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The majority of antiarrhythmic drugs have very narrow therapeutic
range, and they may cause some side effects at doses used for curing cardiac
arrhythmias. These drugs may enter different interactions. Procainamide also
may interact with other drugs. Also some other drugs may change pharmaco-
kinetics of procainamide, for example the iv anesthetics influence on phar-
macokinetic parameters of procainamide.

The aim of the study was to investigate the influence of midazolam on
the plasma concentrations and pharmacokinetic parameters of procainamide
in rabbits during two hours of observation. Procainamide was administered
in rabbits at a dose of 13 mg/kg iv, and midazolam at 0.2 mg/kg iv. Procain-
amide levels were determined by immunofluorescence polarization method
using ABBOTT reagents. Levels of procainamide were determined in the
plasma at 5, 10, 15, 30, 45, 60, 90 and 120 min after the administration of
procainamide.

After administration of midazolam with procainamide, a decrease in
plasma concentration of procainamide, together with its increased elimina-
tion, was observed.
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INTRODUCTION

Midazolam is a water-soluble, short-acting ben-
zodiazepine used for premedication, for periopera-
tive sedation, and for induction of anesthesia [19].
It is metabolized in the liver. Midazolam binds
extensively to plasma proteins, with only about
4% left unbound [1, 9]. The principal metabolite is
�-hydroxymidazolam, which is rapidly conjugated
with glucuronic acid, and has a short elimination
half-life of about 1 h [6, 11]. Fifty to seventy per-
cent of a dose of midazolam is eliminated as this
metabolite within 24 h from administration [12].

Procainamide is a sodium channel blocker which
prolongs QRS and QTc intervals, yet its major ac-
tive metabolite, N-acetylprocainamide (NAPA),
generally prolongs only QTc and shows distinctly
different electrophysiologic and antiarrhythmic ef-
fects [7, 23].

Procainamide may be administered orally or
parenterally. Fifteen percent of procainamide dose
binds to plasma proteins [13]. Procainamide under-
goes biotransformation in the liver, where it is me-
tabolized to NAPA with participation of N-acetyl-
transferase (NAT 2). NAPA is an active procain-
amide metabolite. It shows attributes characteristic
of antiarrhythmic drugs. N-acetylation is dependent
on genetic factors, which are responsible for indi-
vidual (intersubject) variability in acetylation. On
the basis of the rate of acetylation after administra-
tion, two phenotypes are distinguished: “rapid me-
tabolizer” and “slow metabolizer” [15].

The majority of antiarrhythmic drugs have very
narrow therapeutic range, and they may cause some
side effects at doses used for curing cardiac ar-
rhythmias. These drugs may enter different interac-
tions. The majority of antiarrhythmic drugs are
lipophilic, eliminated mainly by hepatic excretion.
Elimination of drugs may be conditioned by blood
flow through the liver and the kidneys.

Procainamide may interact with other drugs.
Procainamide increases the hypotensive action of
propranolol and reserpine. Also some other drugs
may change pharmacokinetics of procainamide. Ci-
metidine causes an increase in steady-state levels
of both procainamide and its metabolite [3]. Tri-
metoprim causes an increase in procainamide and
NAPA blood levels [22]. Combined administration
of ranitidine with procainamide causes an increase
in metabolic clearance of procainamide in indivi-
dual patients [21]. Previous study showed an influ-

ence of intravenous anesthetic on pharmacokinetic
parameters of procainamide [18].

The aim of the study was to investigate the in-
fluence of midazolam on the plasma concentrations
and pharmacokinetic parameters of procainamide
in rabbits.

MATERIALS and METHODS

The following drugs were used: midazolam
(Dormicum, Roche), procainamide (Spofa).

The experiments were performed on 10 out-
bred rabbits of both sexes, with body weight rang-
ing between 2–4 kg, fed on a standard feed and
having free access to water. The experimental pro-
cedures were carried out in accordance with inter-
national guidelines for care and use of laboratory
animals. All efforts were made to minimize animals’
suffering and to reduce the number of animals used
in the experiment. The Ethics Committee of the
Medical University of £ódŸ (Poland) approved all
the procedures employed in these studies.

The dose of procainamide of 13 mg/kg iv was
established experimentally [17]. Procainamide at
this dose eliminated arrhythmia (caused by aconi-
tine) in 50% of the rabbits (ED&$). Midazolam was
administered to rabbits at a dose of 0.2 mg/kg iv.
Due to the lack of data about midazolam effective
anesthetic dosage and midazolam kinetics in rab-
bits an effective dose (ED&$) for anesthesia in heal-
thy humans was used [20].

The animals were divided into 2 groups, receiv-
ing the following drugs: group 1 – procainamide at
13 mg/kg iv, group 2 – midazolam at 0.2 mg/kg iv +
procainamide at 13 mg/kg iv.

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 cannu-
la was inserted in the carotid artery. The animals
received drugs simultaneously into margine ear
vein. Levels of procainamide were determined in
the plasma at 5, 10, 15, 30, 45, 60, 90 and 120 min
after the administration of procainamide. The num-
ber of male and female rabbits in each group and
their average body weight were nearly the same.

Procainamide levels were determined by immu-
nofluorescence polarization method using ABBOTT
reagents. For the calculation of pharmacokinetic
parameters, special computer software [WinNonlin
v. 3.0] was used, based on the rules of linear phar-
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macokinetics for two-compartment system after iv
administration of a drug.

Also software for non-compartmental pharma-
cokinetic model was used [5].

The following pharmacokinetic parameters of
procainamide were calculated: distribution rate
constant (Alpha), first order rate constant for the
drug transfer from compartment no. 1 to compart-
ment no. 2 (K12), first order rate constant for the
drug transfer from compartment no. 2 to compart-
ment no. 1 (K21), first order rate constant for elimi-
nation (Beta), beta half-life (Beta-HL), first order
rate constant for the elimination of the drug from
compartment no.1 (K13), area under drug-concen-
tration curve to infinity (AUCINF), mean residence
time (MRT), volume of distribution (V��), total
clearance (CL).

All statistical analyses were performed using
STATISTICA v. 5.0 program. The obtained data
were distributed as assessed by the Kolmogorov-
Smirnov test with Lillieforse correction. To deter-
mine whether variances were equal, the Fisher’s
test was used. The Student’s t-test (if variances

were equal) or Cohran-Cox test (if variances were
not equal) were used to determine statistical sig-
nificance [14]. The differences between all statisti-
cal parameters were considered significant when
p < 0.05.

RESULTS

The concentration of procainamide in plasma
statistically significantly decreased (p < 0.05) after
the administration of procainamide with midazo-
lam, as compared to the group receiving procaina-
mide alone, within 120 min of observation (Tab. 1).

After combined use of midazolam with procai-
namide, statistically significant increase in an eli-
mination rate constant and CL was seen. At the
same time Beta-HL and MRT decreased (Tab. 2).

AUCINF for procainamide administered to-
gether with midazolam statistically significantly de-
creased, as compared to the AUCINF for procain-
amide alone.

The distribution rate constant (Alpha) and first
order rate constant for procainamide transfer from
the central compartment to the tissue compartment
(K12) decreased after the administration of the
drug with midazolam, but in a statistically insi-
gnificant way. The first order rate constant for the
drug transfer from tissue compartment to central
compartment (K21) statistically significantly de-
creased (by 45%). However, the first order rate
constant for the elimination of the drug from the
central compartment increased after administration
of procainamide with midazolam.
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Table 1. The influence of midazolam on procainamide serum concentration after iv bolus injection [�g/ml]

Time (min) 5 10 15 30 45 60 120

Procainamide mean 7.24 3.35 2.33 1.61 1.20 0.93 0.56

13 mg/kg iv SEM 1.56 0.46 0.32 0.26 0.15 0.13 0.08

n = 5

Procainamide

13 mg/kg iv mean 3.00� 1.99� 1.36� 0.81� 0.64� 0.51� 0.18�

+ midazolam

0.2 mg/kg iv SEM 0.32 0.10 0.11 0.06 0.07 0.05 0.05

n = 5

For each parameter, the mean and standard median error (SEM) are presented, � p < 0.05 in comparison to procainamide alone

C(T)=A*EXP(-ALPHA*T)+B*EXP(-BETA*T)

bolus IV

K12 K21

K13

1

2



The volume of distribution in stationary state
insignificantly decreased after iv administration of
procainamide with midazolam, as compared to the
group receiving procainamide alone.

DISCUSSION

The conducted study demonstrated the effect of
midazolam on the concentration and pharmacoki-
netic parameters of procainamide in rabbits.

After joint administration of procainamide with
midazolam, statistically significant decrease in the
concentration of the antiarrhythmic drug was seen
during two-hour observation. Therefore, AUCINF
for procainamide plasma concentration decreased
after its administration with midazolam. Accordin-
gly Beta-HL and MRT of procainamide decreased.
At the same time, elimination constant and total
clearance increased. Also, the rate constant for the
drug transfer from tissue compartment to central
compartment decreased statistically significantly.
However, no statistically significant changes were
noted in the first order rate constant for the drug
transfer from the central compartment to the tissue
compartment.

Giaufre et al. [8] demonstrated a decrease in
the concentration and AUCINF of lidocaine after
its administration with midazolam. The authors
claimed that decreases in lidocaine concentration
after premedication with midazolam may reflect
the changes in its distribution and/or elimination.

Midazolam extensively binds to serum proteins
[1, 9], and thus can change the binding of lidocaine
to proteins. Lidocaine is also known to bind exten-

sively to serum albumins [2, 4], however, procain-

amide does not bind to serum proteins so strongly

(about 15%) [13].
It seems that the administration of procain-

amide with midazolam causes a decrease in the

procainamide concentration by affecting the elimi-

nation of the antiarrhythmic drug. In our studies,

there were no statistically significant changes in the

first order rate constant for the drug transfer from

the central compartment to the tissue compartment,

or distribution volume after its administration with

midazolam.
In her earlier studies, Orszulak-Michalak [18]

demonstrated that administration of procainamide

to rabbits under general anesthesia with ketamine,

propofol or thiopental caused pharmacokinetic in-

teractions. The results showed that ketamine evoked

the most significant changes in the pharmacokine-

tics of procainamide, as it shortened MRT and Beta-

-HL. The smallest effect on the pharmacokinetics

was exerted by propofol.
Joint administration of procainamide with phe-

nytoin led to interactions at metabolism stage. Af-

ter administration of procainamide at single dose to

the patients treated with long-term administration

of phenytoin, the decreased concentration of pro-

cainamide and it’s shortened biological half-life

were observed. Similar changes were observed

after chronic administration of procainamide with

phenytoin. It seems that these changes were due to

phenytoin influences of microsomal enzymatic sys-

tems [10].
Elimination of procainamide is mainly depen-

dent on the efficiency of liver metabolism, but not
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Table 2. The influence of midazolam on the pharmacokinetic parameters of procainamide after iv bolus injection

Drug Alpha
(1/h)

Beta
(1/h)

Beta-HL
(h)

AUCINF
(�g × h/ml)

MRT
(h)

K21
(1/h)

K12
(1/h)

K13
(1/h)

V��

(l/kg)
CL

(l/kg/h)

Procainamide mean 3.46 0.31 2.61 4.90 5.13 2.69 0.62 0.46 1.39 0.37

D = 13 mg/kg iv SEM 0.21 0.03 0.14 0.22 0.38 0.14 0.05 0.02 0.12 0.05

n = 5

Procainamide mean 2.68 0.93� 0.76� 2.5� 3.65� 1.48� 0.45 1.7� 1.20 1.09�

D = 13 mg/kg iv

+ midazolam

D = 0.2 mg/kg iv SEM 0.18 0.06 0.06 0.15 0.50 0.06 0.08 0.13 0.06 0.09

n = 5

For each parameter, the mean and standard median error (SEM) are presented, � p < 0.05 in comparison to procainamide alone



on the liver blood flow or degree of binding to se-
rum proteins. Procainamide is eliminated more
slowly if metabolic efficiency of the liver is im-
paired, as for example in advanced cirrhosis, acute
or chronic hepatitis or toxic damage [16]. After the
administration of midazolam with procainamide,
the concentration of procainamide was decreased,
and its elimination increased.
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