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Figure 16.2 
Action potential of a Purkinje fiber. 
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I!. PHYSIOLOGY OF MUSCLE CONTRACTION 

The myocardium, like smooth and skeletal muscle, responds to stimula- 
tion by depolarization of the membrane; this is followed by shortening of 
the contractile proteins and ends with relaxation and return to the rest- 
ing state (Figure 16.2). However, unlike skeletal muscle, which shows 
graded contractions depending on the number of muscle cells stimu- 
lated, the cardiac muscle cells are interconnected in groups that 
respond to stimuli as a unit, contracting together whenever a single cell 
is stimulated. 

A. Action potential 

Cardiac muscle cells are elecZrically excitable. However, unlike the 
cells of other muscles and nerves, the cells of cardiac muscle show 
a spontaneous, intrinsic rhythm generated by specialized "pace- 
maker" cells located in the sinoatrial (SA), and atrioventricular (AV) 
nodes. The cardiac cells also have an unusually long action poten- 
tial, which can be divided into five phases (0 to 4). Figure 16.2 illus- 
trates the major ions contributing to depolarization and polarization 
of cardiac cells. These ions pass through channels in the sarcolem- 
ma1 membrane and thus create a current. The channels open and 
close at different times during the action potential; some respond 
primarily to changes in ion concentration, whereas others are either 
adenosine triphosphate (ATP)- or voltage-sensitive. 

B. Cardiac contraction 

The contractile machinery of the myocardial cell is essentially the 
same as in striated muscle. The force of contraction of the cardiac 
muscle is directly related to the concentration of free (unbound) 
cytosolic calcium. Therefore agents that increase these calcium lev- 
els (or increase the sensitivity of the contractile machinery to cal- 
cium) result in an increase in the force of contraction (inotropic 
effect). [Note: The inotropic agents increase the contractility of the 
heart by directly or indirectly altering the mechanisms that control 
the concentration of intracellular calcium.] 

1. Sources of free intracellular calcium: Calcium comes from two 
sources. The first is from outside the cell, where opening of volt- 
age-sensitive calcium channels causes an immediate rise in free 
cytosolic calcium. The second source is the release of calcium 
from the sarcoplasmic reticulum and mitochondria, which further 
increases the cytosolic level of calcium (Figure 16.3). 

2. Removal of free cytosolic calcium: If free cytosolic calcium levels 
were to remain high, the cardiac muscle would be in a constant 
state of contraction, rather than showing a periodic contraction. 
Mechanisms of removal include two alternatives. 

a. Sodium-calcium exchange: Calcium is removed by a sodium- 
calcium exchange reaction that reversibly exchanges calcium 
ions for sodium ions across the cell membrane (Figure 16.3). 
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Figure 16.3 
Ion movements during the contraction of cardiac muscle. 

This interaction between the movement of ca.lcium and sodium 
ions is significant, since changes in intracellular sodium can 
affect cellular levels of calcium. 
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chondrla: Calcium is also recaptured by the sarcoplasmic 
reticulum and the mitochondria. More than 99% of the intracel- 
lular calcium is located in these organelles, and even a modest 
shift between these stores and free calcium can lead to large _ ==. 

changes in the concentration of free cytosolic calcium. 

C. Compensatory physloIoglccal responses in CHF 

The failing heart evokes three major compensatory mechanisms to 
enhance cardiac output (Figure 16.4). 

1. increased sympathetic activity: Baroreceptors sense a decrease 
in blood pressure, and trigger activation of P-adrenergic receptors 
in the heart. This results in an increase in heart rate and a greater 
force of contraction of the heart muscle (Figure 16.4). In addition, 
vasoconstriction (al-mediated) enhances venous return and 
increases cardiac preload. These compensatory responses 
increase the work of the heart and, therefore, can contribute to 
the further decline in cardiac function. 
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2. Fluid retention: A fall in cardiac output decreases blood flow to 
the kidney, prompting the release of renin, with a resulting 
increase in the synthesis of angiotensin II and aldosterone (see 
p. 181). This results in increased peripheral resistance and reten- 
tion of sodium and water. Blood volume increases, and more 
blood is returned to the heart. If the heart is unable to pump this 
extra volume, venous pressure increases and peripheral edema 
and pulmonary edema occur (Figure 16.4). These compensatory 
responses increase the work of the heart and, therefore, can con- 
tribute to the further decline in cardiac function. 

3. Myocardial hypertrophy: The heart increases in size, and the 
chambers dilate. Initially, stretching of the heart muscle leads to a 
stronger contraction of the heart. However, excessive elongation of 
the fibers results in weaker contractions. This type of failure is 
termed systolic failure and is a result of a ventricle unable to pump 
effectively. Less commonly, patients with CHF may have diastolic 
dysfunction-a term applied when the ventricles' ability to relax 
and accept blood is impaired by structural changes, such as hyper- 
trophy. The tt-ricker~ing of the ventricular wall and subsequent 
decrease in ventricular volume decreases the ability of heart mus- 
cle to relax. In this case, the ventricle does not fill adequately, and 
the inadequacy of cardiac output is termed diastolic heart failure. 

D. Decompensated heart failure 

If the mechanisms listed above adequately restore cardiac output, 
then the heart failure is said to be compensated. However, these com- 
pensations increase the work of the heart and contribute to further 
decline in cardiac performance. If the adaptive mechanisms fail to 
maintain cardiac output, the heart failure is termed decompensated. 

E. Therapeutic strategies in GHF 

Chronic heart failure is typically managed by reduction in physical 
activity, low dietary intake of sodium (less than 1500 mg sodium per 
day), and treatment with vasodilators, diuretics and inotropic agents. 
Drugs that may precipitate or exacerbate CHF-nonsteroidal anti- 
inflammatory drugs (NSAIDs), alcohol, P-blockers, calcium channel- 
blockers and some antiarrhythmic drugs-should be avoided if 
possible. Patients with CHF complain of dyspnea on exertion, orthop- 
nea, paroxysmal nocturnal dyspnea, fatigue, and dependent edema. 

811. VASODILATORS 

In CHF, the impaired contractile function of the heart is exacerbated by 
compensatory increases in both preload and afterload. Preload is the vol- 
ume of blood that fills the ventricle during diastole. Elevated preload 
causes overfilling of the heart, which increases the workload. Afterload is 
the pressure that must be overcome for the heart to pump blood into the 
arterial system: Elevated afterload causes the heart to work harder to 
pump blood into the arterial system. Vasodilators are useful in reducing 
excessive preload and afterload. Dilation of venous blood vessels leads 
to a decrease in cardiac preload by increasing venous capacitance; arte- 
rial dilators reduce systemic arteriolar resistance and decrease afterload. 

Renal blood n:iw 1 
[-I..] angiotensin u 

Figure 16.4 
Cardiovascular consequences of 
heart failure. 
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Figure 16.5 
Effects of ACE inhibitors. 

A. Angistensin converllng enzyme (ACE) inhibitors 

ACE inhibitors are the agents of choice in CHF and are superior to 
other vasodilators.These drugs block the enzyme that cleaves 
angiotensin I to form the potent vasoconstrictor, angiotensin II 
(Figure 16.5). These agents also diminish the rate of bradykinin 
inactivation. [Note: Vasodilation occurs as a result of the combined 
effects of lower vasoconstriction caused by diminished levels of 
angiotensin II and the potent vasodilating effect of increased 
bradykinin.] By reducing circulating angiotensin II levels, ACE 
inhibitors also decrease 'the secretion of aldosterone, resulting in 
decreased sodium and water retention. 

1. Actions on heart: ACE inhibitors decrease vascular resistance, 
venous tone, and blood pressure, resulting in an increased car- 
diac-output (Figure 16.5). ACE inhibitors also blunt the usual 

-- - - a~igiotensin Il-mediated increase in epJbphrine and aldosterone 
seen in CHF. ACE inhibitors improve clinical signs and symptoms 
in patients also receiving a diuretic andlor digoxin (see p. 157). 
The use of ACE inhibitors in the treatment of CHF has signifi- 

- --- - cantly-decreased both morbidity and mortality. For example, -- - 
Egure-16.6 shows that the ACE inhibitor enalapril [e NAca $q- 

- decreases the cuniulative niortality in patients with congestive 
heart failure. [Note: Reduction in mortality is due primarily to a 
decrease in deaths caused by progressive heart failure.] 
Treatment with enalapril also reduced arrhythmic death, myocar- 
dial infarction, and strokes. Similar data have been obtained with 
other ACE inhibitors. 

2. Bndlcations: ACE inhibitors may be considered for single-agent 
therapy in patients who present with mild dyspnea on exertion and - 
who do not show signs or symptoms of volume overload. ACE 
inhibitors are useful in decreasing CHF in asymptomatic patients 
with ejection fraction less than 35% (left ventricular dysfunction). 
Patients who have had a recent myocardial infarction also benefit 
from long-term ACE inhibitor therapy. Patients with the lowest ejec- 
tion fraction show the greatest benefit. Early use of ACE inhibitors 
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Dilation of venous blood vessels leads to a decrease in cardiac 0 
preload by increasing venous capacitance; arterial dilators reduce 0 3 6 9 1 2  
systemic arteriolar resistance and decrease afterload. Nitrates (see 

Time (Months) 
p. 175) are commonly employed venous dilators for patients with 
congestive heart failure. If the patient is intolerant of ACE inhibitors, 
the combination of hydralazine and isosorbide dinitrate is most com- Figure 16.6 
rnonly used. Amlodipine and felodipine (see p. 188) have less nega- Effect of enalapril on mortality 
tive inotropic effect than other calcium channel blockers, and seem of patients with congestive heart 
to decrease sympathetic nervous activity. failure. 

is indicated in treating patients with all stages of left ventricular fail- 
ure, with and without symptoms, and therapy should be initiated 
immediately after myocardial infarction. See p. 186 for the use of 

Diuretics relieve pulmonary congestion and peripheral edema. These 
agents are useful in reducing the symptonls of volume overload, includ- 
ing orthopnea and paroxysmal nocturnal dyspnea. Diuretics decrease 
plasma volume and subsequently decrease venous return to the heart 
(preload). This decreases the cardiac workload and oxygen demand. 
Diuretics also decrease afterload by reducing plasma volume, thus 
decreasing blood pressure. Thiazide diuretics (see p. 229) are relatively 
rr~ild diuretics and lose efficacy if patient creatinine clearance is less 
than 50 mltmin. Loop diuretics (see p. 227) are used in patients with 
renal insufficiency. [Note: Overdoses of loop diuretics can lead to pro- 
found hypovolemia.] 

ACE inhibitors in the treatment of hypertension. 100 
h 

8 80 
3. Adverse effects: These include postural hypotension, renal insuffi- .- lr s - 

m ciency, hyperkalernia, and a persistent dry cough. The potential of 
symptomatic hypotension with ACE inhibitor therapy requires careful 5 60 

E 

V. INOTROPIC DRUGS 

Placebo _.-- 
---I- ..+* 

Positive inotropic agents enhance cardiac muscle contractility, and thus 
increase cardiac output. Although these drugs act by different mecha- 
nisms, in each case the inotropic action is the result of an increased 
cytoplasmic calci~~m concentration that enhances the contractility of car- 
diac muscle. 

monitoring. ACE inhibitors should not be used in pregnant women. (U > 
m - 

B. Direct smooth muscle relaxants 3 

5 20 ,*' 
0 

A. Digitalis 

The cardiac glycosides are often called digitalis or digitalis glyco- 
sides because most of the drugs come 'from the digitalis (foxglove) 
plant. They are a group of chemically similar compounds that can 
increase the contractility o f~the heart muscle and are therefore 
widely used in treating heart failure. Like the antiarrhythmic drugs 
described in Chapter 17, the cardiac glycosides influence the 
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Figure 16.7 
Mechanism of action of cardiac glycosides, or digitalis. 

sodium and calcium ion flows in the cardiac muscle, thereby 
increasing contraction of the atrial and ventricular myocardium (pos- 
itive inotropic action). The digitalis glycosides show only a small dif- 
ference between a therapeutically effective dose and doses that are 
toxic or even fatal. Therefore, the drugs have a low therapeutic index 
(see p. 23). The digitalis glycosides include digitoxin [di ji TOX in], 
and tlie most widely used agent, digoxin [di JOX in]. 

1. Mode of action: 

a. Weglslafilon of cytosolic calcium concentration: Cardiac glyco- 
sides combine reversibly with the sodium-potassium ATPase of 
the cardiac cell membrane (Figure 16.7), resulting in an inhibi- 
tien -of- pump a ~ t i v i t ~ K ~ s c - i t t c ~ i ~ ~ w w s e - i  n-theintra~elh-- - 

lar sodium concentration, which favors the transport of calcium 
into the cell via the sodium-calcium exchange mechanism 

re 16.7). The elevated ir~tracellular calcium levels result in 
crease in the systolic force of contraction. 

b. Increased contractility of the cardiac muscle: Adminisration 
of digitalis glycosides increases the force of cardiac contractil- 
ity cal;sir;g :he cardiac ol;tput to more closely resemble that o 
the normal heart (Figure 16.8). An increased myocardial con- 
traction leads to a decrease in end diastolic volume, thus 
increasing the efficiency of contraction (increased ejection 
fraction). The resulting improved circulalion leads to reduced 
sympathetic activity, which then reduces peripheral resistance. 
Together, these effects cause a reduction in heart rate. Vagal 
tone is also enhanced so the heart rate decreases and 
myocardial oxygen demand is diminished. [Note: In the normal 
heart, the positive inotropic effect of digitalis is counteracted by 
compensatory autonomic reflexes.] 
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@ Within limits, when cardiac muscle is @ Administration of digitalis shifts 
stretched, its force of contraction ventricular function curve toward 
increases, and hence, cardiac output 
increases. 

@ Increased contractility ( @ to ) leads 
8 However, if the ventricle is overly to increased cardiac output. 

stretched, the effect of ventricular @a Decreased sympathetic reflexes and 
contraction is diminished. 

CHF with digitalis 

Symptoms of Untreated CHF 
inadequate output, 
for example, fatigue 

@ Initial reduction of contractility Ventricular end-diastolic pressure 

( a t o m  )duetoCHF. increases ( a to @ ) in an effort to 
maintain an adequate cardiac output. 

Figure 16.8 
Ventricular function curves in the normal heart, in congestive heart 
failure (CHF), and in CHF treated with digitalis. 

2. Therapeutic uses: Digoxin therapy is indicated in patients with 
severe left ver~tricular systolic dysfunction after initiation of diure1:ic 
and vasodilation therapy. Digoxin is not indicated in patients with 
diastolic or right-sided heart failure. Dobufamine, another 
inotropic agent, can be given i~itravenously in the hospital, but at 
present no good oral inotropic agents exist other than digoxin. 
Patients with mild to moderate heart failure will often respond to 
treatment with ACE inhibitors and diuretics and do not require 
digoxin. 

3. Pharmaeokineties: All digitalis glycosides possess ,the same phar- 
macologic actions, but they vary in potency and pharmacokinetics 
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(Figure 16.9). These drugs are absorbed after oral administration. 
Note that qigitoxin binds strongly to proteins in the extravasc~~lar 
space, resulting in a large volume of distribution. Digoxin has the 
advantage of a relatively short half-life, which allows better treat- 
ment of toxic reactions. Digoxin also has a more rapid onset of 
action, making it useful in emergency situations. Digoxin is elimi- 
nated largely unchanged in the urine. Digitoxin is extensively 

Percent metabolized by the liver before excretion in the feces, and hepatic 
disease may require decreased doses. 

4. Adverse effects 

Digitalis toxicity is one of ,the most commonly encountered 
adverse drug reactions. Side effects can often be managed by 
discontinuing cardiac glycoside therapy, determining serum 
potassium levels, and if indicated, by giving potassium supple- 
ments. In general, decreased serum levels of potassi~~m predis- 

Half- Q a 1 pose a patient to digoxin toxicity. Digoxin levels must be closely 
l i f e  Digitoxin monitored in the presence of renal insufficiency and dosage 

adjustment may be necessary. Severe toxicity resulting in ventricu- 

0 1 2 3 4 5  lar tachycardia may require administration of antiarrhythmic drugs, 
Days and the use of antibodies (FAB fragments) to digoxin, which bind 

and inactivate the drug. Types of adverse effects include: 

Figure 16.9 
A comparison of the properties of 
digoxin and digitoxin. 

a. Cardiac efdects:'-rhe major effect is progressively more severe 
dysrhythmia, moving from decreased or blocked atrioventricu- 
lar nodal conduction, paroxysmal supraventricular tachycardia, 
to the conversion of atrial flutter to atrial fibrillation, premature 
ventricular depolarization, ventricular fibrillation, and finally, to 
complete heart block. A decrease in intracellular potassium is 
the primary predisposing factor in these effects. 

b. Gastrointestinal effects: Anorexia, nausea, and vomiting are 
corr~monly encountered adverse effects. 

c. CNS effects:-These include headache, fatigue, confusion, 

concurrent therapy blurred vision, alteration of color perception, and haloes on 
Verapamil dark objects. 

Corticosteroids Decreased levels of 
blood potassium 

Figure 16.18 
Drugs interacting with digoxin and 
other digitalis glycosides. 

5. Factors predispossng to digitails toxicity: 

quently observed in patients receiving thiazide or loop diuret- 
ics, and can usually _be prevented by- use of a potassium 
sparing diuretic or supplementation with potassium chloride. 
Hypercalcemia and hypomagnesemia also predispose to digi- 
talis toxicity.. 

b. Drugs: Quinidine can cause digitalis intoxication both by dis- 
placing digitalis from plasma protein binding sites, and by com- 
peting with digitalis for renal excretion. Verapamil also 
displaces digitalis from plasma protein binding sites and can 
increase digoxin levels by 50 to 75%; this may require a reduc- 
tion in the dose of digoxin. Potassi~~m-depleting diuretics, corli- 
costeroids, and a variety of other drugs can also increase 
digitalis toxicity (Figure 16.1 0). Hypothyroidism, hypoxia, renal 
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failure, and myocarditis are also predisposing factors to digi- 
talis toxicity. 

B. pAdrenergic agonists 

P-Adrenergic stimulation improves cardiac performance by positive 
inotropic effects and vasodilation. Dobutamine (see p. 66) is the 
most commonly used inotropic agent other than digitalis. 
Dobutamine leads to an increase in intracellular CAMP, which results 
in the activation of protein kinase. Slow calcium channels are one 
important site of phosphorylation by protein kinase. When phospho- 
rylated, the entry of calcium ion into the myocardial cells increases, 
thus enhancing contraction (Figure 16.1 1). Dobutamine must be 
given by intravenous infusion, and is primarily used in the treatment 
of acute heart failure in a hospital setting. 

6. Phosphodiesterase inhibitors 

Amrinone [AM ri none] and rnilrinone [MIL ri none] are phosphodi- 
esterase inhibitors that increase the intracellular concentration of 
CAMP (Figure 16.1 1). This results in an increase in intracellular cal- 
cium, and therefore cardiac contractility, as discussed above for the 
P-adrenergic agonists. [Note: Recent clinical trials have shown that 
amiodarone did 110t reduce the incidence of sudden death or pro- 
long survival in patients with CHF (see p. 172). Milrinone showed 
increased mortality and no beneficial effects.] 

Voltage sensitive 
slow Ca+* channel 

+ Phosphorylation 

Increased force 
of contraction 

thus prolong action of protein kinase. 

Figure 16.1 1 
Sites of action of P-adrenergic agonists on heart muscle. 
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Choose the ONE best answer 

16.1 Which of the following most directly describes the 
mechanism of action of digitalis? 

A. Inhibits sodium-potassium ATPase. 
6. Decreases intracellular sodium concentration. 
C. Increases the in,tracellular level of ATP. 
D. Stimulates production of CAMP. 
E. Decreases release of calcium from the sarcoplas- 

mic reticulum. 

r 3 
Correct answer E A. The cardiac glycosides bind 
to and block the action of the sodium-potasslum 
ATPase. The cardiac glycosides lnhlblt the 
extrusion of sodium from the cell, leading to an 
increase in sodium levels within the cell. The 
production of ATP is not significantly changed in 
the treated heart. Stimulation of the production 
of CAMP is the mechanism of action of the P- 
adrenergic agonists. By lncreaslng intracellular 
calcium, digitalis stimulates the SR to release 
additional calcium. 

\ J 

16.2 Which one of the following drugs would be the most 
appropriate single drug therapy for mild congestive 
heart failure? 

A. A vasodilator such as hydralazine. 
6. A cardiac glycoside such as digoxin. 
C. A P-adrenergic agonist such as norepinephrine. 
D. A diuretic such as hydrochlorott-~iazide. 
E. An ACE inhibitor, such as captopril. 

16.4 Which one of the following statements concerning 
congestive heart failure is correct? 

A. Digitoxin is more widely used than digoxin 
because it has a shorter half-life. 

B. Serum levels of digoxin can be decreased by 
quinidine. 

C. Loop diuretics are used in patients with renal 
insufficiency. 

ij. Digoxin is eliminated primarily in the bile. 
E. Conger1ita.l heart defects are the most common 

cause of congestive heart failure. 

I Correct answer = C. I 

16.5 Whicli one of the following aggravates a digitalis- 
induced arrhythmia? 

A. Decreased serum calcium. 
B. Decreasing heart rate with propranolol. 
C. Decreased serum sodium. 
D. Decreased serum potassium. 
E. Decreased serum angiotensin II. 

' 
Correct answer = D. Low serum potassium fur- 
ther decreases the efflux of sodium from the car- 
diac cell, leading to an enhanced toxicity. Low 
levels of circulating calcium diminish the digi- 
talis-stimulated calcium uptake into the cardiac 
cell. Agents that decrease the heart rate tend to 
diminish the toxicity of digitalis. Low serum 
sodium enhances the efflux of sodium from the 
cardiac cell, leadini inished sodium-cal- 
cium exc 

\ d' Correct answer = E. ACE inhibitors may be con- 
sidered sole therapy in patients who present 
witfnnild dyspneaon exertion and who do-not - 

- -- f1 show signs or s m toms of volume overload. - 

16.3 All of the following are useful in the treatment of digi- 
talis overdose EXCEPT: 

- - -- - --- - - 

A. anti-digoxin FA6 fragments. 
B. dietary potassium supplements for patients being 

treated concomitantly with diuretics. 

E. quinidine. 

hmic dru! 
are used 

nay incre: 
3 renal cle 

tse digi- 
Iarance. 
zific for 

/ 

Correct choice = E. Quinidine I 
talis concentration by reduc~nl 
Purified fragments of antiboales spec 
digoxln are used to treat potentially lethal toxicl- 
ties. Hypokalemia is frequently encountered in 
individuals taking loop or thiazide diuretics and 
can predispose the patlent to drgitalis toxicity. 
Antiarrhyt as, such as lidocaine and 
phenytoin, for ventricular tachycardia. 

\ 2 



I. OVERVIEW 

In contrast to skeletal muscle, which contracts only when it receives a 
stimulus, the heart contains specialized cells that exhibit automaticity, 
that is, they can intrinsically generate rhythmic action potentials in the 
absence of external stimuli. These "pacemaker" cells differ from other 
myocardial cells in showing a slow, spontaneous depolarization during 
diastole (Phase 4) caused by an inward positive current carried by 
sodium and calcium currents (see p. 152). This depolarization is 
fastest in the sinoatrial (SA) node (the normal initiation site of the 
action potential) and decreases throughout the normal conduction 
pathway through the atrioventricular (AV) node to the bundle of His 
and the Purkinje system. Dysfunction of impulse generation or con- 
duction at any of a number of sites in the heart can cause an abnor- 
mality in cardiac rhythm. Figure 17.1 summarizes the drugs used to 
treat cardiac arrhythmias. 

I!. BMTRODUCTION TO THE ARRHYTHMIAS 

'The arrhythmias are conceptually sirnple-dysfunctions cause abnor- 
malities in impulse formation and conduction in the myocardium. 
However, in the clinic, arrhythmias present as a complex family of dis- 
orders that show a variety of symptoms. For example, cardiac arrhyth- 
mias may cause the heart (1) to beat too slowly (sinus bradycardia); 
(2) to beat too rapidly (sinus or ventricular tachycardia, atrial or ven- 
tricular premature depolarization, atrial flutter); (3) to respond to 
impulses originating from sites other than the SA node; or (4) to 
respond to impulses traveling along accessory (extra) pathways that 
lead to deviant depolarizations (A-V reentry, Wolff-Parkinson White 
syndrome). In order to make sense of this large group of disorders, it 
is useful to organize the arrhythmias into groups according to the 
anatomic site of the the abnormality-the atria, AV node, or the ventri- 
cles. Figure 17.2 summarizes several commonly occurring atrial, AV 
junction or ventricular arrhythmias. Although not shown here, each of 
these abnormalities can be further divided into subgroups depending 
on the electrocardiogram (ECG) findings. 

I ANTBARRHYTHMIC 
. + DRUGS I 

CLASS l 

Disopyramide (!A) , .  

Flecainide (IC) . +  B . . -  
Lidocaine (IS) 

Mexiletine (IS) 
Procainamide (IA) 
Propa fenone (IC) 

Tocainide (IS) 
I , ."k 

CLASS ll 
(l3- Adrenorece~tor 

1 I)' blockers 1] . +  
Esmolol 
Metoprolol and pindolol ( 1  I - 
Propranolol I . I  

CLASS III 

Amiodarone 
Bretylium 
Sotalol 

Diltiazem 7 Verapamil 

Adenosine t Digoxin 

Figure 17.1 
Summary of antiarrhythmic drugs. 

Llppincotf's Illustrated Reviews: Pharmacology, Second Edition. 
by Mary J. Mycek, Richard A. Harvey and Pamela C. Champe. 
Lippincott-Raven Publishers, Philadelphia, PA O 1997. 163 
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term, low-dose anticoagulant therapy ' 

I 

-- 

This arrhythmia is a common cause of death in patients who have Commonly used drugs 
had a myocardial infarction. Cardiac output is impaired and 
tachycardia may deteriorate into ventricular fibrillation. Therefore, 
ventricular tachychardia requires prompt management. 

Figure 17.2 
Therapeutic indications for some commonly encountered arrhythmias. 
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A. Ca~~lses off arrhythmias 

Most arrhythmias arise either from aberrations in impulse genera- 
tion (abnormal automaticity) or from a defect in impulse conduction. 

1. Abnormal automaticity: The SA node shows the fastest rate of 
Phase 4 depolarization and ,therefore, exhibits a higher rate of 
discharge than that occurring in other pacemaker cells exhibiting 
automaticity. The SA node thus normally sets the pace of con- 
traction for the myocardium, and latent pacemakers are depolar- 
ized by impulses coming from the SA node. However, if cardiac 
sites other than the SA node show enhanced automaticity, they 
may generate competing stimuli, and arrhythmias may arise. 
Abnormal automaticity may also occur if the myocardial cells are 
damaged, for example, by hypoxia or potassium imbalance. 
These cells may remain partially depolarized during diastole and 
therefore can reach the firing threshold earlier than normal cells. 
Abnormal autoniatic discharaes niav thus be induced. w 

Nerve 
2. Effect of drugs on automaticity: Most of the antiarrhythmic impulse 

agents suppress automaticity ( I )  by decreasing the slope of 
Phase 4 (diastolic) depolariza'tion and/or (2) by raising the - threshold of discharge to a less negative voltage. Such drugs 
cause the frequency of discharge to decrease, an effect that is 
more pronounced in cells with ectopic pacemaker activity than 
in normal cells. 

3. Abnormalities in irnpi~Pse conduction: Impulses 'from higher 
pacemaker centers are normally conducted down pathways that 
bifurcate to activate the entire ventricular surface (Figure 17.3). 
A phenomenon called reentry can occur if a unidirectional block 

r caused by myocardial injury or a prolonged refractory period 1 i$ll"3? 

results in an abnormal conduction pathway. Reentry is the most C 
common cause of arrhythmias and can occur at any level of the 
cardiac conduction system. For example, consider a single 
Purkinje .fiber with two conduction pathways to ventricular mus- 
cle. An impulse normally travels down both limbs of the conduc- 
tion path. However, if myocardial injury results in a unidirectional 
block, the irr~pulse may only be conducted down pathway #I 
(see Figure 17.3). If the block in pathway #2 is in the forward 
direction only, the impulse may travel in a retrograde fashion 
through pathway #2 and reenter the point of bifurcation. This 
short-circuit results in reexc'itation of the ventricular 
muscle, causing premature contraction or sustained ventricular 
arrhythmia. 

conduction pathway 
causing an extra or 
irregular heart beat. 

4. Effects of drugs on conduction abnormalities: Antiarrhythmic Figure 17.3 
agents prevent reentry by slowing conduction and/or increasing Schematic representation of reentry. 
the refractory period required to convert a unidirectional block 
into a bidirectional block. 
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B. Antiarrhybhmie drugs 

As noted above, the antiarrhythmic drugs can modify impulse gen- 
eration and conduction. More than a dozen such drugs that are 
potentially useful in treating arrhythmias are currently available. 
However, or~ly a limited nuniber of these agents are clinically ben- 
eficial in the treatment of selected arrhythmias. For example, the 
acute termination of ventricular tachycardia by lidocaine or 
supraven,tricular tachycardi ine or verapamil are exam- 
ples in which antiarrhythmic therapy results in decreased morbid- 
ity. In contrast, many of the antiarrhythmic agents are now known 
to have lethal proarrhythmic actions, thai: is, to cause arrhythmias. 

1. Proarrhythmic effects of antisarrhythmlc drugs: In the Cardiac 
Arrhythmia Suppression Trial (CAST) treatnient with encainide 
and flecainide, two class IC antiarrhythmic agents, successfully 
prevented ventricular ectopic beats in patients who had myocar- 
dial infarction. However, continued ,therapy with either drug was 

Figure 19.4 associated with a two- to three-fold increase in death due to car- 
Effect of long-term antiarrhythmic 
therapy on mortality based on placebo- diac arrhythmias. Similar results were reported for moricizine. . 
controlled, randomized trials. Increased death was probably due to drug-induced fatal arrhyth- . 

mias triggered by recurrent myocardial ischemia. 

2. The unexpected conclusi~n: The results of CAST challenged 
the assumption that treating postmyocardial arrhythmia-and 
perhaps arrhythmias in general-was in fact beneficial. CAST 
accentuated the fact that the efficacy of many antiarrhythmic 
agents remains unproven in placebo-controlled, random trials 
(Figure 17.4). This has caused many clinicians to review current 
drug recommendations, particularly as new data from clinical tri- 
als become available. 

IIII. CLASS I AMTIARRHYTHMIC DRUGS 
-- 

The antiarrhythmic drugs can be classified according to their predomi- 
nant effects on the action potential.. Although this classification is con- 
venient, it is not entirely clear-cut, because many of the drugs have 

tionsrelating & m o r e  than one clasxsor they may have active 
- -- - - -- . - - - .- - - -- - -- 

olites with a different class of action. Class I antiarrhythmic 
rugs act by blocking voltage-sensitive sodium channels by the same - -- 

mechanism as local anesthetics (see p. 117). The decreased rate of 
dium slows the rate of rise of Phase 0 of the action poten: -- - 

At therapeutic doses, these drugs have little effect on the 
resting, fully polarized membrane.] Class I antiarrhythmic drugs there- 
fore generally cause a decrease in excitability and conduction velocity. 

Class I drugs bind more rapidly to open or inactivated sodium 
channels than to channels that are fully repolarized following 
recovery from the previous depolarization cycle. Therefore, these 
drugs show a greater degree of blockade in tissues that are fre- 
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Comment 

Slows Phase 0 depolarization 

Shortens Phase 3 repolarization , 
Markedly slows Phase 0 depolarization 

Classification 

I A - 
I I 

IV 1 Cat+channeI blocker Shortens action potential 

Mechanism of Action 

Na+channel blocker 

Na+channel blocker 

Ma+channel blocker 

II 
I I 

Figure 17.5 
Actions of antiarrhythmic drugs. 
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quently depolarizing (for example, during tachycardia when the 
sodium channels open often). This property is called use-depen- 
dence (or state-dependence) and enables these drugs to block 
cells that are discharging at an abnormally high frequency without 
interfering with the normal low-frequency beating of the heart. The 
Class I drugs have been subdivided into three groups according to 
their effect on the duration of the action potential agents 
slow the rate of rise of the action potential, thus slowing conduc- . 

tion, and prolong the action potential and increase the ventricular 
effective refractory period, They have an intermediate speed of 
association with activatedlinactivated sodium channels, and an 
intermediate rate of dissociation from resting channels Class IB . 
drugs have little effect on the rate of depolarization but rather they 
decrease the duration of the action potential by shortening repo- 
IarizatiobThey rapidly interact with sodium channels. Class IC - 
agents markedly depress the rate of rise of the membrane action 
potential, and therefore they cause marked conduction slowing but 
have little effect on the duration of the membrane action potential 
or the ventricular effective refractory period. They bind slowly to 
sodium channels. [See Figure 17.5 for a summary of the actions 
of the antiarrhythmic drugs.] 

p Adrenoreceptor blocker 

El. Quinidine 

Suppresses Phase 4 depolarization 

K+channel blocker 

Quinidine [KWIN i deen] is the prototype Class IA drug, At high 
doses, it can actually precipitate arrhythmias, which can lead to 
fatal ventricular fibrillation. Because of quinidine's toxic potential, 
calcium antagonists, such as verapamil, are increasingly replacing 
this drug in clinical use. 

Prolongs Phase 3 repolarization 

1. Mechanlsn? of action: Quinidine binds to open and inactivated 
sodium channels and prevents sodium influx, thus slowing the 
rapid upstroke during Phase 0 (Figure 17.6). It also decreases 
the slope of Phase 4 spontaneous depolarization, 

2. Actions: Quinidine inhibits ectopic arrhythmias and ventricular 
arrhythlr~ias caused by increased normal automaticity Quinidine 
also prevents reentry arrhythmias by producing bidirectional 
block through decreasing membrane responsiveness and pro- 

i 

Figure 17.6 
Schematic diagram of the effects 
of Group IA agents. 
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@ Braactive 
Quinidine --+ metaholllte 

Agent that inhibits 
metabolism of quinidlne 

Cimetidine 

- - 

Figure 17.7 
Drugs affecting the metabolism 
of quinidine. 

longing the effective refractory period. The drug has little effect, 
on normal automaticity. [Note: Quinidine can induce,g;jacliycar' " . 
dia in normal individuals because of its atropine-like.(anficholi'ri: ' 

' 

I 
' .- . s e a , ,  - >  

ergic) effect.] 
a.' .*: ' :  ., . 

3. Theuapeutic uses: Quinidine is used in the treatment qf a i i ibe' ' ,,I ' -  
* . I , , ,  

variety of arrhythmias, including atrial, AV junctional, and ven- 
tricular tachyarrhythmias. Quinidine is used to maintgn sinus' ' . P 

rhqhrr! dter direct current sardicversior! of atrial f!mtter or fihrl!!a- 
tion and to prevent frequent ventricular tachycardia. 

4. Pharmacokinetics: Quinidine sulfate is rapidly and almost com- 
pletely absorbed after oral administration. 

5. Adverse effects: A potential adverse effect of quinidine (or any 
antiarrhythmic drug) is exacerbation of the arrhythmia. 
Quinidine may cause SA and AV block or asystole. At toxic lev- 
els, the drug may induce ventricular tachycardia. Cardiotoxic 
effects are exacerbated by hyperkalernia. Quinidine can 
increase the steady state concentration of digoxin by displace- 
ment of digoxin from tissue binding sites. Nausea, vomiting, and 
diarrhea are commonly observed. Large doses may induce the 
syrr~ptoms of cinchonisni, for example, blurred vision, tinnitus; 
headache,-disorientation,-and psychosis. The drug has a mild 
a-adrenergic blocking action as well as an atropine-like effect. 
Drugs interacting with quinidine are shown in Figure 17.7 

C. Procslnamide 

1. Actions: This Class IA drug, a derivative of the local anesthetic 
procaine (see p. 1 1 7), shows actions similar to those of quinidine. 

Y 

2. Pharmacokinetics Procainamide [pro kane A mide] is absorbed 
following oral administration. [Note: The intravenous route is 
rarely used because hypotension occurs if the drug is too 

-- r a p i d l p i n f u s e & ) - P r o c a i n m i d e h a ~ t i v e l y s l l i f ~ f - - - - - - - -  

2-3 hours. A portion of the drug is acetylated in the liver to N- 
acetylprocainamide (NAPA), which has little effect on the maxi- 
mum polarization of Purkinje fibers but prolongs the duration of 

- - -- - - -- . -- - -- -- - - . - --  - -  . -  - the action potential. Thus, NAPA has properties-of -a Clas 
NAPA is eliminated v-ia the kidney, and dosages of pro- 

mide may need to be adjusted in patients with renal failure. 

. Adverse effects: With chronic use, procainamide causes a high 
incidence of side effects, including a reversible lupus erythe- 
matosus-like syndrome that develops in 25 to 30% of patients. 
Toxic concentrations of procainamide may cause asystole or 
induction of ventricular arrhythmias. Central nervious system 
(CNS) side effects include depression, hallucination and psy- 
chosis. With this drug, gastrointestinal intolerance is less fre- 
quent than with quinidine. 
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D. Disapyrarnlde 

1. Actions: This Class IA drug shows actions similar to those of 
quinidine. Disopyramide [dye so PEER a mide] produces a nega- 
tive inotropic effect that is greater than the weak effect exerted by 
quinidine and procainamide, and unlike the latter drugs, disopy- 
ramide causes peripheral vasoconstriction. The drug may pro- 
duce a clinically important decrease in myocardial contractility in 
patients with preexisting impairment of left ventricular function. 
Disopyramide is used for treatment of ventricular arrhythmias as 
an alter native to procainamide or quinidine. 

2. Pharmacokinetics Approximately one half of the orally ingested 
drug is excreted unchanged by the kidneys. About 30% of the 
drug is converted by the liver to the less active mono-N-dealky- 
lated metabolite. 

3. Adverse effects: Disopyramide shows effects of anticholinergic 
activity, for example, dry mouth, urinary retention, blurred vision, 
and constipation. 

E. Lidocaine 

Lidocaine [LYE doe kane] is a Class IB drug. The IB agents rapidly 
associate and dissociate from sodium channels. Thus the actions 
of Class I6 agents are manifested when the cardiac cell is depo- 
larized or firing rapidly Class I6 drugs are parlicularly useful in 
treating ventricular arrhythmias. Lidocaine is the drug of choice for 
emergency treatment of cardiac arrhythmias. 

1. Actions: Lidocaine, a local anesthetic, shortens phase 3 repo- 
larization and decreases the duration of the action potenti 
(Figure 17.8). Unlike quinwine, which suppresses arrhythmia 
caused by increased normal automaticity, lidocaine suppress 
arrhythmias caused by abnormal automaticity, Lidocaine, lik 
quinidine, abolishes ventricular reentry. 

Figure 17.8 
Schematic diagram of the effects 2. Therapeutic uses: Lidocaine is useful in treating ventricular of Group IB 

arrhythmias arising during myocardial ischemia, such as that 
experienced during a myocardial infarction. The drug does not 
markedly slow conduction and thus has little effect on atrial or 
AV junction arrhythmias. 

3. Pharmacokinetics: Lidocaine is given intravenously because of 
extensive first-pass transformation by the liver, which precludes 
oral administration. The drug is dealkylated and eliminated 
almost entirely by the liver, consequently dosage adjus,tment 
may be necessary in patients with liver dysfunction. 

4. Adverse effects: Lidocaine has a fairly wide toxic-to-therapeutic 
ratio; it shows little impairment of left ventricular function, and 
has no negative inotropic effect. The CNS effects include 
drowsiness, slurred speech, paresthesia, agitation, confusion, 
and convulsions; cardiac arrhythmias may also occur. 
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Fs MMexitine and tocainide 

These are Class IB drugs with actions similar to those of lidocaine. 
These agents can be administered orally. Mexiletine [mex IL e 
teen] is used for chronic treatment of ventricular arrhythmias asso- 
ciated with previous myocardial infarction. Tocainide [toe KAY nide] 
is used for treatment of ventricular tachyarrhythmias. Tocainide has 
pulmonary toxicity, which may lead to pulmonary fibrosis. 

6. Flecainide 

Dlastollc 
-..*---a - 

- -- -- - - -- 
Figure 17.9 
Schematic diagram of the effects 
of Group IC agents. 

Flecainide [fle KAY nide] is a Class IC drl~g. These drugs slowly 
dissociate from resting sodium channels and show prominent 
effects, even at normal heart rates. These drugs are approved 
only for refractory ventricular arrhythmias. However, recent data 
have cast serious doubts on the safety of the Class IC drugs. 

1. Actions: Flecainide suppresses Phase 0 upstroke in Purkinje 
and myocardial fibers (Figure 17.9). This causes marked slow- 
ing of conduction in all cardiac tissue, with a minor effect on the 
duration of ,the action potential and refractoriness. Automaticity 
is reduced by an increase in the threshold potential rather than 
a decrease in the slope of Phase 4 depolarization. 

2. ~kera~erntic uses: Flecainide is useful in treating refractory ven- 
tricular arrhythmias. It is particularly useful in suppressing pre- 
mature ventricular contraction. Flecainide has a negative 
inotropic effect and can aggravate congestive heart failure. 

3. Pharmacoklnetics: Flecainide is absorbed orally, undergoes 
minimal biotransformation, and has a half-life of 16 to 20 hours. 

4. Adverse effects: Flecainide can cause dizziness, blurred vision, 
headache, and nausea. Like other Class IC drugs, flecainide can 
aggravate preexisting arrhythmias or induce life-threatening ven- 

-_-lriGu1artachy_ca_rdhthat is resista~it to treatment (see p. 166). -- -- 

H, Propafenone 

This Class ICdrug..shows actions similar to those of-flecainide. - -- - --- - - - - - - -- - . - - 

Propafenone F o e  POF en one], like flecainide, slows'conduction 
in all cardiac tissues and is considered a-broad spectrum antiar- - - 

rhythmic agent. 

QV. CLASS II ANTiAWWHYTHMlC DRUGS 

The Class II agents include the P-adrenergic antagonists (see p. 73). 
These drugs diminish Phase 4 depolarization, thus depressing auto- 
maticity, prolonging AV conducti'on, and decreasing heart rate and 
contractility. Class II agents are useful in treating tachyarrhythmias 
caused by increased sympathetic activity. They are also used for atrial 
flutter and fibrillation, and for AV nodal reentrant tachycardia. 
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Propranolol reduces the incidence of sudden arrhythmic death 
after myocardial infarction (the most common cause of death in 
this group of patients). The mortality rate in the first year after a 
heart attack is significantly reduced by propranolol, partly because 
of its ability to prevent ventricular arrhythmias. (Propranolol is 
described in detail on p. 74) 

B. Metoprolol and pindolol 

Propranolol is the P-adrenergic antagonist most widely used in the 
treatment of cardiac arrhythmias. However, PI-specific drugs, such 
as metoprolol (see p. 77) reduce the risk of bronchospasm, and 
drugs with partial agonist activity, such as pindolol (see p. 77), 
may decrease .the frequency of cardiac failure. 

Esmolol [ESS moe loll is a very short-acting P blocker used for 
intravenous administration in acute arrhythmias occurring during 
surgery or emergency situations. 

Va CLASS 111111 AMTIARRHYTHNIIC DRUGS 

Class Ill agents block potassium channels and thus diminish the out- 
ward potassium current during repolarization of cardiac cells. These 
agents prolong the duration of the action potential without altering 
Phase 0 of depolarization or the resting membrane potential (Figure 
17.10). Instead, they prolong the effective refractory period. All Class 
Ill drugs have the potential to induce arrhythmias. 

Sotalol [SOE ta loll, although a class Ill antiarrhythmic agent, also 
has potent P-blocker activity. It is well established that P-blockers 
reduce mortality associated with acute myocardial infarction. 

1. Actions: Sotalol blocks a rapid outward potassium current, 
known as the delayed rectifier. This blockade prolongs both 
repolarization and the duration of the action potential, thus 
lengthening the effective refractory period. 

2. Therapeutic uses: P-Blockers are used for long-term therapy to 
decrease the rate of sudden death following an acute myocar- 
dial infarction. P-Blockers have modest ability to suppress 
ectopic beats and reduce myocardial oxygen demand. They 
have strong an,tifibrillary effects, particularly in the ischemic 
myocardium. Sotalol was more effective in preventing arrhyth- 
mia recurrence and in decreasing mortality than imipramine, 
mexiletine, procainamide, propafenone and quinidine in patients 
with sustained ventricular tachycardia (Figure 17.1 1). 

Figure 19.1 0 
Schematic diagram of the effects 
of Group Ill agents. 
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Other drugs: 
imipramine 
mexiletine 
procainamide 
propa fenone 
quinidine 

T 

Figure 17.1 1 
Comparison of sotalol with six 
other drugs with respect to deaths 
due to cardiac arrhythmias. 

3. Pharmacokinetics: Amiodarone is incompletely absorbed after 
oral administration. The drug is unusual in having a prolonged 

3. Adverse effects: This drug also had the lowest rate of a c ~ ~ t e  or 
long-term adverse effects. As with all drugs that prolong the QT 
interval, the syndronie of torsade de pointes is a serious poten- 
tial adverse effect, typically seen in 3 to 4% of patients. 

1. Actions: Bretylium has a number of direct and indirect electro- 
physiological actions, the most prominent of which are prolon- 
gation of the refractory period and raising of the intensity of the 
electrical current necessary to induce ventricular fibrillation in 
the His-Purkinje system. 

2. Therapeutic uses: Bretylium is reserved for life-threatening ven- 
tricular arrhytt-I niias, especially recurrent ventricular fibrillation or 
tachycardia. 

3. Pharmacokinetii@s: Bretylium is poorly absorbed from the gas- 
trointestinal tract and therefore is usually administered parenter- 
ally. The drug is excreted unchanged in the urine, and dosage 
may have to be adjusted in patients with kidney dysfunctions. 

4. Adverse efiects:: Bretylium can cause severe postural hypotension. 

C. Amiodarone 

1. Actions: Amiodarone [a ME€ oh da rone] contains iodine and is 
related s'truc'turally to thyroxine. It has coniplex effects showing 
Class I, 11, Ill and IV actions. Its dominant effect is prolongation 
of the action potential duration and the refractory period. 
Amiodarone has antianginal as well as antiarrhy'tk~rnic activity. 

2. Bherapeut'ac uses: Amiodarone is effective in the treatment of 
severe refractory supraventricular and ventricular tachyarrliyth- 
mia. Its clinical usefulness is limited by its toxicity. 

half-life of several weeks. Full clinical effects may not be 
achieved - - until 6 weeks after initiation of treatment. 

- -- - - -- - - - - - - - - -- -- - - - -- - . - - - - -- --- - 

Adverse effects:: Amiodarone shows a variety of toxic effects. 
After loug-term use, more than one half of the patients receiving 
the drug show side effects sufficiently severe to prompt its di 
continuation. Some of the more common effects include intersti- 
tial pulmonary fibrosis, gastrointestinal tract intolerance, tremor, 
ataxia, dizziness, hyper- or hypothyroidism, liver toxicity, photo- 
sensitivity, neuropathy, muscle weakness, and blue skin discol- 
oration caused by iodine accum~,~lation in the skin. As noted 
earlier (see p. 166) recent clinical trials have shown that amio- 
darone did not reduce incidence of sudden death or prolong 
survival in patient with congestive heart failure (CHF). 
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VI. CLASS ilV AMTIARRHYTHMBC DRUGS 

The Class IV drugs are calcium channel blockers. They decrease the 
inward current carried by calcium, resulting in a decrease in the rate 
of Phase 4 spontaneous depolarization and slowed conduction in tis- tissues dependent on calcium 

sues dependent on calcium currents, such as the AV node (Figure 
17.12). Although voltage-sensitive calcium channels occur in many 
different tissues, the major effect of calcium-channel blockers is on 
vascular smooth muscle and the heart. 

A. Veaapamil and diltiazem 

Verapamil [ver AP a mill] shows greater action on the heart than 
on vascular smooth muscle, whereas nifedipine, a calcium chan- 
nel-blocker used to treat hypertension (see p. 187) exerts a 
stronger effect on vascular smooth muscle than on the heart. 
Diltiazem [dil TYE a zem] is intermediate in its actions. 

1. Actions: Calcium enters cells by voltage-sendive channels a 
by receptor-operated channels that are controlled by the bindi 
of agonists, such as catecholamines, to membrane receptor 
Calcium channel blockers, such as verapamil and diltiazem, are 
more effective against the voltage-sensi,tive channels, causing a 
decrease in the slow inward current that triggers cardiac con- 
traction (see p. 152). Verapamil and diltiazem bind only to open, 
depolarized channels, thus preventing repolarization until the 
drug dissociates from the channel. These drugs are therefore 
use-dependent (see .p. 166), that is, they block most effectively 
when the heart is beating rapidly, since in a normally paced 
heart, the calcium channels have time to repolarize, and the 
bound drug dissociates from the channel before the next con- 
duction pulse. By decreasing the inward current carried by c 
cium, verapamil and diltiazem slow conduction and prolong the : 

effective refractory period in tissues dependent on calcium cur- 
rents, such as the AV node. These drugs are therefore effective 
in treating arrhythmias that must traverse calcium-dependent 
cardiac tissues. 

2. Therapeutic uses: Verapamil and diltiazem are more effective Figure 17-62 
against atrial than ventricular dysrhythmias. They are useful in treat- ~ ~ $ ~ $ i ~ d ~ ~ , " [ ~  Of the effects 

ing reentrant supraventricular tachycardia and reducing ventricular 
rate in atrial flutter and fibrillation. In addition, these drugs are used 
to treat hypertension (see p. 187) and angina (see p. 177). 

3. Pharmacokinetlcs: Verapamil and diltiazem are absorbed after 
oral administration. Verapamil is extensively metabolized by the 
liver; thus, care should be taken in administration of this drug to 
patients with hepatic dysfunction. 

4. Adverse effects: Verapamil and diltiazem have negative ino- 
tropic properties and therefore may be contraindicated in 
patients with preexisting depressed cardiac function. Both drugs 
can also cause a decrease in blood pressure caused by periph- 
eral vasodilation. 
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VIII1. OTHER ANTIARRHYTHMIC DRUGS 

Digoxin (see p. 158) shortens the refractory period in atrial and ven- 
tricular myocardial cells while prolonging the effective refractory 
period and diminishing conduction velocity in Purkinje fibers. Digoxin 
is used to control the ventricular response rate in atrial fibrillation and 
fiutier. At toxic ~(~rncen~ratic~i-~s, digoxin causes ectopic ventricuiar 
beats that may result in ventricular tachycardia and fibrillation. [Note: 
This arrhythmia is usually .treated with lidocaine or phenytoin.] 

B. Adenosine 

Adenosine is a naturally occurring nucleoside, but at high doses 
the drug decreases conduction velocity, prolongs the refractory 
period, and decreases automaticity in the AV node. Intravenous 
adenosine is the drug of choice for abolishing acute supraventricu- 
lar tachycardia. It has low toxicity, but causes flushing, chest pain 
and hypotension. Adenosine has an extremely short duration of 
action (about 15 seconds). 

Study Qasestioens 

Choose the ONE best answer. 

17.1 All of the following mechanisms of action correctly 
match a drug EXCEPT: 

A. Quinidine: Blocks Na+ channels 
B. Bretylium: Blocks K+ channels 
C. Verapamil: Blocks Ca++ channels 

- 
D. Propranolol: Blocks P adrenoceptors 

- -- E;Proeaimmidet-&lseksWknnels-- 

17.3 Which one of the following statements is INCOR- 
RECT? 

A. Quinidine prolongs repolarization and the effective 
refractory period. 

B. Mexiletine shortens repolarization and decreases 
the effective refractory period. 

C. Propranolol increases Phase 4 depolarization. 
D. Verapamil shortens the duration of the action 

potential . 
E-Amiodaroneprolongs-repolarization 

Correct answer = E. Procainamide blocks Na+ Correct choice = C. Propranolol decreases Phase 
channels. 4 depolarization. 

-- -- - - -- - . -- - -- .- 7jrwhichonef - --. - -- - fiefo-~owing -statementst~ut a-ETzFi- = =-- 

17.2 which one of the following sthteme%s is ~NCOR-  
R -- -- rhythmic drugs is CORRE 

A. Lidocaine must be given parenterally. 
B. Lidocaine is used mainly for atrial arrhythmias 
C. Procainamide is associated with a reversible lupus 

phenomenon. C. As a group they have mild side effects. 

D. Quinidine is active orally. D. They all affect Na+ channels in the cell membrane. 

E. All antiarrhythmic drugs can suppress cardiac con- E. They are equally useful in atrial and ventricular 
tractions. arrhythmias. 

Correct answer = B. Lidocaine is useful in-treating ' 
ventricular arrhythmias. Lidocaine is given intra- 
venously because of extensive first-pass transfor- 
mation by the liver, which precludes oral 
administration. All of the antiarrhythmic drugs can 
exert a negative inotropic effect. 

1 I 

8' \ 
Correct answer = A. A bidirectional block can 
decrease arrhythmias caused by reentry. All 
antiarrhythmic drugs exert some negative 
inotropic effect and decrease cardiac output. The 
side effects of this group of drugs are serious and 
include arrhythmias that can lead to sudden 
death. Some antiarrhythmic drugs affect K' or 
Caw channels, or p adrenoreceptors. 

\ / 



8. OVERVIEW 

Angina pectoris is a characteristic chest pain caused by coronary blood 
flow that is insufficient to meet the oxygen demands of the myocardium. 
The imbalance between oxygen delivery and utilization may result from 
a spasm of the vascular smooth muscle or from obstruction of blood 
vessels caused by atherosclerotic lesions. Angina is characterized by a 
sudden, severe pressing substernal pain radiating to the left arm. Tliree 
classes of drugs are effective, either alone or in combination, in treating 
patients with stable angina: nitrates, P-blockers, and calcium channel- 
blockers. Nitrates decrease coronary vasoconstriction or spasm and 
increase perfusion of the myocardium by relaxing coronary arteries: 
P-Blockers decrease the oxygen demands of the heart. Variant angina 
(also called Prinzimetal's angina) caused by spontaneous coronary 
spasm, either at work or at rest, rather than by increases in myocardial 
oxygen requirements, is controlled by organic nitrates or calcium chan- 
nel blockers, but P-blockers are contraindicated. (See Figure 18.1 for a 
summary of these antianginal agents.) 

81. ORGANIC NITRATES 

Organic nitrates (and nitrites) are simple nitric and nitrous acid esters of 
alcohols. They differ in their volatility; for example, isosorbide dinitrate is 
solid at room temperature, -nitroglycerin is only moderately volatile, 
whereas amyl nitrate is extremely volatile. These compounds cause a 
rapid reduction in myocardial oxygen demand followed by rapid relief of 
symptoms. They are effective in stable and unstable angina, as well as 
Prinzmetal's or variant angina pectoris. 

A. Nitroglycerin 

Nitrates, P-blockers, and calcium channel blockers are equally effec- 
tive for relief of anginal symptoms. However, for prompt relief of an 
ongoing attack of angina precipitated by exercise or emotional Figure 18.1 
stress, subli~igual (or spray form) nitroglycerin is ,the drug of choice. Summary of antianginal drugs. 

Lippincon's Illustrated Reviews: Pharmacology, Second Editl0n.J. 
by Mary J. Mycek, Richard A. Harvey and Pamela C. Champe. 
Lippincott-Raven Publishers, Philadelphia, PA Q 1997. 1 75 
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Administered 

7 1  

1. Mechanisms of action: The organic nitrates, such as nitroglycerin 
[nye troe GLI ser in], are thought to relax vascular smooth muscle 
by their intracellular conversion to nitrite ions and then to nitric 
oxide (NO); which in turn activates guanylate cyclase and 
increases the cells' cyclic GMP. Elevated cGMP ultimately leads 
to dephosphorylation of the myosin light chain, resulting in vascu- 
lar smooth muscle relaxation (Figure 18.2). 

2. Effects on cardiovascu8ar system: At therapeutic doses, nitro- 
glycerin has two major effects. First, it causes dilation of the large 
veins, resulting in pooling of blood in the veins. This diminishes 
preload (venous return to the heart), and reduces the work of the 
heart. Second, nitroglycerin dilates the coronary vasculature, pro- 
viding increased blood supply to the heart muscle. Nitroglycerin 
causes a decrease in myocardial oxygen consumption because of 
decreased cardiac work. 

3. Phamacskinetics: The time to onset of action varies from one 
minute for nitroglycerin to more than one hour for isosorbide 
mononitrate (Figure 18.3). Significant first-pass metabolism of 
nitroglycerin occurs in the liver. Therefore, it is comnion to give 
the drug either sublingually or via a transdermal patch. 0Ffb";p 

light chain 
4. Adverse effects: The most common adverse effect of nitroglycerin, 

as well as the other nitrates, is headache. Thirty to sixty percent of 
patients receiving intermittent nitrate therapy with long-acting 
agents develop headaches. High doses of organic nitrates can 
also cause postural hypotension, facial flushing, and tachycardia. 

I 
- 5 a <<;:yq (2 

?2 p-" ,' P' - I _ .c?c ,I$ x n I 5. Tolerance: Tolerance to the aclions of nitrates develops rapidly. It 
can be overcome by provision of a daily "nitrate-free interval" to 
restore sensitivity to the drug. This interval is typically 6 to 8 

Figure 18.2 hours, usually at night because there is decreased demand on 
Effects of nitrates and nitrites on the heart at that time. Nitroglycerin patches are worn for 12 h o ~ ~ r s  
smooth muscle. and removed for 12 hours. However, Prinzimetal's or variant 

- --- -. ___angina~w~rsens~eacI~~in~1:he~mr,~ning,~p~er~ps_due to circadian 
catecholamine surges. These patients' nitrate-free interval should 
be late afternoon. 

-1sosorbide-dinitrate [eye-soe SOR bide] is an-oral ly%cl'ive nit rate 
(Figure 18.3). The drug is not readily metabolized by the liver or 
smooth muscle and has a lower potency tha-n nitroglycerin in re1 
ing vascular smooth muscle. 

IIIII. P-ADRENERGIC BLOCKERS 

The P-adrenergic blocking agents suppress the activation of the heart 
by blocking PI receptors (see p. 73). They also reduce the work of the 
heart by decreasing cardiac output and causing a slight decrease in 
blood pressure. Propranolol (see p. 74) is the prototype of this class of 
compounds, but other P-blockers, such as metoprolol and atenolol are 
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equally effective. However, agents with intrinsic sympathomimetic activ- 
ity (for example, pindolol and acebutolol) are less effective and should 

~ e ~ :  Time to peak effect 
be avoided. The P-blockers reduce the frequency and severity of angina Duration of action 
attacks. These agents are particularly useful in the treatment of patients 
with myocardial infarction. The P-blockers can be used with nitrates to Nitroglycerin 
increase exercise duration and tolerance. They are, however, contraindi- 
cated in patients with diabetes, peripheral vascular disease, or chronic 

2 min. obstructive pulmonary disease. Sublingual 
25 min 

IV. CALCIUM CHANNEL BLOCKERS 
35 min 

release The calcium channel blockers inhibit the entrance of calcium into cardiac 
and smooth muscle cells of the coronary and systemic arterial beds. All 
calcium channel blockers are therefore vasodilators that cause a lsosorbide dinitrate 
decrease in smooth muscle tone and vascular resistance. (See p. 187 
for a description of the mechanism of action of this group of drugs.) At 
clinical doses, these agents affect primarily the resistance of vascular subllngual 
smooth muscle and the myocardium. [Note: Verapamil mainly affects the I hours 
myocardium, whereas nifedipine exerts a greater effect on smooth mus- 
cle in the peripheral vasculature. ~iltiazemis intermediate in its actions.] 

Oral, sustained- -75  -- - min 

A. Nifedipine: 
release I 12 hours / 

Nifedipine [nye FED i peen] functions mainly as an arteriolar Figure 18.3 
vasodilator. This drug lias mir~imal effect on cardiac conduc1:ion or Time to peak effect and duration 
heart rate. Nifedipine is administered orally and has a short half-life of action for two organic nitrate 
(about 4 hours) requiring multiple dosing. The vasodilation effect of agents. 
nifedipine is useful in the treatment of variant angina caused by 
spontaneous coronary spasm. Nifedipine can cause flushing, 
headache, hypotension, and peripheral edema as side effects of its 
vasodilation activity. The drug may cause reflex tachycardia if 
peripheral vasodilation is marked resulting in a substantial decrease 
in blood pressure. 

Verapamil [ver AP a mill] slows cardiac conduction directly and thus 
decreases heart rate and oxygen demand. Verapamil causes 
greater negative inotropic effects than does nifedipine, but it is a 
weaker vasodilator. Verapamil is contraindicated in patients with pre- 
existing depressed cardiac function or AV conduction abnormalities. 
It also causes constipation. Verapamil should be used with caution 
in digitalized patients, since it increases digoxin levels (see p. 160). 

Diltiazem [dil TYE a zem] has cardiovascular effects that are similar 
to those of verapamil. It reduces the heart rate, although to a lesser 
extent than verapamil, and also decreases blood pressure. In addi- 
tion, diltiazem can relieve coronary artery spasm and is therefore 
particularly useful in patients with variant angina. The incidence of 
adverse side effects is low. Figure 18.4 shows treatment of angina in 
patients with concomitant diseases. 
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CONCOMITANT DRUGS COMMONLY USED 
IN TREATFNG ANGINA . 

ASTHMA, COPD . .. - .. - - . - . - . ,. - - . . -. . . . . .. - . . 

DIABETES . - - .. - - - - 

KEY: 
0 e : -  - . .-, - [ T I  

C m g s  Less effective drugs 

Figure 18.4 
Treatment of angina in patients with concomitant diseases. COPD, chronic obstructive pulmonary disease. 

Study Questions 

-Gkoo~- the -ONE-be~ ta~~er  --.-----------. ta re~~ l t s f r~m_ thede~~~a~e inpe r i pbe  
,,,,,,,,,ce and drop in blood pressure induced 

18.1 All of the following statements concerning nitroglycerin 
are correct EXCEPT: 

A. It causes an elevation of intracellular cGM 
B. It undergoes significant first-pass metabolism in the 

liver. 
C. It may cause significant reflex tachycardia. 

. It significantly decreases AV conduction. 
E. It can cause postural hypotension. 

Correct 
nal d r y  
B-adrer 
hlnnL 

:ast to 0th 
channel bl 
roglyceri~ 
:r.n in  6 

/ \ 
choice = D. In cont~ er antiangi- 
IS, such as calcium lockers and 
~ergic blockers, nit I does not 
impulse c o n d u ~ t ~ ~ , ~  ,he heart. 

Nitroglycerin causes Increased cGMP, leading to 
vascular smooth muscle relaxation. The drug is 
commonly administered sublingually or transder- 
mally to avoid hepatic inactivation. Increased 

\ 1 

( nitroglycerin. 1 
18.2 Which one of the following adverse effects is associ- 

-- - ated with r~itroglyce 

A. Hypertension - 

B. Throbbing headache 
C. Bradycardia 
D. Sexual dysfunction 
E. Anemia 

bing headache in 30 to 60% of patients taking the 
drug. The other choices are incorrect. [Note: 
Nitroglycerin may cause postural hypotension.] 



I. OVERVIEW 

Hypertension is defined as a sustained diastolic blood pressure greater 
than 90 mm Hg accompanied by an elevated systolic blood pressure 
(>I 40 mm Hg). Hypertension results from increased peripheral vascular 
smooth muscle tone, which leads to increased arteriolar resistance and 
reduced capacitance of the venous system. Elevated blood pressure is 
an extremely common disorder, affecting approximately 15% of the pop- 
ulation of the United States (60 million people). Although many of these 
individuals have no symptoms, ct-~ronic hypertension-either systolic or 
diastolic--can lead to congestive heart failure, myocardial infarction, 
renal damage, and cerebrovascular accidents. The incidence of morbid- 
ity and mortality significan1:ly decreases when hypertension is diag- 
nosed early and is properly treated. 

11. ETHOLOGY OF HYPERTENSION 

Although hypertension may occur secondary to other disease pro- 
cesses, more than 90% of patients have essential hypertension, a dis- 
order of unknown origin affecting the blood pressure-regulating 
mechanism. A family I- ist tory of hypertension increases ,the likelihood 
that an individual will develop hypertensive disease. Essential hyperten- 
sion occurs four times more frequently among blacks than among 
whites, and it occurs more often aniong middle-aged males than among 
middle-aged females. Environmental factors such as a stressful 
lifestyle, high dietary intake of sodium, obesity, and smoking all further 
predispose an individual to the occurrence of hypertension. Figure 19.1 
summarizes the drugs used to treat hypertension. [Note: Nonsteroidal 
anti-inflammatory drugs (NSAID) (see p. 403) interfere with the 
hypotensive action of many antihypertensives.] 

1 ANTIHYPERTENSIVE 1 
DRUGS 1 

Bumetanide 
Furosemide 
Hydrochlorothiazide 
Spironolactone 
Triamterene 

p BLOCKERS -i__a 
Atenolol 
Labetalol 
Metoprolol 
Madolol 
Propranokl 
Tim0101 

- ACE INHIBITORS 

Benazepril 
Captopril 
Enalaprlr 
Fosinopr/l 
Lisinopril 
Moexipril 
Quinapril 
Ramipril 

L Losartan 

Figure 19.1 
Summary of antihypertensive drugs. 
(Figure continues on next page.) 

Lipplncott's illustrated Reviews: Pharmacology, Second Edition. 
by Mary J. Mycek, Richard A. Harvey and Pamela C. Champe. 
Lippincott-Raven Publishers, Philadelphia, PA O 1997. 179 
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I!!. MECHANISMS FOR CONTROLLING BLOOD 
AMTIHY PERTENSIVE PRESSURE 

!DRUGS 

Ca++ CHANNEL 

- Amlodipine 
- Diltiazem 
- Felodipine 
- lsradipine 
- Micardipine 
- Nifedipine 
- Nisoldipine 
- Veraioamil 

Arterial blood pressure is regulated within a narrow range to provide ade- 
quate perfusion of the tissues without causing damage to the vascular 
system, particularly the arterial intima. Arterial blood pressure is directly 
proportional to the product of the cardiac output and the peripheral vascu- 
lar resistance (Figure 19.2). In both normal and hypertensive individuals, 
cardiac output and peripheral resisiafice are controlled mainly 51; two 
overlapping control mechanisms: the baroreflexes mediated by the sym- 
pathetic nervous system, and the renin-angiotensin-aldosterone system 
(Figure 19.3). Most antihypertensive drugs lower blood pressure by 
reducing cardiac output and/or decreasing peripheral resistance. 

A. Baroreceptors and the sympathetic nervous system 

Baroreflexes involving the sympathetic nervous system are respon- 
sible for the rapid moment-to-moment regulation of blood pressure. 

Doxazosin A fall in blood pressure causes pressure-sensitive neurons (baro- 
Prazosin receptors in the aortic arch and carotid sinuses) to send fewer 
Terazosin impulses to cardiovascular centers in the spinal cord. This prompts 

a reflex response of increased sympatlietic and decreased para- 
sympathetic output to the heart and vasculature, resulting in vaso- 
constriction and increased cardiac output. These changes result in a 
compensatory rise in blood pressure (Figure 19.3, and Figure 3.5, 
see p. 31). 

- Clonidine 
- Diazoxide 
- Pqydralazine 
- a-Methyldopa 
- Minoxidil 
- Sodium nitro~russide 

B. Renin-angiotensin-aldosterone system 

The kidney provides for the long-term control of blood pressure by 
altering the blood volume. Baroreceptors in the kidney respond to 
reduced arterial pressure (and to sympathetic stimulation of P- 

Figure 19.1 adrenoceptors) by releasing the enzyme renin (see Figure 19.3). 
Summary of antihypertensive drugs. This peptidase converts angiotensinogen to angiotensin I, which is in 

-- .- turn converted to angiotensin II in the presence of angiotensin con- 
verting enzyme (ACE, see p. 186). Angiotensin [[is the body's most 

- - 

Arteriolar v08ume 
Blood 

Hean Contractility Filling @ volume 
rate pressure * \h Venous 

Figure d9.2 
Major factors influencing blood pressure. 
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Response mediated by the sympathetic 
nervous system 

Response mediated by the renlea-angiotensin-aIdosterone system 

Figure 19.3 
Response of the autonomic nervous system and the renin-angiotensin-aldosterone 
system to a decrease in blood pressure. 

potent circulating vasoconstrictor, causing an increase in blood pres- 
sure. Furthermore, angiotensin II stimulates aldosterone secretion, 
leading to increased renal sodium reabsorption and an increase in 
blood volume, which contribute to a further increase in blood pres- 
sure). 

Mild hypertension can often be controlled with a single drug. More 
severe hypertension may require treatment with several drugs that are 
selected to minimize adverse effects of the combined regimen. 
Treatment is initiated with any of four drugs depending on the individual 
patient: a diuretic, a P-blocker, an ACE inhibitor, or a calcium channel 
blocker. If blood pressure is inadequately controlled, a second drug is 
added. A P-blocker is usually added if the initial drug was a diuretic, or a 
diuretic is added if the first drug was a P-blocker. A vasodilator can be 
added as a third step for those patients who still fail to respond. 
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DRUGS COMMONLY USED 
IN TREATING HYPERTENSION 

PREVIOUS MVO- 

- 
DISEASE 

KEY: D 5 .  ... - -, Drug class 

- Commonly used drugs 
- - -- - - - Figure 19.4 - 

Treatment of hypertension in patients with concomitant diseases. 

A. leadividanaOlzed care 

Certain subsets of the hypertensive population respond better to 
one class of drug than another. For example, black patients respond 
well to diuretics and calcium channel blockers, but-therapy 
blockers or ACE inhibitors is often less effective. Similarly, 
channel blockers, ACE inhbibitors, and diuretics are favored for 
treatment of hypertension in the elderly, whereas P-blockers and a- 
antagonists are less well tolerated. Furthermore, hypertension may 
coexist with other diseases that can be aggravated by some of the 
antihypertensive drugs. For example, Figure 19.4 shows the pre- 
ferred therapy in hypertensive patients with various concomitant dis- 
eases. In such cases, it is important to match antihypertensive 
drugs to the particular patient. Figure 19.5 shows the frequency of 
concomitant disease in the hypertensive patient population. 
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B. Patient compliance in antihypertensive therapy 

Lack of patient compliance is the most common reason for failure of 
antihypertensive therapy. The hypertensive patient is usually asymp- 
tomatic and is diagnosed by routine screening before the occur- 
rence of overt end-organ damage. Thus, therapy is directed at 
preventing disease sequelae (that occur in the future), rather than in 
relieving present discomfort of the patient. The adverse effects 
associated with the hypertensive therapy may influence the patient 
more than fu'ture bene,fits. For example, P-blockers can decrease 
libido and induce impotence in males, particulary middle-aged and 
elderly men. This drug-induced sexual dysfunction may prompt the 
patient to discontinue therapy. Thus, it is important to enhance com- 
pliance by carefully selecting a drug regimen that both reduces 
adverse effects and minimizes the number of doses required daily. 

Angina I-- 
Hyperlipidemia 

Congestive 
heart failure 

PreviousR-; Ey , 
cardial infarct~on 

impairment 

Asthma 

0 5 10 15 
Percent of hypertensive 
patients with indicated 
concomitant disease 

\I. DIURETICS Figure 19.5 
Freauencv of occurrence of 

Diuretics and/or P-blockers are currently reconimended as the first-line condomitint disease among the 
hypertensive patient population. 

drug therapy for hypertension. Low-dose diuretic therapy is safe and 
effective in preventing stroke, myocardial infarction, congestive heart 
failure and total mortality. Recent data suggest that diuretics are supe- 
rior to P-blockers in older adults. 

A. Thiazide diuretics 

All oral diuretic drugs are effective in the treatment of hypertension, 
but the thiazides have found the most widespread use. 

1. Actions: Thiazide diuretics, such as hydrochlorothiazide [hye droe 
klor oh THYE a zide], lower blood pressure, initially by increasing 
sodium and water excretion. This causes a decrease in extracellu- 
lar volume, resulting in a decrease in cardiac output and renal 
blood flow (Figure 19.6). With long-term treatment, plasma vol- 
ume approaches a normal value, but peripheral resistance 
decreases. Spironolactone [spye row no LAK tone], a potassium- 
sparing diuretic, is often used with thiazides. (A complete discus- 
sion of diuretics is found on p. 223.) 

2. Therapeutic uses: Thiazide diuretics decrease blood pressure in 
both the supine and standing positions; postural hypotension is 
rarely observed, except in elderly, volume-depleted patients. 
These agents counteract the sodium and water retention 
observed with other agents used in the treatment of hypertension 
(for example, hydralazine). Thiazides are therefore useful in com- 
bination therapy with a variety of other antihypertensive agents 
including P-blockers and ACE inhibitors. Thiazide diuretics are 
particularly useful in the treatment of black or elderly patients, and 
in those with chronic renal disease. Thiazide diuretics are not 
effective in patients with inadequate kidney function (creatinine 
clearance less than 50 mlslmin). Loop diuretics may be required 
in these patients. 

I diuretics W 

fl Peripheral Cardiac I 

Figure 19.6 
Actions of thiazide diuretics. 
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3. Pharmacokinetics: Thiazide diuretics can be administered orally. 
They induce considerable disturbances in electrolyte balance. For 
example, blood levels of K+ and Mg++ are reduced, and Ca++ is 
retained by the body (see p. 229). 

4. Adverse effects: Thiazide diuretics induce hypokalemia and 
hyperuricemia in 70% of patients, and hyperglycemia in 10% of 
patients. Serum potassium levels should be monitored closely in 
patients who are predisposed to cardiac arrhythmias (particularly 
individuals with left ventricular hypertrophy, ischemic heart dis- 
ease, or chronic congestive heart failure) and who are concur- 
rently being treated with both thiazide diuretics and digitalis 
glycosides (see p. 160). Diuretics should be avoided in the treat- 
ment of hypertensive diabetics or patients with hyperlipidemia. 

The loop diuretics act promptly, even in patients who have poor 
renal function or who have not responded to thiazides or other 
diuretics. The loop diuretics cause decreased renal vascular resis- 
tance and increased renal blood flow. [Note: Loop diuretics increase 
the Ca++ content of urine (see p. 227), whereas thiazide diuretics 
decrease the Ca++ concentration of the urine.] 

VI. P-ADREMOCEPTOR BLOCKING AGENTS 

P-Blockers and/or diuretics are currently recommended as first-line drug 
therapy for hypertension. These drugs are efficacious but have some 
contraindications. 

----- pAdvenocepto Activation of -- - 

blockers 

Figure 19.7 
Actions of P-adrenoceptor blocking agents. 



VI. P-Adrenoceptor Blocking Agents 

A. Actions 

The j3-blockers reduce blood pressure primarily by decreasing car- 
diac output (Figure 19.7). They may also decrease sympathetic out- 
flow from the CNS and inhibit the release of renin from the kidneys, 
thus decreasing the formation of angiotensin II and secretion of 
aldosterone. The prototype P-blocker is propranolol, which acts at 
both PI and P2 receptors. Newer agents, such as atenolol and meto- 
prolol, are selective for P1 receptors. These agents are commonly 
used in disease states such as asthma, in which propanolol is con- 
traindicated due to its 02-mediated bronchoco~~stric'tion. (See p. 73 
for a complete discussion of P-blockers.) 

B. Therapeutic uses 

1. Subsets of the hypertensive population: The P-blockers are more 
effective for treating hypertension in white than in black patients, 
and in young patients compared to the elderly. [Note: Conditions 
that discourage the use of P-blockers (for example, severe chronic 
obstructive lung disease, chronic congestive heart failure, severe 
symptomatic occlusive periplieral vascular disease) are more 
commonly found in the elderly and in diabetics.] 

2. Hypertensive patients with concomitant diseases: The J3-block- 
ers are useful in treating conditions that may coexist with hyper- 
tension, such as supraventricular tachyarrhythmia, previous 
myocardial infarction, angina pectoris, glaucoma (applied topi- 
cally), and migraine headache. 

C. Pharmacokinetics 

The P-blockers are orally active. Propranolol undergoes extensive 
first-pass metabolism. The P-blockers may take several weeks to 
develop their full effects. 

D. Adverse effects 

1. Common effects: The P-blockers may cause CNS side effects 
such as fatigue, lethargy, insornnia, and hallucinations; these 
drugs can also cause hypotension. The P-blockers may decrease 
libido and cause impotence; drug-induced sexual dysfunction can 
severely reduce patient compliance (Figure 19.8). 

2. Alterations in serum lipid patterns: The P-blockers may disturb 
lipid metabolism, decreasing high-density lipoproteins (HDL) and 
increasing plasma ~triacylglycerol. 

3. Drug withdrawal: Abrupt withdrawal may cause rebound hyper- 
tension, probably as a result of up-regulation of J3-receptors. 
Patients should be tapered off of 0-blocker therapy in order to 
avoid precipitation of arrhythmias.The P-blockers should be 
avoided in treating patients with asthma, congestive heart failure, 
and peripheral vascular disease. 

Figure 19.8 
Some adverse effects of p blockers. 
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Figure 19.9 
Effects of ACE inhibitors. 

V11. ACE INHIBITORS 

Figure 19.10 
Some common adverse effects of 
the ACE inhibitors. 

The angiotensin-converting enzyme (ACE) inhibitors are recom- 
mended when the preferred first-line agents (diuretics or P-blockers) 
are contraindicated or ineffective: Despite their wide-spread use, it is 
not clear if antihypertensive therapy with ACE inhibitors increases 
the risk of other major diseases. 

A. Actions 

The ACE inhibitors lower blood pressure by reducing peripheral vas- 
cular resistance without reflexly increasing cardiac output, rate, or 
contractility. These drugs block the angiotensin converting enzyme 
that cleaves angiotensin I to form the potent vasoconstrictor, 
angiotensin II (Figure 19.9). These inhibitors also diminish the rate 
of bradykinin inactivation. Vasodilation occurs as a result of the \ combined effects of lower vasoconstriction caused by diminished 
levels of angiotensin II and the potent vasodilating effect of 
increased bradykhin. By reducing circulating angiotensin II levels, - 

-ACE--in hibitors-a1sodewe-as.e-~-secretim-ofaldoene;-resu I t i y  
in decreased sodium and water retention. 

B. Therapeutic uses 

Like P-blockers, ACE inhibitors are most eff 
patients who are white and young. However, when used in combina- 
tion with a diuretic, the effectiveness of ACE inhibitors is similar in 
white and black hypertensive patients. Unlike P-blockers, AC 
inhibitors are effective in the management of patients with chronic 
congestive heart failure (see p. 156). ACE inhibitors are now a stan- 
dard in the care of a patient following a myocardial infarction. 
Therapy is started 24 hours after the end of the infarction. 

C. Adverse eflects 

Common side effects include dry cough, rashes, fever, altered taste, 
hypotension (in hypovolemic states), and Iiyperkalemia (Figure 
19.1 0). Potassium levels must be monitored, and potassium supple- 
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ments or spironolactone (see p. 232) are contraindicated. Angio- 
edema is a rare but potentially life-threatening reaction. Because of 
the risk of angioedema and first dose syncope, ACE inhibitors are 
first administered in the physician's office with close observation. 
Reversible renal failure can occur in patients with severe renal 
artery stenosis. ACE inhibitors are fetotoxic and should not be used 
in pregnant women. 

VIBI. ANGQOTENISIN II ANTAGONISTS 

The nanopeptide losartan [LOW sar tan], a highly selective angiotensin 
II receptor blocker, has recently been approved for antihypertensive 
therapy. Its pharmacologic effects are similar to ACE inhibitors in that it 
produces vasodilation and blocks aldosterone secretion. Its adverse 
effects profile is improved over the ACE inhibitors, although it is feto- 
toxic. 

IX. CALCIUM CHANNEL BLOCKERS 

Calcium channel blockers are recommended when the preferred first- 
line agents are contraindicated or ineffective. Despite their wide-spread 
use, it is not clear what effects antihypertensive therapy with these 
drugs has on major disease. In hypertensive patients, one retrospective 
study suggests that use of short-acting calcium channel blockers, espe- 
cially in high doses, is associated with an increased risk of myocardial 
infarction. If confirmed in more rigorous randomized trials, these find- 
ings will reinforce the importance of diuretics and P-blockers as first-line 
agents unless contraindicated. 

A. Classes of calcium channel blockers 

The calcium channel blockers are divided into three chemical 
classes, each with different pharmacokinetic properties and clinical 
indications (Figures 19.1 1 and 19.1 2). 

1. Diphemylalkylamines: Verapamil [ver AP a mill] is the only mem- 
ber of this class that is currently approved in the United States. 
Verapamil is the least selective of any calcium channel blocker, 
and has significant effects on both cardiac and vascular smooth- 
muscle cells. It is used to ,treat angina, supraventricular tachy- 
arrhythmias, and migraine headache. 

2. Benzothiazepines: Diltiazem [dil TYE a zem] is the only member 
of this class that is currently approved in the United States. Like 
verapamil, diltiazem affects both cardiac and vascular smooth- 
muscle cells; however, it has a less pronounced negative inotropic 
effect on the heart than does verapamil. Diltiazem has a favorable 
side-effect profile. 

3. Dihydropyridines: This rapidly expanding class of calcium channel 
blockers includes the first-generation nifedipine [nye FED i peen], 

tlm Dilation of 
coronary vessels 

Weak Strong 
action action 

AV Conduction 

Nifedipine Little effect 
Verapamil 

Diltiazem 
Decreased 

m Frequency sf 
adverse effects 

Nifedipine 7 18% 
Veraaamil 99% 

~ i l k z e m  b 2% 

Infrequent Frequent 

Figure 19.1 1 
Actions of calcium channel blockers. 
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THERAPEUTIC 
APPROVED CALCIUM CHANNEL BLOCKERS 

SAFE WlTH - - - - . - . - - 
PBLOCKEWS -. - - -  - 

Approved indication Use with caution 

Figure 69.12 
Some therapeutic applications of calcium channel blockers. CHF, congestive heart failure. 

and five new agents for treating card&v~ular disease: --- amlodip- --- 

- -- - 
ine [am LOE di peen], felodipine [fell OH di peen], isradipine [eyes 

---' K ~ I ] ~ ~ ~ ~ I ~ [ ~ ~ A R ~ G - ~ - ~ L  
de peen]. These second-generation calcium channel blockers dif- 
fer in pharmacokinetics, approved uses, and drug interactions. All 
the dihydropyridines have a much greater affinity for vascular cal- 

- -  cium-channels than for=calcium-channels in the heart~They-are- == =- - 

therefore particularly attractive in treatinghyperten_sio.n. Somepf 
the newer agents, such as amlodipine and nicardipine, have the 
advantage that they show little interaction with other cardiovascular 
drugs, such as digoxin (see p. 160) or warfarin (see p. 199) t 
are often used concomitantly with calcium channel blocker drugs. 

B. Actions 

The intracellular concentration of calcium plays an important role in 
maintaining the tone of smooth-muscle and in the contraction of the 
myocardium. Calcium enters rr~uscle cells through special voltage- 
sensitive calcium channels. This triggers release of calcium from the 
sarcoplasmic reticulum and mitochondria, which further increases 
the cytosolic level of calcium. Calcium channel antagonists block the 
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inward movement of calcium by binding to L-type calcium charlnels 
in the heart and in smooth-muscle of the coronary and peripheral 
vasculature. This causes vascular smooth muscle to relax, dilating 
mainly arterioles. 

C. Therapeutic uses 

Calcium channel blockers have an intrinsic natriuretic effect; there- 
fore, they do not usually require the addition of a diuretic. These 
agents are useful in .the ,treatment of hyperte~isive patients who also 
have asthma, diabetes, angina, and/or peripheral vascular disease. 

D. Pharmacokinetics 

Most of these agents have short half-lives (tli2 = 3 to 8 hours) follow- 
ing an oral dose. Treatnient is required three times a day to maintain 
good control of hypertension. Sustained release preparations permit 
less frequent dosing. 

E. Adverse effects 

Although infrequent, side effects include constipation in 10% of 
patients, dizziness, headache, and a feeling of fatigue caused by a 
decrease in blood pressure (Figure 19.1 3). Verapamil should be 
avoided in treating patients with congestive heart failure due to its 
negative inotropic effects. 

X. a-ADREMERGIC BLOCKING AGENTS 

Prazosin, oxazosin and terazosin (see p. 73) produce a competitive 
block of a, adrenoceptors. They decrease peripheral vascular resis- 
tance and lower arterial blood pressure by causing the relaxation of 
both arterial and venous smooth muscle. These drugs cause only mini- 
mal changes in cardiac output, renal blood flow, and glomerular filtration 
rate. Therefore, long-term tachycardia and increased rerlin release do 
not occur. Post~~~ral hypotension may occur in some individuals. Pra- 
zosin is used to treat mild to moderate hypertension and is prescribed 
i ~ i  combination with propranolol or a diuretic for additive effects. Reflex 
tachycardia and first dose syncope are a.lmost universal adverse 
effects. Concomitant use of a P-blocker may be necessary to blunt the 
short-term effect of reflex tachycardia. 

Figure 19.1 3 
Xi. CENTRALLY-ACTING ABWENERGIC DRUGS Some common adverse effects of 

the calcium channel blockers. 

A. Clonidine 

This a2-agonist diminishes central adrenergic outflow. Clonidine 
[KLOE ni deen] (see p. 67) is used primarily for the treatment of mild 
to moderate hypertension that has not responded adequately to 
treatment with diuretics alone. Clonidine does not decrease renal 
blood flow or glomerular filtration and therefore is useful in the treat- 
ment of hypertension complicated by renal disease. Clonidine is 
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absorbed well after oral administration and is excreted by the kidney. 
Because it causes sodium and water retention, clonidine is usually 
administered in combination with a diuretic. Adverse effects are 
generally mild, but the drug can produce sedation and drying of 
nasal mucosa. Rebound hypertension occurs following abrupt with- 
drawal of clonidine. The drug should therefore be withdrawn slowly if 
the clinician wishes to change agents. 

This a-adrenergic agonist diminishes the adrenergic outflow from 
the CNS, leading to reduced total peripheral resistance and a 
decreased blood pressure. Cardiac output is not decreased and 
blood flow to vital organs is not diminished. Because blood flow to 
the kidney is not diminished by its use, a-methyldopa [meth ill DOE 
pa] is especially valuable in treating hypertensive patients with renal 
insufficiency. The most common side effects of a-methyldopa are 
sedation and drowsiness. 

XI!. VASODILATORS 

The direct-acting smooth muscle relaxants, such as hydralazine and 
- minoxidil, have traditionally not been used as primary drugs to treat 

hypertension. Vasodilators act by producing relaxation of vascular 
smootli muscle, which decreases resistance and therefore decreases 
blood pressure. These agents produce reflex stimulation of the heart, 
resulting in the competing symptoms of increased myocardial contractil- 
ity, heart rate, and oxygen consumption. These actions may prompt 
angina pectoris, myocardial infarction, or cardiac fai l~~re in predisposed 
individuals. Vasodilators also increase plasma renin concentration, 
resulting in sodium and water retention. These undesirable side effects 
can be blocked by concomitant use of a diuretic and a P-blocker. 

This drug causes direct vasodilation, acting primarily on arteries and 
arterioles. This results in a decreased peripheral resistance, which 

-- -- - - - - -- -- - -- - - - - -- -- in turn prompts a reflex elevation in heart rate and cardiac output. 
-- 

~ydralazi%= [hye BRACTGenTis used to treat moaerziigy severe--- 
- --- - - 

hypertension. It is almost always administered in combination with a 
P-blocker such as propranolol (to balance the reflex tachycardia) 

tic (to decrease sodium retention). Toget 
drugs decrease cardiac output, plasma volume, and peripheral vas- 
cular resistance. Adverse effects of hydralazine therapy include 
headache, nausea, sweating, arrhythmia, and precipitation of 
angina. A lupus-like syndrome can occur with high dosage, but it is 
reversible on discontinuation of the drug. 

This drug causes dilation of resistance vessels (arterioles) but not of 
capacitance vessels (venules). Minoxidil [mi NOX i dill] is adminis- 
tered orally for treatment of severe to malignant hypertension that is 
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refractory to other drugs. Reflex tachycardia may be severe and 
may require the concomitant use of a diuretic and a P-blocker. 
Minoxidil causes serious sodium and water retention, leading to vol- 
ume overload, edema, and congestive heart failure. [Note: Minoxidil Nitroprusside 
treatment also causes hypertrichosis (the growth of body hair). This 
drug is now used topically to treat male pattern baldness.] . I . 

Y Rhodenase 
Cyanide 

/+ 
Thiocyanate 

Xlil. HYPERTENSIVE EMERGENCY 
(toxic) (nontoxic) 

Thiosulfate 

Hypertensive emergency is a rare, but life-threatening situation in which 
the diastolic blood pressure is either over 150 nim Hg (with systolic Figure 19.1 4 

Detoxification of cyanide with blood pressure greater than 210 mm Hg) in an otherwise healthy per- thiosulfate and rhodenase 
son, or 130 mm Hg in an individual with preexisting complications, such 
as encephalopathy, cerebral hemorrhage, left ventricular failure, or aor- 
tic stenosis. The therapeutic goal is to rapidly reduce blood pressure. 

A. Sodium nitroprusside 

Nitroprusside [nye troe PRUSS ide] is administered intravenously, 
and causes prompt vasodilation, with reflex tachycardia. It is capable 
of reducing blood pressure in all patients, regardless of the cause of 
hypertension. The drug has little effect outside the vascular system,; 
acting equally on arterial and venous smooth muscle. [Note: 
Because nitroprusside also acts on the veins, it can reduce cardiac 
preload.] Nitroprusside is metabolized rapidly (tl,2 of minutes) and 
requires continuous infusion to maintain its hypotensive action. 
Sodium nitroprusside exerts few adverse effects except for those of 
hypotension callsed by overdose. Nitroprusside metabolism results , 
in cyanide ion production, although cyanide toxicity is rare and can 
be effectively treated with an infusion of sodium thiosulfate to pro- 
duce thiocyanate, which is less toxic and is eliminated by the kidneys 
(Figure 19.14). [Note: Nitroprusside is poisonous if given orally 
because of its hydrolysis to cyanide.] 

B. Diazoxide 

Diazoxide [dye az OX ide] is a direct-acting arteriolar vasodilator. It 
has vascular effects like those of hydralazine. For patients with coro- 
nary insufficiency, diazoxide is administered ir~traveno~~sly with a P- 
blocker, which diminishes reflex activation of the heart. Diazoxide is 
useful in the treatment of hypertensive emergencies, hypertensive 
encephalopathy, and eclampsia. Excessive hypotension is the most 
seriol~s toxicity. 

Labetalol (see p. 78) is both an a- and P-blocker that has been suc- 
cessfully used in hypertensive emergencies. Labetalol does not cause 
the reflex tachycardia that may be associated with diazoxide. Labetalol 
carries the contraindications of a nonselective P-blocker (see p. 78). 



1 92 19. Antihypertensive Drugs 

Choose the ONE best answer. 

19.1 Which of the following patients is most suited for pri- 
mary therapy with hydrochlorothiazide? 

A. Patients with gout 
B. Patients with hyperlipidemia 
C. Young hypertensive patients with rapid resting 

heart rates 
I?. E!ack patients and e!der!y patisnts 
E. Patients with impaired renal function 

r \ 
Correct answer = D. Among black patients, 
diuretic and calcium channel blockers are more 
effective than ACE inhibitors or P-blockers. 
Diuretics are effective among the elderly. 
Thiazide diuretics cause hyperuricemia and can 
precipitate a gout attack in susceptible indwidu- 
als. Thiazide diuretics increase LDL cholesterol 
and may increase the risk of atherosclerosis in 
patients with hyperlipidemia. Patients with evi- 
dence of elevated catecholamines are best 
treated with P-blockers. Thiazides cannot pro- 
mote sodium excretion when renal function is 
severely 
furosemic 
renal func 

< / 

impaired. 
ie, are us 
:tion. 

The loop 
ed in pati1 

diuretics, 
ents with 

such as 
impaired 

19.4 Which one of the following antihypertensives is most 
likely to cause reflex tachycardia? 

A. Propranolol 
B. Nifedipine 
C. Prazosin 
D. Hydralazine 
E. Captopril 

C O ~  &~iSvvGi = E. ;-$'diZtbi;fi~ kZ5 Z ~ $ j ~ ~ f k Z i C ;  ' 
hypotensive effect that activates baroreceptors. 

19.5 From the list of antihypertensive drugs below select 
the one most likely to lower blood sugar. 

A. Prazosin 
B. Propranolol 
C. Nifedipine 
D. Captopril 
E. Hydralazine 

Correct answer ropranolol blocks 

19.6 Which one of the following drugs should not be given 
to a pregnant, hypertensive woman? 

19.2 All of the following produce a significant decrease in 
peripheral resistance except: A. Hydrochlorothiazide 

B. Propranolol 
A. chronic administration of diuretics. 

C. a-Methyldopa 
B. hydralazine. 

D. Lisinopril 
C. 0-blockers. 
D. ACE inhibitors. 

E. Verapamil 

E. clonidine. Correct answer = D. Lisinopril blocks the forma- 

Correct choice = C. P-blockers act primarily by 
eereasinfleaFHateand-cardia~output~ -- -- I 
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19.3 Which one of the following drugs acts at central 

- - - . - - - - - - -- 

B. Verapamil 
C. Clonidine 
D. Enalapril 
E. Hydrochlorothiazide 

!ns\ver = ( 
flow by sti 
~oxidil is i 

flow into 
enzyme 
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Correct a ~e reduce: 
thetic out L-adrenerg 
tors. Min cting vas 
Verapamil causes vasodilation by inhibiting cal- 
cium ion smooth muscle. Enalapril 
blocks thc that converts angiotensin I to 
angioten rdrochlorothiazide acts by 
decreasing o~ooa volume. 

'. 



This chapter describes drugs useful in treating three important dysfunc- 
tions of blood: thrombosis, bleeding, and anemia. Thrombosis-the for- 
mtition of an unwanted clot within the blood vessels or heart-is the 
most common abnormality of hemostasis. Bleeding disorders involving 
failure of hemostasis are less common than thromboembolic diseases 
and include hemophilia and vitamin K deficiency. Anemias caused by 
nutri,tional deficiencies can be treated with either dietary or pharmaceu- 
tical supplementation. Recently, hydroxyurea has been found to be ben- 
eficial in the treatment of sickle cell anemia. See Figure 20.1 for a 
summary of drugs affecting blood. 

81. NORMAL RESPONSE TO VASCULAR TRAUMA 

Physical trauma to the vascular system, such as a puncture or cut, initi- 
ates a complex series of interactions between platelets, endothelial 
cells, and the coagulation cascade. This results in the formation of a 
platelet-fibrin plug. The creation of an unwanted thrombus involves 
many of the same steps, except that the triggering stiniulus is a patho- 
logic condition in the vascular system rather than physical trauma. 

A. Formation of a clot 

Clot formation requires platelet activation and aggregation, followed 
by formation of thrombin. This serum protease catalyzes the pro- 
duction of fibrin which, when cross-linked, stabilizes the clot. 

I .  Role of platelets: Platelets respond to vascular trauma by "activa- 
tion" processes, which involve three steps: adhesion to the site of 
injury, release of intracellular granules, and aggregation of the 
platelets (Figure 20.2). Normally, platelets circulate in the blood in 
an inactive form, but in response to various stimuli they beconie 

Aspirin 
Dipyridamole 
Ticlopidine 

ANTICOAGULANTS 1 
Enoxaprin 
Heparin 
Warfarin 

Alteplase (tPA) 
Anistreplase 
Streptokinase 
Urokinase 

TREATMENT OF 
BLEEDING 

Aminocaproic acid 
Profamine sulfate 
Tranexamic acid 
Vitamin K 

TREATMENT 0 6  
AlUEMlA 

Cyanocobalamin (B,d 
Erythropoietin 
Folic acid 

activated. Activated platelets undergo modifications that culminate 
in morphologic changes and in the expression of proteins and cell 
receptors. For exan-~ple, after adhering to exposed collagen in the 
subendothelial layers of injured blood vessels, the platelets L Hydroxyurea 
release granules containing chemical mediators. These promote 
platelet aggregation and the formation of a plug, composed of the Figure 20.1 
viscous contents of lysed platelets, neutrophils and monocytes, Summary of drugs used in treating 
that rapidly arrests bleeding. dysfunctions of blood. 

Lippincon's Illustrated Reviews: Pharmacology, Second Edition. 
by Mary J. Mycek, Richard A. Harvey and Pamela C. Champe. 
Lippincott-Raven Publishing, Philadelphia, PA Q 1997. 193 
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2. Role of fiibrin: Local stimulation of the coagulation cascade by fac- 
tors released from the injured tissue and platelets results in the 
formation of thrombin (Factor 11). In turn, thrombin, a serine pro- 
tease, catalyzes the conversion of fibrinogen to fibrin, which is 
incorporated into the plug. Subsequent cross-linking of the fibrin 
strands stabilizes the clot and forms a hemostatic plug. 

3. Thrombus versus embolus: A clot that adheres to a vessel wall is 
called a thrombus, whereas an intravascular clot that floats within 
the blood is termed an embolus. Thus, a detached thrombus 
becomes an embolus. Both thrombi and emboli are dangerous, 
because they may occlude blood vessels and deprive tissues of 
oxygen and nutrients. Arterial thrombosis most often involves 
medium-sized vessels rendered thrombogenic by surface lesions 
of endothelial cells caused by atherosclerosis. In contrast, venous 
thrombosis is triggered by blood stasis or inappropriate activation 
of the coagulation cascade, often as a result of a defect in the 
normal defense henlostatic mechanisnis. 

. o , Platelets are During platelet plug formation, the fibrinolytic pathway is locally acti- 
0: recruited into 

platelet plug vated. Plasminogen is enzymatically processed to plasmin (fibri- 
nolysin) by plasminogen activators present in the tissue. Plasmin 
interferes in clot propagation and dissolves ,the fibrin network as 
wounds heal. At present, a number of fibrinolytic enzymes are avail- 
able for treatment of myocardial infarctions or pulmonary emboli 
(see p. 201 ). 

~l i te lets cover and adhere to 
exposed subendothelial surface 

m 188. PLATELET ACTIVATION 

Platelet aggregation and The outer membrane of platelets contains a variety of receptors that 
formation of fibrin plug function as sensors capable of responding to physiologic signals pre- 

sent in the plasma (Figure 20.3). These chemical stimuli are classified 
~rothmmbir-------- as-platelet=actiuating-if-tbey-promoteplatelet-aggr.egatio~-thesub~-- 

sequent release of granules stored in the platelet. Conversely, other 
chemical signals are classified as platelet-inhibiting, if they inhibit 
platelet activation and the release of platelet granules. Whether 

- = platelets remain in a quiescent state or become activated-is-deter 
by the balance of activating and 

Fibrinogen - Fibrin -- - - - - -- - -- - - 

at o clivsatlon 

1. Elevated puostacyclin levels: In a normal, undamaged vessel, 
platelets circulate freely, since the balance of chemical signals indi- 
cates that the vascular system is not damaged. For example, prosta- 
cyclin (see p. 403), synthesized by the intact endothelial cells and 
released into plasma, binds to a specific set of platelet membrane 
receptors that are coupled to the synthesis of cyclic adenosine 
monophosphate (cAiVIP) as an intracellular messenger. Elevated 

Figure 20.2 levels of intracellular CAMP inhibit platelet activation, and the subse- 
Formation of a hemostatic plug. quent release of platelet aggregation agents (Figure 20.3). 
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Serotonin 
ADP 

Thromboxane A2 binds to receptors 
on other platelets thereby initiating 
release of additional aggregating 
agents. 

Balance between level 

0 Prostacyclin binds to platelet 
membrane receptors causing 
synthesis of CAMP. 

Thromboxane A, is 
synthesized from 
arachidonic acid and 

Collagen f~bers ---+ 

Flgure 20.3 
Chemical mediators influencing platelet activation and aggregation 
(relative size of platelets and endothelial cells are not to sca.le). 

2. Decreased plasma levels of thrombin and thromboxanes: The 
platelet membrane also contains receptors that can bind throm- 
bin, thromboxanes, and exposed collagen. When occupied, each 
of these receptor types triggers a series of reactions leading to 
the release into the circulation of intracellular granules and ulti- 
mately, to platelet aggregation. However, in the intact, normal ves- 
sel, circulating levels of thrombin and thromboxanes are low and 
the intact endothelium covers ,the collagen present in the suben- 
dothelial layers? The corresponding platelet receptors are thus 
unoccupied, and remain inactive. Consequently, platelet activation 
and aggregation are not initiated. 

B. Chemical signals that promote platelet aggregation 

1. Decreased prostacyclin levels: Damaged endothelial cells syn- 
thesize less prostacyclin, resulting in a localized reduction in 
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Figure 220.4 
Formation of fibrin clot and its 
ultiniate dissolution. 

prostacyclin levels. The binding of prostacyclin to platelet recep- 
tors is decreased; thus lower levels of intracellular CAMP permit 
platelet aggregation. 

2. Exposed collagen: Within seconds of vascular injury, platelets 
adhere to and virtually cover the exposed collagen of the suben- 
dothelium. Receptors on the surface of the platelet are activated 
by the collagen of this underlying connective tissue, which triggers 
the release of platelet granules containing adenosine diphosphate 
(ADP) and serotonin. This process is sometimes referred to as the 
"platelet release reaction," and the platelet is then said to be acti- 
vated. Fibrinogen receptors are expressed 011 the platelet surface 
and the fibrinogen can then act as a bridge between two platelets. 

3. Increased synthesis of thromboxanes: Stimulation of platelets by 
thrombin, collagen, and ADP results in activation of platelet mem- 
brane phospholipases, which liberate arachidonic acid from mem- 
brane phospholipid. Arachidorlic acid is first converted to 
prostaglandin H2 by cyclooxygenase, an enzyme that is irre- 
versibly inactivated by aspirin (see p. 403). Prostaglandin H2 is 
metabolized to thromboxane A*, which is released into the 
plasma. Tt-lromboxane A:! produced by the aggregating platelets 
further promotes the clumping process that is essential to the 
rapid formation of a hemostatic plug (see Figure 20.3). 

1118. BLOOD COAGULATION 

The coag~~lation process that generates thrombin consists of two interre- 
lated pathways-the extrinsic and the intrinsic systems. The extrinsic 
system, which is probably the more important in vivo, is initiated by the 
activation of clotting Factor VII by a tissue factor, thromboplastin-a 
phospholipid and protein mixture. The intrinsic system is triggered by the 
activation of clotting Factor XII, following its contact in vitro with glass or 
highly charged surfaces. Both systems involve a cascade of enzymatic 

-react ions-tbabequent ial l y-t mnsform~acious-plasma-factorgpr.~en- 
zymes) to their active (enzymatic) forms, ultimately producing thronibin 
(Figure 20.4). Thrombin plays a key role in coagulation, since it is 
responsible for generation of fibrin, a glycoprotein that forms the mesh- 
like-matrixof the blood clot, Thrombin also-activates-clottlng=!actor XUC- -- -- 
(necessary for stabilizing and crosslinking the fibrin molecules into an 
insoluble clot) as well as activating other blood clotting factors 
platelet aggregation. If thrombin is not formed, or its function is impeded, 
for example, with antithrombin l!l, coagulation is inhibited. 

Vm PLATELET AGGREGATION INHlBlTORS 

Platelet aggregation inhibitors decrease the formation or the action of 
cherrlical signals that promote platelet aggregation. These agents have 
proven beneficial in the prevention and treatment of occlusive cardiovas- 
cular diseases, the maintenance of vascular grafts and arterial patency, 
and as adjuncts to thrombolytic therapy in myocardial infarction. 
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A. Aspirin 

Aspirin [AS pir in] blocks thromboxane A2 synthesis from arachi- 
donic acid in platelets by irreversible acetylation and inhibition of 
cyclooxygenase, a key enzyme in prostaglandin and thromboxane 
A2 synthesis1. (See p. 405 for a discussion of the actions of aspirin 
on platelets.) The inhibitory effect is rapid, apparently occurring in 
the portal circulation. The aspirin-induced suppression of thrombox- 
ane A2 synthetase and the resulting suppression of platelet aggre- 
gation last for the life of the platelet-approximately 7 to 10 days. 
Aspirin is currently employed in the prophylactic treatment of tran- 
sient cerebral ischemia, to reduce the incidence of recurrent 
myocardial infarction and to decrease mortality in postmyocardial 
infarction patients. Currently, a single loading dose of 200 to 300 mg 
of aspirin followed by a daily dose of 75 to 100 mg is recommended. 
Bleeding time is prolonged, causing complications that include an 
increased incidence of hemorrhagic stroke as well as gastrointesti- 
nal bleeding, especially at higher doses of the drug. 

Ticlopidine [Tye CLO pih deen] also acts as an inhibitor of platelet 
aggregation but by a mechanism other than that of aspirin. The drug 
inhibits the ADP pathway involved in the binding of platelets to fib- 
rinogen and to each other. Ticlopidine has been shown to decrease 
the incidence of thrombotic stroke. After oral ingestion it is exten- 
sively bound to plasma proteins and undergoes hepatic metabolism. 
The drug can cause prolonged bleeding; its most serious adverse 
effect is neutropenia. Therefore, it is reserved for patients who can- 
not tolerate aspirin. 

C. Dipyridamole 

Dipyridamole [dye peer ID a mole], a coronary vasodilator, is 
employed to prophylactically treat angina pectoris. It is usually given 
in combination with aspirin. Dipyridamole increases intracellular lev- 
els of cyclic AMP by inhibiting cyclic nucleotide phosphodiesterase2. 
This inhibits thromboxane A2 synthesis and may potentiate the 
effect of prostacyclin (PGI2) to antagonize platelet stickiness and 
therefore decrease platelet adhesion to thrombogenic surfaces (see 
Figure 20.2). The meager data available suggest that dipyridamole 
makes only a marginal contribution to the antithrombotic action of 
aspirin. In corn bination with warfarin, however, dipyridamole is effec- 
tive in inhibiting embolization from prosthetic heart valves. 

VI. ANTICOAGULANTS 

Two types of drugs are employed in preventing blood coagulation, hep- 
arin and the vitamin K antagonists. Their mechanisms of action differ, 
as do their clinical uses. 

A. Heparin 

Heparin [HEP a rin] is an injectable, rapidly-acting anticoagulant that 
is often used acutely to interfere with the formation of thrombi. 

' ' 2 ~ e e  p. 206 for lnfolink references to other books in this series.. 
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No Heparin 

Active clotting factors 
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Figure 20.5 
Heparin binds to antithrombin Ill 
and enhances its proteolytic 
activity. 

Heparin normally occurs as a macromolecule complexed with his- 
tamine in mast cells where its physiologic role is unknown. It is 
extracted for commercial use from porcine intestine or bovine lung. 
Heparin is a mixture of straight-chain anionic glycosaminoglycans 
with a mean molecular weight of 15,000. It is strongly acidic 
because of the presence of sulfate and carboxylic acid groups3. The 
realization that low molec~~lar weight forms of heparin also can act 
as anticoagulants led to the isolation of enoxaprin [e NOX a prin], 
the first low molecular weight heparin (<6000) available in the USA. 

1. Mechanism sf action: Heparin acts indirectly by binding to 
antithrombin Ill to cause a rapid anticoagulant effect. Maximal 
anticoagulation occurs within minutes after intravenous heparin 
injection (unlike vitamin K antagonist anticoagulants, such as war- 
farin, whose maximum activity requires 8 to 12 hours). Anti- 
thrombin Ill, sometimes referred to as heparin cofactor, is an 
a-globulin that inhibits serine proteases, including several of the 
clotting factors, for example, thrombin (Factor II, Figure 20.5). In 
the absence of heparin, antithrombin Ill interacts with thrombin 
very slowly. The binding of heparin to antithrombin Ill produces a 
conformational change allowing the antithrombin to rapidly com- 
bine with and inhibit thrombin except that already bound to fibrin. 
[Note: While the heparin-antithrombin Ill complex readily inacti- 
vates thrombin, the complex of low molecular weight heparin with 
antithrombin is more specific against Factor Xa.] Chronic or inter- 
mittent administration of heparin can lead to a reduction in 
antithrombin Ill activity thus, increasing the risk of thrombosis. To 
minimize this risk, low-dose heparin therapy is usually employed. 

2. Therapeutic uses: Heparin limits the expansion of thrombi by pre- 
venting fibrin formation. Heparin is the major antithrombotic drug 
for the treatment of deep vein thrombosis and pulmonary 
embolism. It decreases the incidence of recurrent thromboem- 
bolic episodes. Clinically, heparin is used prophylactically to pre- 
vent postoperative venous thrombosis in patients undergoing 
elective s u r g g ,  and in those in the acute phase of myocardial 
infarction. Coronary artery rethrombosis after ,thrombolytic treat- 
ment is reduced with heparin. It is also used in extracorporeal 
devices (for example, dialysis machines) to prevent thrombosis. It 
is the anticoagulant of choice for treating pregnant women with -- - - - - - -- - - - -- - - - -- - - -- . - -. . . - 

prosthetic heart vdves or venous thromboembolisK becausex-- 
- 

does not cross the placenta. Heparin has the advantage of 
speedy onset of action, which is rapidly terminated on suspension 
of therapy Enoxaprin has been approved for prevention of deep 
vein thrombosis following hip replacement. 

a. Absorption: Heparin must be given parenterally ei'ther in a 
deep subcutaneous site or intravenously, because the drug 
does not readily cross membranes. Enoxaprin is only given 
subcutaneously. [Note: Intramuscular administration of either 
heparin is contraindicated because of hematoma formation.] 
Heparin is often administered intravenously in a bolus to 
achieve immediate anticoagulation followed by lower doses or 

3 
See p. 206 for lnfolink references to other books in this series. 
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continuous infusion. The latter is then maintained for 7 to 10 
days, titrating the dose of heparin so that the activated partial 
thromboplastin time (PTT) is 1.5 to 2.5 times the normal control. 

to vascular system 

b. Fate: In the blood, heparin binds to many proteins that neutral- 
ize its activity and can cause resistance to the drug. Although 
generally restricted to the circulation, heparin is taken up by 
the reticuloendothelial system and undergoes depolymeriza- 
tion to inactive products. Heparin therefore has a longer half- 
life in patients with hepatic cirrhosis. Desulfation occurs in 
mononuclear phagocytes. The inactive metabolites as well as 
some of the parent heparin are excreted into the urine, there- 
fore renal insufficiency also prolongs the half-life. [Note: 
Heparin does not cross the placental barrier.] The tin of hep- 
arin increases with dose; that of the low molecular weight hep- 
arins is about double that of the larger species. 

4. Adverse effects: Despite early hopes of fewer side effects with 
enoxaprin, the complications have proven to be similar to those 
with heparin. 

a. Bleeding complications: The chief complication of heparin 
therapy is hemorrhage. Careful monitoring of bleeding time is 
required to minimize this problem. Excessive bleeding may be 
managed by suspending the drug or treating with profamine 
sulfate. Infused slowly, the latter corr~bines ionically with hep- 
arin to form a stable, inactive complex. 

b. Hypersensitivity reactions: Chills, fever, urticaria, or anaphy- 
lactic shock are possible, since the heparin preparations are 
obtained from animal sources and may therefore be antigenic. 

c. Thrombocytopenia: A decrease in the number of circulating 
platelets may occur after about 8 days of therapy. In some 
patients, heparin-induced platelet aggregation is followed by the 
formation of antiplatelet antibodies. Discontinuance of the drug 
then becomes necessary. Should heparin-induced thromboem- 
bolism occur, therapy with a drug that inhibits platelet aggrega- 
tion or an oral anticoagulant is instituted in place of the heparin. 

dl. Contraindications: Heparin is contraindicated for patients who 
are hypersensitive to it or have bleeding disorders, for alco- 
holics, and for patients who have had surgery of the brain, eye, 
or spinal cord. 

B. Warfarin 

The coumarin anticoagulants, which include warfarin [WAR far in] 
and dicumarol [dye KO0 ma role] (formerly bishydroxycoumarin) 
owe their action to their ability to antagonize the cofactor functions 
of vitamin K. Initially used as a rodenticide, warfarin is now widely 
employed clinically as an oral anticoagulant. Conflicting opinions 
exist concerning the usefulness of these agents in clinical situations 
such as myocardial infarction and hip arthroplasty. The potential 
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morbidity argues for a way to identify those patients who are truly at 
risk for thrombosis. Even careful monitoring to keep prothrombin 

- - time at 1.5 to 2.5 times longer than normal values does not prevent 

Precursors of 
bleeding complications in about 20% of the patients. 

clotting Factors 
11, VII, IX, x 1. Mechanism of action: Several of the protein factors (including 

Factors II, VII, IX, and X; see Figure 20.4) that are involved in the 
coagulation reactions depend on vitamin K as a cofactor in their 
complete synthesis by the liver. These factors undergo vitamin K- 
dependent posttranslational modification, whereby a number of 
their glutamic acid residues are carboxylated to form y-carboxy- 
glutarnic acid residues4 (Figure 20.6). In this reaction, the vitamin 
K-dependent carboxylase fixes C02 to form the new COOH group 
on glutamic acid, and reduced vitamin Kco-factor is converted to 
vitamin K epoxide. Vitamin K is regenerated from the epoxide by 
vitamin K epoxide reductase. It is this enzyme that is inhibited by 
warrarin. The y-carboxyglutamyl residues bind calcium ion and are 

I;)+AW~K~XW~ essential for interaction with cell membranes. Warfarin or 
dicumarol treatment results in the production of inactive clotting 
factors, since they lack the y-carboxyglutamyl side chains. Unlike 
heparin, the anticoagulant effects of warfarin are not observed until 
8 to 12 hours after drug administraiion. The anticoagulant effects 
of warfarin can be overcome by the administration of vitamin K. 
However, reversal by vitamin Ktakes approximately 24 hours. 

ADPH 

Active clo 
Cnn*..." 

ltucamlmya 
la) residue 

a. Absorption: The sodiuni salt of warfarin is rapidly and com- 
pletely absorbed after oral administration. Though food may 
delay absorption, it does not affect the extent of absorption of 
the drug. Warfarin is 99% bound to plasma albumin, which 
prevents its diffusion into the cerebrospinal fluid, urine, and 
breast milk. However, drugs having a greater affinity for the 
binding site, such as sulfonamides, can displace ,the an1:icoag- 
ulant and lead to a transient elevated activity (see p. 12). The - .  
drug readily crosses the placental barrier. 

Fiaure 20.6 - - -- 
Mechanism of action of 
warfarin. b. Fete: The products of warfarin metabolism are inactive and, 

after conjugation to glucuronic acid, are excreted in the urine 
and stool. 

- - - - - -  

rse e 

a. Bleeding disorders: The principal untoward reaction is hemor- 
rhage. Therefore, it is important to frequently monitor and 
adjust the anticoagulant effect. Minor bleeding may be treated 
by withdrawal of the drug and administration of oral vitamin K,; 
severe bleeding requires greater doses of the vitamin given 
intravenously. Whole blood, frozen plasma, or plasma concen- 
trates of the blood factors may also be employed to arrest 
hemorrhaging. 

b. Drug interactions: A number of drug interactions that potenti- 
ate or attenuate the anticoagulant effects of warfarin have 
been identified. A summary of the most important of these 
interactions is shown in Figure 20.7. 

4 
See p. 206 for lnfolink references to other books in this series. 
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c. Disease states: These can also influence the hypoprothrom- 
binemic state of the patient and influence the response to the 
anticoagulants. For example, a vitamin K deficiency, hepatic 
disease that impairs synthesis of the clotting factors, and 
hypermetabolic states that increase catabolism of the vitamin 
K-dependent clotting factors, can all augment the response to 
the oral anticoagulants. 

d. Contraindications: The drug should never be used in preg- 
nancy because it is teratogenic and can cause abortion. 

VIIEI. THROMBOLYTIC DRUGS 

Acute thromboembolic disease in selected patients may be treated by 
,the administration of agents that activate the conversion of plasminogen 
to plasmin, a serine protease that hydrolyzes fibrin and thus dissolves 
clots (Figure 20.8). The first such agents to be approved, streptokinase 
and urokinase, cause a systemic fibrinoly'tic state that can lead to 
bleeding problems. Alfeplase, also known as tissue-type plasminogen 
activator (fPA), acts more locally on the thrombotic fibrin to produce fib- 
rinolysis, and is a potentially important agent in treating thromboembolic 
disease. (See Figure 20.9 for a comparison of the commonly used 
thrombolytic agents.) Clinical experience has shown about equal effi- 
cacy between streptokinase and tPA. Unfortunately, tt-~rornbolytic ther- 
apy is unsuccessful in about 20% of infarcted arteries and about 15% of 
those opened, reclose. 

A. Common characteristics of thrombolytic agents 

1. Actions: The thrombolytic agents share some common features. 
All act either directly or indirectly to convert plasminogen to plas- 
min, which in turn cleaves fibrin, thus lysing thrombi (see Figure 
20.8). In each case, clot dissolution and reperfusion occurs with a 
higher frequency when therapy is initiated early after clot forma- 
tion, since clots become more resistant to lysis as they age. 
Unfortunately, increased local thrombin may occur as the clot dis- 
solves, leading to enhanced platelet aggregability and thrombosis. 
Strategies to prevent this include administration of antiplatelet 
drugs, such as aspirin, or antithrombotics, such as heparin. 

2. Administration: For myocardial infarction, intracoronary delivery 
of the drugs is the most reliable in terms of achieving recanaliza- 
tion. However, cardiac catheterization may not be possible in ,the 
2 to 6 hour "therapeutic window," beyond which significant 
myocardial salvage becomes less likely. TIius thrombolytic agents 
are usually administered intravenously, since this route is rapid, 
inexpensive, and does not have the risks of catheterization. 

3. Therapeutic uses: Originally used for the treatment of deep-vein 
thrombosis and serious pulmonary embolism, thrombolytic drugs 
are now being used with increasing frequency to treat acute 
myocardial infarction and peripheral arterial thrombosis and 
emboli, and for unclotting catheters and shunts. 

Aspirin 
Phenylbutazone 

Inhibition of platelet 
aggregation 

inhibition of 
metabolism 
of warfarin 

Cimetidine 
Chloramphenicol 
Cotrimoxazole 
Disulfiram 
Metronidazole 7 P I Phenylbutazone I 

Chronic alcohol 
ingestion 

Barbiturates 
Glutethimide 
Griseofulvin 

Stimulation of 
metabolism 
of warfarin 

Figure 20.7 
Drugs affecting the anticoagulant 
effect of warfarin. 
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Figure 20.8 
Activation of plasminogen by 
fibrinolytic agents. 

A. ANTIGENICITY 
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B. FIBRIN SPECIFICITY 
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4. Adverse effects: The thrombolytic agents do not distinguish 
between the fibrin of an unwanted ,tl-~rornbus and the fibrin of a 
beneficial hemostatic plug. Thus, hemorrhage is a major side 
effect. For example, a previously unsuspected lesion, such as a 
peptic ulcer, may hemorrhage following injection of a thrombolytic 
agent (Figure 20.10). They are contraindicated in patients with a 
healing wound, pregnancy, history of cerebrovascular accident, or 
metastatic cancer. Continued presence of thromboger~ic stimuli 
maif cmse rs thromho~i~ zfter !ysis ~f the initiz! clot. 

Alteplase [AL te place] previously known as tissue-type plasmino- 
gen activator (tPA), is a serine protease originally derived 'from cul- 
tured human melanoma cells. It is now obtained as a product of 
recombinant DNA technology. 

1. Mechanism of action: Alteplase has a low affinity for free plas- 
minogen, but it rapidly activates plasminogen bound to fibrin in a 
throrr~bus or a hemostatic plug. Thus, alteplase is said to be "fibrin 
selective" and at low doses, has the advantage of lysing only fib- 
rin, without unwanted degradation of other proteins, notably fib- 
rinogen. This contrasts with urokinase and streptokinase, which 
act on free plasminogen and induce a thrombolytic state. [Note: 
At dose levels of alteplase currently in use clinically, circulating 
plasminogen may be activated, resulting in hemorrhage.] 

2. Therapeutic uses: Currently alteplase is approved for the treat- 
ment of myocardial infarction, massive pulmonary embolism, and 
acute ischemic stroke. Alteplase seems to be superior to strep- 
tokinase and urokinase in dissolving older clots, and may ulti- 
mately be approved for other applications. Alteplase administered 
within 3 hours of the onset of ischemic stroke significantly 
improves clinical outcome, that is, the patients' ability to perform 
activites of daily living. 

U T o t i i n a S B -  - 

F__9, 
-. -- 

3. Pharmacokinetics: The agent has a very short t in (about 5 min- 
Alteplase utes) and therefore is administered as a 100-mg dose with 10 mg 

Low High injected intravenously as a bolus and the rest over 90 minutes. 
- - - 

C. HALF-LIFE - _ _ _ -  , including gastroint 
and cerebral hemorrhages, may occur. 

Anistreplase 
C. Staeptakhnase 

Streptokinase -- - - 

Streptokinase [strep toe KYE nase] is an extracellular protein puri- 

Urokinase fied from culture broths of Group C P-hemolytic streptococci. 

Alteplase 1. Mechanism of action: Streptokinase has no enzymic activity; 
instead it forms an active 1 :1 complex with plasminogen, which 

Minutes 
then converts ~~ncomplexed plasminogen to the active enzyme 
plasmin (Figure 20.1 1). In addition to the hydrolysis of fibrin plugs, 
the complex also catalyzes the degradation of fibrinogen as well 

Figure 20.9 as clotting Factors V and VII. 
A comparison of commonly used 
thrombolytic agents. 
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2. Therapeutic uses: Streptokinase is approved for use in acute pul- 
monary embolism, deep venous thrombosis, acute myocardial 
infarction, arterial thrombosis, and occluded access shunts. 

3. Pharmaeokinetics: Streptokinase therapy is instituted within 4 
hours of a myocardial infarction and is infused for 1 hour. Its tl12 is 
less than a half-hour. -rhromboplastin 'time is monitored and main- 
tained at two to five times control value. On discontinuation of treat- 
ment, either heparin or oral anticoagulants may be administered. 

4. Adverse effects 

a, Bleeding disorders: Activation of circulating plasrninogen 
leads to elevated levels of plasmin, which may precipitate 
bleeding by dissolving hemostatic plugs (Figure 20.1 2). In 
the rare instance of life-threaterring hemorrhage, amino- 
caproic acid (see p. 204) may be administered. 

b. Hypersensitivity: Streptokinase is a foreign protein and is anti- 
genic. Rashes, fever, and rarely, anaphylaxis occur. Since 
most individuals have had a streptococcal infec1:ion sometime 
in their lives, circulating antibodies against streptokinase are 
likely to be present in most patients. These antibodies can 
combine with streptokinase and neutralize its fibrinolytic prop- 
erties. Therefore, sufficient quantities of streptokinase must 
be administered to overwhelm the antibodies and provide a 
therapeutic concentration of plasniin. Fever, allergic reactions, 
and therapeutic failure may be associated with the presence 
of antistreptococcal antibodies in the patient. The incidence of 
allergic reactions is approximately 3% 

Anistreplase [annie STREP lase] (anisoylated plasminogen strep- 
tokinase activator complex; A PSAC) was synthesized in vitro to 
improve the kinetics of the streptokinase-plasminogen complex. 
Acylation blocks the lysine at the active site of plasminogen so that 
the coniplex is inactive until it binds to fibrin, a property that is 
retained. On binding, the anisoyl group is removed and fibrinolysis 
proceeds; thus the complex is semiselective for lysis at the clot site. 
The plasma half-life of anistreplase is long (about 90 minutes) com- 
pared to streptokinase. It is injected intravenously from 2 to 5 min- 
utes. Reperfusion of the tissue compares favorably with 
streptokinase. Like other thrombolytic agents, bleeding is a compli- 
cation, as well as are arrhythmias and hypotension. 

Urokinase [yoor oh KINE ase] is an enzyme capable of directly 
degrading both fibrin and fibrinogen (see Figure 20.1 2). Urokinase 
was originally isolated from human urine, but it is now obtained from 
cultures of human fetal renal cells. Urokinase is more expensive than 
streptokinase and is usually employed in patients who are sensitive to 
streptokinase. [Note: Urokinase is not a foreign protein and is there- 
fore nonantigenic.] Like streptokinase, urokinase is effective in treating 
severe pulmonary emboli and deep vein thrombosis. Bleeding compli- 
cations are the most important side effects of this drug therapy. 

Untreated patient 

w 
Hemostatic 
plug 

m Patient treated with 
?' pslasminogen activator 

\ j 
Bleeding 

Figure 28.18 
Degradation of an unwanted thrombus 
and a beneficial hemostatic plug by 
plasminogen activators. 
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Figure 20.6 1 
Mechanism of action of 
streptokinase. 
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VBIB. DRUGS USED TO TREAT BLEEDING 
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Flgure 20.12 
Streptokinase and urokinase 
degrade both fibrin and 
fibrinogen. 

Bleeding problems may have their origin in naturally occurring pathologic 
conditions such as hemophilia, or as a result of fibrinolytic states that 
may arise after gastrointestinal surgery or prostatectomy. The use of 
anticoagulants may also give rise to hemorrhaging. Certain natural pro- 
teins and vitamin K as well as synthetic antagonists are effective in con- 
trolling this bleeding. For example, hemophilia is a consequence of a 
deficiency ir? p!asma coagu!ation factillrs, most frequently Fact:tnrs \/!!I 
and IX. Concentrated preparations of these factors are available from 
Ihuman donors. However, ,they hold the risk of transferring viral infections. 

A. Aminocaproic acid and tranexamie acid 

Fibrinolytic states can be controlled by the administration of 
aminocaproic acid [a mee noe ka PROE ic] or tranexamic acid [tran 
ex AM ic]. Both agents are synthetic and inhibit plasminogen activa- 
tion. A potential side effect is intravascular thrombosis. 

8. Protarnine sulfate 
- 

Protamine sulfate [PROE ta meen] antagonizes the anticoagulant 
effects of heparin. This protein is derived from fish sperm or testes 
and is high in arginine content, which explains-its basicity. The posi- 
tively charged protein interacts with the negatively charged heparin to 
form a stable complex without anticoagulant activity. Protamine sul- 
fate itself can interfere in coagulation when it is given in the absence 
of heparin, since the basic'protein interacts with platelets and fibrino- 
gen. Adverse effects include hypersensitivity, as well as dyspnea, 
flushing, bradycardia, and hypotension when rapidly injected. 

That vitamin KI  (phytonadione) administration can stem bleeding 
problems due to the oral anticoagulants is not surprising, since 

- fhosesu  bstancesact-b-interfecing-i Wn -0itbe-vitamin-(see 
Figure 20.6). The response to vitamin K is slow, requiring about 24 
hours; thus if immediate hemostasis is required, fresh frozen 
plasma should be infused. [Note: Vitamin K supplementation is 

- required for patients receiving the cephalosporins, cefamando', -- 
- 

IX. AGENTS USED TO TREAT ANEMllA 

Anemia is defined as a below-normal plasma hemoglobin concentration 
resulting from a decreased number of circulating red blood cells or an 
abnormally low total hemoglobin content per unit of blood volume. 
Anemia can be caused by chronic blood loss, bone marrow abnormali- 
ties, increased hemolysis, infections, malignancy, endocrine deficiencies, 
and a number of other disease states. These conditions can be cor- 
rected by transfusion of whole blood. A large number of drugs cause 
toxic effects on blood cells, hemoglobin production, or erythropoietic 
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organs, which in turn may cause anemia. In addition, nutritional anemias 
are caused by dietary deficiencies of substances [for example, iron, folic 
acid, vitamin BIZ (cyanocobalamin)] necessary for normal erythropoiesis. 

lron is stored in intestinal mucosal cells as ferritin (an ironlprotein 
complex) until needed by the body. lron deficiency results from 
acute or chrorlic blood loss, ,from insufficient intake during periods of 
accelerated growth in children, or in heavily menstruating or preg- 
nant women. Therefore it essentially results from a negative iron 
balance due to depletion of iron stores and inadequate intake, cul- 
minating in hypochromic microcytic anemia. Supplementation with 
ferrous sulfate is required to correct the deficiency. Gastrointestinal 
disturbances caused by 1oca.l irritation are the most common 
adverse effects caused by iron supplements. 

B. Folic acid 

The primary use of folic acid is in treating deficiency states that arise 
from inadequate levels of the vitamin. Folate deficiency may be 
caused by (1) increased demand (for example, pregnancy and lac- 
tation), (2) poor absorption caused by pathology of the small intes- 
tine, (3) alcoholism, or (4) 'treatment with drugs that are 
dihydrofolate reductase inhibitors (for example, methotrexate and 
trimethoprim, see p. 293). A primary result of folic acid deficiency is 
megaloblastic anemia, caused by diminished synthesis of purines 
and pyrimidines. This leads to an inability of erythropoietic tissue to 
make DNA and proliferate (Figure 20.13). [Note: It is important to 
evaluate the basis of the megaloblastic anemia prior to instituting 
therapy, because vitamin BIZ deficiency indirectly causes symptoms 
of this disorder (see following paragraph).] Folic acid is well 
absorbed in the jejurluni urlless pathology is present. If excessive 
amounts of the vitamin are ingested, they are excreted in the urine 
and feces. Folic acid administered orally has no known toxicity. 

Deficiencies of vitamin BI2 can result froni either low dietary levels 
or, more commonly, from poor absorption of the vitamin due to the 
failure of gastric parietal cells to produce intrinsic factor (as in perni- 
cious anemia) or to a loss of activity of the receptor needed for 
intestinal uptake of the i it am in.^ IVonspecific malabsorption syn- 
dromes or gastric resection can also cause vitamin BIZ deficiency. 
The vitamin may be administered orally (for dietary deficiencies), or 
intramuscularly or deep subcutaneously (for pernicious anemia). 
[Note: Folic acid adrninktration alone reverses the hematologic 
abnormality and thus masks the Bl;l deficiency, which can then pro- 
ceed to severe neurologic dysfunction and disease. Therefore, 
megaloblastic anemia should not be treated with folic acid alone, but 
rather with a combination of folate and vitamin BIZ.] Therapy must be 
continued for the remainder of the life of a patient suffering from per- 
r~icious anen-~ia. There are no known adverse effects of this vitamin. 

( POOR ABSORPTION I @ Pathology of small 
intestine 

11 @ Alcoholism 

DIETARY DEFICIENCY 
d, During pregnancy 
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Figure 20.13 
Causes and consequences of 
folic acid depletion. 

5 See p. 206 for lnfolink references to other books in this series. 



206 20. Drugs Affecting Blood 

Erythropoietin [ery throw PO eetin] is a glycoprotein, normally made 
by the kidney, that regulates red cell proliferation and differentiation 
in bone marrow. Human erythropoietin, produced by recombinant 
DNA technology, is effective in the treatment of anemia caused by 
end-stage renal disease, anemia associated with HIV-infected 
patients, and anemia in some cancer patients. Supplementation with 
iron may be required to assure an adequate response. The protein 
is usually administered in,travenously in renal dialysis patients, but in 
others the subcutaneous route is preferred. Side effects such as 
iron deficiency and an elevation in blood pressure occur. [Note: The 
latter may be due to increases in peripheral vascular resistance 
andlor blood viscosity.] 

X. AGENTS USED TO TREAT SICKLE CELL DISEASE 

Study Questions 

Recent clinical trials have shown that hydroxyurea can relieve the 
painful clinical course of sickle cell disease (anemia). Hydroxyurea is 
currently used to treat chronic myelogenol-IS leukemia and polycythemia 
Vera. In sickle cell disease, the drug apparently increases fetal hemo- 
globin (HbF) levels, thus diluting the abnormal hemoglobin S (HbS). 
This process takes several months. Polymerization of HbS is delayed in 
the treated patients so that painful crises are not caused by sickled cells 
blocking capillaries and causing tissue a n ~ x i a . ~  The optimal dose of 
hydroxyurea, and its safety over the long run remain to be determined. 

Choosethe ONE best answer. 

- 7 0 . 1 . 1 h e  ant~coagulant activity o i  warfarin can IXFpOt-eTti- 
ated by all of tlie following EXCEPT: 

A. Rifampin. 
B. Aspirin. 

. - - - - - - -- --- --- - -- - - - - -  - -- 
C. Phenylbutazone. 

- D. Cimetidine.- - --- -- -- - 

E. Disulfiram. 

3See p. 149 in Biochemistry (2nd ed.) for a discussion %ee p. 338 in Blochemlstry (2nd ed.) for a 
of the structure of heparin. of vitamin K. 

'See p. 326 in Blochemlstry (2 
of vitarnine 81,. 
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r -, 
correct choice = A. Ritampin induces the hep- 

- atiC ~ r n i x e ~ u n ~ ~ i b b ~ 6 x ~ d a s e s S  that-me'taboliz-e . . 
_ _ _ _ - . w a d a r i a J ~ b i t o c l s , s u c b s - a p i r i n .  

increase the anticoagulant effect of warfarin. 
Phenylbutazone can transiently increase the 
level of free warfarin by displacing it from the 
plasma albumin binding site. Cimetidine inhibits 

=damin-m&Wsm-and-causes-poteniation of-== 
the anticoagulant. Disulfiram inhibits warfarin 
metabolism. 
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