematurla (blood in the urine), pain, and trouble voiding. It occurs due to acrolein, a by­
product of the activation of ifosfamide. The drug sodium 2-men:aptoethane sulfunate (mesna) 
has been used to prevent hemonhagic cystitis. Mesna forms a complex with the terminal methyl 
group of acrolein; it forms a nontoxic thioether that is rapidly removed from the urinary tract. 
The other medications do not prevent the incidence of hemorrhagic cystitis. 

2. Tha answer is A. The patient is most likely experiencing ototoxiclty due to clsplatin therapy. 
Symptoms of ototoxicity may include tinnitus or loss of high frequency hearing and, occasion­
ally, deafness. The other medication& do not cause ototoxl.city. 

3. The answer ii D. Methotrexate requires leucovorin administration when it is given at high doses. 
It inhibits the enzyme dihydrofolate reductase, which ultimately decreases the availability of 
thymidylate to produce DNA. Nitrosoureas can ca:rbamylate intracellular molecules. Vmca alka­
loids, such as vinblastlne, block chromosomal mJgration and cellular differentiation. Cisplatin 
works primarily by complexing with DNA to form cross-links. Agents like etopostde can inhibit 
topoisomerase. 

4. The answer is D. Irinotecan is a topoisomerase I inhibitor indicated for the management of 
colorectal cancer. It has the potential to cause life-threatening diarrhea. The diarrhea can 
occur in an early phase (within the first 24 hours of chemotherapy), which can be treated with 
atropine, or in a late phase (over 24 hours after chemotherapy), which can be treated with lop­
eramide. The other agents are not tapoisamerase inhibitors. While diarrhea is a common side 
effect of many chemotherapy agents, it can be much mare severe with irinatecan. 

5. The answer is D. Common adverse effects ofpaclitaxel include myelosuppression and periph­
eral neuropathy. The neuropathy usually manifests as numbneN and tingling in the distal 
extremities. Hematuria, or blood in the urine, can indicate hemorrhagic cystitis, a complication 
of cyclophosphamide u.se. Arrhythmias may occur with acute cardiac toxicity due ta anthracy­
cline therapy. Hot Dashes are a common complaint in patients usingtamallifen. Shortness of 
breath can result from pulmonary fibrosis secondary to busulfan or bleamycin use. 

&. Tha answer is C. Etoposide is used in the treatment of small cell lung carcinomas as well as 
testicular tumors. Its mechanism. of action is related to it& ability to inhibit topoisomerase II. 
BusuHan is an alkylating agent. capedtabine is an antimetabolite. Topotecan is a topoisomerase 
I inhibitor. Vmorelbine is a vinb alkaloid that inhibita microtubule polymerization. 

7. The answer is D.Anthracyclines, such as domrubicin, are associated with dose-limitingca:r­
diomyapathy. Before using this agent, a thorough cardiac evaluation is required, including an 
echocardiogram or nuclear medicine scan of the heart. Anthracyclines have several different 
mechanisms. They inhibit topoisomerase D and prevent religation of DNA during replication. 
In addition, they also form intercalation& between base pairs and cause cytotmdclty tluough the 
formation of oxygen free radicals. 

I. The answer ii A. Bleomycin is included in the treatment of metastatic testicular neoplasms and 
can cause pulmonary fibrosis. The other agents do not cause pulmonary dysfunction. 

9. The answer is D. Rituximab la a monoclonal antibody directed against the CD20 antigen on B 
lymphocytes. It can be used for the management of CD20-positive non-Hodgkin lymphoma 
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or CD20-positive chronic lymphocytic leukemia. Bevaclzwnab is a monoclonal antibody that 
prevents vascular endothellal growth factor (VEGF-A) from interacting with the target receptors. 
Brentuximab vedotin is a monoclonal antibody directed at CD30. Ipilimumab is a monoclonal 
antibody that causes CTLA-4 inhibition, allowing T-cell proliferation. Trastuzumab is a mono­
clonal antibody that binds to the human epidermal growth factor receptor 2 (HER-2) protein. 
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10. Tha answer is C. Brentuximab vedotin is a monoclonal antibody directed at CD30. It is used in 
the treatment of Hodgkin lymphoma and anaplastic large cell lymphoma. Common adverse 
effects may include peripheral neuropathy, neutropenia, and infusion-related reactions. It does 
not normally cause the other adverse effects listed. 

11. The answer is A. Anastrozole is an aromatase inhibitor used to inhibit estrogen synthesis in 
the adrenal gland, a principle source in postmenopausal women. It is used for the treatment of 
breast cancer. Hydroxyurea is used in the treatment of some leukemias as well as myeloprolif­
erative disorders. Leuprolide and goserelin are GnRH antagonists used to treat prostate cancer. 
Carboplatin is used in the treatment of ovarian cancer. 

12. The answer is D. Imatinib is an orally active small molecule inhibitor of the oncogenic BCR­
ABL kinase produced as a result of the Philadelphia chromosome. It is used to treat CML. 
Anastrozole is used in the management of breast cancer. Rituximab is an antibody used in the 
treatment ofnon-Hodgkin lymphoma. Gefitinib is an orally active small molecule inhibitor of 
the EGF receptor used in the treatment of some lung cancers. Amifostine is used as a radiopro­
tectant with or without cisplatin. 

13. The answer is B. Bevacizumab is a monoclonal antibody against vascular endothelial growth 
factor (VEGF) interaction with its receptor. Adverse effects may include hypertension, throm­
botic events, decreased wound healing. and gastrointestinal perforation. The other adverse 
effects listed are not commonly caused by bevacizumab. 

14. Tha answer is D. 6-Mercaptopurine (6-MP) is a structural analogue of guanine that is incorpo­
rated into DNA to prevent purine synthesis. It is metabolized to an inactive metabolite byxan­
thine oxidase. Allopurinol is a xanthine oxidase inhibitor and prevents the metabolism of 6-MP 
to its active metabolite. Significant dose reductions (up to 75%) are required for 6-MP when it is 
given in combination with xanthine oxidase inhibitors like allopurinol. 

15. The answer is B. Leuprolide is used to treat metastatic prostate cancer by decreasing the secre­
tion ofluteinizing hormone (LH) and follicle-stimulating hormone (FSH) from the pituitary, 
leading to decreased testosterone (which is used by the tumor cells to grow). Anastrozole is used 
in breast cancer in postmenopausal women to decrease estrogen levels. Tamoxifen is also used 
in the treatment of breast cancer to inhibit estrogen-mediated gene transcription. Mitotane is 
used in the treatment of inoperable adrenocortical carcinomas. Prednisone is used in the treat­
ment of leukemias and lymphomas. 

16. The answer is A. The patient most likely has hand-foot syndrome, a dose limiting toxicity of 
5-Duorouracil ( 5-FU). This syndrome is characterized by paresthesias in a sock-and-glove dis­
tribution. It occurs when small amounts of drug leak out of capillaries in the palms of the hands 
and soles of the feet Exposure to heat and friction increases the amount of drug in the capillaries 
and increases the amount of drug leakage. Signs and symptoms may include redness, numbness, 
tenderness, and possibly peeling of the palms and soles. The other agents listed do not cause 
hand-foot syndrome. 

17. The answer is E. Patients with estrogen receptor-positive tumors benefit from tamoxifen adjunct 
treatment It carries a risk of thromboembolism, as well as the potential to develop endometrial 
cancer. Bevacizumab has been associated with the risk of bowel perforation. Alkylating agents 
and topoisomerase I inhibitors may cause secondary leukemia and myelosuppression. Many of 
the therapeutic monoclonal antibodies can cause hypotension due to infusion-related reactions. 



Toxicology 

I. PRINCIPLES AND TERMINOLOGY 

A. Toxicology 
Toxicology is concerned with the deleterious effects of physical and chemical agents (including 
drugs) in humans (Table 13.1). 
1. Dt:t:up•ti11ul luiaolo1ra concerned with chemical& encountered in the wodq>lace. 

•· For many oftheae agent& (air pollutants and solvents), the tllrnhald limit valuu (TI.Va) are 
defined in either parta per million (ppm) or milllgnuns per cubic meter (mg/m3) (ntble 13.2). 

b. These lhnits are deacrlbed aa follows: 
(1) Time-weighted 1ver1g11 ITLV-TWA), which reflect concentrations for a workday or 

wotk:week. 
(2) Short-ttnn upOMln limitt ITLY·STEL), whim re:tlect the m.uimum concentration that 

ahould not be ea:eeded in a 15-mmute interval. 
{3) Ctilin11 m.v-C), which are the concentrations to which a worker should never be 

expoaed. 
2. &ri,.,.,,,..,,I toxieol'IY is concerned with substances encountered in food, all; water, and 

soil. 
•· Some chemical& that enter the food chain are defined in terms of their 1cc.pblbl• daily 

intllk• (ADI), the level at which they are con&idered safe, even if taken daily. 
b. Ecatoxicalagy is concerned with the toxic e:tiects of physical and chemical agents on popula­

tiom and organlun1 in a defined ecosystem. 

a. Th• dote-rttpOOll rel1tion1hip 
1. The dose-response relationship implies that hjgher doses of a drug or toxicant in an individual 

can result in a graded responae. 
a. Higher doses in a population result in a larger percentage of individual.a responding to the 

agent (quanta! dose-response). 
2. The most commonly used index of toxicity for drugs used therapeutlcally Is the lll1r1p.utic 

in du (TI). This is defined as the ratio of the dose of drug that produces a toxic effect (TD50) or a 
lethal effect (LD&O), to the doae that produces a therapeutic effect (BD&O) in 50% of the population. 

C. Risk ind hazud 
1. Risk ia defined as the expected frequency of accunence at unwanted effects of a physical or 

chemical agent 
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a. The benefita to rUks ratios intluence the acceptability of compounds. 
2. Hazard is defined as the ability at 1 toxicant to Clute hann in 1 specific selling. 

a. It relates to the amount of a physical or chemical agent to which an individual will be upo&ed. 
1 No-abnmble-tlltct ltvtl (NOEL) is defined as the highest do• crf 1 ch•mical that don not 

product 1n absemble efltct in humans. 
•· Thia value, based on animal studies, Is used for chemicals for which a full dose-response 

curve for toxicity in humans Is unknown or unattainable. 



mtrIIII Toxicology 297 

t a b I e 13.1 Acute and Evident Changes in the Poisoned Patient and Possible Causes 

Ch1ngas 

C.nli11r1N1piratory Abn11nn•liti" 

Hypertension. tachycardia 

Hypotension, bradycardia 

Hypotension, tachycardia 

Rapid respiration 

Hype rthermia 

Hypothermia 

C•lltrlll N9m1US Syst111 Eff9ctl 

Nystagmus, dysarthrla, ataxia 

Rigidity, muscular hypertension 

Seizures 

Flaccid coma 

Hallucinations 

61straintastin1I Ch1nga1 

lie us 

Cramping, diarrhea, increased bowel 
sounds 

Nausea. vomiting 

Visml Dist•rll•ICll 

M iosis fpu pil constriction) 

Mydriasis {pupil dilation) 

Nystagmus 

Ptosis, ophthalmoplegia 

Skin Chang11 

Flushed, hot, dry skin 

Excessive sweating 

Cyanosis 

lcterus 

Moltll 1111 Tat. Alt1ratlo11 

Burns 

Odors 

Green tongue 

Metallic taste 

Clu111 

Amphetamines. cocaine. phencyclidine IPCP). nicotine, antimuscarinic drugs 

Opioids, clonidine, JI-blockers, sedative41ypnotics 

Tricyclic antidepressants, phenothiazinas, theophyllina 

Sym pathomimetics (including amphetamines), salicylates, carbon monoxide, any 
toxin that produces metabolic acidosis (including alcohol) 

Sympathomimetics, salicylates, antimuscarinic agents, most drugs that induce 
seizures or rigidity 

Alcohol, phenothiazines, sedatives 

Phenytoin, al coho I, sedatives 

Phencyclidine, haloperidol, sympathomimetiu 

Tricyclic antidepres11nts. theophyllina. isoniazid, phenothiazines 

Opioids and sedative hypnotics 

LSD, poisonous plants !nightshade, jimsonwHdl 

Antimuscerinics, opioids, sedatives 

Organophosphates, arsenic, iron, theophylline, Amanitll phalfoidas 

Amanitll phalfoidas 

Clonidine, opioids, phenothiazinH, cholinestaraH inhibitors {including 
organophosphate insecticides) 

Amphetamin11, cocaine, LSD, entimuscarinic agents 

Phenytoin, alcohol, sedatives Uncludlng barbiturates), phancyclidlne 

Botulism 

Antimuscarinics {including atropine) 

Nicotine, sympathomimetics, organophosphates 

Drugs that induce hypoxemia or methemoglobinemia 

Hepatic damage from acetaminophen or Amsnitll phalloidas 

Caustic substances 

Arsenic, organophosphates 

Garlicky breath: arsenic. organ ophosphatea 

Bitter almond breath: cyanide 

Rotten agg odor: hydrogen sulfide 

Pear-like odor: ch I oral hydrate 

Chemical smel~ alcohol, hydrocarbon solvents, paraldehyde, gasoline, ammonia 

Vanadium 

Lead, cadmium 

4. According to the World Health Organization, the ADI of a chemical is the "daily intake of a 
chemical, which during the entire lifetime appears to be without appreciable risk on the basis 
of all known facts at that time." 
a. ADI values are calculated from NOELs and other "uncertainty" factors, including estimated 

differences in human and animal sensitivity to the toxic agent. 

D. Classification of toxic response 
1. The duration of exposure is used to classify toxic response. 
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t a b I e 13.2 Threshold Limit Values fur Selected Air Pollutants 
and Solvents 

Air Ptllutllnt 

C1rbon monoxide 
Nitrogen dioxide 

Ozone 

Sulfur dioxide ....... 
Banzant 
C1rbon tatr1chlorid1 

Chlorofunn 

Toluene 

lWA. tima-waightlld 8V9r&ga; STli. !hort-tarm exposu111 limit 

Tlnaalll Umlt Yal111 

lWA STEL 

25 

3 

D.05 

2 

0.5 

5 

10 

50 

s 

s 

2.5 

10 

a. Acute exposure resulting in a toxic reaction represents a single exposure or multiple expo­
sures over 1-2 days. 

b. Chronic expOlure resulting in a toxic reaction represents multiple ezposures over longer peri­
ods of ame. 

c. Delayed 1oxicity represents the appearance of a toxic effect after a delayed interval fullawing 
exposure. 

E. Raut8 af exposure 
1. The rate or exposure can determine the extent or toJdcl.ty and outcomes. 
2. Most tOJdcants (e.g., heavy metals) cause toxic effects directly, including binding to functional. 

groups on proteins containing oxygen (0), sulfur (S), and nitrogen (N) atoms. 
3. In other instances, in a process referred to as 1oxicatian (or bioactivation), a substance may be 

converted in the body to a chemical ronn that ls directly toxic or participates in reactions that 
generate other highly reactive tmic species. 
a. Rmmples include auperoxide anion (01-), hydroxyl (OH) free radicals, and hydrogen per­

oxide (HtOi), which can cause DNA, protein, and cell membrane damage and loss or function. 
b. Endogenous gluta1hione plays a central role in detoxication of these reactive species either 

directly or coupled to superoxide dismutlse and glutathione paroxid111. 
c. Superoxide dismutase coupled to catalase is also involved in detoxication pathways. 
d. Endogenous metal.lothionein offers some limited protection from metal toxicity. 

II. AIR POLLUTANTS 

A. General characteri11ic1 
1. Air pollutants enter the body primarily through inhalation and are either absorbed into the 

blood (e.g., gases) or eliminated by the lungs (e.g., particulates). 
a. Ozone is also of special concem in certain geographic locations. 

2. Air pollutants are characterized as either reducing types (sulfur oxidea) or oxidizing types 
(nitrogen oxides, hydrocarbons, and photochemical oxidants). 

B. Carbon monoxide 
1. Prap•ttin .ad m•t:IJ111ism al actia11 

a. carbon monoxide (CO) is a colorless, odorless, nonirritating gas produced from the incom­
plete combustion of organic mattec. 
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b. It competes for and combines with the oxygen-binding site of hemoglobin to fonn carboxy­
hemoglobin, resulting in a functional anemia. 
11) The binding affinity of CO for hemoglobin is 220 times higher than that of oxygen itself. 
12) Carboxyhemoglobin also interferes with the dissociation in tissues of the remaining 

oxyhemoglobin. 
c. CO also binds to cellular respiratory cytochromes. 
d. CO concentrations of 0.1 % (1,000 ppm) in air will result in 50% carboxyhemoglobinemia. 

11) Smokers may routinely exceed normal carboxyhemoglobin levels of 1 % by up to 10 times. 
2. Poisoning and tteatment 

a. It is the most frequent cause of death from poisoning (see Table 13.2 for TI.Vs). 
b. CO intoxication(> 15% carboxyhemoglobin) results in progressive hypoxia. 

11) Symptoms include headache, dizziness, nausea, vomiting, syncope, and seizures. 
12) A cherry-red appearance and coma may occur with carbo:xyhemoglobin concentrations 

above40%. 
c. Chronic low-level exposure may be harmful to the cardiovascular system. 

11) Populations at special risk include smokers with ischemic heart disease or anemia, the 
elderly, and the developing fetus. 

d. Treatment includes removal from the source of CO, maintenance of respiration, and admin­
istration of oxygen. Hyperbaric oxygen may be required in severe poisoning. 

C. Sulfur dioxide 
1. Properties and mechanism of action 

a. Sulfur dioxide (SOJ is a colorless, irritant gas produced bythe combustion ofsulfur-containing 
fuels {see Table 13.2 for TI.Vs). 

b. It can be converted in the atmosphere to sulfuric acid (H2S04), which has irritant effects simi­
lar to those of S02• 

2. Poisoning and tn111tm11nt 
a. At low levels {5 ppm), S02 has irritant effects on exposed membranes (eyes, mucous mem­

branes, skin, and upper respiratory tract with bronchoconstriction). 
11) Asthmatics are more susceptible; delayed pulmonary edema may be observed after 

severe exposure. 
b. S02 poisoning is treated by therapeutic interventions that reduce irritation in the respiratory 

tract. 

D. Nitrogen dioxide 
1. Properties and mechanism of action 

a. Nitrogen dioxide (NOJ is an irritant brown gas produced in tires and from decaying silage. It 
is also produced from a reaction of nitrogen oxide {from auto exhaust) with oxygen { 0 2) {see 
Table 13.2 for TI.Vs). 

b. It causes the degeneration of alveolar type I cells, with rupture of alveolar capillary 
endothelium. 

2. Poisoning and tteatment 
a. Acute symptoms include irritation of ayes and nose, coughing, dyspnea, and chest pain. 
b. Severe exposure for 1-2 hours may result in pulmonary edema that may subside and then 

recur more than 2 weeks later. 
c. Chronic low-level exposure may also result in pulmonary edema. 
d. N02 poisoning is treated with therapeutic interventions that reduce pulmonary irritation and 

edema. 

E. Ozone 
1. Properties and mechanism of action 

a. Ozone {03) is an irritating, naturally occurring bluish gas found in high levels in polluted air 
and around high-voltage equipment (see Table 13.2 for TI.Vs). 

b. It is formed by a complex series of reactions involving N02 absorption of ultraviolet light with 
the generation of free oxygen. 

c. 0 3 causes functional pulmonary changes similar to those with N02• 

d. Toxicity may result from free radical fonnation. 
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2. l'oisa11ing .ad tnl•lm•llt 
a. ~ initatas mucous m11111bran11 and can cause decrea11d pulmonary complianc1, pulmo­

nary edema, and increased sensitivity to bronchoconstrictors. 
b. Chronic exposure may cause decreased respiratory reserve, bronchitis, and pulmonary fibrosis. 
c. Treatment is similar to that used in N02 poisoning. 

F. Hydrocarllon 
1. Hydrocarbons are oxidized by sunlight and by incomplete combustion to short-lived aldehydes 

such as fonnaldehyde and acrolein; aldehydes are also fuund in, and can be released &om, 
certain construction materials. 

2. Hydrocarbons inmate the mucous membrann of th• respiratory tract and eyn, producing a 
response similar to that seen with S02 exposure. 

G. Particulates 
1. Inhalation of particulates can lead to pneumoconiosis, most commonly caused by silicates 

{silicosis) or 11bntot (18b11111i1). 
a. Bronchial cancer and mnothelioma are associated with asbestos exposure, particularly in 

conjunction with cigarette smoking. 
2. Particulates adsorb other toxin•, such as polycyclic aromatic hydrocarbons, and deliver them 

to the respiratory tract 
3. They also increase susceptibility to pulmonary dysfunction and disease and may yield fibratic 

m11111 in the lungs that develop over years of exposure. 

Ill. SOLVENTS 

A. Aliphatic and halogenated aliphatic hydrocarbons 
1. Aliphatic and halogenated aliphatic hydrocarbons include fuels and industrial solvents such as 

•hexane, gasoline, kerosene, carbon tetrachloride, chlorofonn, and tetrachloroethylene (see 
Table 13.2furTI..Vs). 

2. These agents are cenll'll nervous system (CNS) depr811ants and cause neurologic, liver, and 
kidney damage. Cardiotoxicity is also possible. All of these effects may be mediated by free 
radical intaraclion with cellular lipids and proteins. 
a. Polynaurapathy &om cytoskeletal disruption predominates with •haxana poisoning. 
b. Neural effects, such as memory loss and peripheral. neuropathy, predominate with chlaro-

fonn and tllrachloroathylan1 exposure. 
c. Chlorofonn also causes nephrotoxicity and can sensitize the heart to 1nhythmi11. 
d. Hepatotaxicity (delayed) and renal toxicity are common with carbon tetrachloride poisoning. 
t. Carcinogenicity has been associated with chlorofonn, carbon tetrachloride, and 

tltrachloroathylene. 
3. Aspiration with chemical pneumonitis and pulmonaiy ed11111a is common. 
4. 1hratm1ntis primarlly supportive and is oriented to the organ systems involved. 

B. Aromatic hydrocarbons 
1. Benzene poisoning is the most common. 

a. CNS depression Is the major acute effect 
b. Chronic exposure can result in severe bone marrow dapreuion, resulting in aplastlc anemia 

and other blood dyscraslas. 
c. Low-level benzene exposure has been linked to leulcemla. 
d. No specific treatment is available fur benzene poisoning. 

2. Toluene and xylene can depress the CNS. 
a. They can cause fatigue and ataxia at relatively low levels and loss of consciousness at high 

levels (10,000 ppm). 

C. Polychlorinatad biphenyls 
1. Polychlorlnated biphenyls (PCBs) are stable, hlghly lipophWc agents that, although not used 

since 1977, still persist in the environment 
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2. Dennatologic disorders are the most common adverse effect. 
3. Possible reproductive dysftmctlon and carcinogenic effects linked to PCBs may be largely due 

to other contaminating polychlorinated agents such as the dioxin, 2,3, 7,8-tettachlorodibenzo­
p-dioldn (TCDD). 

IV. INSECTICIDES AND HERBICIDES 

A. Organophosphorus insacticidn (see Chapter 2) 
1. P10plllia 111d m.ch111ism of 1ctios 

a. Organophosphorus lnsectlctdes include parathion, malathion, and diazinon. 
(1) They have replaced arganochlorine pesticides (except for a very restricted use in the 

United States or dlchlorodiphenyltrlchloroethane, Le., DDn, which persist in the envi­
ronment and have been associated with an increased risk of cancer. 

(2) Organophosphorus insecticides do not persist in the environment; however, their 
potential for acute toxicity is higher. 

b. Orglmophosphorus insecticides are characterized by their ability to phnphorrfatl die active 
e11eratic aite of acetylcholine11ar111 (ACllE). 
(1) Toxic effects result from acetylcholine (ACh) accumulation. 

c. These agents are well absorbed dirough the skin and via the respiratory and gastrointestinal 
(GI) tracts. 

d. Some other organophosphate insecticide compounds (e.g., triorthocresyl phosphatl) also 
phosphorylate a "newopathy target esterase," which results in delayed neurotoxicity with 
sensory and motor disturbances of the limbs. 

2. Tn:1tment of pai1anisg 
a. Assisted respiration and decontamination are needed as soon as possible to prevent the 

irreversible inhibition (•aging•) of AChE, which involves strengthening or the phosphorus­
enzyme bond. 

b. Atropine reverses all muscarini.c effects but does not reverse neuromuscular activation or 
paralysis. 

c. Pralidoxime (2-PAM) reactivates AChE, particularly auhe neuromuscular junction. It is often 
used as an adiunct 10 atropine (may reverse some toxic effects). It is very effective in parathion 
poisoning. 

B. Carllamate insecticides (see Chapter 2) 
1. Carbamate Insecticides Include carbaryl. carllofuran, isolan, and pyramat. 
2. These agents are character12ed by their ability to inhibit AChE by carllamoylation. 
3. Carbamate insecticides produce toxic effects similar to those of the phosphorus-containing 

insecdcides. 
a. Generally, the toxic effects of carbamate compounds are 1111 llYGl'8 than those of the organo­

phosphorus agents because carbamoyiation is rapidly revenible. 
4. Treatment for carbamate poisoning is similar to that used for organophosphate poisoning 

except that pralidoxime therapy is not an effective antidote because it does not interact with 
carbamoylated acetylchollnesterase. 

C. Botanical insecticides 
1. Nicotine stimulates Dicotinic receptors and results in membrane depolarlzadon. 

a. Symptoms of poisoning may Include salivation, YDllliting, muscle weakness, seizures, and 
respiratory arrest. Treatment includes antlconvulsants and symptomadc relief. 

2. Pyretltrum, a conunon household insecticide, is toxic only at high levels. 
a. Allergic manifestations and initation of die akin and re1piratory tract are the most common 

adverse effects; treatment includes symptomatic relief. 
3. Rote none poisoning is rare in humans and generally results in GI dillturbancH that are treated 

symptomatically. 
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D. Herbicides 
1. Glyphosate ls widely used worldwide; it ls a relatively safe herbicide that does not persist in the 

environment. Adverse effects are irritJltion of the skin and eyes. 
Z. Paraquat causes acute GI irritation with bloody stools, fullowed by delayed respiratory distress 

and the development of con11111ive hemorrhagic pulmonary edema, which is thought to be 
caused by supenmde radical formation and subsequent cell membrane disruption. 
a. Death may ensue several weeks after ingestion. 
b. Treatment consists of prompt gastric lavage; administration of cathartics and adsorbents 

benefits some victims. 
3. 2.4-Dichlorophenoxyacetic acid (2,4-D) causes neuromuscular paralysis and coma. Long-term 

toxic effects are rare. 

E. Fumigants and radenlicide: cyanide 
1. Cyanide possesses a high affinity for ferric iron; it reacts with iron and cytochrome oxidase in 

mitochondria to inhibit cellular respiration, thereby blocking oxygen use. 
Z. It is absorbed from all routes (except alkali salts, which are toxic only when ingested). 
3. Poisoning is signaled by bright red venou• blood and a characteristic odor of bitter almonds. 
4. Cyanide causes transient CNS stimulation followed by hypoxic Hizurtl and death. 
5. Treatment must be immediate with ad.ministtation of 100% oxygen. 

a. Amyl or sodiwn nitrite, which oxidizes hemoglobin and produceg methemoglobin (compete 
for cyanide ion), can also be administered. 

b. Sodium thiosulfate can be administered to accelerate the conversion of cyanide to nontoxic 
thiocyanate by mitochondr:lal. rhodanese (sulfurtransferase ). 

c. Activated charcoal may also be used. 
d. Hydroxocobalamin, which binds with cyanide, is also available as an antidote. 

V. HEAVY METAL POISONING AND MANAGEMENT 

A. Inorganic lead poisoning 
1. Organic lead poisoning is increasingly rare due to phased elimination of tetraethyl and tetra· 

methyl lead (antiknock components in gasoline). 
a. Historically, paint and g11soline were major sources oflead exposure and still can be found in 

the environment. 
b. Other sources Include home crafts, such as pottery and jewelry making. 

Z. Inorganic metallic lead oxides and salts are slowly absorbed through all routes except the skin. 
Organic lead compounds are well absorbed across the skin. 
a. The GI route is the mast common route of eiposure in nonindustrial settings (children absorb 

a higher fraction than do adults). 
b. The re1piratory route is more common for indWltrial exposure. 

3. Inorganic lead bind• to hemoglobin in erythrocytet, with the remainder distributing to soft tis­
sues such as the brain and kidney. Through redistribution, it later accumulates in bone, where 
its elimination half-life is 2~30 years. 

4. CNS effects (lald encaphalapathy) are common after chronic exposure w lead, particularly in 
children, for whom no dueshold level has been established. 
a. Early signs of poisoDing Include vertigo, ataxia, headache, restlessness, and irritabllity; wrist 

drop is a common sign of peripheral neuropathy. 
b. Projectile vomiting, delirium, and seizures may occur with the progression of encephalopa­

thy with lead concenttations oflOO pg/dL. 
c. Mental deterioration with lowered intelligence quotient (IQ) and behavioral abnormalities 

may be a consequence of childhood exposure. 
5. GI upset, including epigastric distress, is also seen, particularly in adults. 
6. Constipation and a metallic taste are early signs of eiposure to lead. Intestinal spasm with 

severe pain (lead colic) may become evident in advanced st.ages of poisoning. 
1. Renal fibrosis may occur with chronic exposure. 
a. Lead may increase spontaneous abortion and is associated with altered production of sperm. 
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B. Inorganic arsenic 
1. Properties and mechanism of action 

a. Inorganic arsenic can be found in coal and metal ores, herbicides, seafood, and drinking 
water. It is absorbed through the GI tract and lungs. 

b. Trivalent forms (arsenites) are generally more toxic than the pentavalent forms (arsenates). 
Methylated metabolites may account for their adverse effects. 
111 Arsenites inhibit sulfhydryl enzymes (pyruvate dehydrogenase/glycolysis is 

especially sensitive), resulting in damage to the epithelial lining of the GI and 
respiratory tracts and damage to tissues of the nervous system, liver, bone marrow, 
and skin. 

12) Arsenates uncouple mitochondrial oxidative phosphorylation by "substituting" for 
inorganic phosphate. 

2. Symptoms of acute poisoning include the following: 
a. Savare nausea, vomiting, abdominal pain, laryngitis, and bronchitis. 
b. Capillary damage with dehydration and shock may occur. 
c. Diarrhea is characterized as ·rice-water stools: 
d. There is often a garlicky breath odor. 
e. Initial episodes of arsenic poisoning may be fatal; if the individual survives, bone marrow 

depression, severe neuropathy, and encephalopathy may occur. 
3. Symptoms of chronic poisoning include the following: 

a. Weight loss due to GI irritation, perforation of the nasal septum, hair loss, sensory neuropa­
thy, depression of bone marrow function, and kidney and liver damage. 

b. The skin often appears pale and milky rmilk and rosas· complaxion)because of anemia and 
vasodilation. 
11) Skin pigmentation, hyperkeratosis of the palms and soles, and white lines over the nails 

may be observed after prolonged exposure. 
c. Inorganic arsenicals have been implicated in cancers of the respiratory system. 

4. Treatment is primarily supportive after acute poisoning and involves termination of exposure, 
emesis, gastric lavage, rehydration, and restoration of electrolyte imbalance. 
a. Chelation therapy with dimercaprol or its analogue, unithiol, is indicated in severe cases. 
b. Succimer, another derivative of dimercaprol, may also be used. 

5. Treatment of chronic poisoning is supportive, including termination of exposure. 
6. Organic arsenicals are excreted more readily and are less toxic than inorganic forms; poisoning 

is rare. 
7. Arai ne gas (AsH3) poisoning may occur in industrial settings. 

a. The effects are severe hamolysis and subsequent renal failure; symptoms include jaundice, 
dark urine, and severe abdominal pain. 

b. Treatment includes transfusion and hemodialysis for renal failure. Chelation therapy is 
ineffective. 

C. Mercury 
1. Inorganic mercury 

a. Properties and mechanism of acdon 
111 Inorganic mercury occurs as a potential hazard primarily because of occupational or 

industrial exposure. The major source of poisoning is by consumption of contaminated 
food. 

12) Elemental mercury (Hg) is poorly absorbed by the GI tract but is volatile and can be 
absorbed by the lungs. 
la) Hg itself causes CNS effects; the ionized form, Hgz+, accumulates in the kidneys and 

causes damage in the proximal tubules by combining with sulfhydryl enzymes. 
13) Mercuric chloride (HgC12) is well absorbed by the GI tract and is toxic. 
14) Mercurous chloride (HgCl) is also absorbed by the GI tract but is less toxic than HgCl2• 

b. Acute poisoning and treatment 
11) Mercury vapor poisoning produces chest pain, shortness of breath, nausea, vomiting, 

and a metallic taste. Chemical pneumonitis and gingivostomatitis may also occur. 
Muscle tremor and psychopathology can develop. 
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(2) Inorganic mercury salts 
(a) Inorganic mercury salts cause hemorrhagic gastroenteritis producing intense pain 

and vomiting. Hypovolemic shock may also occur. 
lb) Renal tubular necrosis is the most prevalent and serious systemic toxicity. 

(3) Treatment involves removal from exposure, supportive care, and chelation therapy with 
dimercaprol, unithiol, or succimer. Hemodialysis may be necessary. 

c. Chronic poisoning 
(1) Mercury vapor poisoning may lead to a fine tremor of the limbs that may progress to 

choreiform movements, and neuropsychiatric symptoms that may include insom­
nia, fatigue, anorexia, and memory loss, as well as changes in mood and affect. 
Gingivostomatitis is also common. Erethism (a combination of excessive perspiration 
and blushing) may also occur. 

(2) Inorganic mercury salts. Renal injury predominates. Erythema of extremities (acro­
dynia) is often coupled with anorexia, tachycardia, and GI disturbances. 

(3) For the treatment, unithiol or succimer may be helpful. Dimercaprol should be avoided 
as it will redistribute mercury to the CNS. 

2. 0111anic mercurials (methylmercuty} 
a. Organic mercurials are found in seed dressings and fungicides. 
b. They can be absorbed from the GI tract and often distribute to the CNS, where they exert their 

toxic effects, including paresthesias, ataxia, and hearing impairment. Visual disturbances 
often predominate. 

c. Exposure of the fetus to methylmercury in utero may result in mental retardation and a syn­
drome resembling cerebral palsy. 

d. Treatment is primarily supportive. Unithiol or succimer may be helpful. 

D. Iron (see Chapter 7) 

E. Metal-chelating agents 
1. General properties 

a. Metal-chelating agents usually contain two or more electronegative groups thatform stable coor­
dinate-covalent complexes with cationic metals, which can then be excreted from the body. 
(1) The greater the number of metal-ligand bonds, the more stable the complex and the 

greater the efficiency of the chelator. 
b. These agents contain functional groups such as -OH, -SH, and -NH, which compete for 

metal binding with similar groups on cell proteins. 
c. Their effects are generally greater when administered soon after exposure. 

2. Edenlrlte calcium disadium .ad Blhylenediamine tetnacetic acid (EDTA} 
a. EDTA is an efficient chelator of many transition metals. Since it can also chelate body cal­

cium, EDTA is administered intramuscularly or by intravenous (IV) infusion as the disodium 
salt of calcium. 

b. It is used primarily in the treatment of lead poisoning. 
c. EDTA is rapidly excreted by glomerular filtration. 
d. It is nephrotoxic, particularly at renal tubules, at high doses. Maintenance of urine flow and 

short-term treatment can minimize this effect. 
3. Dimsrcaprol 

a. Dimercaprol is an oily, foul-smelling liquid administered intramuscularly as a 10% solution 
in peanut oil. 

b. Dimercaprol interacts with metals, reactivating or preventing the inactiVBtion of cellular sulf-
hydryl-containing enzymes. It is most effective if administered immediatelyfollowing exposure. 

c. This agent is useful in arsenic, inorganic mercury, and lead poisoning (with EDTA). 
d. Adverse effects include tachycardia, hypertension, gastric irritation, and pain at the injection site. 
e. Succimer is a derivative of dimercaprol that can be taken orally and is approved for use in chil­

dren to treat lead poisoning. It is also used to treat arsenic and mercury poisoning. Adverse 
effects are generally minor and include nausea, vomiting, and anorexia. A rash indicating 
hypersensitivity may require the termination of therapy. 
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f. Unitltial is another analogue of dimercaprol used to treat acute ar11nic and inorganic mer­
cury poisoning. Skin reactions are l.tB most common adverse effect. 

4. l'e11icill•mise 
a. Peni.cillam.ine, a derivative of penicillin, is used primarily to chelate ez:cess copper in indi­

viduals with Wil11n diu111. 
b. Allergic reactions, bane m11TOW toxicitr and renal toxicity, are the major adverse etfects. 

s. DmtOXamis• end dlftmitOX 
a. Deferoxamine is a specific iron-chelating agent that binds with fenic ions to fann feniox­

amine; it also binds to fenous ions. 
(1) It can also remove Iron from ferrltin and hemosiderin outside bone marrow, but It does 

not capture Iron from hemoglobin, cytochromes, or myoglobln. 
b. It Is metabolized by plaama enzymes and excreted by the kidney, turning urine red. 
c. Rapid intravenous (IV) lnfualon of deferoxamlne may result in hypotenaive shock due to the 

release of histamine. 
d. Deferoxamine may cause allergic reactions and rare neuratoxicitJ or renal toxicity. It is con­

traindicated in padents with renal disease or renal failure. 
e. Deferasirox is an oral iron chelator approved for the treatment of iron overload. 

VI. DRUG POISONING 

A. General management afthe poisoned patient 
1. Observe vital signs. 
2. Obtain history. 
3. Perform a toxicologlcally oriented physical examination. 

B. Symptoms 
1. The symptoms of most drug and chemical poisonings are extensions of their pharmacologic 

properties. 
Z. The common causes of death include CNS depression with respiratory arrest, seizures, car­

diovascular abnormalities with severe hypotension and arrhythmias, cellular hypoxia, and 
hypothermia. 

C. Treatment 
1. Measwes to support vital functions, slow drug absorption, and promote excretion are generally 

sufficient treatment. If available, specific antidotes can also be used. 
Z. Vital function support 

a. In the presence of severe CNS depression, it is important to clear the 1irw1y and maintain 
adequate brelthing and circulation (ABC). Comatose patients m«y die as a result of airw«y 
obstruction. respiratory arrest or aspiration of gastric contents into the tracheobronchial 
tube. 

b. Other important supportive measures include maintaining electralvte balance and main­
taining vascular fluid volwne with IV dextrose infusion. 

3. Dnig absorplian 
a. Drug absorption may be slowed or prevented by decontamination of the skin. 
b. Emesis is cantraindicatad if corrosives have been ingested (rellm m«y perforate the stom­

ach or esophagus), petroleum distillates have been ingested (may induce chemical pneumo­
nia if aspirated), the patient is comatose or delirious and m«y aspirate gastric contents, or 
CNS stimulants have been ingested (m«yinduce seizure activity with stimulation of emesis). 

c. Gastric lavage is performed only when the airway is protected by an endotracheal tube. 
d. Chemical adsorption witlt activated charcoal 

(1) Activated charcoal will bind many toxins and drugs, including 11licylat11, 1cet1mino­
phen, and antidepre111nta. 

(2) This procedure can be used in combination with gastric lavage. 
1. Laxatives, such as a polyethylene glycol electralvte solution, are used occasionally to speed 

up the removal of toxins from the GI tract. 
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4. Promotion of elimination may be achieved by the following: 
a. Enhancing urinary excretion. Admlnlstration of agents such as sodium bicarflonate raises the 

urinary pH and decreases the renal reabsorpdon of certain organic acids, such as aspirin and 
phenobarbital. 

b. Hemodialpis is an efficient way to remove certainlowmolecularwejght, water~luble toxins 
and restore electrolyte balance. 
(1) Salicylates, methanol, ethanol, edty:lene glycol. paraquat, and lithium poisonings are 

e:tfectively treated with hemodialysis. 
(2) Hemoperfusion may enhance the whole-body clearance of some agents, including 

carbamazepine, phenobarbital, and phenytoin. 
(3) Drugs and poisons with large volumes of diatrlbution are not effectively removed by 

dialysis. 
5.. Antidotes are available for some poisons and should be used when a speclflc toxin ls identified. 

a. Some emmples include the following: 
(1) Acetylcysteine (for acetaminophen poisoning) 
(2) Atropine (to reverse choline:rgi.c e:tfects; for orpnophosphate or carbamate insecticide 

or nerve agent poisoning) 
(3) Ethanol (for methanol or edty:lene glycol overdose) 
(4) Flwnazenil (for benzodiazepine overdose) 
(5) Fomepizole (for methanol or ethylene glycol overdose) 
(6) Metal chelators 
(7) Nal.oxone (for opioid overdose) 
(8) Pralldoxlme (for antichollnesterase overdose; for organophosphate poisoning) 
(9) Physosdgmine (to reverse andcholinergic effects) 

• DRUG SUMMARY TABLE 

Amyl nitrite !generic only) 
Atropine {AtroPanl 
Defer11irox (Exjade) 
Detaroxemina IDesferall 
Dimarcapral (Bal in Oil) 

Dimerceptosuccinic acid 
{succimarl IChamllt) 

Edetm calcium disodium 
(calcium EDTAI 

E1hylanadiamina tllnlacllic acid {EDTA) 

Penicillamina (Cuprimina, Depen) 
P11lidaxima {PrlllDpam Chlorida) 
Unithiol {Dim1v1I) 
Sodium nitrit8 (generic onlyl 
Sodium 1hiosulfata l111naric only) 



Review Test 

DirltClions: Select the beat answer for each question. 

1. What treatment would be appropriate iD 
a 3-year-old boy with a dramatically elevated 
blood level of lead? 

(A) Deferoxamine 
(B) Digibind 
(C) Bdetate calcium disodium 
(O) Ghu:agon 
(E) Pyrido:xine 

2. A 56-year-old man with a history of chronic 
alcohol abuse is brought to the emergency 
room with an altered mental status and vision 
changes. During the history and physical 
examination, the patient complains of vision 
loss. He also reveals that he ran out of whiskey 
and ingested wood alcohol instead. His labora­
tory test results demonstrate a severe anion gap 
and acute renal failure. Which of the following 
would be an appropriate therapy? 

(A) Bthylene glycol 
(I) Fomepizole 
(C) Hyperbari.c oxygen 
(0) Lldocame 
(E) Methylene blue 

1 An 18-year-old man arrives to the emer­
gency room by ambulance. His friends called 
the emergency telephone number after he 
passed out at a party and was unresponsive. 
They tell the physician that the patient con­
sumed two or three beers and took several 
Valiwn (diazepam) tablets. On examination, 
the patient is unresponsive, with decreased res­
pirations (8 per minute). What is an appropriate 
treatment? 

(A) Carbon tetrachloride 
(B) Dextrose 
(C) Bthyl alcohol 
(0) Flumazenil 
(E) Strychnine 

4. A 23-year-old woman arrives to the emer­
gency room unresponsive. According to her 
boyfriend, she became unresponsive shortly 
after tal:l.ng multiple pills to help her bad. pain. 

On physical enmination, she is found to have 
pinpoint pupils and respiratory depression. Her 
finger-stick glucose measurement is normal. 
What is the most appropriate agent to adminis­
ter at this point? 

(Al Atropine 
(B) Dimen.:aprol 
ICI Insulin 
(DI Naloxone 
IEI PenicillamiDe 

5. A 2-year-old girl is brought to the emergency 
room after ingesting numerous ferrous sulfate 
tablets that her mother was taking for anemia. 
The child complains of severe abdominal pain. 
She has bloody diarrhea, nausea, and vomiting. 
Her serum iron Is dramatically elevated. What 
should be given to treat this toxicity? 

IAI Activated charcoal 
Ill Deferonmine 
IC) Mercuryvapor 
ID) Succimer 

&. Which of the following Is a sensitive indica­
tor of lead toxicity? 

(Al Milk and roses complexion 
Ill Odor of bitter almonds 
(Cl Rice-water stools 
IDI Wrist drop 

7. Central nervous system disturbances and 
depression are a major toxlc effect of which of 
the following agents? 

IAI memental mercury 
(Bl Ionic mercury 
(Cl Pentavalent arsenic 
IDI Trivalent arsenic 

8. Which of the following toxic agents would 
pose a systemic problem with dermal e2pOsure? 

(Al Cadmium 
(Bl Inorganic arsenic 
ICI Inorganic lead 
(DI Organophosphate insecticide 
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9. Which of the following adverse effects is the 
most common result of benzene poisoning? 

tA) Cardiotoxicity 
tB) Central nervous system depression 
tC) Delayed hepatotoxicity 
tD) Stimulation of red blood cell production 

10. Atropine can be used as an antidote for the 
treatment of poisoning by which toxic agent? 

tA) Carbary! 
tB) Chlorophenothane 
tCJ Methanol 
tD) Parathion 



Answers and Explanations 

1. The answer is C. Edetate calcium disodium ls a chelator used in the treatment of inorganic 
lead poisoning. The drug is given intravenously for several days along with dimercaprol. 
Deferoxamine is used in cases of iron toxicity. Pyridoxine is U&ed in a toxicology setting to 
reverse seizu.res due to isoniazid overdose. Digibind is a Fab fragment antibody used in case3 of 
digoxin toiiclty. Glucagon has been used to treat beta-bloclcer toiiclty. 

2. The answer is B. Fomepizole is an inhibitor of alcohol dehydrogenase, the enzyme that con­
verts methanol (wood alcohol) to formic acid. Formic acid causes severe adverse effects, such 
as blindness and high anion gap acidosis. Ethylene glycol (antifreeze) toxicity is also treated 
with fomepi7.0le. Hyperbaric oxygen is used in the treatment of carbon monoiide poisoning. 
Lldocaine can be used to help manage arrhythmias in the case of digoxin toxicity. Methylene 
blue is used in the treatment ofmethemoglobinemia. 

3. The answer is D. Flumazenil is a benzodiazepine antagonist used in the management of benzo­
d.iazepine overdose. Bthyl alcohol can be UBed to treat ingestion of both methanol and ethylene 
glycol; however, such use often results in ethanol intoxication; therefore, fomepi7.0le is preferred 
as it does not cause the same effects. Demose is an effective treatment for altered mental status 
due to hypoglycemia in a diabetic patient. Strychnine is a rat poison that can cause seizures 
when ingested, which are managed by giving diazepam. carbon tetrachloride is an industrial 
solvent that can cause fatty liver and kidney damage. 

4. The answer is D. The patient is most likely experiencing an opioid overdose. The drug of choice 
for treatment is nalomne, an opioid-receptor antagonist Insulin is used to treat hyperglycemia, 
which is less llkely to cause altered mental statUB than is hypoglycemia. Dimercaprol is a chelator 
used in many cases of heavy metal toxicity (i.e., lead). Penlcillamine is UBed in the treatment of 
copper tmdcity, as in Wilson disease. Atropine ls used to treat chollnergic tmicity, which can 
cause miosis, although it is an unlikely cause in this clinical presentation. 

5. The answer is B. Deferoxam.ine is an iron chelator that is given systemically to bind iron and 
promote its excretion. Although activated charcoal is good for the absorption of numerous toxic 
inge3tions, it doe& not bind iron. Succimer is an orally available substance related to dimercap­
rol and is used for treating lead toxicity. Men:uryvapor is tmic, and its ingestion is treated with 
dimercaprol or penicillamine. 

6. The answer is D. The most common neurologic manifestation oflead poisoning is peripheral 
neuropathy, in which it may lead to wrist drop. Lead poisoning also affects the hematopoietic 
system. In children, lead poisoning may be manife3ted by encephalopathy. 

7. The answer is A. The central nervous system is the major target organ for elemental mercury. 
Ionic Hg2+ predominantly affects the renal system. 

8. The answer is D. In contrast to the organophosphate insecticides, inorganic forms of arsenic, 
lead, and cadmium are poorly absorbed through the skin. 

9. The answer is I. The major acute effect of benzene poisoning is central nervous system depres­
sion. Chronic exposure may lead to bone marrow depression. 

10. Tha answer is D. If administered early in poisoning, atropine reverses the muscarinic cholino­
ceptor effects of organophosphate insecticides such as parathion, which inhibit acetylcholines­
terase (AChB). Pralidoiime (2-PAM) is often used as an adjunct to atropine. Inhibition of AChE 
by carbamate insecticides such as carbaryl is reversed spontaneously. The toxicity of methanol 
and chlorophenothane (DDT} is unrelated to acetylcholine action. 



Comprehensive Examination 

DirBCtions: Select the best answer for each question. 

1. A 28-year-old woman ls diagnosed with 
seizures of unknown etiology and is placed on 
carbamu.epine dierapy by her neurologist Three 
months latei; the patient realizes she is pregnant 
even though she was compliant with her oral con­
traception. What is the mechanism fur the drug 
interaction that led to the patient's pregnancy? 

(A) Decrease in nlcotinamlde adenine 
dinucleotide phosphate 

(B) Impairment of renal ~n of the anti.­
seizure medication 

(C) Increased glucuronyl tmnsferase activity 
in the liver 

(D) Induction of the cytochrome P-450 
monooxygenase system 

Z. A 4 7-year-old man is admitted to the hospi­
tal for die treatment of gram-positive bacte­
remia. The culture is positive for Bnterococcus 
faecaUs and is resistant to vancomycin; there­
fore, he is started on daptomycin. The patient is 
also on simvastatin, which the doctor decides to 
hold for the duration of the patient's antibiotic 
treatment. What is the patient at increased risk 
for if these two drugs are used together? 

(A) Arrhythmias 
(B) Gastrointestinal distress 
(C) Hepatic dysfunction 
(D) Myocardial infun:ti.on 
(E) Rhahdomyolysis 

3. A 65-year-old man is started on vancomycin 
as empiric treatment for gram-positive bacte­
remia. The pharmacist asks the physician to 
prescribe a one-time loading dose, followed by 
a maintenance dose. How should the loading 
dose be calculated? 

(A) 0.693 x (volume of distribution/clearance] 
(B) Amount of drug administered/initial 

plasma concentration 
(C) Clearance x (plasma drug concentration) 
(D) Desired plasma concentration of drug x 

clearance 
(E) Desired plasma concentration of drug x 

volume of distribution 
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4. A 32-year-old man with a history of human 
immunodeficiency virus (HIV) follows up 
at the infectious disease clinic for further 
management of his disease. The results of 
hill recent blood work suggest that the virus 
has become resistant to multiple nucleoside 
reverse transcriptase inhibitors; therefore, the 
infectious disease physician starts nevirapine. 
What activity does this agent have against the 
HIV virus? 

IAI Full agonist 
Ill Irreversible competitive antagonist 
ICI Noncompetitive antagonist 
IDI Partial agonist 
IEI Reversible competitive antagonist 

5. A 34-year-old woman presents to an urgent 
care clinic with complaints of congestion 
and sinus pressure. The doctor prescribes 
amoxiclllin for the treatment of sinusitis and 
recommends phenylephrine for symptom 
management. What is the mechanism of action 
for phenylephrine in the treatment of nasal 
congestion? 

IAI a 1-Adrenergic agonist 
IBI ai-Adrenergic antagonist 
ICI az-Adrenergic agonlst 
ID) az-Adrenergic antagonist 

&. A 65-year-old man attends an appointment 
with his ophthalmologist to address problems 
with vision loss. After further examination, he 
is diagnosed with glaucoma and started on 
pilocarpine. What is this drug's mechanism of 
action in the treatment of glaucoma? 

IA) az-Adrenergic agonlst 
IBI P-Adrenergic antagonist 
(C) Carbonic anhydrase inhibitor 
(D) Direct-acting muscarinic agonist 
(E) Indirect muscarinic agonist 



7. A 21-year-old man presents to the emer­
gency room in severe acute distress after 
exposure to a chemical while working on an 
industrial farm. His symptoms include diar­
rhea, emesis, difficulty breathing, and mental 
status changes. In addition, he cannot control 
his bladder. A physical examination shows 
that the patient has a decreased heart rate and 
pinpoint pupils. The physician immediately 
intubates the patient Which of the following 
drugs should be administered for the treatment 
of this patient? 

(A) Bicarbonate 
(B) Cyproheptadine 
(C) Dantrolene 
(D) Defero:xamine 
(E) Pralidoxime 

B. A 45-year-old woman experiences muscle 
rigidity shortly after isoflurane administration. 
Further evaluation reveals that she has hyper­
capnia and tachycardia. Her laboratory results 
show mixed metabolic and respiratory acidosis 
with an elevated potassium level. Which of the 
following agents may help in the management 
of this patient? 

(A) Dantrolene 
(B) Fomepizole 
(C) N-Acetylcysteine 
(D) Naloxone 
(E) Protamine 

9. A 63-year-old man with a history of mul­
tiple myocardial infarctions is admitted to the 
hospital with severe shortness of breath and 
peripheral edema. Further evaluation leads 
to a diagnosis of congestive heart failure. The 
cardiologist prescribes an agent with a posi­
tive inotropic effect that will also help maintain 
perfusion to the kidneys. Which of the follow­
ing agents produces both of these effects and 
would be appropriate to use in this patient? 

(A) Albuterol 
(B) Dopamine 
(C) Epinephrine 
(D) Isoproterenol 
(E) Terbutaline 
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10. A 72-year-old man is admitted to the hospi­
tal with high blood pressure. His past medical 
history includes stage 3 kidney disease and atrial 
fibrillation. The patient is currently on metopro­
lol and amlodipine. The doctor does not want to 
start lisinopril due to concern for high potas­
sium levels; therefore, he is prescribed a cloni­
dine patch. What is the mechanism of action for 
clonidine in the treatment of hypertension? 

(A) Activating a 1 -adrenergic receptors 
(B) Activating a.z-adrenergic receptors 
(C) Activating ~1-adrenergic receptors 
(D) Activating ~-adrenergic receptors 

11. A 23-year-old woman presents to the emer­
gency room with hypertension, anxiety, and 
palpitations. Further evaluation reveals that her 
thyroid-stimulating hormone levels are normal, 
but she has increased levels of urinary catechol­
amines. She is referred to an endocrine surgeon 
after a computed tomography scan shows a 
unilateral pheochromocytoma. Which of the 
following medications should the surgeon 
administer prior to removing the lesion? 

(A) Dopamine 
(B) Isoproterenol 
(C) Pancuronium 
(D) Phenoxybenzamine 
(E) Pseudoephedrine 

12. A 45-year-old man is admitted to the hos­
pital for management of an acute myocardial 
infarction. His past medical history is significant 
for hypertension, hypercholesterolemia, and 
asthma. Shortly after administration of one of the 
new medications, the patient complains of dif­
ficulty breathing. Further evaluation reveals that 
the patient has increased bronchial obstruction 
and airway reactivity. In addition, the respira­
tory therapist notices resistance to the effects of 
inhaled albuterol. Which of the following medica­
tions may have caused this patient's symptoms? 

(A) Amlodipine 
(B) Clopidogrel 
(C) Diltiazem 
(D) Nitroglycerin 
(E) Propranolol 
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13. A 63-year-old woman is admitted to the hos­
pital for the management of a congestive heart 
failure exacerbation. She is started on appro­
priate pharmacological treatment, including a 
diuretic. Three days later, the patient complains 
of difficulty hearing and a sense of fullness in her 
ears. The doctor is concerned that her symp­
toms are related to an adverse effect from her 
medication. What is the mechanism of action for 
the diuretic that most likely caused this patient's 
symptoms? 

(A) Blocks the mineralocorticoid receptor in 
the collecting tubule 

(B) Increases cAMP for increased water per­
meability at the renal tubule 

(C) Increases osmolarity of the glomerular 
filtrate to block tubular reabsorption of 
water 

(D) Inhibits activity of the Na•/K•/2Cl- sym­
porter in the thick ascending limb of the 
loop of Henle 

(E) Inhibits carbonic anhydrase to blwit 
NaHC03 reabsorption in the proximal 
convoluted tubule 

14. A 52-year-old man is admitted to the inten­
sive care unit with acute pulmonary edema. He 
has a history of a severe sulfa allergy, in which 
his symptoms included hives and difficulty 
breathing. Which of the following diuretic 
agents would be best to manage this patient's 
condition? 

(A) Acetazolamide 
(B) Ethacrynic acid 
(C) Furosemide 
(D) Hydrochlorothiazide 
(E) Indapamide 

15. A 36-year-old man is admitted to the 
hospital to remove a tumor near his pituitary 
gland. A few days later, the patient presents to 
the emergency room with polyuria, nocturia, 
and polydipsia. After further evaluation, he is 
diagnosed with central diabetes insipidus and 
started on desmopressin. What is the mecha­
nism of action of desmopressin? 

(A) Increases Na• permeability of the collect­
ing duct 

(B) Inserts aquaporins into the plasma mem-
brane of collecting duct cells 

(C) Increases diffusion of sodium 
(D) Reduces antidiuretic hormone levels 
(E) Reduces production ofprostaglandins 

16. A 45-year-old man with a 60-pack-year history 
of smoking presents to his primary care provider 
with loss of appetite, nausea, vomiting, and muscle 
weakness. A chest CT reveals enlarged hilar lymph 
nodes and a suspicious mass in the left hilar 
region. A presumptive diagnosis oflung cancer is 
made. In addition, laboratory results reveal low 
levels of sodium. The patient is diagnosed with 
syndrome of inappropriate anti.diuretic hormone 
secretion due to lung cancer. Which medication 
might help manage the patient's symptoms? 

(A) Allopurinol 
(B) Acetazolamide 
(C) Clofibrate 
(D) Conivaptan 
(E) Furosemide 

17. A 62-year-old man presents to his primary 
care physician with pain in his right big toe. He 
is started on a medication that causes inhibi­
tion of uric acid production through inhibition 
ofxanthine oxidase. What is a common adverse 
effect of this medication? 

(A) Infusion reaction 
(B) Ototoxicity 
(C) Photosensitivity 
(D) Renal failure 
(E) Skin rash 

18. A 54-year-old woman is started on a new 
medication for the management of paroxys­
mal atrial fibrillation. The patient expresses 
concerns to the cardiologist about the poten­
tial adverse effects, as she previously took this 
medication for the treatment of malaria. What 
is a potentially serious adverse effect for the 
medication that is prescribed? 

(A) Cinchonism 
(B) Epilepsy 
(C) Lupus-like syndrome 
(D) Pulmonaryfibrosis 
(E) Stevens-Johnson syndrome 

19. A 71-year-old man presents to the emer­
gency room with chest pain and numbness 
down his left arm. An electrocardiogram reveals 
a non-ST-elevation myocardial infarction. The 
patient is started on appropriate pharmacologi­
cal treatment, including metoprolol. How does 
this medication help in the management of a 
myocardial infarction? 

(A) Activation of the sympathetic system 
(B) Arteriolar vasodilation 
(C) Increased heart rate 
(D) Prolongation of atrioventricular conduction 
(E) Promotion of automaticity 



20. A 32-year-old man presents to his primary 
care physician with complaints of mild palpita­
tions. He also reveals that he experienced two 
episodes of fainting over the past month. After 
further evaluation, the patient is diagnosed with 
Wolff-Parkinson-White syndrome. Two days later, 
the patient presents to the emergency room with 
complaints of chest discomfort and a pounding 
heartbeat An electrocardiogram shows paroxys­
mal supraventricular tachycardia. What medica­
tion should be given to restore sinus rhythm? 

(A) Adenosine 
(B) Amiodarone 
(C) Atropine 
(D) Digoxin 
(E) Lldocaine 

21. A 67-year-old woman presents to her pri­
mary care physician for her annual physical. Her 
past medical history is significant for primary 
hyperlipidemia for which she takes pravastatin. 
Since her LDL level is still above the goal range, 
her doctor adds a medication that binds to and 
inhibits the Niemann-Pick Cl-Like 1 protein. 
Where is the main site of action of this drug? 

(A) Adipocytes 
(B) Chondrocytes 
(C) Hepatocytes 
(D) Intestinal epithelial cells 
(E) Macrophages 

22. A 37-year-old woman presents to her pri­
mary care doctor with complaints of difficulty 
sleeping. She tells the doctor that sleep hygiene 
recommendations have been unsuccessful. 
Which of the following medications may help 
manage her insomnia? 

(A) Buspirone 
(B) Chlordiazepoxide 
(C) Flumazenil 
(D) Secobarbital 
(E) Zolpidem 

23. A 42-year-old man presents to his primary 
care physician with complaints of inability to 
relax and let go of his worries. His wife com­
plains that he is always anxious and thinks 
of the worst possible outcomes. After further 
evaluation, the patient is diagnosed with gen­
eralized anxiety disorder. When speaking about 
appropriate management, including pharma­
cological treatment, the patient tells the doctor 
he is concerned about sedation and cognitive 
dysfunction due to his profession as a truck 
driver. Which of the following medications 
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may be most appropriate to help manage this 
patient's symptoms? 

(A) Alprazolam 
(B) Buspirone 
(C) Thiopental 
(D) Trazodone 
(E) Triazolam 

24. A 57-year-old man presents to his neu­
rologist with complaints of a slight tremor. He 
is concerned due to a strong family history 
of Parkinson disease. On examination, the 
neurologist notes a slight pill-rolling tremor 
and subtle gait abnormalities. He starts the 
patient on a combination drug with levodopa 
and carbidopa. What is the mechanism in 
which carbidopa will help manage the patient's 
condition? 

(A) Agonist at dopamine receptors 
(B) Inhibition of catechol-0-methyltransferase 
(C) Inhibition oflevodopa metabolism outside 

the central nervous system 
(D) Inhibition ofmonoamine oxidase 
(E) Restore dopamine levels in the substantia 

nigra 

25. A 57-year-old man with a history of 
Parkinson disease presents to his neurologist 
with worsening symptoms. On examination, 
he has marked bradykinesia and a profound 
shuffling gait In an attempt to prevent further 
deterioration, the neurologist prescribes a 
catechol-0-methyltransferase inhibitor on top 
of the patient's levodopa and carbidopa. Which 
of the following agents was added? 

(A) Amantadine 
(B) Benztropine 
(C) Entacapone 
(D) Ropinirole 
(E) Selegiline 

26. An 82-year-old woman presents to her 
primary care physician with her daughter. The 
daughter is worried about her mother's mem­
ory. She also tells the physician that her mother 
is more irritable and apathetic toward her usual 
daily activities. Further evaluation reveals that 
the patient has cognitive impairment. Which 
of the following medications may help manage 
the patient's condition? 

(A) Felbamate 
(B) Memantine 
(C) Methohexital 
(D) Pramipexole 
(E) Tolcapone 
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27. A 43-year-old woman presents to her 
family physician for her annual history and 
physical. She has a history of alcohol depen­
dence. In addition to attending Alcoholics 
Anonymous meetings, the patient takes a 
medication that will cause facial flushing, nau­
sea, vomiting, and dizziness after consuming 
alcohol. What is the mechanism of action for 
this medication? 

tA) Inhibits alcohol dehydrogenase 
tB) Inhibits aldehyde dehydrogenase 
tC) Stimulates GAB~ receptors 
tD) Stimulates NMDA receptors 

28. A 16-year-old boy is referred to a psy­
chiatrist for the treatment of attention deficit 
hyperactivity disorder (ADHD ). The patient 
has a history of heroin abuse over the past year. 
Which of the following medications would be 
most appropriate to manage this boy's ADHD? 

tA) Atomoxetine 
tB) Caffeine 
tC) Dextroamphetamine 
tD) Methylphenidate 
tE) Modafinil 

29. A 22-year-old man is taken to the emer­
gency room by his friends after he jumps off 
the garage and tells them he is receiving signals 
from an electronic device implanted in his 
brain. Upon examination, the patient has disor­
ganized speech with frequent derailment and 
incoherence. Further evaluation reveals that the 
patient's symptoms are not due to drug abuse. 
The patient's friends also state he has experi­
enced similar symptoms on and off for the past 
6 months. Which of the following medications 
may be effective to treat this patient's condition? 

tA) Donepezil 
tB) lmipramine 
tC) Phenobarbital 
tD) Quetiapine 
tE) Trazodone 

30. A 24-year-old woman is admitted to the 
hospital with hallucinations and agitation. She 
is given haloperidol to treat an acute episode 
of schizophrenia. About 12 hours after drug 
administration, the patient begins to experi­
ence contractions in her neck, causing it to pull 
toward her left side. In addition, the physician 
notices upward deviation of her eyes. Which of 

the following medications may help manage 
these symptoms? 

tA) Benztropine 
tB) Bromocriptine 
tC) Dantrolene 
tD) Fluphenazine 
tE) Prolactin 

31. A 31-year-old woman is started on a new 
medication for the management of schizo­
phrenia. Three weeks later, she presents to the 
emergency room with a high fever and chills. 
Her complete blood count shows an absolute 
neutrophil count of300/mm3 (normal range: 
1,500 to 8,000/mm3

). Her blood culture is posi­
tive for gram-negative bacteria. Which of the 
following medications most likely led to this 
patient presentation? 

tA) Aripiprazole 
tB) Clozapine 
tC) Haloperidol 
tD) Risperidone 
tE) Ziprasidone 

32. A 33-year-old man presents to his psychia­
trist with complaints of enlarged breasts. He 
started to notice the changes about 2 to 3 weeks 
after starting a new medication in addition 
to lithium for the management of his bipolar 
disorder. The doctor is concerned that the 
changes are due to an adverse effect from his 
medication. What is the mechanism of action 
for the medication that was recently prescribed? 

tA) Dopamine (D2) agonist 
tB) Histamine (H1) antagonist 
tC) Muscarinic (M2) antagonist 
tD) Norepinephrine (~1) agonist 
tE) Serotonin (5-HTJ antagonist 

33. A 7-year-old boy is referred to a neurologist 
after his teacher states he occasionally stares 
into space and smacks his lips during class. At 
his appointment, the boy has one such episode 
during an electroencephalogram (EEG), which 
demonstrates a 3-per-second spike and wave 
tracing. Which drug may be most appropriate 
to manage this condition? 

tA) Carbamazepine 
tB) Ethosuximide 
tC) Lorazepam 
tD) Phenytoin 
tE) Prednisone 



34. A 44-year-old woman is started on a new 
medication for the control of generalized tonic­
clonic seizures. Several weeks later, the patient 
presents to her dentist with complaints of bleed­
ing gums. On examination, the dentist notices 
gingival enlargement on the labial gingival 
mucosa and in between her teeth. He attributes 
her condition to poor oral hygiene in combi­
nation with an adverse effect from one of her 
medications. Which of the following medications 
most likely caused this patient presentation? 

(Al Carbamazepine 
(Bl Clonazepam 
(Cl Ethosuximide 
(DI Phenytoin 
(E) Valproic acid 

35. A 43-year-old woman is started on valproic 
acid for the management of absence epilepsy 
without motor seizures. After reading the pack­
age insert, she is concerned about potential 
adverse effects of the medication and speaks 
to her neurologist about specific monitoring 
parameters. Which of the following labora­
tory values should be closely monitored at her 
follow-up appointments? 

(Al Alanine aminotransferase 
(Bl Creatine kinase 
(Cl Creatinine 
(DI Thyroid-stimulating hormone 
(El Uric acid 

36. A 61-year-old woman presents to her 
endocrinologist for the management of type 2 
diabetes mellitus. During her appointment, she 
complains of burning and tingling sensation in 
both feet. Her symptoms are worse in the eve­
ning. Which of the following medications would 
be most effective to manage her symptoms? 

(Al Acetazolamide 
(Bl Clonidine 
(Cl Lamotrigine 
(DI Pregabalin 
(E) Sertraline 

'11. AS-year-old boy is found with an empty 
bottle of aspirin and rushed to the emergency 
room by ambulance. On examination, the 
child is hyperpneic and lethargic. Appropriate 
therapy is started and labs are drawn, including 
arterial blood gases. What pattern is most likely 
to be indicated by the arterial blood gas values? 
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(Al Mixed metabolic acidosis and metabolic 
alkalosis 

(Bl Mixed metabolic alkalosis and respiratory 
alkalosis 

(Cl Mixed respiratory acidosis and metabolic 
acidosis 

(DI Mixed respiratory acidosis and metabolic 
alkalosis 

(E) Mixed respiratory alkalosis and metabolic 
acidosis 

38. A 62-year-old man presents to the hospital 
for his next cycle of chemotherapy for the treat­
ment of metastatic colorectal cancer. Eight hours 
after treatment, the patient begins to experience 
significant diarrhea associated with rhinitis, 
diaphoresis, and abdominal cramping. His 
oncologist prescribes atropine to manage these 
symptoms. What is the mechanism of action for 
the anti.neoplastic agent that was given? 

(Al Cross-linking DNA strands 
(Bl Incorporation into RNA to replace uracil 
(Cl Inhibition of BCR-ABL tyrosine kinase 
(DI Inhibition of dihydrofolate reductase 
(E) Inhibition of topoisomerase I 

39. A 21-year-old woman presents to a gas­
troenterologist with complaints of abdominal 
cramps, pain, and bloody stools. A colonoscopy 
is positive for focal ulcerations adjacent to areas 
of normal-appearing mucosa. Intestinal biopsy 
is positive for focal ulcerations and inflamma­
tion. Which of the following agents may help 
manage the patient's symptoms? 

(Al Bevacizumab 
(B) Infliximab 
(Cl Ipilimumab 
(DI Rituximab 
(E) Vemurafenib 

40. A 59-year-old woman presents to her pri­
mary care physician with complaints of severe 
pain, redness, and swelling in her right big toe. 
Blood work reveals an elevated uric acid level. 
Which of the following medications is most 
appropriate for immediate management of this 
patient's symptoms? 

(A) Allopurinol 
(Bl Celecoxib 
(Cl Colchicine 
(DI Probenecid 
(E) Sulfinpyrazone 
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41. A 32-year-old man is admitted to the hospital 
for a kidney transplant. He is started on a new 
medication to prevent rejection. The doctor coun­
sels him about potential adverse effects, which 
include hypertension, tremor, and headache if 
the levels are too high. What is the mechanism of 
action of this medication in preventing rejection? 

(A) Decreases the activity of calcineurin 
(B) Inhibits mTOR, which in turn delays the 

G1-S transition 
(C) Inhibits proliferation ofpromyelocytes 
(D) Inhibits transport to the nucleus of the 

transcription factor NF-AT 
(E) Stimulates apoptosis of certain lymphoid 

lineages 

42. A 32-year-old man presents to the hospital 
for his first cycle of chemotherapy. The patient 
is receiving a combination regimen for the 
treatment of acute lymphoblastic leukemia. 
About 24 hours after administration, the patient 
begins to experience urinary urgency as well 
as gross hematuria with clots. Which of the 
following agents may have caused this patient 
presentation? 

(A) Azathioprine 
(B) Busulfan 
(C) Cyclophosphamide 
(D) Fluorouracil 
(E) Methotrexate 

43. A 68-year-old woman is taken to the emer­
gency room by ambulance after she begins slur­
ring her speech during a conversation with her 
husband. The patient also reports right-sided 
weakness and vision loss. After further evalu­
ation, she is diagnosed with an acute ischemic 
stroke and alteplase is administered. How will 
this medication restore blood flow and reduce 
stroke-related disability? 

(A) Activate plasminogen bound to fibrin 
(B) Block GPIIa/IIIb 
(C) Impair inhibits fibrin polymerization 
(D) Increase antithrombin activity 
(E) Inhibit platelet aggregation 

44. A 10-year-old boywith a diagnosis of trans­
fusion-dependent beta thalassemia presents to 
his hematologist for a follow-up appointment. 
His doctor is concerned about complications 
due to iron overload, including damage to the 
heart and liver. Which of the following medi­
cations may be used to prevent chronic iron 
overload in this patient? 

(A) Charcoal 
(B) Deferoxamine 
(C) Fresh frozen plasma 
(D) Protamine 
(E) Vitamin K 

45. A 43-year-old woman presents to the hos­
pital for her second cycle of chemotherapy for 
the management of metastatic cervical cancer. 
The patient is given a highly emetogenic regi­
men that includes cisplatin and bevacizumab. 
Which of the following agents may decrease 
nausea and vomiting associated with her 
chemotherapy? 

(A) Diazepam 
(B) Furosemide 
(C) Ondansetron 
(D) Phentermine 
(E) Scopolamine 

46. A 33-year-old woman with severe rheuma­
toid arthritis presents to her rheumatologist 
for a follow-up appointment The physician 
is concerned about her high risk of complica­
tions from gastric ulcers due to increased use of 
naproxen for pain. The patient is prescribed a 
new medication to help prevent gastric ulcers. 
Due to its abortifacient properties, the patient is 
required to use appropriate contraception and 
have two negative serum pregnancy tests before 
filling the prescription. Which of the following 
medications was prescribed? 

(A) Metronidazole 
(B) Misoprostol 
(C) Omeprazole 
(D) Ranitidine 
(E) Sucralfate 

47. A 67-year-old woman is hospitalized for the 
management of gastrointestinal bleeding. An 
upper endoscopy is positive for several benign 
duodenal ulcers, and she is started on antise­
cretory therapy. One week after the hospital 
admission, she develops diarrhea positive for 
Clostridium difficile. What is the mechanism of 
action for the antisecretory agent that increased 
her risk for this infection? 

(A) Blocks ff+ /K• ATP pump in parietal cell 
(B) Forms viscous gel that protects surface of 

the stomach 
(C) Inhibits histamine (H2) receptors to sup­

press gastric acid secretion 
(D) Reacts with gastric hydrochloric acid to 

form salt and water 
(E) Replaces prostaglandins that possess 

mucosa! protective effects 



48. A 56-year-old man is admitted to the 
hospital with confusion. He has a history of 
chronic hepatitis, and the doctor is con­
cerned about hepatic encephalopathy. In 
addition, the patient has a history of chronic 
constipation. The patient is prescribed a 
medication that may help manage both con­
ditions. Which of the following medications 
was prescribed? 

(Al Bisacodyl 
(Bl Docusate 
(Cl Lactulose 
(D) Mineral oil 
(El Polyethylene glycol 

49. A 35-year-old woman presents to her 
gastroenterologist for the treatment of 
irritable bowel syndrome. She complains of 
abdominal pain and cramping. Her physician 
prescribes a new medication to help man­
age the intestinal spasms. Adverse effects of 
the medication include dry mouth and dry 
eyes. Which of the following medications was 
prescribed? 

(Al Alosetron 
(Bl Dicyclomine 
(Cl Diphenoxylate and atropine 
(DI Loperamide 
(El Lubiprostone 

50. A 23-year-old male with history of testicular 
cancer presents to his oncologist with com­
plaints of diarrhea after his last chemotherapy 
cycle. The physician prescribes diphenoxylate 
and atropine to help manage his symptoms. 
Which of the following receptors does this 
medication act on to inhibit peristalsis in the 
bowel? 

(Al 5-HT3 serotonergic 
(Bl a 1-Adrenergic 
(Cl D2 dopaminergic 
(DI H1 histamine 
(El Mu opioid 

51. A 35-year-old woman presents to her 
rheumatologist for further management 
of rheumatoid arthritis. She is started on a 
medication that functions as an antagonist at 
the interleukin-! (IL-I) receptor? Which of 
the following disease-modifying agents was 
prescribed? 

(Al Abatacept 
(Bl Analdnra 
(Cl Etanercept 
(D) Inlliximab 
(El Tocilizumab 

Comprehensive Examination 317 

52. A 59-year-old man presents to the emer­
gency room with nausea, vomiting, and 
tremors. An electrocardiogram is positive for 
sinus tachycardia. Laboratory testing reveals 
that drug levels for a medication used to treat 
asthma are above therapeutic range. What is 
the mechanism of action for the medication 
that caused this patient presentation? 

(A) 5-Lipoxygenase inhibitor 
(Bl Beta-2 agonist 
(Cl Leukotriene receptor antagonist 
(DI Mast cell stabilizer 
(El Phosphodiesterase inhibitor 

53. A 41-year-old woman presents to her family 
physician with complaints of excessive thirst 
and increased urine output She tells her doctor 
that the urine is odorless and colorless. The 
physician attributes her symptoms to a toxic 
effect of one of the medications she takes for the 
management of bipolar disorder. Which of the 
following medications caused these symptoms? 

(A) Lamotrigine 
(Bl Lithium 
(Cl Risperidone 
(DI Quetiapine 
(El Valproic acid 

54. A 56-year-old woman presents to her 
physician with complaints of fatigue and 
weight gain. Laboratory tests are positive for an 
elevated thyroid-stimulating hormone {TSH) 
concentration and a low serum free thyroxine 
(T 4) concentration. Which of the following 
medications should be prescribed to manage 
the patient's condition? 

(A) Estrogen 
(Bl Levothyroxine 
(Cl Methimazole 
(DI Prednisone 
(El Propranolol 

55. A 32-year-old woman presents to her 
cardiologist for the management of hyperten­
sion. During her appointment, she complains 
of frequent fevers, rash, and muscle and joint 
pain. Laboratory evaluation is positive for anti­
nuclear antibodies and antihistone antibodies. 
The doctor believes her symptoms are due to an 
adverse effect from her blood pressure medica­
tion. Which of the following agents may have 
caused this patient presentation? 

(Al Amlodipine 
(Bl Carvedilol 
(Cl Diltiazem 
(DI Hydralazine 
(E) Lisinopril 
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56. A 41-year-old man is admitted to the 
hospital for the treatment of Staphylococcus 
aureus bacteremia. During the infusion, the 
drug is administered too rapidly and the patient 
develops an idiopathic infusion reaction with 
flushing of the upper body. What is the mecha­
nism of action for the medication that was 
administered? 

tA) Incorporates incorrect amino acids into 
the peptide 

tB) Inhibits dihydrofolate reductase 
tC) Inhibits DNA gyrase 
tD) Inhibits transglycosylation 
tE) Interferes with initiation complex of 

peptide formation 

57. A 30-year-old woman is admitted to 
the hospital after she develops a fever and 
chills during her chemotherapy treatment 
for Hodgkin lymphoma. She is started on an 
empiric broad-spectrum antibiotic for the 
treatment of febrile neutropenia. The antibiotic 
is a structural analog of the natural o-Ala-o­
Ala substrate and has the potential to cause 
central nervous system effects, including 
seizures. Which of the following agents must be 
administered with this agent to prevent renal 
metabolism? 

tA) Clavulanic acid 
tB) Cilastatin 
tC) Cycloserine 
tD) Probenecid 
tE) Sulbactam 

58. A 17-year-old boy presents to the hospi­
tal with complaints of right lower quadrant 
pain with guarding and rebound. A computed 
tomography scan demonstrates acute appen­
dicitis, and he is scheduled for laparoscopic 
surgery. Which of the following agents would 
be appropriate to administer prophylactically 
before surgery? 

tA) Aztreonam 
tB) Cefazolin 
tC) Cefoxitin 
tD) Ceftriaxone 
tE) Oxacillin 

59. A 23-year-old pregnant woman presents 
to her obstetrician with symptoms of supra­
pubic pain, dysuria, and urinary frequency. A 
urine culture is positive with Pseudomonas. 
The patient has a severe allergy to amoxicil­
lin, in which she experienced an anaphy­
lactic reaction requiring hospitalization. 
Which of the following medications would 

be most appropriate to treat her urinary tract 
infection? 

tA) Aztreonam 
tB) Cefoxitin 
tC) Daptomycin 
tD) hnipenem 
tE) Piperacillin 

60. A 37-year-old man is started on an 
intravenous antibiotic with good anaerobic 
coverage for the management of an intra­
abdominal infection. The patient is sent home 
with an oral dose ofthe same antibiotic. 
Two days later, he reports to the emergency 
room with symptom of nausea, vomiting, and 
flushing after drinking a beer. What is the 
mechanism of action for the medication that 
was prescribed? 

tA) Incorporates incorrect amino acids into 
the peptide 

tB) Inhibits dihydrofolate reductase 
tC) Inhibits DNA gyrase 
tD) Free radical interaction with intracellular 

DNA 
tE) Interferes with initiation complex of 

peptide formation 

61. A24-year-old man is admitted to the 
hospital for treatment of multidrug-resistant 
meningitis. The patient is started on ceftriaxone 
and chloramphenicol. The physician is con­
cerned about a potentially dangerous adverse 
effect of chloramphenicol that requires close 
monitoring. Which of the following adverse 
effects may occur with this agent? 

tA) Bone marrow suppression 
tB) Drug-induced lupus 
tC) Hepatotoxicity 
tD) Nephrotoxicity 
tE) Ototoxicity 

62. A 32-year-old man with human immu­
nodeficiency virus {HIV) presents to the 
hospital with complaints of a persistent, dry 
cough for several days and a mild fever with 
fatigue. Further evaluation leads to a diagnosis 
of pneumonia due to Mycobacterium avium 
complex. Which of the following antibiotics 
would be most effective to treat this patient's 
condition? 

tA) Amoxicillin 
tB) Azithromycin 
tC) Ceftriaxone 
tD) Chloramphenicol 
tE) Vancomycin 



63. A 23-year-old woman presents to her 
gynecologist with complaints of a foul-smelling 
vaginal odor and burning during urination. She 
is started on clindamycin as empiric treatment 
for bacterial vaginosis. Which of the follow-
ing adverse effects will the patient most likely 
experience with this medication? 

(Al Bruising 
(Bl Diarrhea 
(Cl Difficulty hearing 
(DI Dizziness 
(El Tendon pain 

64. An 18-year-old woman with a history of 
glucose-6-phosphate dehydrogenase deficiency 
is stationed in Somalia while on active duty in 
the army. During her tour of duty, she develops 
a cyclic fever, malaise, and weakness. A thin 
blood smear shows malarial organisms within 
red blood cells. Which antimalarial is likely to 
exacerbate the hemolysis, given her enzyme 
deficiency? 

(Al Chloroquine 
(Bl Doxycycline 
(Cl Primaquine 
(DI Pyrimethamine 
(El Sulfasalazine 

65. A 54-year-old woman presents to the 
emergency room with severe diarrhea. 
Three weeks prior, the patient presented to 
her physician with complaints of swelling, 
warmth, and pain in her left foot, in which 
she was diagnosed with cellulitis and sent 
home on a 10-day course of antibiotic treat­
ment. Clostridium difficile is suspected. What 
is an appropriate first-line treatment for this 
condition? 

(Al Ciprofloxacin 
(Bl Clindamycin 
(Cl Metronidazole 
(DI Neomycin 
(E) Silver sulfadiazine 

66. A 37-year-old woman is admitted to the 
hospital for the treatment of soft tissue sar­
coma. During her hospital stay, the oncologist 
prescribes radiation therapy as well as chemo­
therapy with high-dose cyclophosphamide. 
Which agent should be given in conjunction 
with her therapy? 

(Al Allopurinol 
(Bl Amifostine 
(Cl Cilastatin 
(DI Leucovorin 
(El Mesna 
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01. A 54-year-old woman is admitted to the 
hospital for the treatment of breast cancer. She 
is given a high-dose regimen that is particu­
larly myelosuppressive. Which of the following 
agents can be administered to decrease the 
duration of severe neutropenia? 

(Al Amifostine 
(Bl Epoetin alfa 
(Cl Filgrastim 
(DI Interferon alfa-2b 
(E) Oprelvekin 

68. A 65-year-old woman presents to her 
doctor with complaints of a small lump in 
her right breast. Further evaluation leads to a 
diagnosis of breast cancer, and the patient is 
referred to an oncologist for treatment. The 
next week, the patient is started on trastu­
zumab. What is the mechanism of action for 
this medication? 

(Al Blocks estrogen-mediated gene 
transcription 

(Bl Inhibits proliferation cells that express 
BCR-ABL 

(Cl Inhibits proliferation of cells that overex­
press HER-2 protein 

(DI Reduces circulating levels of tumor necro­
sis factor 

(E) Targets cells positive for vascular endothe­
lial growth factor 

69. A 34-year-old man presents to the emer­
gency room with weakness, fatigue, and gingival 
bleeding. His complete blood count shows pan­
cytopenia. After further evaluation, the patient 
is diagnosed with acute promyelocytic leukemia 
and started on treatment immediately. Which of 
the following agents should be administered? 

(Al Cisplatin 
(Bl Fluorouracil 
(Cl Lomustine 
(DI Tretinoin 
(E) Streptozocin 

70. A 56-year-old man presents to his oncolo­
gist for a follow-up appointment. Chromosomal 
studies indicate a (9:22) translocation, the 
Philadelphia chromosome, confirming the 
diagnosis of chronic myelocytic leukemia. 
Which of the following agents will most likely 
be used in his treatment? 

(Al Amifostine 
(Bl Anastrozole 
(Cl Gefitinib 
(DI Imatinib 
(E) Rituximab 
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71. A 52-year-old male is diagnosed with 
advanced bladder cancer. He is started on high­
dose chemotherapy therapy every 4 weeks. 
After his second cycle, the patient complains 
of difficulty hearing. In addition, his labs reveal 
an elevated serum creatinine. The doctor is 
concerned that these symptoms are due to the 
chemotherapy. Which of the following best 
describes the mechanism of action for the agent 
that caused these symptoms? 

tA) Cross-linking of double-stranded DNA 
tB) Intederence with the activity oftopoisom-

erase II 
tC) Inhibition of dihydrofolate reductase 
tD) Inhibition ofmicrotubule polymerization 
tE) Inhibition of thymidylate synthetase 

72. A 63-year-old woman develops metastatic 
colon cancer. The biopsy specimen retrieved 
from a recent colonoscopy demonstrates that 
the tumor overexpresses epidermal growth 
factor receptor (EGFR). Which of the following 
agents should be added to the patient's treat­
ment regimen? 

tA) Cetuximab 
tB) Imatinib 
tC) Rituximab 
tD) Trastuzumab 
tE) Vemurafenib 

73. A 17-year-old girl is admitted to the 
hospital with nausea, vomiting, abdominal 
pain, and confusion. Her parents found her 
1 hour prior with an empty bottle of acet­
aminophen. Which of the following agents 
should be administered for the treatment of 
this patient? 

tA) Diazepam 
tB) Ipecac 
tC) N-Acetylcysteine 
tD) Sorbitol 
tE) Trientine 

74. A 25-year-old man is given an agent 
that reactivates cholinesterase after he is 
exposed to organophosphate pesticides. 
Which of the following agents should be used 
in conjunction with this agent for symptom 
management? 

tA) Amyl nitrate 
tB) Atropine 
tC) Bethanechol 
tD) Nicotine 
tE) Parathion 

75. A 73-year-old man presents to his fam-
ily physician with complaints of blood in his 
urine. He has a history of deep vein thrombosis 
managed with an oral anticoagulant. Further 
evaluation also reveals that he has experienced 
bleeding gums for the past several days while 
brushing his teeth. Blood work shows an INR of 
6.4 (normal range: 2-3). Which of the follow­
ing medications should be given to correct this 
coagulopathy? 

tA) Aminocaproic acid 
tB) Heparin 
tC) Oprelvekin 
tD) Vitamin D 
tE) Vitamin K 

76. A 60-year-old man presents to his primary 
care physician for the management of chronic 
gout. Until recently, the patient was successfully 
managed with allopurinol but more recently suf­
fered from a series of debilitating attacks. Which 
of the following agents would be a reasonable 
next approach in treating this patient's gout? 

tA) Celecoxib 
tB) Febuxostat 
tC) Furosemide 
tD) Indomethacin 
tE) Pegloticase 

77. A 4 7-year-old woman presents to her primary 
care physician with complaints of an annoying 
persistent cough. About 2 months prior, she was 
started on a new medication for the management 
of hypertension. The doctDr is concerned that her 
cough may be due to an adverse effect from her 
medication. Which of the following agents may 
have caused these symptoms? 

tA) Enalapril 
tB) Furosemide 
tC) Hydrochlorothiazide 
tD) Metoprolol 
tE) Nifedipine 

78. A 52-year-old woman presents to her car­
diologist with complaints of a dry cough after 
starting losartan for the management of hyper­
tension. The physician prescribes an agent that 
decreases plasma renin activity and inhibits 
conversion of angiotensinogen to angiotensin 
I. In addition, it has less risk of cough. Which of 
the following medications was prescribed? 

tA) Aliskiren 
tB) Captopril 
tC) Enalapril 
tD) Eplerenone 
tE) Spironolactone 



79. A 44-year-old man attends an appointtnent 
for the management of hypertension, which 
is currently being treated with a combination 
of two diuretic agents. A physical examination 
reveals that his blood pressure is well con­
trolled, but the patient complains of tenderness 
and fatty deposits in his pectoral area. Which of 
the following medications most likely caused 
this adverse effect? 

(Al Amiloride 
(Bl Chlorthalidone 
(Cl Hydrochlorothiazide 
(D) Indapamide 
(El Spironolactone 
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BO. A 53-year-old man is started on a min­
eralocorticoid receptor antagonist for the 
management of heart failure after a myocardial 
infarction. Three days after starting the new 
medication, the patient's potassium is elevated. 
Which of the following agents was started? 

(Al Aliskiren 
(Bl Amiloride 
(Cl Enalapril 
(DI Eplerenone 
(E) Metolazone 



Answers and Explanations 

1. lha answer is D [Chapter 5, VD G 1]. Carbamazepine ls a known inducer of the cytochrome 
P-450 system. Most oral contraception is metabolized by the cytochrome P-450 system; there­
fore, it is likely that the original therapeutic levels of oral contraception were decreased to non­
therapeutic levels when its metaboli8m was increased with the addition of the carbamazepine. 

2. The answer is E (Chapter 11, Il F 4]. Rhabdomyolysis can occur due to skeletal muscle break.­
down, leading to increased muscle protein myoglobin. Symptoms may include muscle pain and 
weakness. Both simvastatin and daptomycln can increase the risk for rhabdomyolysis; therefore, 
they should not be used together. 

3. The answer is E (Chapter 1, VII D 4]. Loading dose = desired plasma concentration of the drug x 
volume of distribution. Once the loading dose is given, the fonnula for the maintenance dose ill 
the desired plasma concentration of drug x clearance. 

4. lha answer is C (Chapter 11, X B 2]. Nevirapine is a nonnucleoslde reverse transcriptase 
inhibitor. By definition, drugs that do not bind to the active site, such as nonnucleoside reverse 
tran&crl.ptase inhibitors, are noncompetitive antagonists. They function by causing changes in 
the active site so that it cannot bind its native substrate. Agonists are drugs that elicit the same 
activity as the endogenous substrate, whereas partial agonists only induce some of the activi­
ties of the endogenous substrate. Competitive inhibitors, lilce nucleoside reverse transcriptase 
inhibitors, can be either reversible or irreversible. 

5. lha answer is A [Chapter 9, m B 2]. Phenylephrine is a selective exi-adrenoreceptor agonlst that 
causes nasal vasoconsttiction, which results in decreased nasal secretions. 

6. 1111 answer is D [Chapter 2, DIA 3]. Pilocarpine is a direct-acting muscarinic agonist used 
in the management of acute narrow-angle glaucoma, often with an indirect-acting mus­
carinic agonist like physostigmine. Carbonic anhydrase inhibiters (e.g., acetazolamide), 
P-adrenoreceptor agonists, and even exi-adrenoreceptor agonists can be used in the treatment 
of glaucoma. 

1. Tha answer is E [Chapter 2, III B 2]. This patient is mostlikelyexperiencingorganophos­
phate poisoning. Organophosphates are potent cholinesterase inhibitors that may be 
used as insecticides. The patient's symptoms are due to cholinergic toxicity, which can 
cause diarrhea, urination, miosis, bradycardia, bronchospasm/bronchorrhea, lacrimation, 
and salivation (DUMBBBLS). Treatment includes intubation and oxygen administration. 
Atropine is administered to compete with acetylcholine at muscarinic receptors, preventing 
cholinergic activation. Since atropine does not bind to nicotinic receptors, it is ineffective in 
treating neuromuscular dysfunction. Pralidoxime (2-PAM) is a cholinesterase-reactivating 
agent that can treat both muscarinic and nicotinic symptom. It must be administered before 
"aging" occurs. Defermamine is used for iron poisoning. Dantrolene is used for malignant 
hyperthermia. Cyproheptadine is used for serotonin syndrome. Bicarbonate is used for 
urinary alkalization and sodium channel blocker tmd.city. 

8. lha answer is A [Chapter 5, vm C 5). The patient most lilcely has malignant hyperthermia, 
which is characterized by muscle rigidity, hypercarbia, and sinus tachycardia. Hyperthermia 
commonly occurs but often presents later and may be absent when malignant hyperthermia is 
initially suspected. This condition can occur when a patient is exposed to a volatile anesthetic, 
such as isofiurane. Dantrolene is used in the treatment of malignant hyperthermia and works by 
inhibiting the release of calcium from the sarcoplasmic reticulum. Fomepizole is the preferred 
antidote for ethylene glycol or methanol poisoning. N-Acetylcysteine is used in acetaminophen 
poisoning. Naloxone is administered after an opioid overdose. Pmtamine is used to reverse the 
effects of heparin. 

322 
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9. The answer is B [Chapter 2, VC 2]. Dopamine is sometimes used in the management of conges­
tive heart failure. It is used for inotropic support in advanced heart failure, including short-term 
management of patients with severe systolic dysfunction and low cardiac output Dopamine has 
both positive inotropic effects on the heart and preserves blood ftow to the kidneys. Epinephrine 
and isoproterenol increase cardiac contractility while decreasing peripheral resistance. Albuterol 
is a p2 agonist used in the management of asthma, and terbutaline is another p2 agonist used in 
asthma and to suppress preterm labor. 

10. The answer is B [Chapter 4, I K 2]. Clonidine activates prejunctional 1Xz-adrenergi.c receptors 
in the central nervous system to reduce sympathetic tone, thereby decreasing blood pressure. 
Activation of ai-adrenergi.c receptors increases blood pressure, which is useful for the treatment 
of hypotension. p1 -Adrenoreceptor agonists are used primarily for increasing heart rate and con­
tractility. p2-Adrenergi.c agonists are used to dilate airways in the management of asthma. 

11. The answer is D [Chapter 2, VI A 2]. An a-adrenoreceptor antagonist such as phenoxyben­
zamine is indicated for the treatment of pheochromocytoma in the preoperative state as well 
as if the tumor is inoperable. P-Blockers, such as isoproterenol, are then used systemically, 
following effective a-blockade, to prevent the cardiac effects of excessive catecholamines. 
Pseudoephedrine is an a-adrenoreceptor antagonist available over the counter to relieve nasal 
discharge. There is no role for adrenergi.c receptor agonists or nondepolarizing muscle relaxants. 

12. The answer is E [Chapter 4, I H 2]. The patient was most likely given propranolol, a nonselec­
tive beta-blocker. Beta-blockers are used in the management of acute myocardial infarctions to 
reduce infarct size and early mortality. In patients with asthma, nonselective beta-blockers can 
increase the risk of bronchial obstruction and airway reactivity. They can also cause resistance 
to the effects of inhaled beta-receptor agonists, such as albuterol. A cardioselective beta-blocker 
(higher affinity for the p1 receptor), such as metoprolol or atenolol, is preferred in the setting of 
an acute myocardial infarction. 

13. The answer is D [Chapter 3, IC 2, C 4). Loop diuretics are used in the management of edema 
associated with heart failure. They inhibit the activity of the Na+ /K• /2Cl- symporter in the thick 
ascending limb of the loop of Henle. A potential adverse effect ofloop diuretics is ototoxicity, in 
which patients may experience difficulty hearing or deafness. The risk is increased with rapid 
intravenous administration, severe renal impairment. high doses, and concurrent use of other 
ototoxins. 

14. The answer is B [Chapter 3, IC 4]. Loop diuretics, such as furosemide, are best to use for 
edematous conditions, as they are the most efficacious diuretic agents. All loop diuretics, except 
ethacrynic acid, have the potential to cause a sulfa allergy, especially in patients with history of 
an anaphylactic reaction. For this reason, ethacrynic acid should be used in a patient with a his­
tory of a severe sulfa allergy. 

15. The answer is B [Chapter 3, II, A 1, A2]. The primary problem in central diabetes insipidusis 
deficient secretion of anti.diuretic hormone (ADH). Desmopressin is an ADH analog used for 
the treatment of central diabetes insipidus, in which it helps control the polyuria. Desmopressin 
binds to vasopressin (V2) receptors in the renal collecting duct to increase the translocation of 
aquaporin channels to the apical membrane. It increases water permeability, which results in 
decreased urine volume and increased urine osmolality. 

16. The answer is D [Chapter 3, II, A3]. Lung cancer is a common cause of syndrome of inappropri­
ate anti.diuretic hormone secretion (SIADH). Symptoms of SIADH are the same as the symptoms 
ofhyponatremia; they may include nausea and vomiting, headache, confusion, weakness, or 
fatigue. Conivaptan is a nonpeptide ADH antagonist that is used in the treatment of SIADH. 
Clofibrate increases the release of ADH centrally. Allopurinol, acetazolamide, and furosemide 
do not affect actions of ADH to an appreciable degree. 

17. The answer is E [Chapter 6, VI D 3]. Allopurinol is a xanthine oxidase inhibitor and is most com­
monly used in the treatment of gout. It is not used for acute attacks, rather for the prevention 
of recurrent episodes. Febuxostat is also a xanthine oxidase inhibitor. Common adverse effects 
include skin rash, gastrointestinal distress, and increased liver enzymes. Febuxostat also has an 
increased risk for heart-related death compared to allopurinol. 
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18. The answer is A [Chapter 4, IV D 4]. The patient was most likely prescribed quinidine, which 
can be used for the management of atrial fibrillation as well as for the treatment of malaria due 
to Plasmodium falciparum. Quinidine can cause cinchonism, which is a cluster of dose-related 
adverse effects that may include tinnitus, hearing loss, vertigo, blurred vision, headache, and 
confusion. 

19. ne answer is D [Chapter 4, I H 1, H 2]. P-Blockers like metoprolol prolong atrioventricular (AV) 
conduction. They also reduce sympathetic stimulation, depress automaticity, and decrease heart 
rate. 

20. The answer is A [Chapter 4 IV J l]. Adenosine is used for the treatment of paroxysmal supraven­
tricular tachycardias, including those due to Wolff-Parkinson-White syndrome. It restores sinus 
rhythm by interrupting atrioventricular reentrant tachycardia and blocking conduction in the 
atrioventricular (AV) node. Digoidn and arniodarone can be used for the management of atrial 
fibrillation. Lidocaine is used in the treatment of many different arrhythmias. Atropine is used 
for the management ofbradyarrhythrnias. 

21. The answer is D [Chapter 4 VB 4]. The patient was started on ezetirnibe, which acts within the 
intestine to reduce cholesterol absorption. Cholesterol is absorbed from the small intestine by 
a process that includes specific transporters including the Niemann-Pick C 1-Like 1 (NPC lLl) 
protein. Ezetirnibe binds to and inhibits the function ofNPClLl thereby reducing cholesterol 
absorption. 

22. The answer is E [Chapter 5, I D 2]. Zolpidem is a hypnotic agent that enhances the activity of 
y-arninobutyric acid (GABA). Although itis structurally unrelated to benzodiazepines, it is a 
selective agonist at the benzodiazepine-1 (BZ1) receptor. Since it is selective for the BZ1 receptor 
site, it has minimal anxiolytic, myorelaxant, and anticonvulsant properties, which are typically 
associated with the BZa receptor site. Zolpidern is often used for the treatment of insomnia, 
including difficulty with sleep maintenance and sleep onset. Barbiturates such as secobarbital 
are rarely used because of their lethality on overdose. Chlordiazepoxide is a long-acting benzodi­
azepine, whereas most hypnotics are short-acting benzodiazepines. Flumazenil is a benzodiaz­
epine receptor antagonist. Buspirone is not used as a hypnotic and has little sedative effect. 

23. The answer is B [Chapter 5, IE 1]. Buspirone is a partial serotonin 5-HT1A-receptor agonist. It 
has efficacy comparable to that ofbenzodiazepines for the treatment of anxiety but is signifi­
cantly less sedating. Alprazolam is an intermediate-acting benzodiazepine used in the treat­
ment of generalized anxiety disorder (GAD), but still has some sedation that may be undesirable 
in this situation. Triazolarn is a short-actingbenzodiazepine, and trazodone is a heterocyclic 
antidepressant, both used to induce sleep. Thiopental is a barbiturate sometimes used to induce 
anesthesia. 

24. The answer is C [Chapter 5, VC 1]. Carbidopa, unlike levodopa, does not penetrate the central 
nervous system (CNS); it inhibits levodopa's metabolism in the gastrointestinal tract, allow­
ing lower doses of levodopa and decreased side effects. Levodopa is a precursor to dopamine 
and can help restore levels of dopamine in the substantia nigra. Monoarnine oxidase inhibi­
tors should be used with caution along with levodopa, as this can lead to a hypertensive crisis. 
Bromocriptine is a dopamine agonist used in the treatment of Parkinson disease. Catechol-0-
methyltransferase ( COMT) inhibitors are yet another class of agents used in the treatment of 
Parkinson disease. 

25. The answer is C [Chapter 5, VG 1, G 2]. Levodopa is metabolized, in part by catechol-0-meth­
yltransferase ( COMT); therefore, an inhibitor such as entacapone is an adjunct treatment for 
patients on levodopa. Unfortunately, this will increase the side effects including diarrhea, 
postural hypotension, nausea, and hallucinations. Selegiline is a monoarnine oxidase inhibitor 
(MAOI) used in the treatment of Parkinson disease. Ropinirole is a nonergot dopamine ago-
nist used in early Parkinson disease that may decrease the need for levodopa in later stages of 
the disease. Amantadine has an effect on the rigidity of the disease as well as the bradykinesia, 
although it has no effect on the tremor. Benztropine is muscarinic cholinoceptor antagonist used 
as an adjunct drug in Parkinson disease. 

26. The answer is B [Chapter 5, VIC 3]. The patientmostlikelyhasAlzheimerdisease, in which the 
cardinal symptoms include memory impairment, increased difficulty with executive function 
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and pro bl em solving, and behavioral symptoms, including apathy, social disengagement, and 
irritability. Memantine is a NMDA-receptor antagonist approved for the treatment of moderate 
to severe Alzheimer disease. Felbamate is an anticonvulsant approved for partial seizures. 
Methohexital is a general anesthetic. Pramipexole is used as a dopamine receptor agonist in 
the management of Parkinson disease. Tolcapone is a catechol-0-methyltransferase (COMT) 
inhibitor rarely used in Parkinson disease. 

ZI. Tha answer is B [Chapter 5, XI Bl]. The patient is most likely taking disulfiram, an inhibitor of 
aldehyde dehydrogenase, which blocks the breakdown of acetaldehyde to acetate during the 
metabolism of alcohol. The buildup of acetaldehyde results in flushing, tachycardia, and nausea 
to invoke a conditioned response to avoid alcohol ingestion. 

28. Tha answer is A [Chapter 5, XI C 2]. Atomoxetine is a nonstimulant drug used in the manage­
ment of attention deficit hyperactivity disorder (ADHD ); it works by inhibiting norepineph­
rine reuptake. Since it is not a stimulant, it may be preferred for patients with a history of 
substance abuse. In addition, it may be used in patients when there is concern about other 
family members with substance abuse issues or concerns about diversion. The stimulant 
agents used for the treatment of ADHD include methylphenidate and dextroamphetamine, 
which work by inhibiting norepinephrine and dopamine reuptake. Caffeine is a stimulant 
that may have a role in the management of headaches. Modafinil is used in the treatment of 
narcolepsy. 

29. The answer is D [Chapter 5, II, A 1, D 2, EI]. The patient most likely has schizophrenia, in which 
characteristic symptoms include delusions, hallucinations, and disorganized speech or behavior. 
Quetiapine is a second-generation (atypical) antipsychotic that can be used for the management 
of schizophrenia. Its antipsychotic activity is mediated through a combination of antagonism at 
dopamine type 2 (D2) and serotonin type 2 (5-HTJ receptors. Trazodone is an antidepressant 
(serotonin reuptake inhibitor/antagonist) used in the treatment of depression, insomnia, and 
aggressive or agitated behavior associated with dementia. Donepezil is a central acetylcholin­
esterase inhibitor used in the management of Alzheimer disease. Phenobarbital is a barbiturate 
used in the treatment of seizures and as an anesthetic. Imipramine is a tricyclic antidepressant 
and is not used in schizophrenia. 

30. The answer is A [Chapter 5, II FI]. The patientis experiencing acute dystonia, which is a poten­
tial adverse effect of antipsychotics. Typical antipsychotics, such as haloperidol, work primarily 
through dopamine D2 receptor blockade and have a higher incidence of extrapyramidal effects. 
These reactions are best managed with an anticholinergic agent such as benztropine. Another 
complication of haloperidol is neuroleptic malignant syndrome, which can be treated with dan­
trolene. Hyperprolactinemia with galactorrhea is common with agents that block dopamine's 
actions, as dopamine normally represses prolactin release. 

31. The answer is B [Chapter 5, II F 10]. The patient most likely has clozapine-induced agranulo­
cytosis; the risk is greatest within the first 18 weeks of treatment. Clozapine can cause severe 
neutropenia (absolute neutrophil count [ANC] of <500/mm8) that may lead to serious infections 
or death. For this reason, the ANC must be monitored closely and patients should be counseled 
to report any symptoms of an infection, including fever and sore throat. 

32. Tha answer is E [Chapter 5, II F 4]. The patient is most likely experiencing gynecomastia, which 
is an adverse effect commonly caused by risperidone. Risperidone is an atypical antipsychotic 
that works by blocking the 5-HT 2A serotonin receptor. It can be used as an adjunct medication for 
the treatment of bipolar disorder as well as in the treatment of schizophrenia. 

33. The answer is B [Chapter 5, VII C 2]. The boy is most likely experiencing absence seizures. 
Ethoswdmide is a drug of choice for absence seizures in children. Since valproic acid has 
more side effects, it is considered a second-line agent. Prednisone is used in infantile spasms. 
Phenytoin and carbamazepine are used for partial seizures or tonic-clonic seizures. Lorazepam 
is often used in the treatment of status epilepticus. 

34. Tha answer is D [Chapter 5, VII F 2]. Gingival hyperplasia, or drug-induced gingival overgrowth, 
is a unique side effect of phenytoin, which can be partially avoided by meticulous oral hygiene. 
Other drugs that cause gingival hyperplasia include cyclosporine and certain calcium channel 
blockers. 
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35. The answer is A [Chapter 5, VII F 5]. Valproic acid has the potential to cause hepatotoxicity; it 
usually occurs within the first 6 months of therapy. Patients should be monitored closely formal­
aise, anorexia, jaundice, or other signs of hepatic failure. Liver function tests, including alanine 
transaminase (ALT) and aspartate transaminase (AST), should be performed at baseline, as well 
as on a regular basis after the medication is initiated. If hepatotoxicity is suspected, valproic acid 
should be discontinued immediately. 

36. The answer is D [Chapter 5, VII D 4]. The patient most likely has peripheral neuropathy due to 
diabetes. Symptoms may include numbness, burning, pain, or tingling in the legs, feet, or hands. 
It can also lead to loss of balance or coordination as well as other serious complications, includ­
ing ulcers and infections. Aside from glycemic control and foot care, certain medications can 
also help with manage pain. Pregabalin is approved for the treatment of diabetic nephropathy. 

37. The answer is E [Chapter 6, VE 1, E 2]. Salicylate toxicity initially increases the medullary 
response to carbon dioxide, with resulting hyperventilation and respiratory alkalosis. Increases 
in lactic acid and ketone body formation result in a metabolic acidosis. All other choices are 
incorrect in this particular setting. The treatment includes correction of acid-base disturbances, 
replacement of electrolytes and fluids, cooling, alkalinization of urine, and forced diuresis. 

38. The answer is E [Chapter 12, VB 3]. The patient was most likely given irinotecan, a topoisom­
erase I inhibitor, that has the potential to cause both early and late phases of diarrhea. The early 
form typically occurs within the first 24 hours of therapy and is accompanied by cholinergic 
symptoms, such as salivation, Rushing, rhinitis, miosis, and abdominal cramping. Atropine, an 
anticholinergic agent, can be used to prevent or treat these symptoms. The late phase of diarrhea 
is potentially life threatening and should be treated immediately with loperamide. 

39. The answer is B [Chapter 8, VII E 1, E 3; Chapter 6, VII C 2]. The patient most likely has Crohn 
disease, in which patients may experience diarrhea, rectal bleeding, and abdominal cramping, 
among other symptoms. In Crohn disease, the intlammation of the intestine can "skip,n where nor­
mal areas may be in between patches of diseased intestine. Infliximab is a recombinant antibody 
to TNF-a; it has been successfully used in the treatment of Crohn disease, rheumatoid arthritis, 
and some other autoimmune conditions. The other agents are not used in the management of 
Crohn disease. 

40. The answer is C [Chapter 6, VI B 2]. The patient is most likely experiencing an acute gout attack. 
Colchicine is often used to treat an acute gout attack. Probenecid and sulfinpyrazone reduce 
urate levels by preventing reabsorption of uric acid. These agents are used for chronic gout. 
Allopurinol is a xanthine oxidase inhibitor; it is also used for the treatment of chronic gout 
Celecoxib is a COX-2 inhibitor. 

41. The answer is A [Chapter 6, VII B 3]. The patient was most likely started on tacrolimus, which is 
a commonly used immunosuppressant for kidney transplant rejection prophylaxis. Tacrolimus is 
a calcineurin inhibitor. It has the potential to cause hypertension and tremor, especially when the 
levels are too high. It can also cause headache. The other choices are mechanisms for other immu­
nosuppressant medications. Cyclosporine is a calcineurin inhibitor with similar adverse effects. 

42. The answer is C [Chapter 12, II B 4]. The patient most likely has hemorrhagic cystitis due to 
cyclophosphamide (or ifosfamide ). Symptoms may range from mild hematuria and bladder irri­
tation to gross hematuria with clots. Patients may also experience lower urinary tract symptoms, 
including urinary urgency and frequent urination. It occurs due to a toxic metabolite, acrolein, 
which is produced during hepatic metabolism. Mesna can be administered with ifosfamide and 
cyclophosphamide to inactivate acrolein in the urine and reduce the risk of this condition. 

43. The answer is A [Chapter 7, III E l]. Alteplase (also known as recombinant tissue plasminogen 
activator or tPA) is important in the treatment for acute ischemic stroke. It must be administered 
within 4.5 hours of symptom onset. It is a thrombolytic agent that initiates local fibrinolysis by 
binding to fibrin in a thrombus and converting entrapped plasminogen to plasmin. Plasmin then 
breaks up the thrombus into fibrin degradation products. 

44. The answer is B [Chapter 7, I A 5]. Deferoxamine is an iron-chelating agent that can be given 
for acute iron toxicity or chronic iron overload. Protamine is an antidote for heparin. Vitamin K 
and fresh frozen plasma are given for warfarin reversal. Charcoal is an agent sometimes used for 
gastric lavage. 
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45. Tha answer is C [Chapter 8, I B 4]. Ondansetron is a selective 5-HTrreceptor antagonist; it is 
a highly effective antiemetic that is used for the prevention and treatment of chemotherapy­
induced nausea and vomiting. Diazepam is a benzodiazepine; it is not indicated for the treat­
ment of nausea and vomiting. Furosemide is a loop diuretic. Phentennine is an amphetamine 
derivative that has been used for weight loss. Scopolamine is an anticholinergic agent; although 
it is used as an anti.emetic, it is more effective for nausea and vomiting associated with motion 
sickness or anesthesia. 

46. The answer is B [Chapter 8, NC 2]. Naproxen is a nonsteroidal anti-inflammatory drug 
(NSAID ), in which it inhibits cyclooxygenase-1 and -2 leading to decreased formation of pros­
taglandin precursors. NSAIDs can cause ulcers by decreasing the protective prostaglandins in 
our gastrointestinal tract. Misoprostol is approved for the prevention ofNSAID-induced gastric 
ulcers. It is a synthetic prostaglandin El analog that replaces the protective prostaglandins to 
increase production of gastric mucus and bicarbonate, as well as decrease acid secretion. It can 
cause birth defects, abortion, or uterine rupture in pregnant women. 

47. Tha answer is A [Chapter 8, NB 2]. Proton pwnp inhibitors are used for the management of 
duodenal ulcers; they decrease gastric acid inhibiting the H+ /K+ ATP pump (proton pump) in the 
parietal cell. Use of these agents is associated with an increased risk of Clostridium difficile-asso­
ciated diarrhea, especially in hospitalized patients. 

48. Tha answer is C [Chapter 8, VII A 3]. Lactulose is a medication that can be used for the manage­
ment of constipation and hepatic encephalopathy. It is an osmotic laxative that causes osmotic 
retention offluid to promote bowel evacuation. In addition, the bacterial degradation oflactu­
lose results in an acidic pH. This causes NH3 to convert to NH4 +, which is trapped in the colon for 
elimination, thereby reducing blood ammonia levels. 

49. The answer is B [Chapter 8, VII D l]. Dicyclomine is an anticholinergic agent that is used in 
the management of irritable bowel syndrome and other gastric motility disorders. It alleviates 
smooth muscle spasm of the gastrointestinal tract. Adverse effects of anticholinergic drugs 
include dry mouth and dry eyes. 

50. The answer is E [Chapter 8, VIl B 2]. Diphenoxylate is an analog of meperidine, an opioid. It 
inhibits gastrointestinal motility through stimulation of mu-receptors in the bowel. Small doses 
of atropine are added to diphenoxylate to reduce abuse potential. 

51. The answer is B [Chapter 6, VII C 3]. Anakinra is anIL-1 inhibitor that is approved for the man­
agement of rhewnatoid arthritis. Tocilizumab is an IL-6 antagonist. Abatacept is a selective T-cell 
costimulation blocker. Etanercept and infliximab are TNF-alpha blocking agents. 

52. Tha answer is E [Chapter 9, II C 2, C 5]. The patient was most likely taking theophylline for the 
treatment of asthma. This medication has a narrow therapeutic range. Mild intoxication may 
lead to nausea, vomiting, headache, tachycardia, and tremors. More severe toxicity is associated 
with arrhythmias and seizures. This agent inhibits phosphodiesterase enzymes, which prevents 
degradation of cAMP, leading to bronchial smooth muscle relaxation. 

53. The answer is B [Chapter 5, ND 2]. The patient most likely has nephrogenic diabetes insipidus 
due to chronic lithiwn ingestion. Chronic lithium use can lead to resistance to anti.diuretic hor­
mone {ADH), leading to polyuria and polydipsia. 

54. Tha answer is B [Chapter 10, VII A 2]. The patient most likely has primary hypothyroidism, in 
which symptoms often include cold intolerance, weight gain, fatigue, and constipation. Patients 
with primary hypothyroidism have an elevated thyroid-stimulating hormone (TSH) concentra­
tion and a low serum free thyroxine (T4) concentration. Treatment includes administration of 
levothyroxine, a synthetic thyroxine (T4) preparation. 

55. The answer is D [Chapter 4, IL 2]. The patient most likely has drug-induced lupus. Common 
symptoms include fever, rash, arthralgia, and myalgia. Often times, patients have elevated 
antinuclear antibodies and antihistone antibodies. Hydralazine, an anti.hypertensive agent, 
can cause drug-induced lupus. Other medications that can cause drug-induced lupus include 
procainamide and minocycline. 
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56. The answer is D [Chapter 11, II E 2, E 4]. The patient is most likely experiencing red man syn­
drome due to a rapid vancomycin infusion. Red man syndrome is a common idiopathic infusion 
reaction that is characterized by flushing, pruritus, and erythema of the upper body, including 
the neck and face. It is not considered a drug allergy and can be prevented by administering the 
infusion over at least 1 hour (or longer, depending on the dose). It inhibits cell wall synthesis by 
binding to the n-Ala-n-Ala of peptidoglycan and inhibiting transglycosylation. 

57. The answer is B [Chapter 11, II C 2, C 4]. Imipenem is a carbapenem; it is a broad-spectrum 
agent that has the potential to cause seizures. Cilastatin must be given with imipenem. It is an 
inhibitor of renal dehydropeptidase, which normallywould degrade imipenem. Probenecid 
increases penicillin concentrations by blocking their excretion by the kidney. Both clavulanic 
acid and sulbactam are penicillinase inhibitors used to increase the spectrum against penicil­
linase-producing species. Cycloserine is a second-line agent for gram-negative organisms and 
tuberculosis. 

58. The answer is B [Chapter 11, II B 3]. Cefazolin, a first-generation cephalosporin, is often used for 
surgical prophylaxis because it has activity against most gram-positive and some gram-negative 
organisms. Second-generation agents (cefoxitin) and third-generation agents (ceftriaxone) are 
not used because they have less gram-positive coverage. Aztreonam lacks activity against anaer­
obes and gram-positive organisms. Oxacillin is primarily active against staphylococci. 

59. The answer is A [Chapter 11, II D 3, D 4]. Aztreonam is active against Pseudomonas species, 
appears to be safe during pregnancy, and does not show cross-hypersensitivity with other beta­
lactams. Piperacillin, cefoxitin, and imipenem all have some cross-sensitivity with other beta­
lactam agents, including amoxicillin. For this reason, they should not be used in patients with a 
penicillin allergy, especially in those with more severe allergies. Daptomycin cannot be used for 
gram-negative infections. 

60. The answer is D [Chapter 11, VB 1, B 3]. The patient was prescribed metronidazole, which is 
bactericidal against most anaerobic bacteria. Transport proteins transfer electrons to the nitro 
group of metronidazole forming a nitroso free radical, which interacts with intracellular DNA 
resulting in the inhibition of DNA synthesis and degradation, and ultimately bacterial death. 
Metronidazole may cause a disulfiram-like reaction; therefore, alcohol should be avoided. 

61. The answer is A [Chapter 11, III G l]. Chloramphenicolmaycause dose-related bone marrow 
suppression, resulting in pancytopenia that may lead to irreversible aplastic anemia. 

62. The answer is B [Chapter 11, III D 3]. Macrolides, such as azithromycin or clarithromycin, are 
the agents of choice for the treatment of mycoplasmal diseases. As mycoplasmas have no cell 
wall, drugs such as penicillins, cephalosporins, or vancomycin are ineffective. Chloramphenicol 
is relatively toxic and reserved for select infections. 

63. The answer is B [Chapter 11, III E 4]. Diarrhea due to pseudomembranous colitis with 
Clostridium difficile overgrowth is common with many broad-spectrum antibiotics, especially 
clindamycin. Bruising can occur with some cephalosporins. Dizziness is common with tetracy­
clines, such as minocycline. Ototoxicity can result in hearing loss with aminoglycosides. Tendon 
pain is possible due to the cartilage toxicity associated with fluoroquinolones. 

64. The answer is C [Chapter 11, VIII Al]. Primaquine is associated with intravascular hemolysis 
or methemoglobinuria in glucose-6-phosphate dehydrogenase (G-6-PDH) deficiency patients, 
as it causes oxidative damage to hemoglobin. Chloroquine and pyrimethamine do not cause 
hemolysis, although they are often used with sulfa drugs, which can cause hemolysis in such 
patients. Chloroquine rarely causes hemolysis, and doxycycline is not known to cause problems 
in G-6-PDH deficiency. 

65. The answer is C [Chapter 11, VB 2]. Metronidazole is the preferred treatment for Clostridium 
difficile colitis, which probably resulted from the patient's use of a broad-spectrum antibiotic 
for her initial infection. Oral vancomycin is considered in the treatment of C. difficile colitis in 
refractory cases. The use of clindamycin is often associated with C. difficile colitis. Ciprofl.oxacin 
can be used for the treatment of diverticulitis but not colitis. Neomycin is used to sterilize the 
bowel, which is not the goal in this case. Silver sulfadiazine is used to treat skin infections in burn 
patients. 
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66. Tha answer is E [Chapter 12, II B 4]. Mesna is often given with high-dose cyclophosphamide and 
ifosfamide to help detoxify metabolic products that can cause hemorrhagic cystitis. Amifostine is 
used to prevent rental toxicity with cisplatin and to prevent xerostomia due to radiation therapy 
with head and neck cancer. Allopurinol is given with chemotherapy agents to reduce renal pre­
cipitation of urate. Leucovorin is given to prevent methotrexate toxicity. Cilastatin is an inhibitor 
of imipenem degradation. 

01. Tha answer is C [Chapter 7, IIA l]. Filgrastim is a recombinant form of granulocyte colony­
stimulating factor (G-CSF) given to prevent chemotherapy-induced neutropenia. Bpoetin alfa is 
commonly used to prevent anemia while on chemotherapy. Oprelvekin is an agent used to help 
treat chemotherapy-induced thrombocytopenia. Interferon alfa-2b is used in the management 
of specific leukemias and lymphomas. Amifostine is given to patients receiving radiation to the 
head and neck to preserve salivary function. 

68. Tha answer is C [Chapter 12, VIII B 3]. Trastuzumab is an antibody to the extracellular domain of 
the receptor tyrosine kinase HBR2/neu. In some breast cancers, HBR2/neu is expressed in high 
levels leading to autophosphorylation in the absence of ligand binding. Trastuzumab blocks 
such signaling. Imatinib is used in treating chronic myelogenous leukemia and inhibits BCR­
ABL. Tamoxifen functions by inhibiting estrogen-mediated gene transcription. Thalidomide 
works in part by inhibiting TNF production. Bevacizumab is a vascular endothelial growth factor 
inhibitor. 

69. The answer is D [Chapter 12, VII D 2]. Tretinoin, all-trans-retinoic acid, and produces remis­
sion by inducing differentiation in acute promyelocytic leukemia (APL), the M3 variant of acute 
myelogenous leukemia (AML), which is characterized by aberrant expression of a retinoic 
receptor-a gene. Cisplatin is often used in the treatment of cancers of the lung, head, and neck. 
Lomustine has good central nervous system penetration and is used in treating brain tumors. 
Fluorouracil is also used in treating multiple tumors, including those of the breast and colon. 
Lastly, streptozocin is used in the treatment of insulinomas. 

70. Tha answer is D [Chapter 12, VIII Cl]. Imatinib is an orally active small molecule inhibitor of the 
oncogenic BCR-ABL kinase produced as a result of the Philadelphia chromosome. It is used to 
treat chronic myelogenous leukemia. It also inhibits the c-Kit receptor and can be used in treat­
ing gastrointestinal stromal tumors. Anastrozole is used in the management of breast cancer. 
Rituximab is a monoclonal antibody used in the treatment of non-Hodgkin lymphoma. Gefitinib 
is an orally active small molecule inhibitor of the epidermal growth factor receptor, used in the 
treatment oflung cancer. Amifostine is used as a radioprotectant, with or without cisplatin. 

11. The answer is A [Chapter 12, II B 3]. The patient was most likely on cisplatin for the treatment of 
bladder cancer. Cisplatin has the potential to cause ototoxicity and nephrotoxicity. It is an alkyl­
ating agent that causes cytotoxicity through the cross-linking of double-stranded DNA. 

72. Tha answer is A [Chapter 12, VIII B 4]. Cetuximab inhibits the epidermal growth factor (EGF) 
receptor by binding to the extracellular domain of the receptor. The other agents are not used in 
the treatment ofEGFR-positive cancers. 

73. The answer is C [Chapter 6, V H 4]. N-Acetylcysteine is used in the management of acetamino­
phen toxicity. It provides sulthydryl groups for the regeneration of glutathione stores in the body. 
Trientine is a copper-chelating agent sometimes used in Wilson disease. Sorbitol is used as a 
cathartic to help remove toxins from the gastrointestinal tract Ipecac has been used to induce 
emesis in cases of toxic ingestions. Diazepam can be used to prevent seizures when strychnine is 
ingested. 

74. The answer is B [Chapter 2, III B 2]. Pralidoxime is the agent that was administered as it reacti­
vates acetylcholinesterase to reverse the effects of exposure to organophosphates. Atropine, an 
anticholinergic agent, should be administered with pralidoxime in organophosphate poison­
ing. It competes with acetylcholine at muscarinic receptors to prevent cholinergic activation. 
Amyl nitrate can be used in cases of ingestion of the cytochrome oxidase inhibitor, cyanide. 
Bethanechol is a direct-acting muscarinic cholinoceptor agonist used to treat urinary retention 
and overdose and can result in symptoms similar to organophosphate poisoning. Nicotine is 
sometimes found in insecticides and can cause vomiting, weakness, seizures, and respiratory 
arrest. 
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75. The answer is E [Chapter 7, III B 3]. The blood in the urine and bleeding gums are most likely 
from the elevated INR due to a warfarin dose that is too high. Warfarin is an orally active inhibi­
tor of vitamin K-dependent carboxylation of various clotting factors. In the event of suprathera­
peutic doses ofwarfarin, the effects can be reversed with vitamin K. Heparin is an intravenous 
anticoagulation agent. Aminocaproic acid inhibits plasminogen activation and is used in the 
treatment of hemophilia. Vitamin D is used in cases of its deficiency or in the treatment of osteo­
porosis. Oprelvekin is a recombinant form of interleukin-11 that stimulates platelet production 
and does not affect the clotting factors. 

76. The answer is E [Chapter 6, VIE 2]. Pegloticase is a recombinant uricase, an enzyme mutated 
and nonfunctional in humans. Uricase metabolizes uric acid to water-soluble allantoin. 
Pegloticase is approved for cases of refractory gout. It is highly effective but must be adminis­
tered by infusion. 

77. The answer is A [Chapter 4, I E 4]. Angiotensin-converting enzyme (ACE) inhibitors, such as 
enalapril, may cause cough; in general, it is a class effect. Although the mechanism for ACE 
inhibitor-induced cough is not fully elucidated, it may be due to increased bradykinin, which is 
normally degraded by ACE. The cough will resolve after discontinuing ACE inhibitors. 

78. The answer is A [Chapter 4, I GI, G 2, G4].Aliskiren is a small-molecule inhibitor ofrenin. It 
decreases plasma renin activity and inhibits conversion of angiotensinogen to angiotensin I. 
It has less chance for cough, compared to angiotensin-converting enzyme inhibitors and angio­
tensin n receptor blockers. 

79. The answer is E [Chapter 3, IE 4]. Spironolactone is a potassium-sparing diuretic that blocks 
androgen and glucocorticoid receptors as well as mineralocorticoid receptors. It is associated 
with gynecomastia; this can cause proliferation and tenderness of mammary tissue. 

80. The answer is D [Chapter 3, IE 3, E 4]. Eplerenone is a much more specific mineralocorticoid 
receptor antagonist than spironolactone and is not associated with gynecomastia. It is a 
potassium-sparing diuretic and may cause hyperkalemia. Amiloride is another potassium­
sparing diuretic but acts to block renal ENa channels. 
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Adrenergic agonist, 75-76 
adverse effects of, 195 
for asthma, 194-195 
long-acting ~-adrenoceptor agonists, 194 
mechanism of action, 194 
short-acting IJ,i-adrenoceptor agonists, 

194, 194/ 
Adrenergic neuronal blocking drugs, 68t 
Adrenergic receptor antagonists 

a-adrenoceptor antagonists, 44-45, 45t 
~-adrenoceptor antagonists, 45-4 7 

Adrenocortical antagonists, 222 
Adrenocortical insufficiency, 211 
Adrenocorticotropic hormone (ACTII), 205, 

207/, 211 
a-Adrenoceptor agonists, 43, 71-72, 199 
a-Adrenoceptor antagonists, 45-47, 71, 86b, 311Q, 

323E 
Adriamycin, 277t 
Adriamycin, bleomycin, vinblastine, dacarbazine 

(ABVD), 276t 
Aging,32 
Agitation, 126 
Agonists 

adrenergic,75-76,194-195,194/ 
adrenoceptor, 194 
~-adrenoceptor, 232 
definition of, 4 
direct-acting muscarinic cholinoceptor, 

30-32 
gonadotropin-releasing hormone (GnRH), 

206-208,288-289 
growth hormone (GH), 209 
long-acting u.-adrenoceptor agonists, 194 
muscarinic cholinoceptor, 49Q, 50Q, 53E, 54E 
serotonin, 140-141, 140t, 179-180 
short-acting a.-adrenoceptor agonists, 

194,194/ 
thyroid hormone receptor agonists, 223-224 

Agranulocytosis, 100 
Air pollutants, 298-300 
Akathisia, 98 
Akinesia, 108 
Albendazole, 261 
Albuterol, 194-195, 20lb, 202Q 
Alcohol, 96, 146 
Alcohol dehydrogenase (ADH), 125 
Alcohol withdrawal syndrome, 126 
Alfuzosin, 44 
Aliphatic hydrocarbons, 300 
Aliphatic phenothiazines, 98t 
Aliskiren, 68t, 70, 86b, 330E 
Alitretinoin, 236 
Alkalosis, 57 
Alkyl sulfonate, 278 
Alkylating agents, 274, 277-279, 294E, 295E 
Allergic rhinitis, 139, 197-198, 200 
Allergic/infusion reactions, 159 
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Allopurlnol, 147-149, 153b, 156E, 281, 293Q, 295E, 
312Q,323E 

Almotrlptan, 140, 140t, 153b 
Alosetron, 140t, 141, 186, 188b, 189Q, 191E 
a-glucosldase lnhibltol'li, 226/. 230, 240E 
Alprazolam, 95t, 324E 
Alprostadil, 143, 153b, 156E 
Alteplase, 170, l 7lb, l 72Q, l 75E, 326E 
Aluminum hydroxide, 180, 182, 188b 
Alvlmopan, 188b 
Alzheimer disease (AD), 109, 324E 
Antantadlne,108-109,263 
Antbrlsentan,72,86b 
Anteblasls, 260 
Antenorrhea, 141 
Antides, 117-118 
Antide-type local anesthetics, 118 
Amifostlne, 279, 291Q, 292Q, 295E 
Amikacln, 249 
Antilorlde, 59, 60, 60, 63Q, 64Q, 65E, 86b, 68t 
Antlnocaprolc acid, 167, 17lb, 172Q, 175E 
Antlnoglycosldes, 57, 248-249 
5-Antlnosalicylates (5-ASA), 187 
Antlnosalicylic acid, 188b, 256 
Antiodarone, 79t, 81-82, 86b, BBQ, 91E, 167 
Antitriptyline, 103 
Amlodipine, 71, 86b, 87Q 
Antnesia, 113, 136E 
Antoxapine, 103 
Antoxlcillin, 244 
Antphetamine, 27, 128, 137E 
Antphotericin B, 256, 270, 272E 
Antpicillin, 244, 244t, 251 
Antyl nitrite, 302 
Antylin analogs, 226/. 231 
Anabolic steroids, 218 
Anaerobes, 243 
Anagrelide, 17lb 
Anakinra, 151, 151t, 153b, 155Q, 327E 
Analgesia, 119, 136E 

opioids, 119 
Analgesic effect (decrease pain), 144 
Anandamide, 131 
Anaphylaxis, 148, 198 
Anastrozole, 215, 287, 288, 292Q, 293Q, 295E 
Andexanet alfa, 166, l 7lb 
Androgen synthesis inhibitors, 288-289 
Androgen-receptor antagonist, 182 
Androgens, 218 
Anemia, 150 

drugs used in, 158-161 (see also Folic acid; Red 
cell deficiency anemias; Vitamin defi­
ciency (megaloblastic) anemia) 

erythroid precursor cells, drug acting in, 161 
folic acid (vitamin B9), 160 
hydroxyurea, 161 
iron deficiency anemias, 158-159 
pyridoxine (vitamin BJ, 161 
sickle cell anemias, 173Q, 176E 
sideroblastic anemias, 161, 175E, l 76E 
vitamin B121 159-160 

Anesthesia 
balanced, 113 
general, 113 
local anesthetics 

adverse effects and toxicity, 118 
classification and chemistry of, 117 
mechanism of action, 117 

overview of, 117 
pharmacologicproperties, 117-118 
speclfic local anesthetics and Indications, 

118 
oplolds, 120 
questions regarding, 134Q, 136E 
stages of, 113 

Anesthetics, 113 
Inhaled anesthetics, 114-115, 114t 
Intravenous anesthetics and adjunct agents, 

115-116 
mechanisms of action, 113 

Angina pectorls, 76 
Angloedema, 69 
Anglotensln II receptor blockers (ARBs) 

adverse effects, 70 
contraindications, 70 
Indications, 70 
mechanism ofactlon, 69 
specific agents, 69 

Anglotensln-convertlng enzyme (ACE) inhibitors, 67, 
68t, 69, 86b, 90E, 330E 

adverse effects, 69 
contraindications, 69 
Indications, 69 
mechanism, 69 
selected drugs, 69 

Anhldrosls, 35 
Ankylosing spondylitls, 144 
Anorexia, 180 
Antacids, 180. see also Gastric acid production 

aluminum hydroxide, 180 
calcium carbonate, 180 
drug Interactions, 180 
general characteristics, 180 
magnesium hydroxide, 180 
mechanism of action, 180, 181/ 
sodium bicarbonate, 180 

Antagonists, 4, 214 
adrenocortlcal,222 
adverse effects, 121 
a-adrenoceptor, 71, 86b 
antldlarrheal agents, 123 
antitussive agents, 123 
IJ-adrenoceptor, 68t, 70, 86b 
dopamine, 178, 188b, 189Q, 191E, 192E, 208 
drug interactions, 122 
estrogen receptor, 287 
gonadotropin-releasing hormone, 288, 295E 
graded dose-response curve, 4 
growth hormone ( GH), 209 
histamine receptor, 139, 178, 181, 188b, 189Q, 

191E 
indications of, 119-120 
neurokinin 1receptor,179, 188b, 189Q 
nonselective vasopressin receptor, 212 
opioid antagonists, 119-127, 119t, 123 
physical dependence, 121 
purine, 281 
pyrimidine, 280-281 
selective vasopressin receptor, 212 
serotonin receptor, 141 

Anterior pituitary, 209-211 
adrenocortlcotropic hormone, 211 
cosyntropin, 211 
gonadotropins, 209-210 
growth hormone agonists and antagonists, 209 
thyroid-stimulating hormone, 210-211 



Anthracycllnes,274,277,283,294E 
Antiandrogens,215,218-219 
Antianglnal agents, 76-77 

dlpyridamole, 77 
goal of therapy, 76 
isosorbide dinltrate, 76 
nitrates,76-77,77/ 
nitroglycerin, 76 
types of angina, 76 

Antiarrhythmic drugs, 77-82, 79t 
bradyarrhythmias, treatment of. 78, 82 
cardiac action potential, 78 
causes ofarrhythmias, 77-78 
Class IA, 79, 79t 
Class m, 79-81, 79t, 80/ 
Class IC, 79t, 81 
Class II, 79t, 81 
Class III, 79t, 81-82 
Class Iv; 79t, 82 
Class V, 82 
effects of, 80/ 
goals of, 78 
tachyarrhythmlas, treatment of. 78, 82 

Antibacterials, 242-248 
bacterial protein synthesis, inhibitors of, 248-252 
carbapenems, 246 
cephalosporins, 245-246 
glycopeptides, 247 
lipopeptide, 247 
miscellaneous cell wall inhibitors, 247-248 
monobactam, 247 
penicillins, 242-244 

Anticancer agents, cell-cycle specificity of. 274, 276/ 
Antichollnergic drugs, 103, 109, 139 

antinicotinic agents, 36-40, 37t 
depolarizing neuromuscular blockers, 38 
ganglion-blocking drugs, 36 
nondepolarizing neuromuscular blockers, 37 
spasmolytic agents for acute use, 40 
spasmolytic agents for chronic use, 39 

muscarinic-receptor antagonists 
adverse effects, 36 
cardiovasculars}'liltem,36 
central nervous system, 36 
drug interactions, 36 
eye,35 
mechanism ofaction, 34-36, 35t 
pharmacologic effects, 34 
pharmacologic properties, 35 
precaution, 36 
respiratory system, 36 
urinary tract, 36 

Anticholinergic effects, 199 
Anticipatory vomiting, 177 
Anticoagulants, 145 

parenteral, 162-165 
Anti-congestive heart failure (CHF) medications, 57 
Antidepressant drugs 

dopamine-norepinephrine reuptake 
inhibitor, 103 

monoamine oxidase inhibitors, 103-104 
selective serotonin noreplnephrlne reuptake 

inhibitors, 102 
selective serotonin reuptake inhibitors, 101-102 
serotonin (5HTJ-receptor antagonists, 104 
tetracyclic antidepressants, 105 
therapeutic efficacy, 100 
tricyclic antidepressants, 103 
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Antidiarrheal agents, 123, 185-186 
bismuth subsallcylate, 185 
general characteristics, 185 
octreotide, 186 
opioid agonists, 185 

Antldigoxln antlbodles, 75 
Antldiuretlc drugs, 60-61 
Antldiuretlc hormone (ADH), 58, 60-61, 211-212, 

323E 
Antlemetlcs,177-179,188b 

benzodiazepines, 178 
cannabinolds, 178 
dopamine receptor antagonists, 178 
histamine H,-receptor antagonists, 178 
muscarinic M,-receptor antagonists, 177 
neuroklnin l (NK1)-receptor antagonists, 179 
pathoph}'liliology of nausea and vomiting, 177 
selective 5-HT,-receptor antagonists, 178 

Antlepileptic drugs 
adverse effects, 112-113, 112t 
drug Interactions, 113 
Indications, 111 
mechanism ofaction, 110-111 
pharmacologic properties, 111 
seizures, drug treatment of, 11 O 

Antlestrogen, 214-215 
Antlestrogenic activity, 287 
Antltlatulence, agents to, 186 
Antifreeze, 127 
Antlfungal agents, 256-258 
Antlhepatitis agents, 266-267 
Antlherpetic drugs, 262-263 
Antihistamine, 103, 138-139, 199 
Antlhypertenslve drugs, 67-73, 68t 

ACE lnhlbitors, 69 
a-adrenoceptor agonists, 71-72 
a-adrenoceptor antagonists, 71 
angiotensln II receptor blockers (ARBs), 69-70 
j}-adrenoceptor antagonists, 70 
blood pressure regulation, 67 
calcium-channel blockers, 71 
dluretlcs, 69 
goal of, 67 
hypertension, agents used for, 72 
pulmonary hypertension, agents used in, 

72-73 
renin inhibitors, 70 
renin-angiotensin system, 67 
types of, 68t 
vasodilators, 72 

Anti-IgE antibody, 198, 198/, 20lb 
Anti-inflammatory agents, 138-157 
Anti-influenza agents, 263-264 
Antimetabolites, 274, 279-281, 294E 
Antimuscarinic agents, 34-36 
Antimycobacterial agents, 254-256 

atypical mycobacteria, 256 
in Mycobacterium leprae (leprosy), 256 
second-line drugs used in TB treatment, 256 

Antineoplastic therapy, 274 
Antinicotinic agents 

depolarizing neuromuscular blockers, 38 
ganglion-blocking drugs, 36 
nondepolarizlng neuromuscular blockers, 37 
spasmolytic agents for acute use, 40 
spasmolytic agents for chronic use, 39 

Antiparasitic drugs, 258-262 
Antiprogestins, 216 
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Antipsychotic {neuroleptic) drugli, 96-100, 108 
adverse effects and contraindications, 98-100 
agents,97 
atypical antipsychotics, 97 
dopaminergic neural pathways, 97 
drug interactions, 100 
indications, 97-98 
mechanism of action, 97 
therapeutic action, 98 
therapeutic uses, 98 
typical antipsychotics, 97 

Antipyretic effect {decrease fever), 144 
Antipyretics,144,147 
Antiretrovlral drugs, 264-267 
Antisecretory drug1; 

classes of, 181/, 185 
Antispasmodics {anticholinergic agents), 186, 188b 
Antithrombin,164, 167, 176E 
Antithrombin III {ATIII), 162 
Antithrombotics, 168-170 

aspirin, 168 
dipyridamole, 168 
GPIIb/Illa inhibitors, 170 
pharmacologic action of, 169f 
P2Y 12-receptor inhibitors, 168 
thrombin receptor antagonist, 170 

Antithymocyte globulin {ATG), 151t, 152, 153b 
Antithyroid drugs, 224-225 

iodide, 224 
radioactive iodine '"'I, 225 
thioamides, 224 

Antitumor antibiotics, 283 
Antitussive agents, 123, 200 
Antiviral drugs, 262-264 

antihepatitis agents, 266-267 
antiherpes virus drugs, 263-264 
antiherpetic drugs, 262-263 
antiretroviral drugs, 264-267 
HIV-I protease inhibitors, 265 

Anxiety disorders, 94, 101, 126 
benzodiazepines for, 94 

Apathy,97 
Apixaban, 165, 17lb 
Aplastic anemia, 251 
Appetite enhancers, 180 
Appetite stimulant, 131 
Aprepitant, 179, 188b, 189Q, 191E 
Arachidonic acid, 142 
2-Arachidonoylglycerol, 131 
Argatroban,165,171b 
Aripiprazole, 97 
Aromatase inhibitors, 215, 287-288, 295E 
Aromatic hydrocarbons, 128, 300 
Arrhythmia,70,126,195 

causes of, 77-78 
Arsenic poisoning, 303 
Arsine gas, 303 
Artemisinins, 259 
Arteriolar vasoconstriction, 68t 
Asbestos {asbestosis), 300 
Aspirin,144-146,153b,156E,165,167-168,17lb, 

202Q,204E 
adverse effects, 168 
indications, 168 
mechanism of action, 168 

Asthma,32,193-199 
adrenergic agonists, 194-195, 194f 
anti-IgBantibody, 198, 198f 
chromones, 199 

glucocorticoid~l96-197,196f 
leulcotriene pathway Inhibitors, 197-198, 197f 
long-acting fl,-adrenoceptor agonists, 194 
methylxanthines, 195 
muscarinic antagonists, 195-196 
pharmacologic agents, 194 
phosphodiesterase-4 enzyme inhibitor, 199 
rotlumilast, 199, 20lb 
short-acting fl.,-adrenoceptor agonists, 194, 194f 

Atazanavir, 265 
Atenolol, 46, 70, 86b, 90E 
Atorvastatin, 83, 86b 
Atrial and ventricular myocytes, 78 
Atrial fibrillation, 75, 87Q, 88Q, 90E, 164-166, 173Q 
Atrioventricular (AV) node, 70, 90E 
Atropine, 33, 36, 50Q, 54E, 82, 87Q, 90E, 79t, 123, 282, 

301, 307Q, 308Q, 309E 
Attention deficit hyperactivity disorder (ADHD), 43, 

128, 314Q 
Atypical antipsychotic agents, 97 
Auranofin, 147, 153b 
Autocoids, 138-157 
Autoimmune disease, 34 
Autonomic hyperexcltabillty, 121 
Autonomic nervous S}'litem (ANS) 

actions of, 25t 
adrenergic receptor antagonists 

alpha adrenoceptor antagonists, 21-22, 44-45, 
45t, 71 

beta adrenoceptor antagonists, 45-47, 68, 70 
antinicotlnic agents, 36-40, 37t 

depolarizing neuromuscular blockers, 38 
ganglion-blocking drugs, 36 
nondepolarizlng neuromuscular blockers, 37 
spasmolytlc agents for acute use, 40 
spasmolytlc agents for chronic use, 39 

enteric nervous system, 26 
muscarinic-receptor antagonists 

adverse effects, 36 
cardiovascular S}'litem, 36 
central nervous system, 36 
drug interactions, 36 
eye,35 
mechanism of action, 34-36, 35t 
pharmacologic effects, 34 
pharmacologic properties, 35 
precaution, 36 
respiratory system, 36 
urinary tract, 36 

neurotransmitters, 26-27 
organization ot; 25f 
parasympathetic nervous S}'litem (PNS), 24 
parasympathomimetic drugs 

acetylcholinesterase inhibitors, 32-34, 33f 
direct-acting muscarinic cholinoceptor 

agonists, 30-32 
primary neurotransmitters, 26 
receptors, 27-29 
sympathetic nervous system (SNS), 24 
sympathomimetic drugs 

adverse effects and toxicity, 44 
drug interactions, 44 
mechanism of action, 40 
pharmacologic effects, 40-41, 41t 
specific agents and indications, 41-43, 41t 

Azathioprine, 149, 149t, 153b, 187, 188b 
Azilsartan, 86b 
Azithromycin,250,272E 
Aztreonam,247,328E 



B 
Bacitracln, 247 
Baclofen, 39 
Bacterial protein synthesis lnhibltors, 

248-252 
Bactericidal agent, 241 
Bacteriostatic agent, 241 
Bagging, 127 
Balanced anesthesia, 113 
Balsalazlde, 187, 188b 
Barbiturates, 110, 116 

adverse effects and precautions, 92 
classification, 93t 
drug Interactions, 92 
general properties, 92, 93/ 
Indications, 92, 93t 
mechanism of action, 92, 93/ 
phenobarbital, 110 

Baroreflexes, 67 
Basillxlmab, 15lt, 152, 153b 
Basophils, 138 
BCNU {carmustine), 277t 
Beclomethasone,196,200,20lb 
Behavior,97 
Benazepril,69,86b 
Benign prostatic hyperplasia (BPH), 44 
Benzene, 128, 298t, 300, 308Q, 309E 
Benzodiazepines, 92-96, 110, 116, 178, 182, 

188b 
for acute mania, 95 
adverse effects, 95 
for anxiety disorders, 94 
drug interactions, 95 
general properties, 92, 93/ 
indications, 94, 95t 
for insomnia, 95 
mechanism of action, 94 
for muscle relaxation, 95 
pharmacologic properties, 94, 94/ 
for physical dependence, 96 
for preanesthetic and short medical/surgical 

procedures, 93t 
precautions, 95 
for seizures, 95 
therapeutic uses, 94 
tolerance, abuse and dependence, 95 

Benzonatate, 200, 20lb 
Benzphetamine, 179, 188b 
Benztropine, 36, 48Q, 52E, 99, 324E 
~-adrenoceptors, 29, 90E 

agonists, 42, 51Q, 54E 
antagonists, 45-47, 68, 70 

specific agents, 70 
mechanism ofaction, 70 
indications, 70 
adverse effects, 70 
contraindications, 70 

~-amyloid plaques, 109 
Beta-lactam drugs, 247 
Betaxolol, 46 
Bethanechol, 31, 48Q, 52E 
Betrixaban,165,17lb 
Bevacizumab, 285, 292Q, 294E, 295E 
Bicalutamide, 219, 288-289 
Biguanides, 230 
Bilateral renal artery stenosis, 69-70 
Bile acid sequestrantll, 85, 86b 
Bioavailability of a drug, 9 
Biologic agentll, 150-152, 15lt 

Index 335 

Biotransformatlon (metabolism) of drugs, 11-13 
classification o~ 11-12 
general properties, 11 

Bipolar disorder, 106, 317Q 
treatlilent, lithium and anticonvulsants for 

adverse effects, 106 
drug Interactions, 106 
Indications, 106 
mechanism ofaction, 105, 105/ 
pharmacologlc properties, 105 
precautions and contraindications, 106 
toxicity, 106 

Bisacodyl, 184, 188b 
Bismuth subsalicylate, 182, 185, 188b, 190Q, 192E 
Bisoprolol, 86b 
Bisphosphonates, 234, 240E 
Bithlonol, 262 
Bivallrudln,165,17lb 
Bleomycin, 294E, 294E, 283, 276t, 277t, 292Q 
Bloclc dopaminergic receptors, 178 
Bloclc muscarlnic receptors, 36, 109 
Blood flow importance, 10 
Blood glucose, agents that increase, 231-232 
Blood pressure regulation, 67 
Blood-brain barrier, 1 O, 139 
Bortezomib, 284 
Bosentan, 72, 86b 
Botanical insecticides, 301 
Botulinum toxin, 26, 40, 48Q, 52E 
Bradyarrhythmias, 78 

treatlilent of, 78, 82 
Bradycardia,39,81, 118 
Brain-derived neurotrophic factor (BDNF), 100 
Breast cancer, 319Q 
Brentuximab vedotin, 285, 294E, 295E 
Bromocriptine, 99, 141, 153b, 156E, 208 
Bromphenirarnine, 153b, 199, 201b 
Bronchial airwayhyperreactivity, 31 
Bronchoconstriction, 31-32, 138 
Bronchodilation,35,115 
Bronchospasm, 81 
Bruxism, 128 
Budesonide, 188b, 196, 200, 201b, 202Q 
Bulk-forming laxatives, 183, 188b, 192E 
BUII1etanide,57,86b 
Bupivacaine, 118 
Buprenorphine, 120, 123 
Bupropion, 136E 
Buspirone, 96, 140, 140t, 153b, 156E, 324E 
Busulfan, 278, 291Q, 294E, 294E 
Butyrophenones, 98t 

c 
Cabazitaxel, 282 
Cabergoline, 141, 156E, 208 
Cachexia, 180 
Calcifediol, 233, 233t 
Calcimimetics, 235 
Calcineurin, 149, 149t, 157E 
Calcineurin Inhibitors, 157E 
Calcipotriene, 233t, 234 
Calcitonin, 233 
Calcitriol, 233, 234, 238Q, 239Q, 240E, 233t 
Calcium carbonate, l 73Q, l 75E, 180, 188b 
Calcium channel bloclcers, 82, 86b, 110 
Calcium homeostatic system, 232-235 

calcium supplements, 235 
drugs affecting, 232-235 

Calcium supplements, 235 
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Calcium-channel blockers, 71 
Camptothecins, 282 
Canagllflozin, 231 
Cancer chemotherapy, 274-295 

alkylating agents, 277-279 
antlmetabolites, 279-281 
antineoplastic therapy, 274 
antitumor antibiotics, 283 
cell cycle, 274, 276/ 
combination chemotherapy, 275, 276t 
corticosteroids, 287 
hormone therapy, 287-289 
microtubule damaging agents, 281-282 
miscellaneous antineoplastic agents, 284 
multidrug resistance gene, 277, 277t 
principles of, 274-277 
resistance, 276--277 
sites of action for, 274, 275/ 
targeted therapy, 284-286 
topolsomerase inhibitors, 282-283 

Candesartan,69,86b 
Cannabinoids, 178 
Cannabis, 130-131 
Capecitabine, 291 Q, 293Q, 294E, 280 
Captopril, 69, 86b 
Carbachol, 31 
Carbamate(s), 33 
Carbamate insecticides, 301 
Carbamazepine,12,106,110-lll,113,306,310Q,322E 
Carbamic acid esters, 33 
Carbapenems, 241, 246 
Carbidopa, 107-108, 324E 
Carbon monoxide (CO), 298-299 
Carbonic anhydrase inhibitors, 56, 65E 
Carboplatin, 278, 279, 291 Q, 292Q, 295E 
Carboprost tromethamine, 143, 153b 
Carboxyhemoglobin, 299 
Carcinoid syndrome, 186 
Cardiac arrest, 39 
Cardiac arrhythmias, 100, 128 
Cardiac disease, 32 
Cardiac glycosides, 69, 74-75 
Cardiac muscle, 138 
Cardiac toxicity, 128 
Cardiomyopathy, 126 
Cardiovascular collapse, 127 
Cardiovascular events, 145 
Cardiovascular system 

beta adrenoreceptor antagonists, 45-47, 68, 70 
drugs acting on, 67-91 

plasma lipids, drugs that lower, 83-85 
vasodilators, 72 

sympathomimetic drugs, 40 
Carmustine (BCNU), 278, 291Q 
Carteolol, 46, 68t 
Carvedilol, 45-46, 68t, 70, 86b 
Caspofungin, 257 
Catalase, 298 
Catecholamines, 26, 27/ 
Catechol-0-methyltransferase (COMT), 27, 109, 313Q 
Cathartic colon, 184 
Cathartics, 184, 302 
Cebutolol, 70 
Cefaclor, 245 
Cefadroxil, 245 
Cefazolin, 245, 328E 
Cefdinir, 245t, 246 
Cefepime, 246, 272B, 245t, 269Q 
Cefixime,245~246 

Cefoperazone, 245~ 246 
Cefotaxlme, 245 
Cefotetan, 246 
Cefoxitin, 245 
Cefprozil, 245 
Ceftlzoxlme,245 
Ceftrlaxone, 20Q, 23E, 272B 
Cefuroxime, 245 
Ceiling effect, 92 
Celecoxib, 146, 153b, 154Q, 155Q, 156B 
Cell cycle, 274, 276/ 

Mphase,281 
Sphase, 279 

Cellular tolerance, 124 
Central diabetes insipldus, 61 
Central nervous system (CNS) 

depressants, 300 
ethanol, 125, 125/-127/ 
ethylene glycol, 127 
GHB, 127 
inhalants, 127 
methanol, 127 

drugs acting on, 92-96, 307Q, 309B 
effects, 297t 
stimulants 

amphetamine and methamphetamine, 128 
cocaine, 128 
methylenediox:ymethamphetamine, 128 
nicotine, 129 

Central sympatholytics, 68t 
Centrally acting vasodilators, 71-72 
Cephalexin, 245 
Cephalosporins, 243/, 244, 245t 
Cerebral palsy, 39, 137E 
Certolizumab, 150, 15lt, 187, 188b 
Cervical ripening. 143 
Cestode, 262 
Cetirizine,139,153b,199 
Cetrorelix, 208, 236 
Cetuximab, 285, 329E 
Cevimeline, 31 
Challenge test, 193 
Charcoal, 302, 305, 307Q, 309E 
Chemoreceptor trigger zone (CTZ), 177 
Chemotherapy, 161-162 
Chloral hydrate, 297t 
Chloramphenicol, 328E 
Chlordiazepoxide,95,95t 
Chloride channel activators, 186 
Chloroform, 298t, 300 
Chlorophenothane, 308Q, 309E 
Chloroprocaine, 118 
Chloroquine, 258 
Chlorothiazide, 58, 86b 
Chlorpheniramine,139,153b,199,20lb 
Chlorpromazine,97, 100,208 
Chlorthalidone, 58 
Cholecalciferol, 233, 239Q, 240E, 233t 
Cholecystectomy, l 73Q 
Cholestasis, 179 
Cholesterol, 83, 324E 
Cholesterol biosynthesis (statins), inhibitors of, 83 
Cholestyramine, 75, 85, 86b 
Cholinergic fibers, 26 
Cholinergic intemeurons, 109 
Cholinesterase, 320Q 
Cholinoceptors, 27 
Chromones, 199 
Chronic bronchitis, 193, 195 



Chronic constipation, 183 
Chronic exposure, 298 
Chronic gout, 320Q 
Chronic hepatitis, 317Q 
Chronic immune tlu:ombocytopenla (ITP), 162 
Chronic kidney disease, 161 
Chronic myelocytlc leukemia ( CML), 278, 292Q, 293Q 
Chronic obstructive pulmonary disease (COPD), 193, 

201, 203Q, 204E 
Chronic pain disorders, 102 
Chronic weight management, 179-180 
Clclesonlde, 20lb 
Cldofovlr, 263 
Cllostazol, l 7lb 
Cimetldine, 139, 153b, 154Q, 181-182, 188b, 190Q, 

191E 
Clnacalcet, 235, 238Q 
Clnchonism, 79, 88Q, 91E 
Clprofloxacln, 253 
Circulatory congestion, 73 
Clrrhosls-assoclated ascltes, 64Q 
Clsplatln, 278, 279, 291Q, 292Q, 293Q, 294E, 295E, 

276t, 277t, 329E 
Citalopram, 101 
Cladribine, 281 
Claritlu:omycin, 250 
Classic angina, 76 
Clavulanic acid, 243/, 244 
Clearance (CL), 13-14, 17 
Clemastine, 139, 153b 
Clindamycin, 251 
Clomiphene, 214-215 
Clonazepam, 94, 95t 
Clonidine, 50Q, 53E, 68t, 71-72, 86b, 311Q, 323E 
Clopidogrel, 168, 170, 17lb, 172Q, 173Q, 174Q, 

175E, 176E 
Clorazepate, 95t 
Clotrimazole, 257 
Clozapine,97,99-100,325E 
Cobalamins, l 75E 
Cocaine,27,118,128,137E 
Codeine, 120, 122, 200, 20lb, 202Q, 204E 
Colchicine, 147, 153b, 154Q, 156E 
Colesevelam, 85, 86b 
Colestipol, 85, 86b 
Coma, 125 
Competitive antagonists, 4 
Confluent mucosa! inflammation, 187 
Congestive heart failure {CHF), agents used to treat, 

20Q, 23E, 57, 64Q, 73-76, 312Q, 323E 
ACE inhibitors, 69, 73-76 
adrenergic agonlst, 75-76 
angiotensin II receptor bloclcers, 69-70 
cardiacglycosides, 74-75, 74f 
diuretics, 69 
overview of, 57, 73, 73f-74f 
phosphodiesterase-3 enzyme inhibitor, 75 
questions regarding, 20Q, 23E, 88Q 
renin-angiotensin activity, drugs inhibiting, 67 
vasodilators, 76 

Conivaptan,61,212 
Conjugation reactions, 11 
Conjunctivitis, 139 
Conn syndrome, 64Q 
Constipation,183-185 

bulk-forming laxatives, 183 
general characteristics, 183 
irritant {stimulant) laxatives {cathartics), 184 
lubricating agent, 184 
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opioid-receptor antagonists, 185 
osmotic laxatives, 184 
stool softener, 184 

Contraceptives, hormonal, 216-217 
Conventional (nonblologlc) agents, 149-150, 149t, 150/ 
Coronary artery disease {CAD), 141, 179 
Cortical collecting due, 59/ 
Corticorelln, 209 
Corticosteroids, 219-222, 287 

admlnlstratlon,221 
blosynthesls of, 219, 220/ 
glucocorticoids, 221 
Inhaled, 194 
mechanism of action, 219 
mineralocortlcolds, 222 
natural adrenocortical steroids, 219 
pharmacologlc properties of, 219 
replacement therapy, 221 
synthetic adrenocortical steroids, 219 

Corticotropln-releaslng hormone (CRH), 209 
Cortisol, 19Q, 22E 
Cortisone acetate, 220t 
Cosyntropin, 211 
Cough, 120, 193, 199-201, 202Q, 204E, 250 

agents to treat, 200-201 
characteristics of, 200 
mechanism of, 200f 

Crohn's disease, 19Q, 22E, 152, 187, 192E, 279, 326E 
Cromolyn sodium, 199, 139, 153b 
Cross-dependence, 124 
Cross-hypersensitivity, 145 
Cross-tolerance, 96, 124 
Cryoprecipitate, 167 
Cryptococcal meningitis, 257, 270Q, 273E 
Curare, 50Q, 54E, 259 
Cyanide,72,77,90E,297t,302 
Cyanocobalamin, 160, l 7lb, l 73Q, l 76E 
CyclicAMP (cAMP)-mediated phosphorylation, 75, 91E 
Cyclobenzaprine, 40 
Cyclooxygenase (COX) pathway, 142 
Cyclooxygenase (COX)-1 

aspirin effects on, 144 
description of, 142, 144, 156E 

Cyclooxygenase (COX)-2 selective inhibitors, 144-146 
Cyclophosphamide, 152, 153b, 278, 291Q, 292Q, 

294E, 276t, 277t, 326E 
uses for, 152 

Cycloplegia, 34, 50Q, 54E, 82 
Cycloserine, 256, 270Q, 273E 
Cyclosporine, 149-150, 149t, 153b, 155Q, 157E 
CYP17,288 
CYP3A subfamily, 12 
CYP3A4, 12, 95, 257 
CYP2D6 inhibitors, 102, 122, 136E 
Cyproheptadine, 153b 
Cysteinyl leukotrienes {CysLTs), 197 
Cystic fibrosis, 183 
Cysticercosis, 261 
Cytarabine, 277t, 281, 291Q 
Cytochrome P-450s, 11, 12, 20Q, 23E, 115-116, 139, 182 
Cytolcine~l50,196,221,232,236,286 
Cytomegalovirus,262 
Cytotoxic T-lymphocyte-associated antigen 4 

(CTLA-4), 286 
Cytotoxi.city, 162, 176E 

D 
Dabigatran, l 7lb 
Dacarbazine, 276t 
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Dactlnomycln, 277t, 283 
Dalfoprlstln, 252 
Dalteparln, 164, 17lb 
Danazol, 215 
Dantrolene, 39, 39, 50Q, 53E, 115 
Dapagllflozln, 231 
Dapsone, 256 
Daptomycln, 247 
Darbepoetln alfa, 161, 17lb 
Dasatlnib, 286 
Daunomycln, 277t 
Daunorublcln, 283 
Daytime sedation, 96 
Deep vein thrombosis (DVT), 164, 320Q 
Deferaslrox, 305 
Deferoxamlne, 159, 305, 307Q, 309E, 326E 
Degarellx, 208 
Delavlrdlne (DLV), 265 
Delayed toxicity, 298 
Delirium tremens, 126 
o (delta)-receptors, 119 
Demeclocycllne, 61, 249-250 
Dementia, 109 
Denosuniab,234-235 
Deoxyadenosylcobalamin, 159, l 75E 
Deoxythymidylate, 160 
Dependence, 124 

benzodiazepine, 96 
Depolarizing blockade, 28 
Depolarizing neuromuscular blockers, 38 
Depress mean arterial pressure, 115 
Depress respiration, 95 
Depression, 19Q, 22E, 103 
Desirud.in, 165, 171b 
Desloratad.ine, 139, 153b 
Desmopressin, 61, 167, 171b, 323E 
Desvenlafaxine, 102 
Detemir, 227t, 228 
Dexamethasone, 219, 220t, 221-222, 276t, 280, 284, 

287,291Q 
Dexamethasone suppression test, 222 
Dexlansoprazole, 182, 188b 
Dexmedetomid.ine, 116 
Dextroamphetamine, 43 
Dextromethorphan, 123, 136E, 200, 20lb 
Dextrose, 307Q, 309E 
Diabetes mellitus, 99 
Diabetic gastroparesis, 178 
Diabetic peripheral neuropathy, Ill 
Diacylglycerol (DAG), 28, 138 
Diarrhea, 119, 141, 143, 145, 328E 
Diazepam,39,94,95,lll,307Q,309E 
Diazinon, 301 
Diazoxide, 232 
Dichlorodiphenyl.trichloroethane {Dm), 301, 308Q, 309E 
2,4-Dichlorophenoxyacetic acid (2,4-D), 302 
Diclofenac, 146, 153b 
Dicloxacillin, 244 
Dicyclomine, 186, 188b, 327E 
Dietarytyramine, 104 
Diethylcarbamazine, 262 
Diethylpropion, 179, 188b 
Difenoxin, 185, 188b 
Diffusion, 27 
Digestive enzyme replacements, 183, 188b 
Digitalis, 44 
Digmdn, 19Q, 20Q, 22E, 23E, 74, 74/, 75, 79t, 82, 86b, 90E 

description of, 74-75, 82 
questions regarding, 87Q, 88Q, 89Q, 90E 

Dlhydroergotamlne, 141 
Dlhydropyridlnes, 71 
Dlhydrotachysterol, 238Q, 239Q, 240E 
Dlhydrotestosterone, 206, 213/, 218 
5a-Dlhydrotestosterone, 218 
Dllodotyroslne, 223, 240E 
Dlltlazem, 71, 82, 87Q, BBQ, 90E, 86b 
Dlmenhydrlnate, 139, 153b, 154Q, 156E, 178, 188b, 

190Q, 192E 
Dlmercaprol, 303-305 
Dlnoprostone, 143, 153b, 156E 
Dlpeptidyl peptidase 4 (DPP-4) inhlbltors, 231 
Dlphenhydramlne, 139, 153b, 188b, 199, 199, 20lb, 

202Q 
questions regarding, 154Q, 156E, 202Q, 204E 

Dlphenoxylate, 119, 123, 136E, 185, 188b 190Q, 192E, 
317Q,327E 

Dlpyrldamole, 77, 168, 17lb 
Direct factor Xa Inhibitors 

administration and monitoring, 166 
adverse effects, 166 
drug Interactions, 166 
indications, 165 
mechanism of action, 165 
precautions and contraindications, 166 

Direct-acting muscarlnic cholinoceptor agonists 
adverse effects, 32 
mechanism of action and chemical structure, 30 
pharmacologic effects, 30, 30t, 3lt 
precautions, 32 
specific drugs and indications, 31, 31t 

Discontinuation syndrome, 102, 104 
Disease-modifying antiarthritic drugs (DMARDs), 149 
Disopyramide, 79, 79t, 86b 
Disorientation, 126 
Distal convoluted tubule, 58, 58/ 
Disulfiram,126,229,246,254,260 
Diuretics, 55-60, 68t, 69 

adverse effects, 55 
antihypertensive uses of, 67, 68t 
carbonic anhydrase inhibitors, 56, 56/ 
congestive heart failure treated with, 69 
effects, 55 
function, 55, 55/ 
indications, 55 
list of, 62b 
loop, 56/, 57-58, 57/, 65E 
osmotic,60 
potassiuni-sparing diuretics, 59-60, 59/ 
sites ofaction, 55/ 
thiazide, 58-59, 58f, 65E 

Dizziness, 110 
D-lysergic acid diethylamide (LSD), 130 
Dobutamine, 43, 50Q, 53E, 54E, 75, 

75,86b, 91E 
questions about, 88Q, 91E 

Docetaxel, 282 
Docusate, 184, 188b 
Dofetilide, 81, 86b 
Dolasetron, 140t, 141, 153b, 178, 188b 
Donepezil, 110, 325E 
Dopamine (DA), 27, 42, 53E, 76, 103, 177, 311Q, 323E 
Dopamine (DA)-produclng neurons, 107 
Dopamine-norepinephrlne reuptake inhibitor, 103 
Dopamine-receptor agonistli, 108 
Dopamine-receptor antagonist, 103, 178 
Dopamine transporter (DAT), 128 
Dose, loading, 18 
Dose reduction, 149 



Dose-response relationships, 1-6, 296 
Doxazosin, 71, 86b, 45 
Doxorubicin, 276t, 283, 291Q, 294B 
Doxycycllne, 249, 272E 
Doxylamine, 139, 153b 
D1-receptor agonist, 43 
D,-receptor antagonists, 97 
Dronabinol, 131, 178, 180 

questions regarding. 189Q, 192E 
Dronedarone, 81, 86b 
Droperidol, 178, 188b, 190Q 
Drospirenone, 215-216 
Drug(s) 

absorption, 7-9 
administration routes, 8-9 
distribution, 10-11 
effects, 1-3 
efficacy, 5 
elimination and termination of action, 13-15 

Drug abuse, 179 
Drug action, principles, 1-23 

dose-response relationships, 1-6 
quantal dose-response curve, 6 

Drug elimination and termination of action, 13-15 
clearance (CL), 13-14 
first-order elimination, 16 
mechanisms of, 13 
zero-orderldnetics,17 

Drug-induced lupus, 327 E 
Drug poisoning. 305-306 
Drug potency, 5 
Drug-receptor complexes, 21 Q, 23E 
Drugs of abuse 

actions and effects for, 124t 
CNS depressants, 125-128 
CNS stimulants, 128-130, 129/ 
definitions,123-124 
hallucinogens, 130 
marijuana, 130-131 

Drug-seeldng behavior, 124 
Dry mouth, 103 
Duloxetine, 102, 136E 
Dutasteride, 218 
Dyskinesias, 108 
Dysmenorrhea, 144 
Dysphoria, 119 
Dyspnea, 187 

E 
Eating disorders, 103 
Echothiophate, 32 
Ecotoxicology, 296 
Ecstasy, 137E 
Ectopic foci, 78 
Edema, 138 
Efavirenz {EFV), 265 
Eicosanoids,142-143 

actions, 143t 
adverse effects, 143 
biosynthesis,142-143,142/ 
indications, 143 
lipoxygenase pathway, 142 
location, 143t 

Eicosatetraenoic acid, 142 
Electrolyte imbalances, 55, 58 
Elettiptan,140,153b 
Elevated low density lipoprotein cholesterol 

(LDL-C), 84 
Elevated prolactin, 141 

Elimination rate constant (k), 17 
Binpagllflozln,231 
Binphysema, 193 
Bintricltablne, 264 
Enalapril, 68t, 69, 86b, 174Q 
Endocardltis prophylaxis, 244 
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Endocrine system, drugs acting on, 205-240 
adrenal cortex, 219-222 
anterior pituitary, 209-211 
calcium homeostatic system, 232-235 
gonadal and reproductive system, 213-219 
hormone receptors, 205 
hypothalamus, 205-209 
pancreas and glucose homeostasis, 226-232 
posterior pituitary, 211-213 
retinoic acid and derivatives, 235-236 
thyroid gland, 223-225 

Endogenous catecholamines, 40 
Endometrial hyperplasia, 214, 216 
Endothelin receptor antagonists, 72 
Enflurane, 136E 
Enfuvirtide, 266 
Enoxaparin,164,17lb 
Entecavir, 267 
Enteric nervous system, 26 
Enterochromaffin-llke cells {ECL), 138 
Enzyme activity, alteration, 3 
Enzyme-catalyzed conversion, 13 
Ephedrine, 27, 43 
Epidermal growth factor receptor {BGFR), 320Q 
Epilepsy, 56, 110 
Eplnephrine,26,41-44,117 
Epipodophyllotoxlns, 283 
Epirubicln, 283, 291Q 
Episode, 314Q 
Eplerenone, 59-60, 66E, 86b, 330E 
Epoetin alfa, 161, 17lb, 175E 
Epoprostenol, 143, 153b 
Eprosartan, 86b 
Eptifibatide,170,17lb 
Erectile dysfunction, 73, 143 
Ergosterol, 233, 239Q, 240E, 256 
Ergot alkaloids, 141 

indications, 141 
physiologic effects, 141 

Ergotamine, 141, 153b, 154Q 
Erlotinib, 286 
Erythema, 138 
Erythroid precursor cells, drug acting in, 161 
Erythromycin, 20Q, 23E, 250, 252, 269Q, 272E 
Erythropoiesis-stimulating agents (ESAs), 161 
Erythropoietin (EPO), 161, 175E 
Escitalopram, 101, 133Q, 136E 
Esmolol, 46, 70, 81, 86b 
Esomeprazole, 182, 188b 
Estazolam,94,95t 
Esters, 117-118 
Ester-type local anesthetics, 118 
Estradiol, 213 
17~-Estradiol, 213 
Estrogen(s), 213-214 

adverse effects and contraindications, 214 
effects, 214 
indications, 214 
mechanism of action, 207/, 213 
metabolism, 213 
structure and properties, 213, 213/ 

Estrogen production, 210 
Estrogen receptor, 215, 292Q, 293Q, 295E 
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Estrogen receptor antagonist, 287 
Estrogen therapy, 214 
Estrone, 213 
Eszoplclone, 96 
Etanercept, 150, 151t, 153b, 155Q, 202Q, 204B 
Ethacrynlc acid, 57, 63Q, 65E, 68t, 86b 
Ethambutol, 255, 270E, 272E 
Ethanol, 125, 125/-127/, 128 
Ethinyl estradlol, 213, 216 
Ethionamlde, 256 
Ethosuxlmide, 110, 325E 
Ethylene glycol, 127, 306, 307Q, 309E 
Ethylenedlamine tetraacetic acid (BDTA), 304 
Etidronate, 234 
Etodolac, 153b 
Etomldate, 116 
Etonogestrel, 217 
Etoposlde, 283, 291Q, 291Q, 293Q, 294B, 276t, 277t 
Etravlrlne, 265 
Euphoria, 119, 127-128, 131 
Euphorlcsensation,121 
Ewing sarcoma, 283 
Exemestane, 215, 287 
Exenatide,231,240E 
Exocrine pancreatic insufficiency, 183 
Extrapyramidal effects, 178 
Extrapyramidal syndrome (EPS), 98 
Eye 

P-adrenoreceptor antagonists, 46 
sympathomlmetic drugs, 41 

Ezetimibe, 85, 86b, 89Q, 324E 

F 
Factor IX (human plasma derived), l 7lb 
Factor VIia (recombinant human), l 7lb 
Factor VIII (recombinant human), l 7lb 
Famciclavir, 263 
Famotidine,139,153b,181,188b 
Fe receptor, 198 
Febuxostat, 147-149, 153b, 156E 
Febrile neutropenia, 318Q 
Felbamate, 110, 111, 325B 
Felodipine, 68t, 71 
Fenamate derivatives, 146 
Fenofibrate, 83-84, 86b 
Fenoldopam, 43, 72, 86b 
Fenoprofen, 146, 153b 
Fentanyl, 116, 123 
Ferric carboxymaltose, 159, l 7lb 
Ferric gluconate, 159, l 7lb 
Ferritin, 158 
Ferrous fumarate, 158, l 7lb 
Ferrous gluconate, 158, l 7lb 
Ferroussulfate,158,17lb 
Ferumoxytol, 159, 17lb 
Fetal alcohol spectrum disorder, 126 
Fetal alcohol syndrome, 137B 
Fetal congenital abnormalities, 106 
Fetal hemoglobin, 161 
Fetal hemorrhage, 137B 
Fexofenadine, 139, 153b, 154Q, 156E, 199, 20lb 
Fibric acid analogs, 84 
Fibrinogen,162,164,166,170,176E,214,217 
Flbrlnolysis, 167 
Flbrinolytic agents, pharmacologl.c action of, 168/ 
Filgrastim, 162, 172Q, 173Q, 175E, 176B, 17lb, 291Q, 

329B 
Finasterlde, 218-219 
First-generation antiandrogens, 289 

First-order elimlnation, 16, 19Q, 20Q, 22E, 23B 
First-order kinetics, 17 
First-pass effect, 9 
Flat affect, 97 
Flecainide, 79t, 81, 86b, 87Q, 90E 
Floxuridlne, 280/ 
Fluconazole, 257, 272B, 273E 
Flucytosine, 257, 270Q, 273B 
Flumazenll, 96, 306, 307Q, 309B 
Flunlsollde, 196, 200, 20lb 
Fluoroquinolone, 272E 
Fluorouracll, 258, 280/, 291Q, 293Q, 295E, 280 
Fluoxetine, 101, 102, 133Q, 136E, 136B 
Fluphenazine, 97 
Flurazepam, 95t 
Flurbiprofen, 153b 
Flutamide, 219, 288-289 
Fluticasone,196,200,20lb 
Fluvastatin, 83, 86b 
Focal ulcerations, 315Q 
Polle acid (vitamin BJ, 160, 17lb 

adverse effects, 160 
analog, 279 
deficiency in pregnant women, 160 
effects of follc acid deficiency, 160 
indications, 160 
pharmacologl.c properties, 160 
structure, 160 

Follicle-stimulating hormone (FSH), 206, 207/ 
Fomeplzole, 127, 127, 306, 307Q, 309E 
Fondaparinux, 165, l 7lb, l 72Q, l 75E 
Formaldehyde, 300 
Formoterol, 194, 20lb 
Fosamprenavlr, 265 
Fosaprepitant, 188b 
Foscarnet, 263, 271Q, 273E 
Fosfomycin, 248 
Fosinoprll, 86b 
Fospropofol, 115 
Fragmin, l 7lb 
Frequency distribution plot, 6, 7/ 
Frovatriptan,140,153b 
5-FU, oxallplatin, leucovorln (FOi.FOX), 216t 
Fulvestrant, 215, 287 
Fumigants, 302 
Furosemide, 57, 63Q, 68t, 86b 

questions regarding, 63Q, 65E 
Fusion inhibitors, 266 

G 
G protein, 1, 19Q, 22B, 138, 212, 223 
G protein-coupled receptors (GPRCs), 138 
Gabapentin,110-111 
Galactorrhea, 141 
Galantamine, 110 
Gallstones, drugs used to dissolve, 183 
Gamma-aminobutyric acid (GABA), 92, 178 
Gamma-aminobutyric acid (GABA) channel poten-

tiation, 110 
Gamma-aminobutyric acid (GABA)-mimetic, 92 
Gamma-aminobutyric acid (GABA)-receptor-

chloride channels, 113 
Gamma-hydroxybutyric acid (GHB), 127, 137B 
Ganciclovir, 263 
Ganglion-blocking drugs, 36 
Ganirelix, 208 
Gastric acid production, 138, 181-182 
Gastric and duodenal ulcers, 139 
Gastric contents, 9 



Gastric lavage, 305 
Gastrin, 190Q, 192E, 206 
Gastrinomas, 192E 
Gastritis, 126 
Gastroesophageal reflux disease (GERO), 139, 178, 181 
Gastrointestinal bleeding, 316Q 
Gastrointestinal (GI) distress, 85, 101, 110, 

147,149,159 
Gastrointestinal (GI) perforations, 185 
Gastrointestinal (GI) system, 9, 26 

antacids, 159, l 75B, 180, 18lf, 191B 
antiemetics, 177-179 

Gastrointestinal tract, drugs acting on, 177-192 
antiemetics, 177-179 
appetite enhancers, 180 
digestive enzyme replacements, 183 
gallstones, drugs used to dissolve, 183 
lower GI tract, agents that act on, 183-187 
obesity management, drugs used to, 179-180 
proklnetic agents, 188b, 192E 
protective agents, 188b, 191B 
upper GI tract, agents that act on, 180-183 

Gefitinib, 286, 292Q, 295B 
Gemcitablne, 281 
Gemfibrozil, 84, 86b, 89Q 
Generalized anxiety disorder (GAD), 96, 140 
Generalized tonic-clonic seizures, 315Q 
Gentamicln, 249, 269, 212E 
Giardia lamblia infection, 270Q 
Giardiasis, 261 
Gingival hyperplasia, 112, 149t, 150, 325E 
Gingivostomatitis, 304 
Glargine insulin, 227t, 228 
Glaucoma, 56, 64Q, 143 
Glimepiride, 228 
Glipizide, 228, 239Q, 240E 
Glomerular filtration capacity, l 72Q 
Glucagon, 190Q, 206, 231, 239Q, 240E, 307Q, 309E 
Glucagon-like peptide-I (GLP-1), 179 

agonists, 179, 231 
Glucagonomas, 192E 
Glucocorticoid(s), 142, 147, 187, 196-197, 196/, 221 

actions of, 219 
adverse effects, 197, 221-222 
antidiarrheal uses of, 185-186 
anti-inflammatory effects, 221 
bronchial disorders treated with, 195 
contraindications, 222 
a-g]ucosidase inhibitors, 230, 240E 
immunologic effects, 221 
immunosuppressive uses of, 142, 147 
indications,196,221 
inhaled, 195, 198, 202Q, 20lb, 204E 
mechanism of action, 196 
mineralocorticoids, 222 
physiologic effects, 221 
predominant, 219 
properties of, 220t 
stimulation of adrenocortical secretion, 211 
synthesis, 219 
therapeutic uses of, 221 

Glucocorticoid receptor (GR), 216, 219 
Glucose homeostasis, 226-232 
Glucose-dependent Insulin secretion, 179 
Glucuronidation reactions, 19Q, 22E 
Glucuronides,147 
Glues, 127 
GLUT-1,227 
GLUT-4,227 

Glutathlone, 298 
Glutathlone peroxidase, 298 
Glyburide, 228, 238Q, 240B 
Glycopyrronium, 195, 20lb 
Glyphosate, 302 
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Gold sodium thiomalate, 147, 153b 
Gollmumab, 150, 151t 
Gonadal, drugs acting on, 213-219 
Gonadotropln-releaslng hormone (GnRH) 

agonlsts, 206-208, 288-289 
antagonist, 288, 295B 

Gonadotroplns, 209-210 
Goserelin, 206, 208, 288, 292Q, 295B 
Gout,drugsusedfoi; 147-148 
G Plla/Illb inhibitors, 170 
G Pllb/Illa inhibitors, 170 
G-protein-coupled receptors, 1, 28, 28t 
Graded dose-response curve, 3-6, 4/, 5/ 

antagonists, 4 
drug potency, 5 
ED,.,4 
efficacy of a drug, 5 
Intrinsic activity, 4 
magnitude of response, 3 
slope, 6 
therapeutic Index (TI), 6 
variability, 6 

Gram-negative aerobes, 243 
Gram-positive cocci (aerobic), 243 
Gram-positive rods (aerobic), 243 
Granisetron, 140t, 141, 153b, 178, 188b 
Granulocyte colony-stimulating factor 

(G-CSF), 162, l 76E 
Granulocyte-macrophage colony-stimulating factor 

(GM-CSF), 162 
Griseofulvin, 258 
Growth hormone (GH) 

agents affecting, 205-206 
agonists, 209 
antagonists, 209 
release of, 206 

Growth hormone receptors, 209 
Guaifenesin, 200, 20lb 
Guanabenz acetate, 68t, 86b 
Guanine nucleotide-binding proteins, 29 
Guanosine diphosphate (GDP), 1 
Gynecomastia, 99, 141 

H 
Hairy cell leukemia, 281 
Half-life (t1iJ, 17, 21Q, 23E 
Hallucinations, 97 
Halogenated aliphatic hydrocarbons, 300 
Halogenated anesthetic agents, 44 
Haloperidol, 97, 297t, 314Q 
Halothane, 39, 114, 134Q, 137E 
Hazard,296 
Heart disease, 126 
Heart failure exacerbation, 19Q, 22E 
Heatburn, 139 
Heavy metal poisoning and management, 302-305 

antidotes, 306 
ethylenediamine tetraacetic acid (EDTA), 304 
inorganic arsenic, 303 
inorganic lead poisoning, 302 
iron, 304 
mercury, 303-304 
metal-chelating agents, 304-305 

Heavy metals, 298 
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Helicobacter pylori-associated ulcers, 182, 250 
Hematologic toxicity, 145 
Hemodialysis, 303-304, 306 
Hemoglobin, 158, 161, 173Q, 175E, 176E 
Hemophilia A, 167 
HemophiliaB, 167 
Hemorrhagic cystitis, 278, 294E 
Hemostaticagents, 167, 168/, 17lb 
Hemostatic disorders, drugs used in, 162-171. see 

also Anticoagulants 
antithrombotics (antiplatelet medications), 

168-170, 169/ 
hemostatic agents, 167, 168/ 
oral anticoagulants, 165-167 
parenteral anticoagulants, 162-165, 163/ 
thrombolytics (fibrinolytic drugs), 170-171 

Henderson-Hasselbalch equation, 8 
Heparin, l 7lb 

administration and monitoring. 164 
adverse effects, 164 
description of, 162 
drug interactions, 164 
indications, 164 
mechanism of action, 162, 163/ 
precautions and contraindications, 164 
questions regarding, l 73Q, l 75E, l 76E 
structure, 162 

Heparin-induced thrombocytopenia (HIT), 164 
Hepatic cirrhosis, 56 
Hepatitis,148,152,265 
Hepatotoxicity, 104, 113, 145, 198 
Herbicides, 301-302 
Hereditary sideroblastic anemia, 161 
High-ceiling diuretics, 57 
High-densitylipoprotein {HDL), 83-84 
Highly active antiretroviral therapy, 253 
Hirsutism, 112, 150 
Histamine, 138-139. see also Antihistamines 

adverse effects, 139 
distribution, 138 
histamine receptors 

Hi, 138-139 
H21 138-139 
Hi antagonists, 139 
H1 antagonists, 139 

mast cell stabilizers, 139 
mechanism of action, 138 
physiologic actions of, 138 
release, 138 
synthesis, 138 

Histamine Hi-receptor antagonists, 178, 199 
adverse effects, 181 
drug interactions, 182 
indications, 181 
mechanism of action, 181 
pharmacological properties, 181 

Histamine Hi-receptor blockade, 99 
Histamine receptors 

HLI 138-139 
H21 138-139 
mast cell stabilizers, 139 

Histrelin,206,208,288 
HIV-I protease inhibitors, 265 
HMG-CoA reductase inhibitors, 83 
Hodgkin lymphoma, 276t, 283, 285, 295E 
Hormonal contraceptives, 216--217 

combination oral contraceptives, 216 
postcoital (emergency) oral contraceptives, 217 
progestin-only preparations, 217 

Hormone receptors, 205 
intracellular receptors, 205 
membrane-associated receptors, 205 

Hormone therapy, 287-289 
5-HT,-receptor antagonists, 97 
Huffing. 127 
Human chorionlc gonadotropin (hCG), 210 
Human Immunodeficiency virus (HIV), 318Q 
Human menopausal gonadotroplns (menotroplns), 210 
Hydralazine, 68t, 72, 77, 86b, BBQ, 90E 
Hydrocarbons, 300 
Hydrochlorothiazide, 58, 62b, 63Q, 65E, 68t, 86b 
Hydrocodone,200,20lb 
Hydromorphone, 200, 20lb 
Hydroperoxyeicosatetraenoic adds (HPETEs), 142 
Hydrophlllc hormones, 205 
Hydrophobic hormones, 205 
Hydroxocobalamin, 72, 87Q, 90E, 160, 17lb 
Hydroxychloroqulne, 152, 153b 
Hydroxydaunomycln, 276t 
Hydroxyeicosatetraenoic acids {HETEs), 142 
Hydroxyurea, 161, 17lb, 173Q, 176E, 292Q, 295E, 284 
Hydroxyzlne,199 
Hyoscyamine, 186, 188b 
Hypercalcemia, 57-58, 232-235 
Hyperchloremic metabolic acidosis, 60 
Hypercholesterolemia, 83-85 
Hyperglycemics, 231-232 
Hyperkalemia, 39, 65E, 69-70 
Hyperllpidemia, 83-85, 99 
Hyperlipoprotelnemlas, 83 
Hyperprolactinemla, 99, 141, 156E 
Hypersensitivity, 145, 244, 246, 253, 282, 284 
Hypertension, 50Q, 53E, 57, 60, 63Q, 64Q, 126, 149t, 

150, 152, 157E, 320Q, 321Q 
agents used for, 72 

Hyperthermia, 102, 146 
Hyperthyroidism, 87Q, 90E 
Hypertrlglyceridemla, 84 
Hyperuricemia, 148 
Hypervolemic hyponatremla, 61 
Hypoglycemia, 228-230, 232, 238Q, 240E 
Hypokalemla, 57-58, 75 
Hypomagnesemia, 182 
Hyponatremia, 65E 
Hypothalamic-pituitary axis, 207/ 
Hypothalamus, 147, 205-209 
Hypoxia, 299 

I 
lbandronate, 234, 238Q, 240E 
Ibuprofen, 146, 153b, 154Q, 155Q, 156E 
Ibutilide, 79t, 81, 86b 
Idarubicin, 283 
Idarucizunlab,166,17lb 
Idiopathic hypercalciuria, 58, 63Q 
Idiosyncratic blood dyscrasias, 112 
Hosfamide, 278, 291Q, 294E 
Iloprost, 143, 153b 
Imatinib, 286, 292Q, 295E, 329E 
lmipenem, 245t, 246, 328E 
lmipramine, 103, 133Q, 136E, 208 
lmiquimod, 267 
lmmunomodulators, 286 
lmmunosuppressive drugs, 148-149 

biologic agents, 150-152, 15lt 
conventional (nonbiologic) agents, 149-150, 149t 
immunosuppressive agents, 148-149 

Impaired contractility, 73 



Inactive prodrug, 20Q, 23E 
Indapamide, 58, B6b 
Indinavii; 265 
Indirect factor Xa lnhlbltor 

administration and monltorlng, I65 
adverse effects, I65 
Indications, I65 
mechanism of action, I65 

Indomethacin, I46-I47, I53b, I54Q, I56E 
description of, I46 
gout treated wlth, I47 

Inert Ingredients, 9 
Infectious disease therapy, 24I-242. see also 

Antibacterials; Antlfungal agents; 
Antiparasitic drugs; Antiviral drugs 

antibacterial agents, 242-248 
antibiotic resistance, 24I-242 
appropriate antibacterial agent, 24I 
bacterial agents, 24I 
bacteriostatic agents, 24 I 

Infertility, I4I 
InO.ammation, IO 
InO.ammatory bowel disease (IBD), agents 

used in, I87 
5-aminosalicylates (5-ASA), I87 
general characteristics, 187 

Infliximab, 150, 151t, I53b, I87, I88b 
Inhalants, I27 
Inhalation administration, 9 
Inhaled anesthetics, 114-115, 114t 
Inhaled corticosteroids, 194-195, 198, 200 
Inhibitors of cholesterol biosynthesls (statlns), 83 
Inhibitors ofrenin-angiotensin, 68t 
Inositol triphosphate (IPJ, 28, I38 
Insecticides, 307Q, 309E, 30I-302 
Insomnia, 95-96, 95t, I04, I39, I95 
Inspired gas partial pressure, 114 
Insulin, 226-228 

adverse effects, 228 
dosage, 228 
indications, 228 
intermediate acting, 95t, 227t, 228 
long acting, 227t, 228 
mechanism of action, 226, 226/ 
physiologic actions of, 227 
preparations, 227, 227t 
properties of, 227, 227t 
rapid acting, 227t, 228 
short acting, 227t, 228 
structure of, 226 
synthesis of, 226 

Insulin aspart, 227t, 228 
Insulin glulisine, 227t, 228 
Insulin llspro, 227t, 228 
Insulin-like growth factor-I, 206 
Interferon, 286 
Interferon alfa-2b, 267 
Interleukin-I (IL-1) receptor, 3I7Q 
Interleukin-2, 286 
Intermediate acting insulin, 227t, 228 
Intermediate-densitylipoprotein (IDL), 83 
International normalized ratio (INR), 166, 176E 
Intestinal motility, 9 
Intraabdominal infection, 3I8Q 
Intracellular receptors, 205, 2I8-2I9 
Intramuscular (IM) drug administration, 9 
Intrathecal administration, 9 
Intrauterine devices {IUDs), 2I7 
Intravenous anesthetics, 115-116 
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Intravenous (IV) drug administration, 9, 20Q, 
2IQ,23E 

Intrinsic factoi; I 60 
Intrinsic resistance, 24I 
Intrinsic sympathomlmetic activity (ISA), 46, 70 
Iodide, 224, 225/ 
Iodoquinol, 260 
Ion trapping, 8 
Ionized (charged) form, 117 
Ipillmumab, 286, 292Q, 294E 
Ipratropium, 36, I95-I96, 200, 20Ib, 202Q 
Irbesartan, 86b 
Irlnotecan, 282, 29IQ, 293Q, 294B 
Iron, 304 

absorption and transport, I58 
iron deficiency anemia, causes of, I58 
iron salt supplements, I58 
regulation, I58 
structure and storage, I58, I59/ 

Iron deficiency anemias, I58 
Irondextran, 159, 171b 
Iron sucrose, 159, 171b 
Irreversible neurologlc disorders, I60 
Irritable bowel syndrome {IDS), 186-187, 188b, 189Q, 

191E 
Irritant (stimulant) laxatives, 184 
Ischemic colitis, 186 
Isoflurane, 114, 137E 
Isoniazid (INH), 254, 272E 
Isoproterenol, 43, 82 

bradyarrhythmias treated wlth, 82 
Isosorbide dinltrate, 76, 86b 
Isosorbide mononitrate, 86b 
Isotretinoin, 235 
Isradipine, 86b 
Itchiness, 138 
Itraconazole, 257 
Ivermectin, 262, 270Q, 273E 

K 
Ketamine, 116, 134Q, 137E 
Ketoconazole, 219, 222, 238Q, 240E, 257 
Ketones, 146 
Ketoprofen, 146, 153b 
Ketorolac, 146, 153b 
Kinins, 199, 221 
Korsakoffpsychosis, 126 

L 
Labetalol, 45-46, 68t, 70, 86b 
Lacrlmation, 121 
Lactulose,184,188b,327E 
Lamivudine,264,266 
Lamotrigine,106,110-111 
Lanreotide, 216 
Lansoprazole, 182, 188b 
L-Asparaginase, 284 
Latanoprost, 143, 153b 
Laxative dependence, 183 
Laxative~183-184,305 
Lead poisoning, 302, 304, 309E 
Leflunomide, 149 
Lenalidomide, 286 
Lethargy, I2I 
Letrozole, 2I5, 287-288 
Leucovorin, I73Q, 276t, 280/. 279, 29IQ, 294B 
Leukopenia, I49 
Leukotriene pathway Inhibitors, I97-I98 
Leukotrienes, I43, I43t, I45 
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Leuprolide, 206, 208, 288, 292Q, 293Q, 295B 
Levalbuterol, 20lb 
LevetiracetaDl,111 
Levocetlrizlne, 153b 
Levodopa 0-dopa), 107-108, 324B 
Levofloxacln, 253 
Levonorgestrel, 215, 216, 217, 238Q 
Levothyroxlne,223 
Lldocalne, 75, 79, 87Q, 88Q, 90B, 91B, 86b, 79t, 118, 

137B, 307Q, 309B 
Llgand-activated Ion channels, 1 
Llgand-gated potassium channels, 28, 113 
Llnaclotlde, 187, 188b 
Llnagllptln, 231 
Llothyronlne, 223, 238Q 
Llotrlx, 223, 238Q, 240B 
Llpase Inhibitor, 179 
Llpid pneumonitls, 185 
Llpid soluble, 139 
Llpid-regulatlng drugs, 85/ 
Llpid-soluble anesthetics, 118 
Llpid-soluble drugs, 8, 10 
5-Llpoxygenase Inhibitor, 198 
Liraglutlde, 179, 188b, 231 
Lisinopril, 69, 86b, 87Q, 90E 
Lithium, 61, 136E 
Lithium-induced diabetes insipidus, 106 
Liver disease, 126 
Loading dose, 18 
Local anesthetics 

adverse effects and toxicity, 118 
classification and chemistry of, 117 
mechanism ofaction, 117 
overview of, 117 
pharmacologic properties, 117-118 
specific local anesthetics and indications, 118 

Lomustine, 278 
Long-acting Jl:i-adrenoceptor agonists, 194 
Loop diuretics, 57-58, 65E, 68t, 69, 86b, 312Q, 323E 

adverse effects and contraindications, 57 
indications, 57 
mechanism, 57 
specific agents, 57 

Loop of Henle, 57, 57! 
Loperamide, 119, 123, 136E, 185, 188b, 282 
Loratadine, 139, 153b, 199, 20lb 
Lorazepam, 95, 95t, Ill, 178, 188b, 189Q 
Lorcaserin, 179, 188b 
Losartan, 69, 86b 
Lavastatin, 83, 86b, 87Q 
Lovenox, 17lb 
Law molecular weight heparin (LMWH) 

administration and monitoring, 165 
adverse effects, 165 
indications, 164 
mechanism of action, 163/, 164 

Law-densitylipoprotein {LDL), 83, 85/ 
Lower GI tract, agentsthat act on, 183-187. see also 

Inflammatory bowel disease (IBD) 
antidiarrheal agents, 185-186 
antiflatulence, agents to, 186 
constipation, agents to, 183-185 
irritable bawel syndrome, agents in treatment, 186-187 

Loxapine, 98t 
Lubiprostone, 187, 188b 
Lubricating agent, 184 
Lumefantrine,260 
Lung cancer, 312Q, 323E 
Lupus-like syndrome, 72, 79 

Lutelnizlng hormone (LH), 206, 207/ 
Lysergic acid dlethylamide (LSD), 137E 

M 
µ (mu)-receptors, 119 
Mahuang,43 
Macrocytic (megaloblastic) red cells, 160 
Macrolides, 328E 
Magnesium, 82 
Magnesium citrate (Citroma), 188b 
Magnesium hydroxide, 180, 188b 
Maintenance therapy, 106 
Major depressive disorder, 101-102 
Malabsorption, 160 
Malabsorption syndromes, 179 
Malathion, 301 
Malignant hypertension, 72, 104 
Malignant hyperthermia, 39 
Memantlne, 325E 
Mammalian target ofrapamycin (mTOR), 150 
Manic episodes, 106 
Manic phase in bipolar disorder, 97 
Mannitol, 60 
MAOA inhibitors, 108 
Maprotiline, 105 
Maratriptan, 140 
Maraviroc,266 
Marijuana, 137E 
Marrow therapeutic index, 195 
Mast cell stabilizers, 139 
Mast cells, 138 
Mechlorethamine,276t 
Mechlorethamine, vincristine, prednisone, procarba-

zine (MOPP), 276t, 291Q 
Meclizine,139,153b,178,188b,189Q 
Meclofenamate, 146, 153b 
Medication-controlled hypertension, 63Q 
Medroxyprogesterone acetate, 215, 217 
Medullary collecting duct, 61/ 
Mefenamic acid, 153b 
MeO.oquine, 259 
Megestrol, 180, 188b, 189Q, 191E, 215 
Meglitinides,229-230,240E 
Membrane-associated receptors, 205 
Memory loss, 109 
Meperidine,120,122-123 
Mepivacaine, 118, 137E 
2-Mercaptoeth-anesulfonate (Mesna), 278 
6-Mercaptopurine, 149, 149, 188b, l88b, 293Q, 295E, 281 
Mercury poisoning, 303-304 
Mesalamine, 187,188b 
Mesna,329E 
Mestranol, 213 
Metabolic acidosis, 56 
Metabolic alkalosis, 180 
Metabolic tolerance, 123 
Metal-chelating agents, 304-305 
Metaproterenol, 194-195, 20lb 
Metastatic cervical cancer, 316Q 
Metaxalone, 40 
Metazoan infections (anthelmintics), agents active 

against, 261-262 
Metformin,230,239Q,240E 
Meth mouth, 128 
Methacholine,31,193 
Methadone,120,123 
Methamphetamine, 43, 128 
Methanol, 127 
Methazolamide, 56 



Methemoglobinemia, 72, 297t, 309E 
Methlclllln, 244 
Methlclllln-resistant S. aureus (MRSA), 244, 272E 
Methlmazole, 224, 238Q, 240E, 240E 
Methocarbamol, 40 
Mettonldazole, 328E 
Methotrexate (MTX), 145, 148, 152, 153b, 154Q, 156E, 

187, 188b, 276-277, 276t, 277t, 279, 280/, 
291Q, 294E 

Methotrexate, vlnblastlne, Adrlamycln, clsplatln 
(MVAC), 276t 

Methyclothiazlde, 86b 
Methylcellulose, 183, 188b, 190Q, 192E 
Methylcobalamin, 159 
Methyldopa, 68t, 71-72, 86b 
Methylene blue, 307Q, 309E 
Methylenedioxymethamphetamlne, 128 
Methylergonovlne, 141, 153b 
Methylnaltre:x:one, 188b 
Methylphenldate, 43, 128 
Methylprednlsolone, 188b 
Methylxanthlnes, 194/, 195, 20lb 

adverse effects and drug interactions, 195 
indications, 195 
mechanism of action, 194/, 195 
pharmacologic properties, 195 

Metoclopramide, 178, 188b, 189Q, 190Q, 192E 
Metolazone, 58, 86b 
Metoprolol, 46, 50Q, 54E, 70, 81, 87Q, 86b, 68t 
Mettonidazole, 254, 260, 273E 
Metyrapone, 222 
Mexiletine, 79, 79t, 86b, 87Q, 90E 
Micafungin, 272E 
Miconazole, 257, 272E 
Microcephaly, 126 
Microtubule damaging agents, 281-282 
Midazolam, 94-95, 95t, 116 
Mifepristone {RU486), 143, 216 
Miglitol, 230, 238Q, 240E 
Migraine headaches, 49Q, 53E, 140t, 141, 154Q, 

156E 
Migraine prophylaxis, Ill 
Mild or moderate hypertension, 69, 12 
Milk-alkali syndrome, 180, 190Q 
Milnacipran, 102 
Milrinone, 75, 86b, 88Q, 89Q, 91E 
Mineral oil, 184, 188b 
Mineralocorticoid receptor (MR), 219, 222 
Mineralocorticoid receptor antagonist, 321Q 
Minimum alveolar concentration {MAC), 114 
Minocycline, 249 
Minoxidil, 68t, 72, 86b 
Miosis, 30, 136E 
Mirtazapine, 105 
Misoprostol, 143, 153b, 183, 188b 
Mitochondrial monoamine o:x:idase (MAO), 27 
Mitotane, 222, 293Q, 295E 
Mobilize peripheral blood progenitor cells, 162 
Modafinil, 43 
Moe:x:ipril, 86b 
Molindone, 98t 
Mometasone,200,20lb 
Monoamine oxidase, 103 
Monoamine oxidase inhibitors {MAOis), 103-104, 

104/, 109 
Monoclonal antibodies {MABs), 284-286, 294E, 

295E 
Monotherapy, 110 
Montelulast, 197, 198, 20lb, 20lb, 203Q 

Morphine, 49Q, 53B, 122 
Motion sickness, 36, 139 
Moxl.tloxacln, 253 
Mucolytics, 201 
Mucosal defense, agents promote 

misoprostol, 183 
sucralfate, 182 

Multidoseklnetics, 17-18 
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Multidrug resistance {MDR) gene, 277, 277t 
Multidrug resistance phenotype (MDRl), 276 
Multidrug-resistant meningitis, 318Q 
Multiple myocardlal infarctions, 311Q, 323B 
Multiple sclerosis, 39 
Mupirocln, 254 
Muscarlnlc antagonists, 177, 188b, 189Q, 19 lE, 19.V, 

195-196 
adverse effects, 36, 196 
cardiovascular system, 36 
central nervous system, 36 
drug interactions, 36 
eye,35 
Indications, 195 
long-acting, 195 
mechanism of action, 34-36, 35t, 195 
pharmacologic effects, 34 
pharmacologic properties, 35 
precaution, 36 
respiratory system, 36 
short-acting, 195 
urinary tract, 36 

Muscarinic cholinoceptor agonists, 49Q, 50Q, 
53E,54E 

Muscarinic cholinoceptor bloclcade, 100 
Muscarinic receptors, 28 
Muscle contraction, 28 
Muscle myoglobin, 158 
Muscle relaxation, 95 
Myasthenia gravis, 34, 53E 
Mycobacterium leprae (leprosy), 256 
Mycophenolate mofetil, 149, 149t, 153b, 155Q 
Mydriasis, 34, 50Q, 54E, 108 
Myeloid cells, drugs acting on, 162 
Myeloid growth factors, 162 
Myelosuppression, 161, 277, 278, 279, 280, 281, 282, 

283, 284, 293Q, 294E, 295E 
Myocardlal infarction (MI), 49Q, 53E, 67, 87Q, 88Q, 

90E,104,144-145,161,172Q,175E 
Myocardial ischemia, 128 
Myoclonic syndromes, 111 

N 
Nabilone,131,178,188b 
Nabumetone, 146, 153b 
N-Acetylcysteine, 201, 20lb, 329E 
N-acetyl-p-aminophenol (NAPQI), 147 
Nadolol, 68t, 79t, 86b, 87Q 
Nafarelin, 206, 208 
Nafcillin, 244 
Na+/K+/2C1- symporter (NKCC2), 57, 57/ 
Naldemedlne, 188b 
Naloxegol, 188b 
Nalo:x:one, 123, 136E 
Naltrexone, 123, 126 
Naproxen, 146, 153b, 155Q, 327E 
Naratriptan, 140, 153b 
Narcolepsy, 43, 128 
Narrow-angle glaucoma, 109 
Nasal septum, 128 
Natalizumab, 15lt, 152, 187-190, 188b 
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Nategllnide, 229, 239Q, 240B 
Natriuretlc diuretics, 55 
Natural adrenocortlcal steroids, 219 
Natural killer (NK) cells, 187 
Nausea and vomiting, pathophysiology of, 177 
Nedocromll, 139, 153b 
Nefazodone, 104 
Negative chronotropic effect, 30 
Negative symptoms, 97 
Nelfinavir, 265 
Neomycin, 249 
Neonatal abstinence syndrome (NAS), 124 
Neostlgmine, 34, 36, 49Q, 53B 
Nephron, 55/ 
Nephrotoxicity, 145, 150 
Nervous system, 24 
Neurokinin l {NK,)-receptor antagonists, 179 
Neuroleptlc malignant syndrome (NMS), 99 
Neuropathic pain, 103 
Neurotransmitters 

of autonomic and somatic nervous systems, 26-27 
somatic nervous system, 26--27 

Neutralize acid {antacids), 180 
Neutropenia, 162, l 73Q 
Nevirapine (NVP), 265, 310Q, 322B 
Niacin {nicotlnic acid), 83-84, 86b, 89Q, 91B 
Nicardipine, 68t, 71, 86b 
Nicotine, 129, 301 
Nicotine replacement therapy, 129 
Nicotlnic acid, 83-84, 86b, 89Q, 91B 
Nicotlnic receptors, 27 
Niemann-Pick Cl-Llke l (NPClLl) protein, 85 
Nifedipine, 68t, 71, 86b 
Nifurtimox, 273B 
Nigrostriatal pathway, 97 
Nllutamide, 219, 288-289 
Nisoldipine, 86b 
Nitrates, 73, 76-77, 77/ 

adverse effects, 77 
drug interactions, 77, 77/ 
indications for selected drugs, 76 
mechanism of action, 76 
pharmacology, 76 

Nitric oxide {NO), 29 
Nitrofurantoin, 254 
Nitrogen dioxide {N02), 299 
Nitrogen mustards, 278 
Nitroglycerin, 76, 86b, 87Q, 89Q, 91E 
Nitroprusside, 68t, 76-77, 86b, 87Q, 90E 
Nitrosoureas, 278, 294E 
Nitrous oxide, 114, 115, 127, 136E 
Nizatidine, 139, 153b, 181, 188b 
N-methyl-d-aspartate (NMDA) receptor, 113, 137E 
N-methyl-d-aspartate (NMDA) receptor 

antagonist, 110 
Nocturnal enuresis, 61 
Nonacetylated salicylates, 145 
Noncalcified gallbladder stones, 183 
Noncompetitive antagonist, 21Q, 23E 
Noncompetitive antagonists, 5 
Nondepolarizing neuromuscular blockers, 37 
Nondihydropyridines, 71 
Non-Hodgkin lymphoma, 271Q, 273E, 276t, 278, 287, 

291Q, 295E 
Non-nucieoside reverse transcriptase inhibitors 

(NNRTis), 265 
Nonopioid analgesics, 153b 
Nonreceptor antagonists, 61 
Nonspecific chemical or physical interactions, 3 

Nonsteroidal antiintlammatory drugs (NSAIDs), 57, 
106,143-144,182-183 

adverse effects, 145 
analgesic effect, 144 
aspirin (acetylsalicylic acid) toxicity, 146 
classification, 146, 146/ 
drug interactions, 145-146 
hypersensitivity (Intolerance), 145 
indications, 144 
mechanism of action, 144 
nonopioid analgesics and antipyretics, 153b 
toxicity, 145 

No-observable-effect level (NOEL), 296 
Noradrenergic fibers, 26 
Norepinephrine (NE), 26--27, 41-42, 103, 123, 179 
Nortriptyllne, 103 
Nystatln, 272B 

0 
Obesity management, drugs used to, 179-180 

GLP-1-receptor agonist, 179 
lipase Inhibitor, 179 
serotonin agonist, 179-180 
sympathomimetlc drugs, 179 

Obsessive-compulsive disorder (OCD), 133Q, 136E 
Occupational toxicology, 296 
Octreotlde, 186, 188b, 190Q, 192B, 206, 236 
Otloxacln, 253 
Olanzaplne,97,99 
Olmesartan, 86b 
Olsalazine, 187, 188b 
Omalizumab,198,20lb,202Q,204E 
Omeprazole, 182, 188b 
Ondansetron, 140t, 141, 153b, 154Q, 156B, 178, 188b, 

189Q, 190Q, 191B, 192B, 327E 
One-compartment model of drug distribution, 15, 15/ 
Open-angle glaucoma, 31 
Opioid{s), ll6, 200, 204E 

agonists, 185 
analgesics 

adverse effects, 121 
antldiarrheal agents, 123 
antitussive agents, 123 
drug interactions, 122 
indications of, 119-120 
mechanism of action, 119, ll9t, 120/ 
opioid antagonists, 123 
physical dependence, 121 
precautions and contraindications, 122 
psychological dependence and compulsive 

drug use, 122 
special considerations with specific agents, 

122-123 
tolerance, 121 

Opioid-receptor antagonists, 185 
Oral administration, 8 
Oral anticoagulants, 165-167 

direct factor Xa inhibitors, 165 
oral direct thrombin inhibitor, 166 
warfarin, 166 

Oral candidiasis, 197, 200 
Oral contraceptives, 214, 216 
Oral direct thrombin inhibitor, 166 
Oral glucocorticoids, 197, 204E 
Oral hypoglycemic agents, 228 
Oral prednisone, 204E 
Organic mercurials (Methylmercury), 304 
Organophosphates, 32, 311Q, 322E 
Organophosphorus insecticides, 301 



Orllstat, 179, 188b, 189Q, 191E 
Orphenadrlne, 40 
Orthostatic hypotension, 100, 103 
Oseltamivir, 264 
Osmotic agents, 60 
Osmotic demyelination, 61, 63Q 
Osmotic diuretics, 60 
Osmotic laxatives, 184 
Osteoarthritis, 144 
Ototoxiclty, 57, 65E 
Ovarian hyperstimulation syndrome, 21 O 
Oxaclllin, 244 
Oxaliplatin, 278-279 
Oxazepam, 95t 
Oxcarbamazepine, 112 
Oxicam derivatives, 146 
Oxybutynin,48Q,52E 
Oxymetazollne, 43, 199, 20lb 
Oxytocin,212-213 
Ozone {03), 299-300 

p 
P450 enzymes, 278 
Pacemaker cell action potential, 78 
Paclltaxel, 282, 291Q, 294E 
Pagetdisease,233-234 
Pain,138,140 
Palivizumab, 267 
Palonosetron, 141, 153b, 178, 188b 
Pancreas, 226-232 
Pancreatitis,126,183 
Pancrellpase, 183, 188b 
Panic disorders (PDs), 94 
Pantoprazole, 182, 188b, 190Q 
Paraquat, 302 
Parasympathetic nervous system {PNS), 24 
Parasympathomimetic drugs 

acetylcholinesterase inhibitors, 32-34, 33/ 
direct-acting muscarlnic chollnoceptor 

agonists, 30-32 
adverse effects, 32 
mechanism of action and chemical 

structure, 30 
pharmacologic effects, 30, 30t, 3lt 
precautions, 32 
specific drugs and indications, 31, 3lt 

Parathion, 301 
Parathyroid hormone {PTH), 232, 240E 
Parenteral administration, 9 
Parenteral anticoagulants, 162-165, 163f 

DTis, 165 
heparin {unfractionated heparin), 162 
indirect factor Xa inhibitor, 165 
low molecular weight heparin, 164 

Parenteral direct thrombin inhibitors {DTis), 165 
Paricalcitol, 233t, 234 
Parietal cells, 138 
Parkinson disease, 48Q, 52E, 106--107, 107/, 178, 313Q 
Parkinsonian-lilce syndrome, 98 
Paroxetine,101-102 
Paroxysmal atrial fibrillation, 312Q, 324E 
Paroxysmal supraventricular tachycardia, 82 
Partition coefficient, 7 
Pegfilgrastim,162,17lb 
Pegloticase,147-148,153b,330E 
Pegvisomant, 209 
Pemetrexed, 280 
Penbutolol, 46, 68t, 86b 
Penciclovir, 263 
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Penicillamine, 305, 307Q, 309E, 309E 
Penicillin, 148, 242-244 
Penicillin-binding proteins (PBPs), 242 
Pentamidine, 261 
Peptic ulcer disease (PUD), 181 
Percutaneous coronary intervention {PCI), 165 
Perindopril, 86b 
Peripheral efferent nervous system 

ANS, 24-26, 25t, 25f 
neurotransmitters, 26-27 
primary neurotransmitters, 26 
receptors, 27-29 
somatic nervous system, 26 

Peripheral nerves, 138 
Peripheral neuropathy, 126 
Peripheral sympatholytics, 68t 
Pernicious anemia, 160 
Pharmacoldnetics 

distribution and elimination, 15-17 
half-life {tuJ, 17 
multidoseklnetics, 17-18 
one-compartment model, 15, 15f 
two-compartment model of drug distribution, 

16, 16f 
Phase I reactions, 12 
Phase II reactions, 13 
Phencyclidine (PCP), 130, 137 E 
Phendimetrazine, 179, 188b 
Phenelzine,103,136E 
Phenobarbital, 12, 75, 110, 306 
Phenothiazines, 98t 
Phenoxybenzantine,44-45,71 
Phentermine, 179, 188b, 189Q, 190Q, 191E, 192B 
Phentolamine, 44-45, 71 
Phenylephrlne, 35, 43, 48Q, 52B, 53E, 199, 20lb, 

310Q, 322B 
Phenytoin, 12, 75, 110-113, 182, 297t, 306, 325E 
Philadelphia chromosome, 319Q 
Phosphatidylinositol {PI) turnover, 28 
Phosphodiesterase-3 enzyme inhibitor, 75 
Phosphodiesterase (PDE) enzymes, 195 
Phosphodiesterase-5 inhibitors, 73 
Phospholipase "2, 142, 156E 
Phospholipase C, 29, 140, 142 
Physical dependence, 119-121, 124, 126 
Physostigmine,31,34 
Phytonadione, 171b 
Pilocarpine, 31, 49Q, 53E, 310Q, 322E 
Piloerection, 121 
Pindolol, 46, 68t, 70, 86b 
Pioglitazone, 230 
Piperacillin, 244 
Piperazine, 262 
Piperazine phenothiazines, 98t 
Piroxicam,146,153b 
Pitavastatin, 86b 
Placental barrier for drug distribution, 10 
Plasma butyryl-chollnesterase, 118 
Plasma cholinesterase, 50Q, 53E 
Plasma clearance, 14 
Plasma lipids, drugs that lower, 83~ 

hyperlipidemias, drugs useful in treating, 83-85 
overview, 83 

Plasma protein binding, 14 
Plasminogen activator (tPA), 167, 168/, 170, l 75E 
Plasminogen, drugs acting on, 167, 168/ 
Platinum analogs, 278-279 
Platinum, vinblastine, bleomycin (PVB), 276t 
Plicamycin, 277t 
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Pneumoconiosis, 300 
Polycarbophll, 183, 188b, 190Q, 192E 
Polychlorlnated biphenyls (PCBs), 300-301 
Polydipsia, 106 
Polyethylene glycol-electrolyte solutions, 184, 188b 
Polymyxins, 254 
Polyphosphatidylinositol phosphodiesterase, 28 
Polysaccharide Iron complex, 158, 17lb 
Polyuria, 106 
Porphyrln synthesis, 92 
Positive symptoms, 97 
Postcoital oral contraceptives, 217 
Posterior pituitary, 211-213 
Postherpetic neuralgia, 111 
Postjunctional effector cells, 29 
Postpartum hemorrhage, 141 
Postural hypotension, 104 
Potassium channel bloclcers, 81-82 
Potassium iodide, 224 
Potassium (K+) wasting, 56 
Potassium-sparing diuretics, 69, 86b 

adverse effects and contraindications, 60 
indications, 60 
mechanism of action, 59 
specific agents, 59 

Pralidoxime (2-PAM), 32-33, 301, 306, 309E, 329E 
Pramipexole, 108, 325E 
Pramlintide, 231, 238Q, 240E 
Prasugrel, 168, 170, 17lb 
Pravastatin, 83, 86b 
Prazepam, 95t 
Prazosin, 44-45, 68t, 71, 86b 
Prednisolone, 188b 
Prednisone, 154Q, 156E, 287, 293Q, 295E, 276t 
Pregabalin, 110-111 
Priapism, 104 
Prilocaine, 118 
Primaquine, 259, 328E 
Primary biliary cirrhosis, 183 
Primary hyperlipidemia, 85 
Primary neurotransmitters, 26 
Prinzmetal's angina, 71, 76 
Proarrhythmic actions, 81 
Probenecid, 147-148, 153b, 245 
Procainamide, 79, 79t, 86b, 88Q, 90E, 91E 
Procaine,118,200 
Procarbazine, 276t 
Prochlorperazine, 98, 178, 188b, 190Q 
Prodrug~115,182 
Progestin-only preparations, 217 
Progestins, 215-216, 240E 
Progressive multifocal leulooencephalopathy (PML), 152 
Prokinetic agents, 188b 
Prolactin-inhibiting factor (PIF), 208 
Prolactin-releasing factor (PRF), 208 
Prolonged bleeding time, 145 
Promethazine, 136E, 139, 153b, 178, 188b 
Propafenone, 79t, 81, 86b, 87Q, 90E 
Prophylactic antiplatelet therapy, l 75E 
Propionic acid derivatives, 146 
Propofol, 115 
Propranolol, 46, 48Q, 49Q, 52E, 53E, 70, 87Q, 89Q, 

90E, 68t, 79t, 99 
Propylthiouracil (PTU), 224, 238Q 
Protamine sulfate, 164-165, 17lb, 175E 
Protein-mediated transport systems, 8 
Prothrombin,17lb,176E 
Prothrombin complex concentrate (human plasma), 

17lb 

Proton pump inhibitors, 181-182, 327E 
adverse effects, 182 
drug Interactions, 182 
indications, 182 
mechanism of action, 182 
pharmacological properties, 182 
precautions, 182 

Proximal convoluted tubule, 56 
Pseudoephedrine,43,199,20lb 
Pseudomonas, 318Q 
Psychological dependence, 124, 126 
Psychosis, 97 
Psychotomimetics, 130 
Psyilium, 183, 188b 
Pulmonary edema, 57, 63Q 
Pulmonary embolism (PE), 164, 166 
Pulmonary fibrosis, 278, 283, 294B 
Pulmonary hypertension, 143 

agents used In, 72-73 
Pulmonary obstruction, 193 
Pulmonary system, drugs acting on, 193-204 
Pulmonary toxicity, 278, 283 
Purified protein derivative (PPD), 270Q, 272E 
Pyrantel pamoate, 261 
Pyrazinamide, 255 
Pyrethrum, 301 
Pyridostigmine, 34, 49Q, 53E 
Pyridoxine, 161, 171b, 307Q, 309E 
Pyrimethamine,260 
Pyrimidine antagonists, 280-281 

Q 
QT prolongation, 103 
Quanta] dose-response curve, 6 
Quaternary ammonium, 34, 196 
Quazepam, 95t 
Quetiapine, 97, 325E 
Quick-relief medications, 194 
Quinapril, 68t, 69, 86b 
Quinidine, 12, 79, 79t, 86b, 87Q, 88Q, 90E, 91E, 

258,324E 
Quinine, 259 
Quinupristin, 252 

R 
Rabeprazole, 182, 188b 
Radiation induced nausea and vomiting (RINV), 178 
Radioactive iodine '-'11, 225, 238Q, 240E 
Raloxifene, 215, 238Q, 240E, 287 
Raltegravir, 265 
Ramelteon, 96 
Ramipril, 68t, 86b 
Ranitidine, 139, 153b, 154Q, 156E, 181, 188b, 190Q 
Rebound hypertension, 72 
Rebound insomnia, 95 
Rebound nasal congestion, 199 
Receptor subtypes, 28 
Receptor-activated tyrosine lcinases, 1-2, 2f 
Rectal administration, 9 
Redistribution, drug. 10 
Red man syndrome, 328E 
Refractive measurements, 35 
Refractory rheumatoid arthritis, 279 
Regular insulin, 227t, 228 
Reiter syndrome, 144 
Relaxation, 131 
Remifentanil, 116 
Renal clearance of drugs, 21Q, 23E 
Renal impairment, 145 



Renal system, drugs acting on, 55-61, 63-66 
Renin-anglotensln system, 67 

inhibitors of, 68t 
principles of, 67 

Renin inhibitors, 70 
Repaglinide, 229 
Reproductive system, drugs acting on, 213-219 
Reserpine, 26 
Resistance, to chemotherapy, 276-277 
Respiratory depression, 119 
Respiratory system, 31 

~-adrenoreceptor antagonists, 46 
sympathomimetic drugs, 41 

Retching, 177 
Reteplase, l 7lb, l 72Q, l 75E 
Retlnoic add and derivatives, 235-236 
Reye syndrome, 145, 156E 
Rhabdomyolysis, 310Q, 322E 
Rhabdomyosarcoma, 283 
Rheumatoid arthritis, 144, 148-152, 154Q, 155Q, 156E 
Rhinitis 

agents to treat, 199-200 
characteristics of, 199 

Rhinorrhea, 121 
Ribavirin, 267 
Rifabutin, 255 
Rifampin, 12, 255 
Risperidone, 97, 99, 325E 
Ritonavir, 265 
Rituximab, 152, 155Q, 151t, 284, 291Q, 292Q, 294E, 295E 
Rituximab, cyclophospharnide, hydroxydaunorubi-

cin, vincristine, prednisone (R-CHOP), 
216t 

Rivaroxaban,165,17lb 
Rivastigntine, 110 
Rizatriptan, 140, 153b 
Rodenticide, 302 
Roflumilast, 199, 203Q, 204E, 20lb 
Romiplostim, 162, 17lb 
Ropinirole, 108, 324E 
Rosiglitazone, 230, 239Q, 240E 
Rosuvastatin, 83, 86b 
Rotenone, 301 

s 
Salicylates, 144-147 
Salmeterol, 194, 201b, 202Q, 203Q, 204E 
Salt-free osmotic laxatives, 184 
SaquinaviI, 265 
Sargramostim,162,17lb 
Saxagliptin, 231 
Schizophrenia, 96-97, 314Q 
Scopolarnine, 36, 177, 188b, 191E 
Secondary leukemia, 277, 282, 295E 
Second-generation antiandrogen, 289 
Sedation,95,99,116,119,139,199 
Sedative-hypnotic drugs 

barbiturates, 92, 93t 
benzodiazepines, 92-96, 93/, 94/, 95t 
buspirone, 96 
eszopiclone, 96 
flumazenil, 96 
ramelteon, 96 
zaleplon, 96 
zolpidem, 96 

Seizures,100,126,195 
benzodiazepines for, 95 

Selective estrogen receptor modulators (SERMs), 
214-215,287 
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Selective 5-HT,-receptor antagonists, 178, 188b 
Selective serotonin reuptalce inhibitors (SSRis), 

133Q, 136E 
Seleglllne, 324E 
Senna,184,188b 
Sensitization, 124 
Serotonin (5-HT), 27, 103, 123, 140-141 

agonists, 140-141, 140t 
buspirone, 140 
5-IITis11o-receptor agonlsts (Trlptans), 140 

antagonists, 141, 186 
blosynthesls, 140 
distribution, 140 
mechanism of action, 140 
physiologic actions, 140 

Serotonin agonlst, 179-180 
Serotonin syndrome, 102, 104, 251 
Sertrallne, 101 
Serum sickness, 152 
Severe autonomic hyperexcltablllty, 126 
Severe diarrhea, 186 
Severe hypertension, 69 
Sexual dysfunction, 101, 136E 
Shivering, 120 
Short-acting IJ:i-adrenoceptor agonists, 194, 194/ 
Short-term therapy, 75 
Sick sinus syndrome, 78, 106 
Sickle cell anemias, l 73Q, l 76E 
Sickle cell disease (SCD), 161 
Sideroblastic anemias, 161 
Sildenafil, 73, 77, 86b, 89Q, 91E 
Silicates, 300 
Silodosin, 44 
Simethicone, 188b 
Simvastatin, 83, 86b, 89Q, 91E 
Sinoatrial (SA) node, 75, 90E 
Sinus node (sinus tachycardia and bradycardia), 77 
Sirolimus, 149t, 150, 153b, 155Q 
Sitagliptin, 231 
Situational anxiety disorder, 94 
Sjogren syndrome, 31 
Skeletal muscle relaxation, 113 
Sleep disturbances, 110 
Slows gastric emptying, 179 
Slurred speech, 127 
Smoking cessation, 103 
SN-38,282 
Soft tissue sarcoma, 319Q 
Social phobia (SP), 94 
Sodium bicarbonate, 180, 188b, 306 

adverse effects, 180 
contraindications, 180 

Sodium channel blockers, 79-81, 110, 117 
Sodium nitrite, 302 
Sodium nitroprusside, 68t, 72, 86b 
Sodium phosphate, 188b 
Sodium thiosulfate, 302 
Sodium-glucose cotransporter 2 (SGLT2) 

inhibitors, 231 
Solvents, 300-301 
Somatic nervous system, 26 

neurotransmitters, 26-27 
Somatostatin, 19Q, 22E 
Somatotropin release-inhibiting hormone (SST), 205 
Sotalol, 81, 86b, 87Q 
Spasmolytic agents 

for acute use, 40 
for chronic use, 39 

Specific organ clearance, 14 
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Sphincter relaxation, 30 
Spina blfida, 137E 
Spinal cord Injury, 39 
Splronolactone, 59-60, 62b, 65E, 66E, 86b, 215, 330E 
Spray paints, 127 
St John's wort, 12 
Statlns, 83 
Status epllepticus, 111 
Stavudlne, 264 
Steven-Johnson syndrome, 265, 272E 
Stlbogluconate sodium, 261 
Stomach acid, 9 
Stool softeners, 184, 188b, 190Q 
Streptomycin, 255 
Stroke,39,104,128 
Strong acids, 8 
Strychnine, 307Q, 309E 
Subllngual drug administration, 9 
Substance abuse disorder, 123 
Succlmer, 303, 304, 307Q 
Succinylchollne, 28, 38, 50Q, 53E 
Sucralfate, 182, 188b, 190Q 
Sudden sniffing death syndrome, 127 
Sufentanil, 116 
Sulbactam, 244 
Sulfa moiety, 187 
Sulfadiazine, 261 
Sulfamethoxazole,272E 
Sulfasalazlne, 187, 188b, 190Q, 192E 
Sulfonamide, 259 
Sulfonamide allergy, 145 
Sulfonamide derivatives, 56, 59 
Sulfonylureas, 84, 145, 228-229, 240E 
Sulfur dioxide {SOJ, 299 
Sulindac,146,153b 
Sumatriptan, 140, 153b, 154Q, 155Q, 156E 
Superoxide dismutase, 298 
Supraventricular arrhythmias, 75 
Surgical anesthesia, 134Q, 136E 
Swan-Ganz catheter, 88Q 
Sympathetic nervous system (SNS), 24 
Sympathomimeticdrugs, 104, 179 

adverse effects and toxicity, 44 
drug interactions, 44 
mechanism of action, 40 
pharmacologic effects, 40-41, 4lt 
specific agents and indications, 41-43, 4lt 

Syndrome of inappropriate antidiuretic hormone 
secretion (SIADH), 61, 323E 

T 
Tachyarrhythmias, treatment of, 82 

adenosine, 82 
Class IA drugs, 79, 79t 
Class II drugs, 79t, 81 
Class III drugs, 79t, 81-82 
Class IV drugs, 79t, 82 
Class V drugs, 82 
digoxin,82 
magnesium, 82 

Tacrolimus, 149, 153b 
Tadalafil,73,77,86b 
Tamoxifen, 215, 287, 293Q, 294E, 295E, 295E 
Tamsulosin, 44 
Tardive dyskinesia (TD), 99 
Targeted therapy, 284-286 
Taxanes, 274, 277, 282 
Tazarotene, 236 

Tazobactam, 244 
Telavancln, 247 
Telithromycln, 250 
Telmlsartan, 86b 
Temazepam,95,95t 
Tenecteplase, 170-171, 171b 
Tenofovir (TDF), 267 
Teratogenic, 69 
Terazosln, 44-45, 49Q, 53E, 68t, 71, 86b 
Terbutallne, 194-195, 20lb 
Terlparatlde, 232, 238Q, 240B 
Termination of pregnancy, 143 
Testosterone, 206, 213, 218, 238Q, 240B 
Tetracalne, 118 
Tetracycline, 249-250 
.t.-9 Tetrahydrocannablnol, 130 
Thalidomide, 152, 153b, 286, 293Q, 295B 
Theophylllne, 182, 195, 202Q, 204B, 20lb, 203Q 
Therapeutic index (TI), 6, 21Q, 23E, 105, 296 
Thermoregulatory sweat glands, 24 
Thiamine deficiency, 126 
Thiazlde diuretics, 58-59, 58/, 65E, 68t, 69, 75, 106 

adverse effects and contraindications, 58 
indications, 58 
mechanism, 58 
specific agents, 58 
thiazlde-like drugs, 58 

Thiazolidinediones, 230, 240E 
Thioamides, 224 
6-Thioguanine, 277t 
Thiopental,13,116,136E 
Thioridazlne, 97, 100 
Thrombocytopenia,164 
Thrombolytics {fibrinolytic drugs), 170-171, 171b, 

175E 
Thrombopoietin {TPO) receptor, 162 
Thrombosis, 164 
Thromboxane,142,143 
Thyroid, 223-225 

antithyroid drugs, 224-225 
thyroid hormone receptor agonists, 223-224 

Thyroid-stimulating hormone {TSH), 206, 
210-211 

Thyrotropin-releasing hormone, 208-209 
Tiagabine, 110 
Ticagrelor, 168, 17lb 
Tigecycline, 250 
Timolol, 46, 48Q, 52E, 86b, 87Q 
Tinnitus, 146 
Tiotropium, 36, 195, 196, 20lb, 203Q, 204E 
Tipranavir, 265 
Tirofiban,170,17lb 
Tissue plasminogen activator (tPA), 167, 168/, 

170, 175E 
Tizanidine, 39 
Tobaccosmolce,12 
To bramycin, 249 
Tocilizumab, 151t, 152, 155Q, 157E 
Tofacitinib, 152 
Tolazamide, 228 
Tolbutamide, 228 
Tolcapone, 325E 
Tolerance, 96, 121, 123, 126. see auo individual entry 
Tolmetin, 153b 
Talnaftate, 258 
Toluene, 128, 300 
Talvaptan, 61, 65E, 212 
Tonic-clonic, lll 



Tooth grinding, 128 
Topical administration, 9 
Toplramate, 110 
Topolsomerase inhibitors, 282-283, 291Q, 294B, 

295B 
Topotecan. 282, 291Q, 292Q, 294B 
Toremlfene,215,287 
Torsernlde, 57, 62b, 86b 
Tourene syndrome, 98 
Toxlcology,29&-309 

botanical Insecticides, 301 
carbamate Insecticides, 301 
classifying toxic response, 297-298 
dicblorodiphenyltricbloroethane (DDT), 301 
dose-response relationship, 296 
environmental toxicology, 296 
fumigants, 302 
glyphosate, 302 
herbicides, 301-302 
Insecticides, 301- 302 
occupational toxicology, 296 
organophosphorus insecticides, 301 
principles and terminology, 296-298 
risk and hazard, 296-297 
route of exposure, 298 
solvents, 300- 301 

Taxoplasmosis, 270Q, 273E 
Toxoplasmosis gondii, 270Q, 273E 
Tramadol, 122-123, 136E 
Trandolapril, 86b 
Tranexamic acid, 167, 17lb 
Transferrin, 158 
Transfusion-dependent beta thalassemia, 316Q 
Transient lschemic attack (TIA), l 75E 
Trastuzumab, 285, 292Q, 294E, 319Q, 329E 
Traveler's diarrhea, 186 
Trazodone,104,153b, 325E 
Trematode (fluke) Infections, agents effective 

against, 262 
Tremor, 102, 126 
Treprostinil, 143, 153b 
Tretinoin, 235, 284, 329E 
Triamcinolone, 196, 20lb 
Triamterene, 59, 86b 
Triazolam, 94, 95t 
Tricyclic antidepressants, 27, 44, 103 
Triflupromazine, 98t 
Trigeminal neuralgia, 111 
Trimethaphan,28 
Trimethoprim, 253, 269, 272E 
Triptan~l40-141,156E 
Triptorelin, 206, 208, 288 
Tropicamide, 35 
Tuberculosis (TB), 270Q, 272E 
Tuberculosis (TB) 

first-line drugs used, 254-255 
Tuberoinfundibular pathway, 97 
Tubocurarine, 28 
Tumor necrosis factor (TNF), 150, 15 lt 
Tumor progression, 161 
Type 2 diabete~ 179, 315Q 
Typical antipsychotic drugs, 98, 98t 
Tyramine, 27 
Tyrosine kinase inhibitors, 284, 286 

u 
Ulcerative colitis, 187 
Umeclidinium, 195, 20lb 
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Unfractionated heparin (UFH), l 7lb 
administration and monitoring, 164 
adverse effects, 164 
description of, 162 
drug Interactions, 164 
Indications, 164 
mechanism of action, 162, 163/ 
precautions and contraindications, 164 
questions regarding, l 73Q, l 75B, l 76B 
structure, 162 

Unionized drugs, diffusion ot 7 
Unithiol, 303-305 
Upper GI tract disorders, agents used for, 180-183. see 

also Antacids 
Urea, 62b, 63Q 
Urinary retention, 103 
Urinary tract, 30 

disorders, 248 
Ursodiol, 183, 188b 

v 
Vagal and spinal afferent nerves, 177 
Valacyclovir, 262 
Valproic acid, 106, 110-113, 137E, 315Q, 325E, 326E 
Valsartan, 69, 86b 
Vancomycin, 247, 272E 
Vardenafil, 86b 
Varenicline, 129 
Vascular endothelial growth factor (VEGF), 285, 

292Q, 294E, 295E 
Vascular endothelium, 138 
Vascular smooth muscle, 138 
Vasoactive intestinal polypeptide (VIP), 186 
Vasoconstriction,141 
Vasoconstrictor, ll 7 
Vasodilation, 30 
Vasodilators, 68t, 69, 71-72, 86b, 91E 
Vasopressin, 61, 211-212 
Vasospastic angina, 71, 76 
Venlafaxine, 102 
Venous thromboembolic disease (VTE), 165-166 
Ventilation, 114 
Verapamil, 71, 79t, 82, 86b, 87Q, 89Q 
Very-low-density lipoprotein (VLDL), 83, 85/ 
Vesicular monoamine transporter (VMAT), 128 
Vestibular center, 177 
Vinblastine, 276t, 277t, 281-282, 294E 
Vinca alkaloids, 274, 277, 281-282, 294E 
Vincristine, 281, 282, 291Q, 277t 
Vmcristine, Adriamycin, dexamethasone (VAD), 276t 
Vmorelbine, 281, 282, 291 Q, 292Q, 293Q, 294E 
VIPomas, 192E 
Visual disturbances, 127 
Vitamin Bo, 83-84, 86b, 89Q, 91E 
Vitamin B1., 159-160 

adverse effects, 160 
effects of B12 deficiency, 160 
indications, 160 
pharmacologic properties, 160 
structure,159 
transport and absorption, 160 

Vitamin B12 deficiency anemia, 159-160 
Vitamin D and vitamin D metabolil'es, 233-234, 233t 
Vitamin K antagonist, 166 
Vitamin Kl, 167, l 7lb, l 75E 
Volatile anesthetics, 114 
Volume of distribution (VJ, 17 
Voluntary activity, 26 
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Vorapaxar, l 7lb 
Voriconazole, 257 
VP-16, 277t 

w 
Warfarin,84, 166-168, 17lb, 172Q, 173Q, 175E, 176E, 182 

administration and monitoring, 166 
adverse effect, 166 
drug interactions, 167 
food interactions, 167 
indications, 166 
mechanism of action, 166 
precautions and contraindications, 167 

Weak acids, 8 
Weak bases, 8, 117 
Weight gain, 99, 101, 104 
Weight loss, 179 
Wemicke encephalopathy, 126 
Whole body clearance, 14 
Wilms tumor, 283 
Wolff-Parkinson-White syndrome, 82, 313Q, 324E 
Wood alcohol, 127 

x 
Xanthlne oxidase, 148 
Xylene, 300 

y 
Yawning, 121 
YP3A4,257 

z 
Zafirlukast, 197-198, 20lb, 202Q, 204E 
Zaleplon, 96 
Zanamivir, 264 
Zero-order elimination, 17, 20Q, 23E 
Zero-order kinetics, 17, 125 
Zidovudine(AZT),264,273E 
Zileuton, 198, 20lb, 202Q, 203Q, 204E 
Ziprasidone, 97, 100 
Zollinger-Ellison syndrome, 182, 190Q, 191E 
Zolmitriptan, 140, 153b 
Zolpidem, 96, 324E 
Zonisamide, 110 
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