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Calcium channel blockers can get involved in pharmacological interac-
tions when used concomitantly with other drugs. Previous reports indicate
a differential influence of various general anesthetics on verapamil pharma-
cokinetics. A tendency of a faster transfer of verapamil from the central
compartment to the tissue compartment was found to be associated with
a slower drug return from the tissue at the given verapamil doses during thio-
pental or propofol anesthesia. Thus, an increased storage of verapamil in tis-
sue compartment and prolongation of the drug action may occur due to those
interactions.

The aim of the study was to investigate the influence of midazolam on
the plasma concentrations and pharmacokinetic parameters of verapamil
after intravenous bolus administration in rabbits during 2 h of observation.

Verapamil and midazolam were administered intravenously at a dose of
0.2 mg/kg. Verapamil levels in plasma were determined by radioanalysis
using [�H]verapamil. Levels of verapamil were determined in plasma at
5, 10, 15, 30, 45, 90 and 120 min after the administration, and plasma disap-
pearance was analyzed according to the non-compartmental and 2-compart-
mental model. After administration of midazolam together with verapamil,
a decrease in verapamil concentration in plasma was seen, with an increased
verapamil transfer to the tissue compartment, increased steady state distribu-
tion volume and shortened residency time of the drug in the plasma.
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INTRODUCTION

Calcium channel blockers are a group of drugs
widely used in humans for the treatment of cardio-
vascular disorders such as arrhythmias, hyperten-
sion and angina pectoris [17, 28–30]

Verapamil can be involved in pharmacological
interactions when used concomitantly with volatile
anesthetics [1, 33] Some of these interactions are
of pharmacokinetic origin, since various channel
blockers can inhibit cytochrome P-450-dependent
mixed function oxidase in the liver [5, 25].

Previous results from our group indicate a dif-
ferential influence of general anesthetics on vera-
pamil pharmacokinetics. The tendency of faster
transfer of verapamil from central compartment to
the tissue compartment, with slower drug transport
backwards, was noted at the given verapamil doses
during thiopental or propofol anesthesia. So, a higher
accumulation of verapamil in tissue compartment
and prolongation of the drug action may occur dur-
ing such interactions [22].

Midazolam is a short-acting benzodiazepine. It
is a hypnotic-sedative drug with anxiolytic and
marked amnestic properties. Midazolam is also
used for induction of anesthesia [9, 26].

The elimination half-life of midazolam and its
metabolites is usually about 1.5 to 3.5 h in healthy
subjects [2]. Midazolam is eliminated almost ex-
clusively by metabolic processes. Bioavailability of
midazolam depends on the activity of intestinal and
hepatic enzymes [11, 21, 23, 24, 31, 32]. The prin-
cipal metabolite is �-hydroxymidazolam, which
is rapidly conjugated with glucuronic acid. The 50
to 70% of a dose of midazolam is eliminated in
urine as this metabolite within 24 h after admini-
stration. Two other metabolites, 4-hydroxymidazol-
am and �,4-hydroxymidazolam, are excreted in
small amounts (3% and 1% of the dose, respec-
tively) in urine. Very small amounts are excreted as
unchanged drug [13]. Midazolam is easily soluble
in fats, which directly affects its distribution. It has
a considerable volume of distribution, and easily
penetrates tissues such as fat tissue, skeletal mus-
cles and passes through the blood-brain barrier
[9, 26]. The peak midazolam concentrations were
doubled and the elimination half-life of midazolam
was prolonged by concomitant diltiazem and vera-
pamil treatments. These changes in the pharma-
cokinetics of midazolam were also associated with
profound and prolonged sedative effects. There-

fore, if the administration of midazolam cannot be
avoided, the dose of midazolam should be reduced
during concomitant treatment with diltiazem and
verapamil [3]. Midazolam is extensively bound to
plasma proteins with only about 4% being unbound
[2, 12].

In man, verapamil is highly bound to plasma
proteins and, as for many other drugs, both � -acid
glycoprotein and albumin are involved in binding
[10]. In dogs, binding of verapamil in plasma
varies between 85 and 90% [6, 19]. In vitro, vera-
pamil can be displaced from its binding sites in hu-
man plasma by drugs such as lidocaine, diazepam,
propranolol and disopyramide [35]. Belpaire et al.
demonstrated that lidocaine displaced verapamil
from its plasma binding sites in vivo as well as in
vitro [4]. At the same time, there was a transient,
but important, decrease in total verapamil plasma
concentrations, which then increased again to the
values seen before the administration of lidocaine,
as shown in Belpaire et al. study [4].

No reports on pharmacokinetics of verapamil
during midazolam intravenous (iv) bolus admini-
stration have been published. The aim of the study
was to investigate the influence of midazolam on
the pharmacokinetic parameters of verapamil in
rabbits.

MATERIALS and METHODS

Materials

Midazolam was obtained from Roche (Switzer-
land) and verapamil was from Knoll (Germany).

Animal experiments

The experiments were performed on 10 outbred
rabbits, with body weight ranging between 2–4 kg,
fed with a standard food and having free access to
water.

Experimental procedures were carried out in ac-
cordance with the international guidelines for care
and use of laboratory animals. All efforts were made
to minimize animal suffering and to reduce the
number of animals used in the experiment. The
Ethics Committee of the Medical University of
£ódŸ (Poland) approved the procedures employed
in this study.

The animals were divided into 2 groups receiv-
ing (iv) the following drugs: group 1 – verapamil at
a dose of 0.2 mg kg& ; group 2 – midazolam at a do-
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se of 0.2 mg kg& + verapamil 0.2 mg kg& . The

drugs were administrated into the marginal ear vein

by bolus injection.
The experiment was carried out at room tem-

perature. The rabbits were placed on the operation

table in dorsal position. Under local anesthesia with

2% lidocaine hydrochloride, a polyethylene can-

nula was placed in the carotid artery. Verapamil

levels were determined in plasma samples taken at

5, 10, 15, 30, 45, 60, 90, 120 min from the moment

of the bolus administration.
Verapamil levels were determined by radioana-

lysis with external standardization using 'H-vera-

pamil. For the calculation of pharmacokinetic pa-

rameters, a two-compartment system was chosen.

Non-compartment pharmacokinetic calculations were

performed according to Cheng, and Jusko [7].
The following pharmacokinetic parameters of

verapamil were calculated: distribution rate con-

stant for 1st phase (�) of the plasma disappearance,

first order rate constant for the drug transfer from

compartment 1 to compartment 2 (k (), first order

rate constant for the drug transfer from compart-

ment 2 to compartment 1 (k( ), first order rate con-

stant for 2nd phase (�), �-half-life (t �
�

�)-elimina-

tion half-life, first order rate constant for the elimi-

nation of the drug from compartment 1 (k #), area

under plasma concentration curve extrapolated to

infinity (AUC)*+), mean residence time (MRT) =

AUMC)*+/AUC)*+, volume of distribution based

on the terminal phase (V�) = dose/(��*AUC)*+),

total body clearance for extravascular administra-

tion (CL) = dose/AUC)*+.

The WinNonlin program v. 3.0 was used for
pharmacokinetic analysis. All statistical analyses
were performed using the Statsoft program. The
obtained data were normally distributed as assessed
by the Kolmogorov-Smirnov test with Lillieforse
correction. To determine whether variances were
equal, the Fisher test was used. The Student’s t (if
variances were equal) or Cohran-Cox (if variances
were not equal) test were used to determine statisti-
cal significance [20]. All parameters were consid-
ered statistically significantly different if p < 0.05.

RESULTS

After iv administration of midazolam with vera-
pamil, a decrease in the plasma verapamil concen-
tration could be observed during the two-hour ex-
periment (Tab. 1).

After administration of midazolam with verapa-
mil, a statistically insignificant increase in the
elimination rate constant and total clearance was
observed. At the same time, the t �

�
� was short-

ened, though not in a statistically significant way.
However, mean residence time of the drug in the
body after administration of verapamil with mida-
zolam was statistically significantly shorter by 24%.

After administration of midazolam and verapa-
mil, the rate constant for the elimination from the
central compartment increased statistically signifi-
cantly (k #). Also, the rate constant of transport
from the central to the tissue compartment (k () in-
creased statistically significantly. However, the rate
constant for transfer from the tissue to the central
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Table 1. The influence of midazolam on the verapamil plasma concentration after iv bolus injection

Concentration (ng/ml)

Drug Time (min) 5 10 15 30 45 60 120

Verapamil

0.2 mg/kg iv mean 89.56 58.40 48.26 40.64 36.70 34.82 31.84

n = 5 SD 50.76 22.18 16.55 14.00 9.73 8.63 7.11

Verapamil

0.2 mg/kg iv mean 36.4� 31.9� 29.3� 26.0� 24.5� 23.3� 19.3�

+ midazolam SD 2.8 3.1 3.3 3.2 3.1 3.1 3.2

0.2 mg/kg iv

n = 5

Each parameter is presented as the mean and standard deviation (SD), � p < 0.05 in comparison with verapamil alone



compartment (k( ) was not significantly altered
(Tab. 2).

The distribution volume of verapamil at steady
state, after administration of midazolam together
with verapamil increased significantly (by 35%). In
contrast, the rate constant of distribution decreased
significantly (by 17%).

The observed changes in the area under plasma
concentration-time curve for verapamil were not
statistically significant after the administration of
midazolam with verapamil, compared with the con-
trols.

DISCUSSION

Verapamil is completely absorbed from the gas-
trointestinal tract. During the first liver pass, it is
highly inactivated and, consequently, verapamil
bioavailability amounts to about 20% [8]. The 90%
of verapamil dose is bound to plasma proteins [35].
The patterns of the verapamil blood concentration
changes can be described according to a one- or
two-compartment model [15]. Metabolic clearance
of verapamil is the main pathway for drug elimina-
tion and reaches 98% of total clearance values [14].
Biological half-life of the drug is 2–7 h in humans
[34]. Only a slight influence of abnormal renal or
liver functions on the verapamil pharmacokinetics
was shown by Kates et al. [18]. However, Wood-
cock et al. [34] observed a prolongation of the bio-
logical half-life of verapamil, even up to 13 h in the
patients with liver disease. There is no information
as to whether biotransformation patterns of verapa-
mil in human are the same as in rabbits, but quite

similar pharmacokinetic parameters of verapamil

in humans and in rabbits may indicate similar dis-

position.
The doses of the drugs used in this study have

been chosen on the basis of literature data. The

verapamil dose of 0.2 mg/kg used in the study is

similar to the dose previously used in rabbits [16].

As the effective dose for anesthesia with midazo-

lam in rabbits has not been established, and be-

cause data on the kinetics of midazolam in rabbits

are lacking, we assumed an effective dose (ED"%)

similar to the one used in patients [27].
Midazolam treatment resulted in a decrease in

the concentration of verapamil in plasma during the

entire experiment, compared to the control group

(group 1).
Also, a significant decrease in the mean resi-

dence time in the body was seen together with an

increase in the volume of distribution in steady

state. Combining verapamil with midazolam caused

a significant increase in the rate constant of elimi-

nation from the central compartment and rate con-

stant for transport from the central to the peripheral

compartment. The lower verapamil concentrations

in the presence of midazolam may be due to an in-

teraction at the level of binding to proteins, as both

these drugs bind to plasma albumin to large extent.

Thus, the unbound fraction of both of these drugs

may change in such conditions.
It is also known that verapamil after iv admini-

stration easily penetrates into tissues. High concen-

trations of the drug were measured in the liver, kid-

neys, lungs and heart [4]. After the administration

of midazolam, an increase in the volume of distri-
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Table 2. The influence of midazolam on the pharmacokinetic parameters of verapamil after iv bolus injection

Drug �
(1/h)

�
(1/h)

t �
�

�
(h)

AUC���

(ng*h/ml)
MRT

(h)
K��

(1/h)
K��

(1/h)
K��

(1/h)
Vs s
(l/kg)

CL
(l/h/kg)

Verapamil mean 4.57 0.12 5.58 209 8.75 2.20 2.14 0.35 5.40 0.67

0.2 mg/kg SD 0.09 0.07 1.12 111 4.02 1.23 0.96 0.05 0.25 0.16

n = 5

Verapamil mean 3.78� 0.15 4.78 197 6.62� 2.81 4.45� 3.33� 7.3� 1.06

0.2 mg/kg iv

+ midazolam SD 0.72 0.03 0.98 38 1.52 0.69 0.38 0.30 0.80 0.45

0.2 mg/kg iv

n = 5

Each parameter is presented as the mean and standard deviation (SD), � p < 0.05 in comparison with verapamil alone



bution of verapamil was seen. Chelly et al. and Bel-
paire et al. reported that the volume of distribution
of verapamil was increased by lidocaine [4, 6]. The
increase in volume of distribution was explained, at
least in part, by a decrease in the free fraction of
verapamil in plasma. As mentioned above, the de-
crease in total concentrations of verapamil, seen af-
ter midazolam administration may also be ex-
plained by such a protein binding interaction that
increases the driving force for transport of verapa-
mil to the tissue compartment.

After administration of midazolam together
with verapamil, lower verapamil plasma concentra-
tions were seen, probably due to an increased vera-
pamil transfer to the tissue compartment. The mean
residence time in plasma was reduced.
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