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Chronic stress exposure produces a damaging effect on the myocardium and reduces
its functional (inotropic) reserves. Citrocard (50 mg/kg) and fenibut (50 mg/kg) prevent
stress effects: animals receiving these preparations demonstrate higher contraction and
relaxation rates and higher left-ventricular pressure during functional tests (volume load
and maximum isometric load).
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Stress exposure leads to excitation of the hypotha-
lamic-pituitary-adrenal system resulting in increa-
sed catecholamine concentrations, vasoconstriction,
hypoxia, and intensification of LPO followed by
destruction of cell membranes and impairment of
energy supply, microcirculatory disturbances, struc-
tural changes in cardiomyocytes, depression of the
contractile function of the heart and impairment of
its functional reserves [2,5].

Hyperexcitation of the hypothalamic-pituitary-
adrenal system and disturbances in heart structure and
metabolism can be prevented by activation of the
stress-limiting systems, e.g. GABAergic system [2,5].
The search and testing of substances possessing GABA-
positive effects as potential cardioprotectors in stress-
induced damage to the heart are an actual problem.

Here we studied the effects of GABA derivati-
ves citrocard and fenibut (reference preparation) on
functional reserves of the heart under conditions of
chronic stress exposure.

MATERIALS AND METHODS

Experiments were carried out on 24 male Wistar
rats weighing 280-320 g. The animals were divided

into 4 groups (6 rats per group). Group 1 comprised
intact animals (positive control), group 2 (negative
control) included rats daily receiving intraperitoneal
injections of physiological saline 60 min before
stress exposure (over 2 weeks), groups 3 and 4
consisted of rats receiving citrocard (50 mg/kg) or
fenibut (50 mg/kg), respectively, according to the
same scheme.

A model of 2-week inescapable stress inclu-
ding immobilization and painful electrical stimu-
lation was used in the experiment. The animals
were placed in boxes (20×10×10 cm) of an experi-
mental setup; electric current was delivered to the
electrode floor. Every day, 60 stimulation sessions
were performed over 1 h (15-sec stimulation and
45-sec interval); the initial voltage was 20 V, the
voltage increased by 10 V after presentation the
20th and 40th stimuli [7]. The animals were kept
in individual cages throughout the stress period.

For evaluation of the parameters of myocardial
contractility, the animals were narcotized with so-
dium etaminal (40 mg/kg), artificial ventilation was
started, the thorax and then the pericardium were
opened, and a catheter was introduced through the
apex into the left ventricle. Left-ventricular pressure
and its first derivative (dp/dt+ and dp/dt-) were
recorded using a hemodynamic analyzer equipped
with BEAT software. After recording the initial
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parameters, functional tests were performed in the
following order: volume load (intravenous bolus
injection of 3 ml/kg physiological saline) and maxi-
mum isometric load (30-sec clamping the ascen-
ding aorta). The intensity of structure functioning
and maximum intensity of structure functioning
(MISF) were calculated by the formula: (LFPm×
HRm)/(weight of left ventricle+1/3 interventricular
septum).

The data obtained in the control and experi-
mental groups were compared. If the parameters of
myocardial contractility in groups of stressed ani-
mals receiving the test preparations surpassed the
corresponding values in the negative control, a
conclusion was made on cardioprotective effects of
these preparations.

The data were processed by Newman—Keuls
test (M±S) using Statistica software.

RESULTS

In negative control group, volume load increased
the rates of contraction (dp/dt+) and relaxation (dp/
dt-) by 4 and 5.2%, respectively, and LVP by 5.5%,
while in intact animals the corresponding parame-
ters increased by 13.9, 20.9, and 15.6% compared
to the initial values (5th sec of observation), which
significantly surpassed the corresponding parame-
ters in stressed animals (p<0.05, Table 1).

During maximum isometric load, the studied
parameters in stressed animals underwent the fol-
lowing changes: on second 5 the rate of contraction
increased by 67.2%, the rate of relaxation by 44.6%,
and LVP by 157.9%. In intact animals, the para-
meters increased by 111.6, 84.4, and 191.1%, re-
spectively, and significantly surpassed the corre-
sponding parameters in negative control (p<0.05,
Table 2). The intensity of structure functioning did
not differ in the control groups, while MISF in in-
tact animals was higher than in stressed animals by
44.3% (Fig. 1).

In group 3 animals on second 5 of volume load,
the rates of contraction and relaxation and LVP
increased by 12.2, 10.9, and 12.2%, respectively,
compared to initial values, which significantly sur-
passed the corresponding increase in group 2 (ne-
gative control, p<0.05, Table 1). In intact animals,
the parameters increased by 83.2, 51.7, and 186.4%,
respectively, and significantly surpassed the cor-
responding parameters in negative control (p<0.05,
Table 2). In group 3, MISF increased by 42.9%
(p<0.05).

Fenibut administered to stressed animals pro-
moted the increase in the rates of contraction (by
10.1%, p<0.05) and relaxation (by 12.7%, p<0.05)

and LVP (by 10.1%) compared to initial values
under conditions of volume load (Table 1).

Under conditions of maximum isometric load,
the rates of contraction and relaxation in group 4
animals on second 5 after aorta clamping increased
by 69.4 and 50% (p<0.05) from the initial values,
which differed significantly from the corresponding
values in group 2. LVP in group 4 tended to in-
crease by 167.9% (Table 2) and MISF by 12% (Fig.
1). It should be noted that the rates of contraction
and relaxation and MISF were significantly lower
than in animals receiving citrocard (group 3).

Thus, chronic stress produces a damaging ef-
fect on the heart and reduced its functional reser-
ves: this manifested in decreased rates of myocar-
dial contraction and relaxation and LVP in group 2
animals compared to intact rats, which agrees with
published data. Citrocard and fenibut administered
60 min before stress considerably reduced the dam-
aging effects of chronic stress: LVP, rates of myo-
cardial contraction and relaxation, and MISF during
functional tests increased to a greater extent in ani-
mals receiving the test preparation compared to
group 2 rats (negative control).

The cardioprotective effect of citrocard and
fenibut can be explained by their antistress action
at the central and peripheral levels of regulation.
The central level of regulation includes limitation of
the release of stress hormones, e.g. catecholamines
and corticotrophin [1,3,8,9], while the peripheral le-
vel is determined by some interrelated effects: anti-
oxidant, antiaggregant, and membrane-protective ef-
fects, improvement of microcirculation, and stimula-
tion of respiration and oxidative phosphorylation.
Our assumptions are based on the results of our
previous experiments on dogs demonstrating a de-

Fig. 1. Changes in intensity of structure functioning (light bars)
and MISF (dark bars) under conditions of chronic stress. *p<0.05
compared to: *group 2, +group 3. 1) group 1 (intact); 2) group 2
(negative control); 3) group 3 (citrocard); 4) group 4 (fenibut).
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crease in concentration of LPO products (diene con-
jugates, crotonic dialdehyde and MDA) in the ische-
mic heart under the effect of citrocard [6]. The test
preparation inhibiting LPO prevent destruction of
membranes of cardiomyocytes and their organelles
(e.g. mitochondria), thus preserving the function of
the energy production system and contractile appa-
ratus of these cells. Citrocard and fenibut enhance
the resistance of cell membranes to other factors,
i.e. exhibit membrane-protective properties, and
inhibit ADP-induced platelet aggregation, which
probably improves microcirculation disturbed by
stress exposure. Previous experiments also showed
that citrocard and fenibut prevented microcircula-
tory disturbances induced by chronic alcoholiza-
tion and inhibited reduction of linear and volume
blood flow rates in mesenterial vessels [4].

Thus, chronic (2 weeks) stress reduced func-
tional reserves of the heart, which manifested in
disturbed functioning of the contractile apparatus of
cardiomyocytes (decrease in the rates of contrac-
tion and relaxation and LVP in comparison with
those in intact animals) under conditions of func-

tional tests. GABA derivatives citrocard (50 mg/kg)
and, to a lesser extent, fenibut (50 mg/kg) pre-
vented pathological changes in the myocardium
and protected its functions, i.e. exhibited a cardio-
protective effect.
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