
Vinpocetine is a widely used drug for the treatment of cerebrovascular and memory disorders. This study
aimed to investigate the effect of vinpocetine on the acute hepatic injury caused in the rat by the admin-
istration of CCl4 in vivo. Vinpocetine (2.1, 4.2, 8.4 mg/kg) or silymarin (30 mg/kg) was given once daily
orally simultaneously with CCl4 and for 15 days thereafter. Liver damage was assessed by determining
serum enzyme activities and hepatic histopathology. Stained sections were subjected to morphometric
evaluation using computerized image analyzer. The results showed that vinpocetine administered to
CCl4-treated rats decreased the elevated alanine aminotransferase (ALT) by 49.3, 58.1 and 63.6%, aspar-
tate aminotransferase (AST) by 10.5, 22.6 and 27.2% and alkaline phosphatase (ALP) by 52.5, 59.6 and
64.9%, respectively, and in a dose-dependent manner. Meanwhile, silymarin reduced elevated ALT, AST
and ALP levels by 53.1, 26.9 and 66%, respectively. Histological examination of liver specimens
revealed a marked reduction in liver cell necrosis in vinpocetine and silymarin-treated rats compared
with vehicle-treated CCl4-treated rats. Quantitative analysis of the area of damage showed 85.3% reduc-
tion in the area of damage after silymarin and 72.2, 78.9 and 82.6% reduction after vinpocetine treatment
at 2.1, 4.2, 8.4 mg/kg, respectively. It is concluded that administration of vinpocetine in a model of CCl4-
induced liver injury in rats reduced liver damage. The reduction obtained by 4.2 mg/kg of vinpocetine
was similar to that obtained by 30 mg/kg silymarin. Therefore, it is suggested that vinpocetine might be
a good pharmacological agent in the treatment of liver disease besides its neuroprotective effects.
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INTRODUCTION

Vinpocetine is widely used as a neuroprotective and cognitive enhancing drug in the
prevention and treatment of cerebrovascular diseases. Vinpocetine has been found to
interfere with various stages of the ischemic cascade: ATP depletion, activation of
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voltage-sensitive Na(+)- and Ca(++)-channels, glutamate and free radicals release. The
inhibition of the voltage-dependent Na(+)-channels appears to be especially relevant
to the neuroprotective effect of vinpocetine. Pronounced antioxidant activity of the
drug could also contribute to the neuroprotection [11]. Vinpocetine has been shown
to be selective inhibitor of Ca(++)-calmodulin dependent cGMP-PDE. It is assumed
that this inhibition enhances intracellular a GMP levels in the vascular smooth mus-
cle leading to reduced resistance of cerebral vessels and increase of cerebral blood
flow [13]. The drug is a potent vasodilator at the cerebral vascular bed increasing
cerebral blood flow. It also increases the regional cerebral glucose uptake and to a
certain extent glucose metabolism in the so-called peri-stroke region in the relative-
ly intact brain tissue [29]. Apart from its cognitive enhancing and neuroprotective
properties, vinpocetine protected guinea pig from aminoglycoside-induced hearing
loss in vivo [21]. In the light of the forementioned properties of vinpocetine, the pre-
sent study was designed to investigate its effects on hepatic injury induced by CCl4
using rat as the experimental animal. The effect of the agent was compared to that of
silymarin, a standardized extract, derived from the milk thistle plant, containing
about 60% polyphenole silibinin, and is used as a hepatoprotective agent, because of
its suggested antioxidant properties [9, 20, 30]. Liver damage was assessed by deter-
mining serum enzyme activities, hepatic histopathology as well as by morphometry.

MATERIALS AND METHODS

Animals

Adult Sprague-Dawley rats of either sex, weighing 150–180 g of body weight, were
used throughout the experiments and fed with standard laboratory chow and water ad
libitum.

Drugs and chemicals

Carbon tertrachloride (BDH Chemicals, England), vinpocetine (Vinporal, Amrya.
Pharm. Ind., Cairo, A.R.E), silymarin (SEDICO, Cairo, A.R.E) were used in the
experiments. The doses for rats used were equivalent to the human dose according to
Paget and Barnes conversion tables [22].

The carbon tetrachloride model of hepatic damage

Rats were given vinpocetine (2.1, 4.2 or 8.4 mg/kg) or silymarin (30 mg/kg) orally
given once a day for 15 days together with CCl4 (CCl4-olive oil; 1 : 1, 0.2 ml/100 g
body weight, p.o.) (n = 6 per group). Rats were administered half the initial dose of



CCl4 one week afterwards so as to maintain hepatic damage. Control rats were treat-
ed with a single dose of olive oil (0.2 ml/100 g body weight, followed by 0.1 ml/100
g body weight, p.o.) (n = 6 per group).

Biochemical assessment

At the end of the experiments, blood samples were obtained from the retro-orbital
venous plexus, under ether anaesthesia. Total protein in serum was measured spec-
trophotometrically [3]. Serum glucose were measured enzymatically [3]. ALT and
AST activities in serum were measured according to Reitman-Frankel colorimetric
transaminase procedure [7], whereas colorimetric determination of ALP activity was
done according to the method of Belfield and Goldberg [5], using commercial kits
(BioMérieux, France).

Histopathological studies

After the end of the treatment period, rats were killed, livers were excised and fixed
in 10% formalin saline, Bouin’s and Carnoy’s fluids. Sections were prepared and
stained with hematoxylin and eosin (H & E) for the histological investigations.
Further histopathological evaluation was performed using morphometry. The per-
centage of necrotic areas surrounded by fatty degeneration was measured by a com-
puterized image analyzer. Qwin Leica image processing and analysis system
(Cambridge, England) was used for interactive automatic measurement of the per-
centage of damaged areas on slides stained by H & E. Fifteen random fields per slide
were analyzed and the average was calculated for statistical analysis. The border of
the necrotic area was determined according to pathological examination of the
observed changes in the photomicrographs (inflammatory cells, connective tissue
and vacuolar damage). The percentage of necrotic areas was measured and the
degeneration was estimated as a percent of the total section area.

Statistical analysis

All results are expressed as means ± SE. Comparison between two independent
groups was made by Mann-Whitney U-test. Comparison of the values before and
after CCl4 was made by paired Student’s t-test. Multiple group comparisons were
performed by ANOVA followed by Duncan test. P < 0.05 was considered statistical-
ly significant.
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RESULTS

Biochemical changes

Results are presented in Table 1. In rats treated with CCl4, the levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase
(ALP) in plasma were markedly raised by 175.8% (91.5 ± 6.4 vs 33 ± 2.7 U/l), 106%
(129.2 ± 8.1 vs 62.7 ± 2.4 U/l) and 234.3% (375.2 ± 22.8 vs 112.2 ± 7.6 U/l), indicat-
ing the severity of hepatic injury caused by CCl4. Vinpocetine given at time of CCl4
administration in doses of 2.1, 4.2 or 8.4 mg/kg caused dose-dependent reduction of
raised ALT by 49.3, 58.1 and 63.6%, AST by 10.5, 22.6 and 27.2% and ALP by 52.5,
59.6 and 64.9%, respectively. Meanwhile, silymarin administered at 30 mg/kg
reduced ALT, AST and ALP levels by 53.1, 26.9 and 66%, respectively. In CCl4-
treated control group, serum proteins were not altered, whilst a non-significant
decrease in serum glucose was observed compared with the saline-treated normal rats
(107.9 ± 6.3 vs 123.3 ± 5.6 mg/dl). The administration of vinpocetine or silymarin to
CCl4-treated rats resulted in an increase in serum proteins and glucose levels, though
these changes did not reach statistical significance.

Histopathological results

The liver of saline control rats revealed the characteristic hepatic architecture
(Fig. 1A). The liver of rats subjected to CCl4 showed centrilobular necrosis, bal-
looning and fatty degeneration of hepatocytes around the central vein. Inflammatory
cell infiltration could also be detected (Fig. 1B). Examination of liver sections from
CCl4+ silymarin-treated rats revealed a pronounced improvement in hepatic archi-

Table 1
Effect of vinpocetine  or  silymarin  on serum alanine aminotransferase (ALT), aspartate aminotrans-

ferase (AST), alkaline phosphatase (ALP), glucose and total proteins in CCl4-treated rats

Treatment ALT (U/l) AST (U/l) ALP (IU/l)
Glucose Total proteins
(mg/dl) (g/dl)

Saline (normal) 33.0 ± 2.3 62.7 ± 2.5 112.2 ± 7.6 123.3 ± 5.6 7.0 ± 0.6
CCl4 (control) 91.5 ± 6.4 129.2 ± 8.1 375.2 ± 22.0 107.9 ± 6.3 6.9 ± 0.4
+Vinpocetine 2.1 mg/kg 46.4 ± 3.7* 115.7 ± 4.4* 178.3 ± 13.6* 119.2 ± 8.8 7.9 ± 0.3
+Vinpocetine 4.2 mg/kg 38.3 ± 2.4* 100.0 ± 3.2*# 151.7 ± 13.5* 111.4 ± 8.1 7.7 ± 0.3
+Vinpocetine 8.4 mg/kg 33.3 ± 2.9*# 94.0 ± 3.3*# 131.9 ± 11.6*# 113.9 ± 5.4 8.3 ± 0.4
+Silymarin 30 mg/kg 42.9 ± 2.6* 94.4 ± 6.0*# 127.5 ± 10.5*# 130.7 ± 4.8 7.9 ± 0.7

Results are means ± S.E.  Data were analyzed by one-way ANOVA and means of different groups
were compared by Duncan’s multiple range test. Two-tailed probabilities of less than 0.05 were consid-
ered significant. * p < 0.05 compared with the CCl4 control group. #p < 0.05 compared with vinpocetine
2.1 mg/kg treated group.
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Table 2
Effect of vinpocetine or silymarin on area of damage

in the CCl4-induced hepatic injury in rats

Treatment Area of damage (%)

Saline (normal) 0.20 ± 0.1
CCl4 (control) 18.00 ± 0.3
+Vinpocetine 2.1 mg/kg 4.98 ± 0.6*
+Vinpocetine 4.2 mg/kg 3.79 ± 0.43*
+Vinpocetine 8.4 mg/kg 3.13 ± 0.40*#

+Silymarin 30 mg/kg 2.64 ± 0.24*#

Results are means ± S.E. Data were analyzed by one-way ANOVA
and means of different groups were compared by Duncan’s multiple
range test. Two-tailed probabilities of less than 0.05 were considered
significant. * p < 0.05 compared with the CCl4 control group. #p < 0.05
compared with vinpocetine 2.1 mg/kg treated group.

Fig. 1. Effect of vinpocetine or silymarin on hepatic histological damage induced by CCl4 in the rat. (A)
Normal structure of control rat. (B) CCl4-treated rat showing centrilobular necrosis, ballooning and fatty
degeneration of hepatocytes around the central vein, inflammatory cell infiltration. (C) silymarin (30
mg/kg) given together with CCl4 showing improvement in hepatocyte structure with less ballooning
damage, necrotic areas and small lipid droplets. (D) vinpocetine 8.4 mg/kg given together with CCl4,
showing moderate improvement in hepatocyte structure, but also dilated and thick walled blood vessels

in addition to proliferated and hypertrophied and some damaged bile ducts
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tecture compared to the CCl4 control group (Fig. 1C). The administration of vin-
pocetine to CCl4-treated rats resulted in a dose-dependent protective effect.
Vinpocetine-treated rats showed marked improvement in the hepatocyte structure,
while blood vessels were dilated, thick walled and bile ducts showed proliferation
and hypertrophy (Fig. 1D). Quantitative analysis of the area of damage showed
85.3% reduction in the area of damage in CCl4-treated rats after silymarin treatment
and 72.2, 78.9 and 82.6% reduction after vinpocetine treatment at 2.1, 4.2 or 8.4
mg/kg, respectively (Table 2).

DISCUSSION

The present study provides evidence that in the CCl4 model of hepatic toxicity, vin-
pocetine, a cognitive enhancer and a vasodilator agent, exerts protective effects. The
release of hepatocellular enzymes into plasma was significantly reduced and the his-
tological scores of hepatocyte necrosis were markedly attenuated. Chronic Hepatitis
C virus infection (HCV) is estimated to affect 170 million individuals worldwide.
Thirty percent of these individuals will eventually develop cirrhosis [4]. Currently,
the standard therapy for patients with hepatitis C virus infection involves the com-
bined administration of interferon and ribavirin [1, 2, 23]. The main aim of anti-HCV
therapy is to prevent progressive liver disease by eradicating the virus. The other
goals of drug therapy for HCV include reduction of hepatic inflammation and necro-
sis, reduction of liver enzymes, and overall slowing of cirrhotic disease progression.
Such combination of interferon and ribavirin is associated with biochemical and
serological response, but also with a number of important side-effects such as
fatigue, influenza-like symptoms (headaches, fever, myalgia), hematological abnor-
malities, and neuropsychiatric symptoms [10]. From 10 to 14% of participants in the
registration trials for combination therapy involving the peginterferons withdrew
prematurely from therapy due to adverse events [2]. This is in addition to the fact that
sustained response is obtained in approximately 55% of patients with the combina-
tion of PEG-IFN and ribavirin [10, 17].

It is clear that, there is still a need for the identification of compounds that are
capable of modulating the continued necro-inflammatory process in the liver of such
patients. Hepatic inflammation appears to be the key pathological substrate that dri-
ves fibrogenesis. This makes sense as inflammation and cellular damage are intu-
itively linked to the fibrotic process via leukocyte/hepatic stellate cell (HSC) inter-
action, cytokine networks, proinflammatory small molecules (for example, reactive
oxygen species), and insoluble mediators such as the hepatic neomatrix during
wound healing [16,19]. Hepatic fibrosis is the most important pathogenic mechanism
towards end-stage liver disease necessitating liver transplantation [18].

The present study demonstrates that vinpocetine is capable of ameliorating the
CCl4-induced hepatic injury. The mechanism underlying such effect is not clear.
Vinpocetine is a potent vasodilator at the cerebral vascular bed; positron emission
tomography studies have proved that vinpocetine is able to redistribute regional cere-



bral blood flow and enhance glucose supply of brain tissue in ischaemic post-stroke
patients [6, 29]. Vinpocetine has been found to interfere with various stages of the
ischaemic cascade: ATP depletion, activation of voltage-sensitive Na(+)- and Ca(++)-
channels, glutamate and free radicals release [11, 26]. Vinpocetine is an inhibitor of
cyclic GMP phosphodiesterase, which likely accounts for the vasodilator properties
of the drug [15]. Vinpocetine appears to cause vasodilatation in vascular beds other
than those of the brain as can be inferred from the findings found in hepatic sections
from rats treated with the drug. Early vascular alterations are likely to play a role in
liver damage caused by CCl4 and increased hepatic arterial blood flow may act to
lessen CCl4-induced acute hepatic injury [12, 27]. Vinpocetine may thus protect the
liver by alleviating early circulatory disturbance produced by CCl4, consequently
preventing acute liver damage. Whether vinpocetine also stimulates bile flow
remains to be investigated because of the observed drug effects on bile ducts (Fig. 1D).

Another mechanism that might underlie the effect of vinpocetine on the CCl4-
induced hepatic injury may be through modulation of large-conductance Ca(++)-acti-
vated K(+) [BK(Ca)] channels. These channels which are widely distributed in a vari-
ety of cells, can control Ca(++) influx, as well as a number of Ca(++)-dependent phys-
iological processes. The modulation of BK(Ca) channel activity in excitable and non-
excitable cells can be important for therapeutic interventions. The increase in intra-
cellular cyclic GMP with vinpocetine can stimulate BK(Ca) channel activity. The
increased activity of BK(Ca) channels thus serves as a negative feedback mechanism
to limit Ca(2+) influx in excitable cells [31]. In this context, limiting the influx of
Ca(2+) into the hepatocytes by calcium channel antagonists ameliorated hepatic injury
in a number of experimental models [14, 24, 25].

In conclusion, data from the present study suggest that vinpocetine lessens hepa-
tocyte injury induced by administration of CCl4 in rats. It should be noted, however,
that the metabolism of vinpocetine is humans is different from that in the rat. The
bioavailability of vinpocetine is higher in the rat than in humans (52% vs 6.2%). This
is likely to be due to lower elimination rate of vinpocetine by hepatocytes in rats. In
addition, whereas in man, the liver is the exclusive site of metabolism, in the rat, not
only the liver contributes to the metabolism, but other organs also play a role in the
metabolism. The extrahepatic tissues (kidneys, lung, small intestinal mucosa) might
significantly contribute to the metabolism of vinpocetine [28]. Clearly further stud-
ies in man are needed to ascertain whether vinpocetine may find utility as a pharma-
cological agent in the treatment of liver disease.
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