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An increase in calcium ion concentration in the cytoplasm due to the in-
fluence of various toxic agents causes disturbances in the structure and func-
tion of hepatocytes, leading to their damage and even death. Calcium ions
enter the cell mostly through calcium channels, therefore, it has been sug-
gested that calcium channel inhibitors (CCI) could protect hepatocytes from
the action of toxic substances.

The present study investigated the effect of the selected CCI (nifedipine,
nitrendipine and verapamil) on liver function, measured by the efficiency of
oxidation reaction, in this case by determination of the rate of antipyrine me-
tabolism. The experiment was carried out using the method of extracorporeal
liver perfusion (ELP).

None of the studied CCI applied at a concentration of 50 �mol/l in-
creased the rate of antipyrine metabolism over the whole period of ELP.
However, supplementation of perfusion fluid with nifedipine, nitrendipine or
verapamil at a concentration of 20 �mol/l considerably improved metabolic
liver efficiency during the second hour of perfusion, i.e. at the time, when
large number of hepatocytes started to perish, which could indicate protec-
tive action of the tested CCI. However, the CCI-induced acceleration of anti-
pyrine metabolism was not a result of their influence on calcium channels,
since these drugs block calcium channels, when given at the concentrations
as high as 100–400 �mol/l. Moreover, it seems that facilitation of antipyrine
metabolism during ELP was not due to their action on microsomal enzymes
because CCI were administered at very low concentrations, besides, they are
metabolic inhibitors, and not inducers. The present experiment suggests that
low concentrations of CCI can exert hepatoprotective effect. However, con-
firmation of this conclusion requires further studies using other experimental
methods.
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INTRODUCTION

Calcium ions play a role of universal second
messenger, activating different intracellular bio-
chemical processes in response to extracellular
stimuli, such as catecholamines or membrane po-
tential changes. Therefore, their physiological role
is enormous not only in muscular tissue but practi-
cally in all cells, including nervous cells and even
hepatocytes [5, 12].

In recent years, it has been more and more fre-
quently suggested that excessive inflow of calcium
ions to hepatocytes can disturb their function, lead-
ing to a decrease in metabolic liver efficiency and
even to cell death. Thus, it seems that substances
inhibiting calcium ion influx to cytoplasm could
have protective effect, reducing hepatocyte damage
by toxic agents or hypoxia [6].

Assessment of functional liver disturbances
causes many difficulties. Measurement of the rate
of metabolism of a probe substance, e.g. antipyrine
is one of methods used for this purpose. Antipyrine
is oxidized in hepatocytes, and the reaction is cata-
lyzed by cytochrome P-450 isoenzymes. Due to hy-
poxia or toxic agents, metabolic efficiency of the
liver, and, therefore, antipyrine oxidation rate are
decelerated.

The aim of this study was to determine the ef-
fect of the selected calcium channel inhibitors
(CCI: nifedipine, nitrendipine and verapamil) on
liver function, measured by efficiency of oxidation
reaction, in this case antipyrine metabolism rate.

MATERIALS and METHODS

Animals

The study was carried out on adult male Wistar
rats (280–320 g) obtained from the Experimental
Animal Farm at the Pharmaceutical Company
Jelfa, Jelenia Góra, Poland. The rats were housed
individually in chambers with a 12:12 h light-dark
circle and temperature maintained at 21–23°C. Be-
fore the experiment animals had free access to stan-
dard food and water. All experiments were per-
formed after at least two weeks of adaptation to this
environment.

Chemicals and drugs

Nifedipine (Cordafen, tablets 10 mg, Polphar-
ma, Poland), nitrendipine (Nitrendypina, tablets 10

mg, Anpharm, Poland), verapamil (Staveran, tab-
lets 40 mg, Polpharma, Poland), antipyrine (cat. nr
A-5882, Sigma Chemie, Germany) were used in
the study.

Experimental procedure

The animals were anesthetized with intraperito-
neal injection of 10% solution of urethane at a dose
of 1.2 ml/100 g of body weight. The experiment
was conducted using extracorporeal liver perfusion
(ELP), according to the procedure described earlier
[21] with our modification, which consisted in low-
ering the volume of perfusion fluid and adjusting it
so that it approximated the volume of blood flow-
ing through the liver in vivo. This modification en-
abled us to decrease the amount of the reagents and
number of animals necessary to conduct an experi-
ment.

Perfusion fluid was prepared by the addition of
27.5 ml of defibrinated blood with heparin to 27.5
ml of Ringer solution containing 1.65 mg of anti-
pyrine and 44 mg of glucose.

Before the experiment started, the perfusion
fluid was heated to 37°C, and then its 2.5 ml sam-
ple was collected to determine starting concentra-
tion of antipyrine. The remaining fluid was poured
to the appropriate container of ELD apparatus and
the experiment was initiated. After 10-min period
of preliminary perfusion, another 2.5 ml portion of
the fluid was sampled, in which initial antipyrine
concentration at t# (beginning of perfusion, which
lasted 120 min in total) was measured. Subsequent
2.5 ml samples were collected every 30 min. The
samples were centrifuged at 3000 rpm at room tem-
perature for 15 min. Supernatant was collected with
Pasteur pipette. Antipyrine concentration (�g/ml)
was determined in each sample according to the
method of Brodie [21, 31], using Marcel S330 PRO
spectrophotometer. Amount of the metabolized an-
tipyrine was calculated according to the formulas
computed by Paradowski, and the results were re-
ported in nmols per g of liver parenchyma [21].
Average mass of a liver used in the experiment
(± SEM) was 14.4 ± 0.55 g. The livers used in vari-
ous groups were selected so that their masses did
not differ statistically significantly.

The animals were assigned to the control group
and test groups (A, a; B, b; C, c), 6 animals to each.
Control livers were perfused with the fluid which
did not contain any CCI. Perfusion fluid for test
groups A, B and C was supplemented with one of
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CCI (nifedipine, nitrendipine or verapamil, respec-
tively) at a concentration of 50 �mol/l. Perfusion
fluid for test groups a, b and c contained one of CCI
(nifedipine, nitrendipine or verapamil, respectively)
at a concentration of 20 �mol/l (Tab. 1–3).

Statistics

The data were evaluated by a one-way analysis
of variance (ANOVA), followed, when appropriate,
by individual comparison with the control using
Student’s t-test.

RESULTS

The changes in antipyrine metabolism rate in
the initial period of ELP exerted the strongest effect
on total amount of metabolically transformed anti-
pyrine. Its largest quantity was metabolized within
the first hour of perfusion. Within the second hour
of the experiment, antipyrine metabolism signifi-
cantly slowed down due to hepatocyte death.

None of the tested CCI used at a concentration
of 50 �mol/l accelerated antipyrine metabolism
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over the whole ELP period. However, supplemen-
tation of perfusion fluid with nifedipine, nitrendi-
pine or verapamil at a concentration of 20 �mol/l
considerably improved the metabolic efficacy of
the liver. Facilitation of antipyrine metabolism in
comparison with the control group was observed
only within the second hour of ELP, i.e. in the pe-
riod when large number of hepatocytes began to die.

DISCUSSION

An increase in cytoplasmic concentration of
calcium ions causes disturbances in the structure
and function of hepatocytes, leading to their dam-
age and even death [16, 19, 32]. Many chemical
compounds, including therapeutic agents, injure
hepatocytes by raising the concentration of free
calcium ions [15, 20]. These ions enter the cells
mostly through calcium channels, therefore, it has
been suggested that CCI could protect hepatocytes
from the effects of toxic substances [10]. It was
proved that certain drugs, belonging to this group
exerted protective action on the isolated rat hepato-
cytes exposed to ethanol. Verapamil and nifedipine
at a concentration of 25 �mol/l and diltiazem at
50 �mol/l inhibited elevated release of hepatic en-
zymes (AlaAT, AspAT, LDH), when administered
30 min before ethanol treatment. These drugs sup-
pressed also the accelerated lipid peroxidation
(verapamil and nifedipine at 50 �mol/l and dilti-
azem at 25 �mol/l) [6].

Antipyrine is a substrate for oxidizing enzymes
belonging to cytochrome P-450 complex [8] and it
is commonly used as an indicator of metabolic ac-
tivity of the liver. Facilitation of antipyrine metabo-
lism in the presence of CCI can be a sign of their
protective influence on hepatocytes, since in the
present experiment, nifedipine, nitrendipine and
verapamil added to the perfusion fluid at a concen-
tration of 20 �mol/l increased antipyrine metabo-
lism rate in the second hour of ELP, thus, in the
period when most of hepatocytes start to die. The
mechanism of cytoprotective action of these drugs
has not been fully understood so far. There are cal-
cium channels in hepatocyte plasma membrane, in
mitochondria and microsomes. It was established
that nifedipine and verapamil inhibited calcium
transport across hepatocyte membranes, by influ-
encing vasopressin-activated channels, dissimilar
to potential-operated Ca 4 channels, present in so-
called excitable cells [10]. Moreover, it was demon-
strated that in rat hepatocytes, verapamil, nifedi-
pine or diltiazem inhibited calcium inflow through
receptor-gated channels, when their concentrations
were as high as 100–400 �mol/l [29, 33]. These
concentrations are 5–20 times higher than that which
accelerated antipyrine metabolism (20 �mol/l) and
2–16 times higher than those showing protective
effect on hepatocytes exposed to toxic levels of
ethanol (25 and 50 �mol/l) [6]. Therefore, it can be
expected that cytoprotective CCI effect is a result
of complex mechanisms, and most probably it does
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not depend on calcium channel blockade. It has been
suggested that it can be due to such actions as stabi-
lization of plasma membrane [13, 17], protection of
structure and function of mitochondria [14] and ly-
sosomes [28], and to their antioxidant effect [4].

Both antipyrine and CCI are metabolized by
liver microsomal enzymes, including cytochrome
P-450 isoenzymes, e.g. CYP 3A group. Interaction
of these compounds at the level of liver metabolism
also cannot be excluded. It is known that verapamil
inhibits oxidative metabolism of other drugs. Me-
tabolites of this drug (e.g. norverapamil) probably
have inhibitory effect as well. In vitro studies indi-
cated that verapamil and norverapamil suppressed
cytochrome P-450-dependent 4- and 3-hydroxyla-
tion of antipyrine. Verapamil administered in vivo

also significantly prolonged biological half-life of
antipyrine in a dose- and time-dependent manner
[1, 3, 25]. In our experiment, verapamil used at
a concentration of 50 �mol/l did not significantly
affect antipyrine metabolism, while its concentra-
tion of 20 �mol/l elevated metabolism of this drug
in comparison with the results obtained with the
control group. However, it was probably not caused
by the interaction at the level of microsomal en-
zymes. It does not seem quite probable that verapa-
mil used at such low concentrations could influ-
ence liver microsomal enzymes, besides, only its
inhibitory effect was described and not stimulating
action on cytochrome P-450.

Nifedipine, a dihydropyridine derivative, pos-
sesses considerably weaker potential to inhibit oxi-
dative metabolism in comparison with verapamil.
In in vitro studies, it suppressed metabolism of
many drugs, e.g. propranolol, tolbutamide, theo-
phylline, cyclosporin and midazolam [9, 18, 22, 23,
30]. On the other hand, no nifedipine effect on anti-
pyrine clearance or metabolism of other drugs was
observed in vivo [2, 7]. Causes underlying such dif-
ferences between in vitro and in vivo studies have
not been elucidated as yet. To date, no significant
interactions of nifedipine with other drugs have
been noted, and especially its effect on oxidizing
enzymes of cytochrome P-450 complex has not
been demonstrated [11, 24, 26, 27, 32]. In the light
of the aforementioned data, there is no basis to as-
sume that acceleration of antipyrine metabolism by
low concentrations of nifedipine and nitrendipine is
connected with their effect on microsomal en-
zymes.

The drugs belonging to the group of dihydropy-
ridine derivatives could theoretically increase liver
blood flow by dilating blood vessels and in such
a way facilitate antipyrine metabolism. However,
it was not very probable in our experiment, since
the drugs were applied at very low concentrations,
i.e. such which do not significantly affect calcium
channels in vessel wall.

Confirmation of protective CCI action on hepa-
tocytes requires further studies using diversified
experimental methods. If CCI indeed exhibit hepa-
toprotective effect, these drugs could be used in the
treatment of liver diseases and transplantology, be-
sides their typical use in the treatment of cardiovas-
cular diseases. It is known that the survival time of
organs for transplantation, including liver, is short.
Addition of CCI to storage fluids (e.g. Collins, Uni-
versity of Wisconsin) could prolong this time,
which would allow for transport of organs to more
remote destinations, thereby increasing donor po-
pulation.
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