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Pharmacokinetics of (+)-, (—)- and (*)-verapamil after
intravenous administration

M. EICHELBAUM, G. MIKUS & B. VOGELGESANG
Medizinische Klinik der Universitat Bonn, 53 Bonn, West Germany

1 The pharmacokinetics of (+)-, (—)-, and (*)-verapamil were studied in five healthy
volunteers following i.v. administration of the drugs.

2 Pronounced differences of the various pharmacokinetic parameters were observed
between the (—)- and (+)-isomers. The values for CL, V, V,, and V, of the (—)-isomer
were substantially higher as compared to the (+)-isomer, whereas terminal ¢,,, was nearly
identical for both isomers.

3 No dose dependency of the pharmacokinetics could be observed in two subjects who
received 5, 7.5 and 10 mg of (—)- and 5, 25 and 50 mg of (+)-verapamil.

4 Protein binding for the two isomers was also different. The fu of (—)- (0.11) was almost
twice as much as that of (+)-verapamil (0.064).

5 Pharmacokinetic parameters of (*)-verapamil, which was administered to three sub-
jects who had received (+)- and (—)-verapamil, were very similar to the averaged values of
the isomers given separately.

6 Due to the higher CL of (—)-verapamil the extraction ratio of the (—)-isomer is
substantially higher. Thus, it can be anticipated that following oral administration of
racemic verapamil bioavailability of (—)-verapamil will be substantially less. Since the
(—)-isomer is more potent than the (+)-isomer, the present findings could explain the
reported differences in the concentration-effect relationship after i.v. and oral administra-
tion of racemic verapamil.
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Introduction

The i.v. and oral pharmacokinetics of the cal-
cium antagonist drug verapamil have been
studied in detail. Following intravenous adminis-
tration, the systemic clearance of verapamil is
high and approaches hepatic blood flow. Due to
this high hepatic extraction, verapamil under-
goes extensive ‘first-pass’ elimination when given
orally and therefore despite its almost complete
absorption absolute bioavailability is on average
only 20-30% (Schomerus et al., 1976; Eichelbaum
et al., 1980, 1981a; Freedman et al., 1981;
Johnston et al., 1981; Kates et al., 1981; Somogyi
etal.,1981; Woodcock etal., 1981a, b; Anderson
et al., 1982). The drug preparation available for

clinical use is a racemic mixture of the (+)- and
(—)-isomer. In vitro experiments and studies in
the intact animal have demonstrated that the
(—)-isomer is much more potent than the (+)-
isomer (Kaumann & Serur, 1975; Raschack,
1976; Saikawa & Arita, 1980; Satoh et al., 1980;
Nawrath et al., 1981).

Studies from this laboratory have demon-
strated pronounced differences in the plasma
concentration effect relationship of verapamil on
atrioventricular conduction in man depending
on the route of administration. Both after single
i.v. and oral administration of racemic verapamil
a close relationship between verapamil plasma
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concentration and effect on P-R interval could
be established. But the slope of the oral plasma
concentration response curve was significantly
less than the slope of the i.v. plasma level re-
sponse curve. After oral administration on
average two to three times higher verapamil
plasma levels were required in order to elicit the
same increase in P-R interval as after i.v. ad-
ministration. As a possible mechanism for the
different slopes of the concentration effect
curves were proposed stereo-selective pre-
systemic first-pass elimination, the more potent
(—) isomer being preferentially metabolized
after oral administration during hepatic first-pass
metabolism (Eichelbaum et al., 1980). Our
observations have been recently confirmed
(McAllister et al., 1982; Reiter et al., 1982). So
far no studies have been carried out either in
animals or man to see whether or not the
pharmacokinetics of (—)- and (+)-verapamil are
different. Knowledge of the relevant intra-
venous pharmacokinetic parameters of the two
isomers should allow an estimate of the extrac-
tion ratio which in turn could be used to predict
bioavailability of the isomers after oral adminis-
tration. We therefore decided to study the
pharmacokinetics of (+)-, (—)-, and (*)-vera-
pamil following i.v. administration.

Methods

Five healthy male volunteers (aged 23 to 27
years, weight 68 to 91 kg) consented freely to
participate in the study. The study had been
approved by the Ethics Committee of the Uni-
versity of Bonn. The subjects had normal kidney
and liver function as assessed by physical
examination and appropriate laboratory tests.
ECG recordings (standard 12 leads) revealed no
signs of conduction disturbances. Two of the
subjects were smokers, three were non-smokers,
and they were taking no other drugs. Twenty-
four hours before and throughout the study, no
alcoholic beverages nor coffee were permitted.
All subjects received in random order either 5
mg (—)- or (+)-verapamil dissolved in 30 ml of
physiological saline at a constant rate over 5 min.
In addition, to three of the subjects 10 mg of
(*)-verapamil was administered. In order to see
whether or not there is a dose dependency of
verapamil pharmacokinetics, two of the subjects
received in addition to the 5 mg dose in random
order 7.5 and 10 mg of (—)- and 25 and 50 mg of
(+)-verapamil. Venous blood samples were
collected in heparinized glass tubes via an in-
dwelling intravenous cannula in the contralateral
arm to that in which the intravenous dose had
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been administered at the following time points:
at the end of infusion, 5, 10, 15, 30, 45, 60, 90,
120, 180, 240, 360, 420, 540, 660 and 720 min
after the end of the infusion. Blood samples were
centrifuged and the plasma stored at —20°C until
analysed.

Plasma protein binding

Protein binding of (+)- and (—)-verapamil was
determined by equilibrium dialysis at 37°C of 1
ml aliquots of plasma against 0.05 M potassium
phosphate buffer (pH 7.4) at 10, 50, 250 and 500
ng/ml plasma. Incubation was carried out for4 h,
and the concentration of verapamil was deter-
mined in equilibrated plasma and buffer. In
addition, protein binding was also determined
for each subject at each study day from three
blood samples taken at three different times
after verapamil administration.

Drug analysis

Plasma verapamil levels were determined by a
specific and sensitive mass fragmentographic
method using d,-verapamil deuterated in the iso-
propyl group as internal standard. Instead of a
packed column as described previously (Spiegel-
halder & Eichelbaum, 1977), a 25 m high per-
formance fused silica capillary column with an
i.d. 0.32 mm coated with SE-54 (Hewlett-
Packard) was used. The lower limit of detection
using capillary column is about 0.2 ng/ml of
plasma.

Pharmacokinetic analysis

The intravenous verapamil plasma concentration
time data were fitted by the following multi-
exponential equation:
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where C is the plasma concentration, C; the ith
coefficient, A\; the exponent of the ith expo-
nential term, T the duration of the infusion and ¢
is the time since start of the infusion. The equation
describes the peak and the post-infusion plasma
concentration time data. A non-linear least-
squares fit to the data was performed using the
LSNLR program kindly provided by Drs A. 1.
Nichols and C. C. Peck on a Sirius microcom-
puter system (Peck & Barrett, 1979). Data were
weighted according to the reciprocal of the



square of the individual plasma concentrations.
The choice of the best fit equation was deter-
mined from plots of the distribution of residuals
and visual inspection of the goodness of fit.

From the coefficients and exponents of the
best fit equation, the following pharmacokinetic
parameters were calculated: V, the volume of
the central compartment; V;, the volume of dis-
tribution at steady-state; V,, the area volume of
distribution; CL, the total systemic plasma clear-
ance, and t,,, the half-life of the terminal
exponential phase (Wagner, 1976). Details of
the full pharmacokinetic analysis can be ob-
tained from the authors on request.

Results

Significant differences in protein binding
between (+)- and (—)-verapamil were observed.
The free fraction of (—)-verapamil was on
average 0.115 + 0.016 (range 0.10 to 0.138) as
compared to 0.063 = 0.022 (range 0.044 t0 0.096)
of (+)-verapamil. No concentration dependency
in protein binding was observed up to verapamil
concentrations of S00 ng/ml. There was no dif-
ference in protein binding whether protein bind-
ing was determined in plasma before drug
administration or in plasma samples obtained
after drug administration.

The visual inspection of the verapamil plasma
concentration-time curve revealed multicom-
partment characteristics. In one of the subjects
following administration of racemic verapamil a
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biexponential (n = 2) equation adequately fitted
to the data, whereas in the remaining four sub-
jects a triexponential (n = 3) equation was re-
quired to describe the data. Figure 1 shows the
plasma concentration-time curves in one subject
to whom increasing doses of (—)- and (+)-vera-
pamil had been administered. Table 1 and 2 list
the computer estimated coefficients and ex-
ponents of the best fit curve and the various
pharmacokinetic parameters of (—)- and (+)-
and (*)-verapamil. It is quite apparent from the
data that pronounced differences in CL, V, V.,
and V, are observed between (—)- and (+)-
verapamil. With the exception of subjects 2 and
4, terminal half-lives of (+)- and (—)-verapamil
were very similar. Plasma clearance, V, V and
V, were much higher than the corresponding
values for (+)-verapamil. In the two subjects
who received increasing doses of (—)- and (+)-
verapamil, there was no clear indication of the
dose dependency in the pharmacokinetic para-
meters of either isomer. Total systemic plasma
clearance was almost identical irrespective of the
dose, although at a dose of 5 mg somewhat lower
CL were observed. In the three subjects who also
received 10 mg of racemic verapamil the various
pharmacokinetic parameters corresponded quite
well to the averaged values of the isomers given
to these subjects separately. Assuming an aver-
age liver blood flow of 1500 ml/min and a blood
to plasma ratio of 0.9 for (—)- and (+)-vera-
pamil, substantial differences in the extraction
ratios for (+)- and (—)-verapamil are observed.
Based on these extraction ratios it can be antici-
pated that following oral administration systemic
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Verapamil plasma concentration-time course following intravenous infusion of different doses

of (=)- (5: 0—0;7.5° A—A and 10mg: O—O) and (+)- (5: O—@;25: A—4A ;

50 mg: € —4@) verapamil to subject 4.
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Table1 Computer generated coefficients (C) and exponents (M) of the best fit equation describing
verapamil plasma concentrations after intravenous administration of (+)-, (—) and (% )-verapamil.

Subject Weight Dose C, G, G A A, A3
(kg) Isomer (mg) (ng/ml)  (ng/ml) (ng/ml) (min') (min™') (min™')
1 70 (+) S 426.5 20.6 9.6 0.60 0.018 0.0027
(-) 5 242.9 18.9 9.7 0.60 0.044 0.0030
(*) 10 454.8 55.4 25.4 0.45 0.034 0.0040
2 68 (+) 5 155.9 4.5 21.3 0.03 0.017 0.0037
-) 5 37.7 15.8 5.8 0.05 0.183 0.0023
() 10 187.2 28.6 27.0 0.35 0.017 0.0026
3 70 (+) 5 84.8 18.3 8.39 0.16 0.011 0.0022
(-) 5 331 13.4 7.03 0.17 0.048 0.0030
() 10 170.9 24.9 — 0.16 0.003 —
4 92 (+) 5 349.9 15.7 15.2 0.64 0.013 0.0029
(+) 25 1101.4 47.7 55.3 0.44 0.037 0.0023
(+) 50 3867.9 169.3 140.0 0.64 0.045 0.0030
(=) 5 58.9 19.4 4.6 0.62 0.050 0.0014
(-) 7.5 91.1 19.7 6.2 0.60 0.031 0.0015
(-) 10 166.9 19.2 8.4 0.42 0.025 0.0016
5 76 (+) 5 201.9 20.6 13.8 0.26 0.020 0.0030
(+) 25 767.0 70.2 48.5 0.21 0.010 0.0029
+) 50 1550.9 163.0 85.6 0.21 0.016 0.0029
-) S 335 20.1 8.0 0.41 0.053 0.0031
-) 7.5 34.1 9.9 1.1 0.12 0.016 0.0031
(-) 10 49.2 26.9 13.9 0.11 0.022 0.0029

availability of (—)-verapamil will be only about
half that of (+)-verapamil.

Discussion

Following i.v. administration of (+)-, (—)- and
(x)-verapamil the drug exhibits multicompart-

ment characteristics. In contrast to our previous:

reports where a two compartment model was
required to describe the data (Schomerus et al.,
1976; Eichelbaum et al., 1981) but in accordance
with the data reported by Freedman et al. (1981)
and Kates et al. (1981), in the present study in
four out of five subjects a triexponential equation
was required to satisfactorily describe the data. The
difference seems to be due to the fact that in the
present study two more blood samples during the
early distribution phase were obtained. In those
three subjects who also received racemic vera-
pamil, the relevant pharmacokinetic parameters
(CL, V, V,, and t,,,) are similar to those re-
ported by us previously in young healthy volun-
teers (Eichelbaum et al., 1981b).

The most important finding of the present
study, however, is the fact that pronounced dif-
ferences in the pharmacokinetics and protein
binding of (+)- and (—)-verapamil are observed.
CL, V, V, V,, and fu of the (—)-isomer are

much higher than the corresponding values for
(+)-verapamil. The half-lives of the terminal
phase, however, are very similar for both
isomers. Due to the higher systemic clearance of
the (—)-isomer, the extraction ratio (E) of this
isomer will be substantially higher than the ex-
traction ratio of the (+)-isomer. After oral
administration the extraction ratio (E) deter-
mines bioavailability (F), since F = 1 — E.
Therefore it can be predicted that following oral
administration of racemic verapamil bioavaila-
bility of (—)-verapamil should be only half that
of the (+)-isomer. The findings of this study lend
support to our hypothesis that the differences
observed in the slope of the concentration effect
curve in relation to the route of administration is
due to stereo-selective presystemic elimination,
the more potent (—)-isomer being preferentially
metabolized. In this context it is interesting to
note that the more than twofold difference in
predicted bioavailability based on the extraction
ratio of this study is very similar to the 2.2 fold
difference observed previously in the slope of the
concentration effect regression following i.v.
and oral administration of racemic verapamil
(Eichelbaum et al., 1980). Data obtained in this
laboratory comparing the effects of (—)- and
(+)-verapamil on atrioventricular conduction
and echocardiographic parameters have shown
that the (—)-isomer is about 10 times more
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Table2 Pharmacokinetic parameters of verapamil following intravenous administration of (+)-, (—)

and (*)-verapamil.

Dose v Vs v, CL CL
Subject Isomer (mg) (llkg)  (llkg)  (llkg)  (mllmin) (mlmin~'kg™') ty,,(h)
1 +) 5 0.14 3.11 4.51 859 12.3 4.24
=) 5 0.24 437 543 1140 16.3 3.86
() 10 0.24 272 371 1030 14.7 2.92
2 (+) 5 0.37 257 285 713 10.5 3.14
-) 5 1.15 5.68 853 1321 19.4 5.07
() 10 0.56 352 4.17 745 11.0 4.39
3 +) 5 0.59 3.54 508 796 11.4 5.16
=) 5 1.24 6.56 7.82 1650 23.6 3.83
(2) 10 0.68 3.96  4.57 1196 17.1 4.35
4 (+) 5 0.13 1.96  2.48 661 7.28 3.99
+) 25 0.21 341 393 827 9.00 5.05
(+) 50 0.12 245 296 835 9.1 3.76
=) 5 0.61 8.46  9.65 1211 13.2 8.47
) 75  0.65 8.61 10.19 1449 15.8 7.48
=) 10 0.52 8.10 9.79 1443 15.7 7.21
5 (+) 5 0.25 233  3.14 726 9.6 3.81
+) 25 0.35 2.66 3.86 840 11.1 4.03
+) 50 0.34 267 411 919 12.1 3.93
) 5 1.00 550  6.43 1527 20.1 3.69
) 7.5 1.66 552  6.62 1537 20.2 3.78
=) 10 1.36 505 655 1418 18.7 4.05
(+) mean 0.27 2.74  3.66 797 10.24 4.082
% C.V.0b 54.4 188 234 10 16.4
(-) mean 0.93 6.42 7.89 1411 18.1 4.812
% C.V.b 49.0 247  21.95 11 17.4
(%) mean 0.49 340 415 990 14.27 3.752
% C.V.b 45.0 185 104 23 21.5

2 Harmonic mean; Y coefficient of variation.

potent than the (+)-isomer (manuscript in
preparation).

In a recent study Reiter ez al. (1982) observed
similar differences in the concentration effect
curve after single i.v. and oral administration.
During intravenous steady-state infusion, how-
ever, the slope of the concentration response
relationship was much less than after single i.v.
bolus. On the basis of their study they concluded
that stereo-selective first-pass metabolism was
rather unlikely to explain the differences in con-
centration response relationship. In view of our
findings, however, their observations are not
surprising. Due to the substantial differences in
the systemic plasma clearance of (—)- and (+)-
verapamil, steady-state concentration of (—)-
and (+)-verapamil will be different and the ratio
of (+)- and (—)-isomer will change during
prolonged infusion.

It remains to be proven, however, by appro-
priate experiments that stereo-selective first-pass
metabolism of verapamil occurs. Due to the pro-
nounced day to day intraindividual variation in
first-pass metabolism of verapamil administra-
tion of the isomers on separate days leads to

erroneous results, as it has been demonstrated
by us in a previous relative bioavailability study
(Eichelbaum ez al., 1981b). In this previous study
stable isotope techniques, which permit the
simultaneous administration of two prepara-
tions, have been successfully used to overcome
these difficulties. Studies are now in progress in
this laboratory using isomers labelled with stable
isotopes thus allowing the simultaneous adminis-
tration of the two isomers to investigate the
stereo-selectivity of verapamil first-pass meta-
bolism.
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