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Chronic administration of 50% ethanol in a dose of 8 g/kg produces a toxic effect on
functional activity of cardiomyocyte mitochondria, which manifested in decreased rates
of respiration and oxidative phosphorylation. Structural GABA analogue Citrocard
(phenibut citrate) and reference preparation piracetam in doses of 50 and 200 mg/kg,
respectively, prevented the damaging effect of alcohol, which was seen from increased
indexes of oxidative phosphorylation in treated animals compared to the control group.
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Activation of lipid peroxidation [1,3] and dysfunc-
tion of the oxidative phosphorylation system [4,5]
play an important role in the pathogenesis of myo-
cardial injury under the influence of ethanol. Etha-
nol-induced suppression of the antioxidant system
leading to impairment of mitochondrial structure
[1,3], formation of ethyl esters of fatty acids bloc-
king their oxidation, and metabolic dysfunction in
the myocardium accompanied by inhibition of
NAD-dependent dehydrogenases, electron transport
chain enzymes, and ATP synthesis contribute to
energy deficiency in cardiomyocytes and decrease
the effectiveness of energy consumption by myo-
cardial structures [4,5].

GABA and its analogues stimulate respiration,
oxidative phosphorylation, and metabolism of the
major energy sources [2]. Here we studied the ef-
fect of GABA derivative Citrocard (phenibut cit-
rate) and reference preparation piracetam on oxida-
tive and phosphorylation functions of mitochondria
under conditions of chronic alcohol intoxication
(CAI).

MATERIALS AND METHODS

Experiments were performed on 50 male outbred
albino rats weighing 210-240 g. CAI was induced
by intragastric administration of 50% ethanol in a
daily dose of 8 g/kg for 30 days. Group 1 animals
(positive control) intragastrically received an equi-
valent volume of physiological saline for 30 days.
Group 2 alcoholized animals (negative control) intra-
peritoneally received physiological saline in a volume
equivalent to that of the test preparations. Citrocard
(group 3) and piracetam (group 4) in doses of 50 and
200 mg/kg, respectively, were injected intraperito-
neally 40 min before ethanol administration.

The animals were cold-euthanized by the end
of alcoholization. The hearts were removed. Myo-
cardial mitochondria were isolated by differential
centrifugation. Oxidation and phosphorylation in
mitochondria were studied polarographically in an
incubation medium containing 0.3 M sucrose, 0.01
M KCl, 0.005 M potassium phosphate, and 0.001
M EDTA (pH 7.4). NADH (0.001 M) served as the
oxidation substrate. ADP was added to a final con-
centration of 200 µM. Protein content was mea-
sured by the method of Bradford. The following
parameters were recorded: V1, rate of O2 consump-
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tion by mitochondria in the absence of substrate
(mg-atom/mg protein/min); V3, rate of O2 consump-
tion after ADP addition; V4, rate of O2 consumption
after ADP depletion; CRC, Chance respiratory con-
trol (V3/V4); and ADP/O, index of phosphorylation
efficiency.

The significance of differences between mean
values in control and treatment groups was eva-

luated by Student’s t test with Bonferroni correc-
tion.

RESULTS

Mitochondrial function was suppressed in alcoholi-
zed animals, which was seen from the decrease in
V1, V4, and V3 by 29.4, 34.9, and 56%, respec-

Fig. 1. Oxidative and phosphorylation functions of mitochondria.
p<0.05: +compared to group 1; *compared to group 2.

Bulletin of Experimental Biology and Medicine, Vol. 143, No. 3, 2007 PHARMACOLOGY AND TOXICOLOGY



343

tively, compared to intact animals (Fig. 1). CRC
and ADP/O decreased by 27.4% and 1.4 times,
respectively.

Dysfunction of respiration and oxidative phos-
phorylation was less severe in group 3 rats. V1 in
group 3 animals was 39.6% higher than in group 2
rats. V4 in group 3 rats was 28.3% lower than in
group 1 animals, but 10.1% higher compared to
group 2 rats. V3 in group 3 rats was 36% lower than
in group 1 animals, but 45.4% higher compared to
group 2 rats (p<0.05). CRC in group 3 rats was
9.2% lower than in group 1 animals, but 26% hig-
her compared to group 2 rats (Fig. 1). ADP/O in
group 3 rats did not differ from that in group 1
animals, but was 1.4-fold higher compared to group
2 rats (Fig. 1).

V1 in group 4 rats was 32.7% higher than in
group 2 animals (p<0.05). V4 in group 4 rats de-
creased by 33.8% compared to group 1 animals,
but did not differ from that in group 2 rats. V3 in
group 4 rats was 42% lower than in group 1 ani-
mals (p<0.05), but 31.8% higher compared to group
2 rats (Fig. 1). CRC in group 4 rats was 23.3%
higher than in group 2 animals. ADP/O did not
differ in rats of groups 4 and 2 (Fig. 1).

Our results show that ethanol decreases the rate
of O2 consumption by mitochondria, inhibits ener-

gy formation, suppresses electron transport in the
respiratory chain, and impairs oxidation-phospho-
rylation coupling. The inhibition of phosphoryla-
tion is more pronounced than respiratory dysfunc-
tion. This conclusion is derived from the fact that
V3 and V4 in treated rats decrease by 56 and 34.9%,
respectively, compared to group 1 animals.

Citocard and piracetam prevent the damaging
effect of ethanol on mitochondrial energy produc-
tion. These preparations abolish the decrease in the
rate of O2 consumption by mitochondria and inhi-
bition of oxidative phosphorylation, which was
seen from the increase in V1, V3, CRC, and ADP/O
in rats receiving the test preparations compared to
animals receiving ethanol.
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