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We studied hepatoprotective activity of betulonic acid and its alaninamide on the model of 
combined CCl4- and ethanol-induced toxic liver damage in rats. The test substances, espe-
cially betulonic acid alaninamide, considerably reduced the elevated biochemical parameters 
in animals with toxic liver damage. Betulonic acid alaninamide also stimulated reparative 
processes in the liver (activated hepatocyte proliferation). Heptral (reference drug) produced 
no appreciable effects on the reparative processes. Our fi ndings suggest that betulin deriva-
tives exhibit pronounced protective properties.
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Toxic damage to the liver is still an urgent problem due 
to increasing use of drugs and foodstuffs contaminated 
with toxicants of anthropogenic origin. Pronounced 
hepatotoxicity of antitumor drugs (e.g. anthracycline 
antibiotics, cyclophosphamide, etc.) is also an im-
portant aspect of the problem of drug-induced liver 
damages. [2,3,5]. The liver is functionally interposed 
between the site of absorption and the systemic circu-
lation and is a major site of metabolism and elimina-
tion of foreign substances [13]. An alternative effect 
of toxins on microsomal system of the liver with the 
formation of free radicals underlies the pathogenesis 
of toxic hepatitis and leads to pronounced functional 
and structural changes in hepatocytes [1].

Natural antioxidants can counteract the adverse 
effects of toxic agents by neutralizing free radicals and 
correcting the infl ammatory response. Natural lupine-
type triterpene derivatives exhibit these properties; 
these substances have a wide spectrum of pharmaco-
logical activities (antitumor, antiviral, bacteriostatic, 

antioxidant, hepatoprotective, and anti-infl ammatory) 
and the corresponding raw material is easily available 
[8-12].

Here we studied changes in biochemical param-
eters of the blood and hepatocyte count in rats with 
combined CCl4- and ethanol-induced liver injury re-
ceiving betulin derivatives (betulonic acid and its ala-
ninimide) and reference pharmacopeial preparation 
heptral (ademothionine).

MATERIALS AND METHODS

Experiments were performed on albino female rats 
(n=75; mean body weight 178.1±5.6 g) obtained from 
the vivarium of Institute of Cytology and Genetics, 
Siberian Division of the Russian Academy of Medi-
cal Sciences, and maintained under standard vivarium 
conditions with usual food and water supply. The ex-
periments were performed with strict adherence to the 
European Convention for the Protection of Vertebrate 
Animals used for Experimental and other Scientifi c 
Purposes (Strasburg, 1986).

Toxic liver injury was modeled by administration 
of CCl4 in a dose of 0.1 ml/kg in vegetable oil (0.3 
ml/100 g) 3 times in combination with free access to 
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5% ethanol solution as the only source of fl uid. The 
animals were divided into 5 groups (15 rats per group) 
and received CCl4+ethanol (group 1, negative con-
trol), heptral in a dose of 6 mg/kg (group 2, reference 
group), betulonic acid (BA, group 3), or betulonic acid 
alaninamide (BAA) in a dose of 50 mg/kg in water-
Tween solution (group 4). The test substances were ad-
ministered daily through a gastric tube. Intact animals 
served as the positive control (group 5). Treatment 
with BA, BAA, and heptral (ademethionine, lyophilic 
preparation) during weeks 2-6 of the experiment was 
followed by a 2-week recovery period (weeks 7 and 
8). The animals were decapitated in 3, 6, and 8 weeks. 
Activity of ALT, AST, alkaline phosphatase (AP), and 
lactate dehydrogenase (LDH) and the concentrations 
of total protein, direct bilirubin, and glucose in the 
serum were measured [6].

Alkaline dissociation of the liver was performed 
for evaluation of the relative content of multinuclear 
hepatocytes among the total hepatocyte population and 
the relative content of connective tissue component. The 
cell suspension was stained for 30 min with 1% orsein 
in 70% acetic acid and adjusted to a concentration of 
5 mg/kg with distilled water. For each tissue sample, 
hepatocyte nuclei were counted in 6 successively fi lled 
Goryaev chambers. The number of hepatocyte nuclei 
per 1 mg tissue (n), absolute number of hepatocytes in 
the liver (M), and index of binuclear hepatocytes (ratio 
of binuclear to total hepatocyte count) were calculated.

The data were processed by methods of paramet-
ric statistics using Microsoft Excel software. The dif-
ferences were signifi cant at p<0.05.

RESULTS

In group 1 animals (negative control), serum activities 
of ALT, AST, AP, and LDH increased by 94, 141, 83 и 
134%, respectively, in comparison with those in group 
5 rats (positive control) in 3 weeks of the experiment 
(Table 1). In 6 weeks, AST and AP activities increased 
in comparison with the previous term and activities 
of all enzymes were elevated in comparison with the 
positive control (group 5). The concentration of he-
patocyte nuclei and their absolute count decreased 
by 70%, binucleated hepatocytes constituted 0.87% 
of the whole hepatocyte population (Table 2), which 
indicates low level of regeneration (binucleated he-
patocytes in positive control constituted 14.5%). In 6 
weeks, the concentration of hepatocyte nuclei, their 
absolute number, and the relative content of binucle-
ated hepatocytes did not change signifi cantly. This 
indicates the development of severe progressive toxic 
damage of the liver in all animals.

In animals treated with heptral (group 2), activi-
ties of AST and ALT decreased by 52 and 32%, re-

spectively, in comparison with negative control (group 
1). These changes in enzyme activities attest to some 
alleviation of the cytolysis syndrome [13]. However, 
activities of AP and LDH and the content of direct 
bilirubin remained at the level of negative control. Af-
ter 6 weeks, activities of AST and AP were increased 
by 204 and 74%, respectively, in comparison with the 
values observed at the previous term. The levels of 
ALT, LDH, total protein, glucose, and bilirubin little 
changed (Table 1). In 3 and 6 weeks, the qualitative 
parameters of hepatocytes little differed from those in 
negative control (Table 2). By week 7, animal mortal-
ity in this group was 80% and by week 8 all animals 
died. Administration of heptral had no signifi cant posi-
tive effect on the course of the pathological process in 
comparison with the groups receiving BA and BAA. 
Low activity of heptral in the experiment can be re-
lated to both the species specifi city and the administra-
tion route (per os).

After 3-week course of BA (group 3), ALT and 
AST activities decreased by 44 and 35%, respectively, 
in comparison with the negative control, but AP and 
LDH activities remained high, which indicated persis-
tent cholestasis [6] (Table 1). After 6 weeks, activities 
of ALT, AST, and AP decreased by 19, 29, and 33%, 
respectively, in comparison with the negative control 
group (Table 1). In parallel, the concentration of hepa-
tocyte nuclei and the absolute number of hepatocytes 
after 3 weeks increased by 72 and 36%, respectively, 
in comparison with the negative control group. After 
6 weeks, the absolute number of hepatocytes consi-
derably increased (by 59%) against the background of 
minor changes in nucleus concentration (Table 2). The 
index of binuclear hepatocytes after 3 and 6 weeks was 
1.5 and 0.7% respectively (Table 2). These fi ndings 
suggest that BA administered during a long time par-
tially corrected cholestasis and stimulated regeneratory 
activity of the liver.

The most pronounced positive dynamics of en-
zyme activity was observed in rats receiving BAA 
(group 4). After 3 weeks of the experiment, ALT and 
AST activities decreased by 42% in comparison with 
those in negative control. AP and LDH activities were 
considerably lower than in experimental groups 1, 2, 
and 3, but surpassed the corresponding values in the 
intact control group (group 5) by 11 and 103%, re-
spectively (Table 1). After 6 weeks, AST, ALT, and AP 
activities decreased by on average 69% and only LDH 
activity remained elevated by 6% (Table 1). It should 
be noted that activities of ALT, AST, and AP and direct 
bilirubin content after 3- and 6-week BAA treatment 
were considerably lower than in animals receiving 
heptral (group 2, Table 1). The concentration of nu-
clei and absolute number of hepatocytes were con-
siderably increased (by 7 and 54%, respectively) only 
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after 6 weeks (Table 2). The population dyna mics of 
binucleated hepatocytes in 3 and 6 weeks little differed 
from that in negative control (Table 2). Hence, BAA 
maximally alleviated both cholestasis and cytolysis 
symptoms and stimulated regeneratory potential only 
under conditions of long-term administration.

During the recovery period (weeks 7 and 8), ALT 
and LDH in group 1 animals remained considerably 
elevated in comparison with the para meters during 
week 6 of the experiment (Table 1). The increase in 
the concentration of nuclei and the absolute count 
of hepatocytes and binucleated cells (Table 2) prob-
ably attested to activation of the natural regeneration 
mechanisms.

In animal receiving BAA (group 4), bilirubin con-
tent and activities of AP, LDH, and ALT returned to 
normal, while in animals receiving BA (group 3) only 
direct bilirubin concentration normalized (Table 1). 
Triterpenoids induced an increase in binuclear hepato-
cyte population: the index of binucleated hepatocytes 
in groups 3 (BA) and 4 (BAA) was 8.4 and 7.1%, 
respectively, whereas in the group of negative con-
trol it was only 1.8% (Table 2). The increase in the 
relative content of binucleated hepatocytes induced 
by long-term treatment with triterpenoids (BA and 
BAA) can be regarded as a peculiarity of their stimu-
lating effect. The increase in nucleus concentration 
and the absolute number of hepatocytes against the 
background of BAA treatment in comparison with the 
negative control and BA treatment indicates stimu-
lation of the regeneratory potential of the liver. It 
should be noted that BA treatment increased only 
the number of hepatocyte nuclei and the number of 
binucleated cells (by 23 and 204%, respectively) in 
comparison with the corresponding parameters in the 
negative control group during week 8 of the experi-
ment. The absolute number of hepatocytes and their 
nuclei and the number of mononuclear hepatocytes 
decreased by 30% on average in comparison with 
negative control (group 1) by the end of the experi-
ment. Hence, BA and BAA produced a stimulatory 
infl uence on different components of the regenera-
tory reaction, which could be determined by chemical 
structure of these compounds [8,9].

Hence, BAA in long-term intragastric administra-
tion most effectively alleviated symptoms of cholesta-
sis and cytolysis and stimulated regeneratory potential 
of the liver, thus exhibiting the properties of a highly 
effective hepatoprotector. BA in intragastric adminis-
tration only partially reduced the signs of cholestasis, 
improved population dynamics of hepatocytes, and 
had no effect on the proliferative reserve of the liver 
during the recovery period. Intragastric administra-
tion of heptral had no effect on activity of cytolysis 
enzymes and the state of hepatocyte pool in rats with 
modeled toxic injury of the liver.
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