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CLINICAL DIFFERENCIATION OF NIFEDIPINE AND OTHER CALCIUM
ANTAGONISTS

FRANZ EBNER, MANFRED DONATH, KARI-DIETRICH RAMSCH

Calcium antagonists have acommon biochemical basis
mechanism. Thismechanismistheinhibition or reduction
of transmembrane calciuminflux * inthe stimulated cells
of the smooth muscles of the arterial vessels, the
myocardium, the uterus and the pacemaker-Cells 25

In European literature they are called “calcium-
antagonists’, in Anglo-American literature, they appear
as " slow-channel-blocker” 7.

Here, however we are concerned with a group of
pharmaceutical agents, which differ from each other
considerably. Prenylamine and fendiline are from one
chemical group, verapamil and gallopamil from an other.
But verapamil, nifedipine, diltiazem and perhexiline show
significant differencesin their chemical structures (table
).

Because of the location of the smooth muscle célls,
calcium antagonists could have severa sites of action
(left) and depending from this they should have
influences on systems or organs, listed on the right side
of tablell

Though, in general, the predominant sites of clinico-
pharmacological action are coronary arteries, aorta and
peripheral resistance vessels, myocardium, sinus-node,
AV-mode, pulmonary artery and peripheral veins
However, it has been shown clinically that the up until
now known calcium-antagonists have differences in
organ selectivity and in sites of action.

Phar macokinetic aspects

Some of the clinical differences are caused by
differencesin pharmacokinetics: nifedipine and the other
substances are absorbed to more than 80 or 90%, in other
words, the absorption is almost complete & (table 111)

However, this is not the only decisive factor, other
important parameters are bioavailability, protein-binding,
distribution in the various compartments, metabolism and
excretion.Nifedipine 2 belongs to those substances
having a low firstpass effect. As aresult it has a high
bioavailability of approximately 70%. In contrast, the
bioavailability of verapamil and diltiazem arelow andin
therange of 10-20%.

The first-pass metabolism greatly influences the

biocavailability. After oral administration the origi-
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Antagonists.

SITEOFACTION

CLINICAL CONSEQUENCE

Coronary arteries
Aorta

Periph. Res vesds

Myocardium

Sinus-node
AV-node
Pulmonary Artery
Peripheral veins

Global/pogtstenatic flow/spasm
Compliance/Windkes

Change of resitance/Decreasein blood
pressure/Afterl oad-reduction

Negative inotropism
Cardioprotective/cardioplegic
Decreaselincrease

AV-conduction

Venous pooling
Preload-reduction
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TABLE Il - Kineticsof Ca** - Antagonisis.

Absorption
90% (ore more)
First passe effect Bioavailability
low high low high
Nifedipine  Verapamil Verapamil Nifedipine
(25-30%) (80-90%) (10-20%) (65-70%)
Diltiazem Diltiazem
(>80%) (<20%)

nal substance passing through the liver for the first tine
is metabolized to a varying degree and as a result this
portion is no longer available. If the metabolites are
pharmacologically ineffective a reduction in efficacy
OCCurs.

Substances having a high first-pass effect are
verapamil 8, diltiazem ° and perhexiline . As a result
80-90% of the administered quantity is no fonger
available. This data, concerning first-pass metabolism-
isnot yet known for all the substances.

To achieve effects, in particular acute effects after
oral administration, relatively high doses must be given:
for example, a240 mg dose of verapamil inducesavery
dlight increasein load-tol erance; only and only after 320
mg is a satisfactory result achieved 4. Accordingly, the
daily dose for the treatment of angina pectoris is
somewhere between 360 mg ** and 480 mg °.

A singlehigh dose may overcomethefirst-passeffect.
However, it is not possible to predict the individua
biological reaction of the individual patients. Thus the
effective quantity passing through the liver without
becoming ineffective varies greatly 8.

A high first-pass metabolism indicates at the same
tinealow bioavailability if ineffective metabolites occur
and also agreater degree of uncertainty An drug therapy
because of the greater interindividual scatter.

It seems most difficult to find an effective acute dose
in some Cat++-antagonists. Thusno effectiveacute single
dosesaregivenfor diltiazem and perhexiline, only doses
for long-term treatment.

According to Kaltenbach, 240 mg of prenylamime 4
and 300 mg of fendiline areineffectivein anginapectoris.
A 4-week therapy with 3 x 50 mg per day of fendiline
showed no definite antianginal effect 1"

However there is another aspect of high firstpass
metabolism e.g. in the case of verapamil: in patients
suffering from liver insufficiency the bio-availability
increases'®, the substanceis suddenly more effective and
the excretion is delayed *° due to the almost exclusive
metabolism in the liver.

All substances from nifedipine to prenylamime have
aprotein-binding of 80% or 90% 892>22, A high protein-
binding indicates that only a smaller portion
of the substance is free and as a result,

TABLE IV - Kineticsof Ca** - antagonists
Protein-bindling MetaboMites
Low High Effectiv Uneffectiv
Nifedipine Nifedipine
(90%) @
Verapamil Verapamil
(909%0) (4)
Perhexiline
(90%)
Prenylarnine
(80%)
Diltiazem
(80%0)

effective The metabolites of nifedipine are ineffective.
Only theoriginal substanceispharmacologically effective
(tablelV).

The metabolism of verapamil is extremely complex
and pharmacol ogical effectivity of the cleavage products
is only 5-10% of the original substance. The cleavage
products are produced in large quantities and their half
lives are more than 24 hours. As a result, during long-
term therapy plasma concentrations occur which are
almost at the same level asthat of intact verapamil 8%,

Most metabolites of diltiazem %%, perhexiline ® and
fendiline ® are known, however, asfar asweknow their
pharmacological efficacy is not.

Thiskinetic dataexplain partly, why asingle dose of
20 mg of nifedipine is approximately equieffective to
240 or 360 mg of verapamil respectively in acute load
tests. And also it needs approximately 4 weeks of
verapamil and a dose of 3 tines 120 mg per day, to find
significant differences to placebo in patients suffering
from angina pectoris, according to Livesley.

In figure 1, we summarized the onset of the plasma
levels, the maxima, the I3 and y-phases of the excretion
and the duration of detectable plasma levels based on
the tine of the administration but without taking into
account the absolute peaks.

Nifedipine appears most rapidly 26 All the others
appear 15 to 30 minutes after administration927 except
perhexiline, which appears after 1 hour ® .The peaks of
nifedipine, verapamil and prenylamine occur between
30 minutes and 2 hours after administration. Those of
diltiazem, fendiline and perhexiline occur after 2 to 3
hours.

It isimportant to say, that certainly tissue levels and
possibly abinding on local receptors are moreimportant
than phasma levels, because the onset, maxima and
duration of clinical effects of the individual calcium
antagonists are not always identical to the course of the
plasma concentration.

Theclinical effect of nifedipine begins 3to 5 minutes
after administration and shows adight increasein load
tolerance after 25 to 30 minutesfor example. Thisisnot
identical with heights of the serum level. The duration
of clinical effect in load tolerance is 65 to 7 hours after
asingle dose of 20 mg?. Effective single doses of 5-20
mg are found.
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Fig.1 - Kinetics of Cat++ antagonists (s.I.-oral).

Plasma levelsof nifedipine are measurable 2-3 minutes
after sublingual administration, clinical effects are
relevant after 5 minutes 29. After oral administration the
plasma-levels are measurable 10-15 minutes later,
depending on when the capsule opens.

Peaks are ranging from 50-180 pg/l. However, there
are no significant differencesin plasma levels after the
oral or sublingual administration of nifedipine.

In hypertensive patients the blood pressure tends to
agree with the course of plasma level. However, a
statistically significant drop in blood pressure is only
detectable for a period of up to approximately 4 hours
after a single dose, when using the capsule, although
theplasmalevelsare detectable for considerably longer.

Clinical differences

| want to focus mow more on the clinical differences
of the 3 most important substances and, in addition, on
newer results of clinical findings about nifedipine.

Table V summarizes effects of verapamil This agent
clearly has anti-arrhvthmic and negative inotropic
properties *. The effects, in particular the
electrophysiological effect, starting approximately 2
hours after an oral dose and lasting for severa hours.

The hemodynamics show |ess pronounced effectson
total peripheral resistance and marked influences on
myocardial contractility, on sinus-node and on AV -node.
Thisisof clinical relevance

Higher oral doseshaveeffectsin anginaat rest, variant
angina and effort angina.

With regard to the anti-hypertensive, effect of
verapamil theix routeisrecommended for hypertensive
crisis. However, after approximately 1 hour the diastolic

TABLE V - Ca™*-Antagonists - clinical efficacy.

VERAPAMIL

Eff. dose; 240-320-480 mg daily 5-10 mgi.v.

Onset 2 hrsDuration > 5 hrs[2 min. > 15 min.]

Hemodynamics: TPR (1) AOP « POSTSTFL (1) GLOBFL (1)
SV it HR(1)VRET?
PAPt PCP1t LVEDPt LVVOL 1t VPOOL?
Contract. 1 ¢ Sinusnode ! AV-node !

Angina at rest/Variant Effective

Stable Angina/Effort Effective

Unstable Angina ?

Antihypertensve e. Possibly
Antiarrhythmic e. Effective
Cardioprot/Cardiopl. Possibly

Acute myoc. inf. Effective

Heart failure Contraindication
HOCM Effective

Main effect: ﬁ]r;ttir?)rr;hythmic (supraventricular), negativ
ansceatars s GaceSom AY

pressure has returned to the initial value 3%,

In chronic oral therapy, the anti-hypertensive effect
of 320 or 640 mg daily over aperiod of 6 weeks appears
to be only slightly pronounced®. In the treatment of
hypertrophic cardiomyopathy is verapamil of value.
Therefore, one can consider asmain effects of verapamil
anti-arrhythmic properties, especially against supra-
ventricular arrhythmies and re-entrytachycardia, and
negative inotropic effects.

In patients with and without sinus-node disfunction
marked differences between the two groups were
observed®. Patients having normal sinus-node recovery
periods showed only a slight and insignificant
prolongation of the corrected sinus-node recovery time.

In contrast, the patients with sinus-node dysfunction
showed a very different effect under the influence of
verapamil. The corrected sinus-node recovery tine
increased in 11 of 16 patients and in it became critical
(fig2).

Theonset of the hemodynamic effect of diltiazem after
an oral dose of 30 to 90 sets in after approximately 30
minutes This effect is maintained in most cases for
approximately 3 hours *. However, in anginaat rest the
effect could last longer (table VI).

Hemodynamics in most cases show a drop in. heart
rate, aslight reduction in strokework index in peripheral
resistance and in blood pressure and aslight increasein
global coronary circulation.

The onset of the negative chronotropic effect is
significantly delayed compared with thereductioninthe
afterload %. No negative inotropic effect was observed.

A few controlled clinical studies have been carri-
ed out according to literature. The number of pa-
tients in each is small: the effective doses required



8 arquivo brasileiro decardiologia

Verapamil

CSRT
[ms]
G000
B (S
s
L000¢F
+ CERT
2000 1000} [ms]
500 '{;ij
_F;jj{
0L ———— .
conirol verapamil  coniral veropomil
n =16 n=18

SM -dystunction normal SH-ifunction

Fig.2 - Sinus node recovery time corrected for heart rate (CSRT)
before and after veparamil administration (0.1 mg/Kg V) in patients
with and without clinical signs of sinus node disfunction (from Seipel
et al, 1980).

to reduce the number of anginal attacks are between 120
and 480 mg per day. A period of 7 to 14 daysis required
to achieve effects %"

Diltiazem also appears to be effective in the variant
form of angina pectoris The daily dose varies between
240 and 480 mg ¥,

A whole series of investigators showed the efficacy
of nifedipinein variant angina, the so-called “ Prinzmetal
angind’ “* and even in refractory cases “5t, asit will
be discussed later on.

Numerous controlled and double blind studies have
been carried out in stable angina, demonstrating the
efficacy of nifedipine. But besidesfrom the clear effects
in stable and unstable angina pectoris as well, there are
additional effectsof nifedipine, of interest (table V11).

Through a reduction of smooth muscle tone the
peripheral resistance decreases significantly and
thereforethe peripheral resistance decreases significantly
and therefore the peripheral blood pressure falls to
different extends depending on initial values. In
normotensive patients slightly 52> and in hypertensive
patients to a therapeutically relevant extent. Thus

TABLE VI - Ca™ - antagonists - clinical efficacy.

DILTIAZEM

Eff. dose: 30 - 90 mg

onset: 30 min

Hemodynamics: TPR (1)
SV (1)
PAP (1)

Contract? Sinusnode (?)

Anginaat rest/variant :

120 - 480 mg/daily 10 mg/i.v.
Duration: 3 hours

AOP(1)r

HR 1

PAP=

AV-node?

240 - 480 mg/daily

Stable angina/effort: effective (90 mg = 0,3 mg NTG)

Ungtable angina: unknown

Antihypertenisvee. : possibly

Anti-arrhythmice. : Possibly

Cardioprot/cardioplegic: (possibly)

Acute myoc. inf.: unknown

Heart failure: unknown

HOCM: unknown

Main effect: coronary dilation? Reduction of heart
rate?

Main side effect: Dizziness, asthenia, bradycardia

TABLE VII —Ca*" antagonists - clinical efficacy.

NIFEDIPINE
Eff. dose: 5/10/20 mg 30-60 mg daily (- 120 mg) 1 mgiv.
Onset 2-3 mins. |- Duration 6-7 hours (11 hrs)
Hemodynamics: TPR t{ AOP | POSTSTFL 1
SV tHR (1) VRET 1
PAP 1 (L) PCP ! (L) LVEDP ! (L) VPOOL =
L1 Sinus-node AV-node

Angina at rest/variant Very effective
Stable angina/effort Effective
Ungtable angina Effective
Anti hypertensivee. Effective
Antiarrhythmic e. None?
Card iprot-/Card ioplegic Effective
Acute myoc. inf. Possibly
Heart failure Possibly
HOCM Possibly
Chron. Airw. Obstr. Possibly
(Bronch. Asthma)

Morbus Raynaud Possibly

Main effect : Antianginal effect (afterload + antiischemic)
Main side ef.: Flush, headache

nifedipine shows clear anti-hypertensive properties both
inacute % andin long-term trials .

The cardioprotective effect of nifedipine asan additive
in cardioplegic solution recently was reported €2, In
open heart surgery alarge group of approximately 100
patients, most of them risk cases were treated by
nifedipine. It was found that the incident of severe
myocardial post-ischemic injury, resulting in either
hospital death or survival, after intensive treatment was
29% for the group receiving cardioplegiaaloneand only
20% for the group receiving nifedipine cardioplegia.

Figure 3 published by Clark, St Louis ® and
coworkers shows the influences of nifedipine during
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heart surgery. As one can see, the substance increases
left ventricular performance over aperiod of 48 hours.
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Asseeninfigured, CK-MB valueswere significantly
lower in the nifedipine - treated group, compared with
cardioplegia alone. This also reflects in a better
myocardial state due to reduced ischemia.
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Experiences in acute myocardia infarctions and in
heart failure without hypertension are small,and haveto
be continued.

Recently, an inhibition of hypoxic, pulmonary
vasoconstriction by nifedipine was published. Thirteen
patientswith acuterespiratory failure were studied within
48 hours of their admission to the respiratory care unit
(figh).

One hour after administration of oral nifedipine,
pulmonary arterial pressure had fallen from 38 to 31
mmHg and thedriving pressureshad fallenin every patient
significantly. Because of thefall in pulmonary vascular
resistance there was an increase in cardiac output in an
average of 46 litresper minute.
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Fig.5 - Changes in pulmonary vascular resistance in response to
nifedipinein 13 patientswith acute respiratory failure. From Sinoneau
et al, New England Journal of Medicine, June 25", 1981.

It could be demonstrated, that the more severe the
hypoxic vaso-constriction, the greater the effect of
nifedipine on the pulmonary circulation.

May | say some additional words to contra-
indications, precautions on use and main side-effects of
calcium antagonists.

Contraindicationsfor verapamil are: AV-block, sick-
sinus syndrome, cardiogenic shock, complicated
myocardial infarction and cardiac insufficiency.

Contra-indications for diltiazem and nifedipine are
pregnancy (table VIII).

Precautions on use: in the case of verapamil, in
particular of the using the i-v route, it should riot be
combined with P-blockers or anti-arrhythmic agents,
because it may cause intensified conduction
disturbances. Nifedipine, however, in combination with
9-blockerscouldintensify the decreasein blood pressure,
but usually abeneficia effect wasobserved. | will discuss
thismore in detail in my second presentation.

Patients suffering from sick-sinus syndrome or AV-
block are automatically excluded from the combination
[3-blocker and nifedipine because of the contra-indication
for the P-blocker (table1X).

Side effects (table X): Themain side effectsof calcium
antagonists are vascular ones, i e. vasodilation.

In the case of verapamil and diltiazem. possible side
effects are AV-block, asystoly and bradycardia These
arerelatively rare The possibility of such side-effectsis
increased in combination with digoxin or [3-blockade.

Nifedipine differsin thisrespect. Most observed side
effects are headache, flush, dizziness and sometimes
edema of the legs and in very rare cases, retrosternal
pains.

In conclusion: cal cium antagonistsare anew approach
to the therapy of angina pectoris especially. We can
differentiate in principle between three types of agents,
fromtheclinical point of view.
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TABLE VIII —Ca*" - antagonists contraindications.

AV-Block Card. Shock Heart Severe Liver- Pregnanc
Sick-Sinus-S. Compl. A-M-I. Failure Hypotension Renal-Dys. € y
Verapamil . . .
Prenylamine . .
Perhexiline .
Diltiazem *
Nifedipine .
TABLE IX - Ca** -antagonists precautions.
AV-Cond. System Hypotension Provoke  Intensify Delayed Estim. of AM.I.
Disturbances if comb. Tachyar.  Sedatives  Reactiv. Liver-Enz.
With With with under

B-BL Antiarrh B-BL  Antihyp. Salur. Long-T-T.
Prenylamine . . . . . .
Verapamil . . .
Nifedipine . .
Pendiline .
Perhexiline . .
TABLE X - Ca " *-antagonists side-effects.

Vascular Gastrointestinal Central Conductive-System Peripheral Nervous Others
System

Perhex. Dizziness Vomiting Paresthesia Loss of weight

Headache Liver-dist. Dist. of potency

Collapse
Verap. Hypotension Constipation AV-Block

Plush Asystole
Diltia Dizziness Disorders Bradycardya

Hypotension AV-Block

PMush

Heaftche
Nifed. Headache Nausea Tiredness

Flush

Dizziness

Oed/Legs

Retrost.

Pains
Fendil Headache Vomiting Restlessness,
Prenyl. Sedation HypoykaMernia

Type 1 haspredominantly effectson peripheral arteries
and is therefore a so effective on the coronary arteries,
this results in a reduction in the afterload and in an
increasein coronary flow. It seems, that thereisadirect
myocardial, anti-ischemic effect and no significant
influence on conduction system or on the venous
system. Most of dihydroperidines belonging to thistype.

Type 2 has predominantly electrophysiological effects,
i easlowing down of the sinus-node, a prolongation of
AV conduction tine and therefore owing anti-arrhythmic
properties. On the other hand asmall reduction in arterial
resistance occurs or is completely absent, in most cases
thistype consistsof small or negligible negativeinotropic
effects. Verapamil, diltiazem, perhexilinearebelonging to
this group.

Type 3 is predominantly effective on peripheral
venoles and capacitance vessels, causing a reduction

in preload, a so-called “venous pooling” and having no
significant effect on arterial tone or conduction system.
Fendiline belongs to this group.
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