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Calcium Channel Blocker Class
Heterogeneity: Select Aspects of
Pharmacokinetics and Pharmacodynamics

Domenic A. Sica, MD

Calcium channel blockers (CCBs) comprise a
heterogeneous group of compounds with unique
structures and pharmacologic characteristics. These
agents are employed in the treatment of hyperten-
sion, coronary ischemia, and/or supraventricular
arrbythmias. CCBs are both substrates for, and in
the instance of verapamil and diltiazem inhibitors
of, cytochrome P450 3A4. In the case of verapamil
and diltiazem, this inbibitory effect increases the
likelibood of drug—drug interactions with other
compounds similarly metabolized by cytochrome
P450 3A4. Much of the debate with reference to a
cardiovascular risk for CCBs has been quieted with
the advent of sustained-release delivery systems that
offer a more gradual rate of drug delivery. The most
common side effects with CCBs are vasodilatory in
nature and include peripheral edema, flushing, and
headache. Despite the potential for side effects with
CCBs, their potent blood pressure-lowering effect
makes them a prerequisite for blood pressure con-
trol in many patients. (] Clin Hypertens. 2005;7(4
suppl 1):21-26) ©2005 Le Jacq Ltd.
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T en calcium channel blockers (CCBs) are cur-
rently marketed in the United States. These
agents are employed in the treatment of hyperten-
sion, angina, and/or supraventricular arrhythmias.
Nimodipine is approved only for short-term use
in patients having experienced a subarachnoid
hemorrhage. Diltiazem, nicardipine, and vera-
pamil are the only CCBs currently available in IV
formulations. Long-term treatment with CCBs is
typically by the oral route and long-acting CCBs
are the preferred mode of therapy in the treatment
of hypertension and/or angina when a CCB is felt
to be indicated (Table I).!

CLASS HETEROGENEITY

CCBs are a heterogeneous group of compounds,
with distinctive structures and pharmacologic prop-
erties. There are three distinct subclasses of CCBs,
which explain the differences observed with these
agents. These subclasses are the phenylalkylamines
(e.g., verapamil), the benzothiazepines (e.g., diltia-
zem) and the dihydropyridines (DHPs) (e.g., nife-
dipine, amlodipine, isradipine). All available CCBs
are vasodilators—and therein lies their ability to
reduce blood pressure (BP). The relative potency
of CCBs as vasodilators varies, with DHP-type
compounds such as nifedipine viewed as the most
potent subclass, with verapamil, diltiazem, and
bepridil being comparably less potent.

In vitro, several calcium antagonists (e.g., nife-
dipine, nisoldipine, and isradipine) bind with some
selectivity to the L-type calcium channel present in
blood vessels, whereas verapamil binds equally well
to cardiac and vascular L-type calcium channels.??
The applicability of these in vitro findings to treat-

Q www.lejacq.com ment response in humans remains ill defined. In
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vitro, all CCB subclasses both depress sinus-node
activity and slow atrioventricular (AV) conduction.
Only verapamil and diltiazem delay AV conduction
or cause sinus-node depression at doses clinically
in common use.! In this regard, diltiazem (and less
so verapamil) are used intravenously and orally
for acute and chronic rate control, respectively,
in patients with atrial fibrillation and normal left
ventricular function (Tables I and II).43

Similarly, all CCB subclasses exhibit a con-
centration-dependent negative inotropic effect in
vitro, but only verapamil and diltiazem do so in
vivo. The disparities between the in vitro and in
vivo effects may relate, in part, to the sympathetic
activation triggered by DHP-induced vasodilation,
which blunts any direct negative chronotropic and
inotropic effects; however, there is active debate
as to whether DHP CCBs activate the sympathetic
nervous system in all instances.

In this regard, in animal studies, direct cen-
tral administration of DHPs such as nifedipine
or amlodipine lowers sympathetic nerve activ-
ity and thereby BP. At low rates of peripheral
administration nifedipine or amlodipine gradually
accumulate in the central nervous system, lower
sympathetic nerve activity, and thereby reduce BP
by a complementary mechanism to direct arte-
rial vasodilation. In addition, hypertensive subjects
treated with long-acting DHPs, wherein minimal
arterial baroreflex activation occurs, have demon-
strably lower sympathetic activity (as assessed by
plasma norepinephrine), but in other instances
have increased sympathetic activity (as assessed
by plasma norepinephrine or microneurography).
This sympathoexcitatory response may be due to
activation of the renin-angiotensin system, particu-
larly at higher doses.®

Nocturnally indicated forms of verapamil available

Grapefruit juice significantly increases nisoldipine
with early morning peak action.

bioavailability.

COMMENTS

(1)

ELIMINATION
Havr-Lire
7-12

4.5-12 (CR)

TimME
TO PEAK
ErrecT (H)
4-6 (SR)

6-12
0.5-1.0 (IR); 4.5-12 (IR);

30, 40 mg; once

daily
IR tablet: dose
varies based on

indication; SR
360 mg; once

products: 120—
daily

ForMm; STRENGTH;

Dose
SR tablet; 10, 20,

flutter; paroxysmal
supraventricular

atrial fibrillation or
tachycardia

APPROVED
INDICATIONS
Hypertension
Hypertension; angina;

PHARMACOKINETIC, DRUG-DRUG, AND
NUTRITIONAL INTERACTIONS

As a class, the CCBs share a number of com-
mon pharmacokinetic characteristics. In general,
the volume of distribution, protein binding, and
plasma half-life of CCBs are comparable in nor-
mal renal function subjects, chronic kidney disease
patients, and end-stage renal disease subjects, with
a few notable exceptions (Figure 1).” One such
exception is nicardipine—where hepatic metabo-
lism and therein plasma clearance—is decreased
in chronic kidney disease patients when compared
with normal subjects.®* Of note, this decrease in
plasma clearance is corrected by hemodialysis.?
Aging is associated with a significant reduction in
the clearance of many CCBs and is at least one of

York, NY); Covera HS (GD Searle LLC,

Sular (First Horizon Pharmaceutical

Calan, Calan SR (GD Searle LLC, New
New York, NY); Verelan PM (Elan
Biopharmaceuticals, San Diego, CA)

Corporation, Alpharetta, GA)

PROPRIETARY NAME
cytochrome P450 3A4

Druc
CYP3A4

Table I. Dosing Information for Calcium Channel Blockers Currently Marketed in the United States (continued)

Nisoldipine
Verapamil
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Table II. Hemodynamic Effects of Calcium Channel Blockers

PHENYLALKYLAMINES BENZOTHIAZEPINES

ErrecT (VERAPAMIL) (D1LT1AZEM) DIHYDROPYRIDINES
Peripheral vasodilation 1 ) A
Coronary vascular resistance 1 N A
Myocardial contractility L | ol
Cardiac output variable variable PN

Heart rate T acute;d chronic N T acute; <> chronic
Atrioventricular conduction 1 N -

J=Decrease; <>=neutral effect; T=increase

60 -

50

40 -

30

20 -

Drug half-life (h)

AML DIL FEL

22
16 18
12 11.4
5 8 3.1
;E ;4 11 2 4 2.8 3.6 4.1
[ [ [ [ [ [ :

ISR

[0 Normal HE Renal failure

NIF NIM NIT VER

Figure 1. Drug half-life for calcium channel blockers in the presence of renal failure. AML=amlodipine; DIL=diltiazem;
FEL=felodipine; ISR=isradipine; NIF=nifedipine; NIM=nimodipine; NIT=nitrendipine; VER=verapamil

the reasons why drugs in this class are started at
lower doses in elderly hypertensive patients.”!?

The cytochrome P450 system dictates both
the presystemic and systemic clearance of CCBs,
with cytochrome P450 3A4 (CYP3A4) being most
prominently involved in this process.!! All CCBs
are substrates for CYP3A4, with only verapamil
and diltiazem inhibiting the activity of this P450
isozyme as well. This ability of verapamil and dil-
tiazem to inhibit CYP3A4 is of the greatest impor-
tance for compounds that share this metabolic
pathway. The drug-drug interactions that arise
from the co-administration of verapamil or diltia-
zem with other known substrates for CYP3A4 are
predominantly pharmacokinetic, with plasma con-
centrations of the alternative CYP3A4 substrate
typically rising.

3-hydroxy-3-methylglutaryl A reductase inhibi-
tors or statins are widely used drugs for the treat-
ment of hyperlipidemia. Many of the drugs in this

THE JOURNAL OF CLINICAL HYPERTENSION

class share the CYP3A4 metabolic pathway with
CCBs, and adverse drug-drug interactions have
occurred with co-administration of these drugs
with either verapamil or diltiazem. Verapamil and
diltiazem inhibit the metabolism of both lovas-
tatin'? and simvastatin,'>'# which increases the risk
of myotoxicity (including rhabdomyolysis), a con-
centration-dependent side effect with statins.!>!6
Atorvastatin is also metabolized by CYP3A4, and
a similar drug—drug myotoxic interaction has been
described when it has been combined with diltia-
zem.!” Pravastatin does not undergo P450-depen-
dent metabolism, and fluvastatin is metabolized by
CYP2D6; thus, verapamil and diltiazem would not
be expected to have a significant pharmacokinetic
interaction with these two statins, making them
safer alternatives.'®

Verapamil and diltiazem also inhibit the metab-
olism of cyclosporine or tacrolimus, which can
increase the concentration of these drugs and
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Osmotically active
drug core

Delivery
orifice

Semipermeable

membrane Polymeric push

compartment

Controlled-release isradipine — 10 mg

4 |mmediate-release isradipine — 10 mg

T T T T T 7 T T 7

0 6 12 18 24
Hours after dosing

Plasma concentration ng/mL

Figure 2. Gastrointestinal technology utilized to provide sustained-release characteristics for drug delivery (left side).
Concentration time curves for an immediate and controlled-release form of isradipine. The less desirable peak-and-val-
ley aspect of drug delivery is evident with the immediate-release form of isradipine.

lead to nephrotoxicity.!” Verapamil and diltiazem
also inhibit the metabolism of a variety of other
drugs—including carbamazepine, midazolam, tri-
azolam, buspirone and quinidine.?’ Since many
of these drugs have a low therapeutic index, even
modest increases in the blood levels of these com-
pounds can lead to drug concentration-dependent
adverse reactions.

In general, DHP CCBs do not cause—but can
be subject to—this type of adverse drug—drug inter-
action. For example, diltiazem seems to inhibit
the clearance of nifedipine in a dose-dependent
manner.”!??> This interaction occurs quickly and is
near maximal within 3 days of dosing.?? Less well
appreciated is the fact that nifedipine influences
the pharmacokinetics of diltiazem. Early observa-
tions have found that pretreatment with nifedipine
increased diltiazem concentrations, presumably
secondary to both a decrease in its hepatic clear-
ance as well as an increase in its bioavailability.??
Thus, the interaction between verapamil and diltia-
zem and a DHP CCB can be exploited clinically to
more effectively treat the hypertensive patient.?*

Data from epidemiologic studies reveal that
approximately 1%-2% of the US population
consumes at least one glass of regular-strength
grapefruit juice per day. This level of intake makes
this a pertinent consideration in the hypertensive
population in the United States—many of whom
are receiving CCB therapy—since an interaction
can occur with several CCBs and grapefruit juice
or products which originate from grapefruit. This
interaction is most prominent with felodipine,

SUPPL. 1 VOL. 7 NO. 4 APRIL 2005

nisoldipine, nicardipine, and nitrendipine and
derives from grapefruit products’ increasing the
bioavailability of these compounds. Patients receiv-
ing an established CCB dose who experience an
unexpected BP response and/or vasodilator side
effects should be questioned with regard to their
intake of grapefruit juice.?’

DELIVERY SYSTEMS
Since the early 1980s, an increasing number of
pharmaceutical products have been converted
from immediate-release to controlled-release (CR)
products by way of novel drug delivery systems. In
a generic sense there are several advantages to CR
preparations, including targeted blood concentra-
tions; decreased administration frequency, dispens-
ing costs, and adverse effects; and improved medi-
cation adherence.?® Alternatively, disadvantages to
CR dispensing systems include a delay in attaining
the pharmacodynamic effect on initiation of thera-
py, sustained toxicity, and altered absorption with
derangements in gastrointestinal motility.2°

CR delivery systems have found some of their
greatest utility with CCBs. First, CR delivery
systems have allowed a number of otherwise
short-acting CCBs to behave as once-daily drugs
(Figure 2). With this adjustment in how the drug
is systemically presented, the peaks and valleys of
drug concentration that might characterize a short-
acting drug such as nifedipine no longer exist. This
change in the manner in which the drug is made
available is of the utmost importance for short-
acting DHP CCBs such as nifedipine.?’” Second,
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delivery system technology has facilitated the
development of preparations that are character-
ized by both delayed-release and CR components.
The delayed-release element of these preparations
allows for targeting of early morning post-awaken-
ing BPs when drug administration occurs at bed-
time—known as chronotherapy. While clinical tri-
als have not yet shown outcome improvement with
this approach, this approach does provide optimal
drug concentrations when most cardiovascular
events occur—which is in the morning hours—and
minimizes the amount of drug delivered when BP
is at its nadir during sleep.?%?

CONCLUSIONS

CCBs are widely used in the treatment of hyperten-
sion. Their pattern of use has evolved over time in
concert with novel technologies that offer unique
delivery characteristics for these drugs. The phar-
macokinetics of CCBs are marked by an important
dependence on CYP3A4 for their metabolism, with
verapamil and diltiazem also acting as inhibitors of
CYP3A4. The latter is associated with the poten-
tial for a series of relevant drug—drug interactions.
Immediate-release CCBs have been supplanted by
SR delivery systems, which have improved toler-
ability and safety for these compounds. These
technological advances are of no minor importance
since CCBs are increasingly viewed as important
components of many antihypertensive regimens.
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