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Abstract The present study investigates the hepatoprotective
effect of a novel zinc-containing drug acyzol in comparison
with silymarin, a medicinal extract of milk thistle (Silybum
marianum). The hepatoprotective effect was studied in 40
albino nonlinear male rats in a model of toxic liver injury
induced by intragastric administration of carbon tetrachloride.
Both drugs were diluted in water and administered
intragastrically at doses 10 mg/kg (acyzol) and 100 mg/kg
(silymarin) for 10 days twice daily, after development of cli-
nical toxic hepatitis. Biochemical and functional indicators of
the liver parenchyma demonstrated that both drugs reduced
mortality, normalized the body and relative liver weight, re-
duced intensity of cytolytic, cholestatic, and mesenchymal
inflammatory syndromes, and restored liver function. The
study demonstrates that acyzol and silymarin have compara-
ble hepatoprotective effect, thus, providing a rationale for the
use of acyzol in complex therapy of toxic hepatitis and
hepatosis.
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Liver disease is a worldwide health problem and one of the
leading causes of mortality. Oxidative stress plays a major role

in the development of this disease [1, 2]. Activation of pro-
oxidant system and inhibition of antioxidant system in hepa-
tocytes lead to accumulation of free radicals, enhancement of
membrane lipid peroxidation (LPO) with further disruption of
membrane structures, and violation of cellular self-regulation
mechanisms. There are no effective and safe drugs for preven-
tion or treatment of liver disorders [3].

Zinc is an essential trace element that plays a key role in
more than 300 enzyme systems and demonstrates protective
effect in different animal toxicity models [4, 5]. Zinc is known
to reduce hepatotoxic influence of many damaging factors [6].
Acyzol is a novel zinc-containing drug with high bioavailabi-
lity and excellent safety profile. It has been described as a
powerful antidote to acute poisoning with lethal doses of car-
bon monoxide (carbon monoxide, CO) and other combustion
products [7, 8]. Previous experimental and clinical studies also
demonstrate a wide range of therapeutic effects of acyzol. In
particular, this drug provides anti-inflammatory, reparative,
detoxifying, immunomodulative, bacteriostatic, adaptogenic,
antioxidant, cardioprotective, and other effects [9, 10].
Powerful antioxidant properties of acyzol provide a rationale
for studying its hepatoprotective effects.

The objective of the present study was to investigate the
protective effect of zinc-containing drug acyzol using the
model of CCl4-induced toxic liver injury in comparison with
hepatoprotector silymarin, a medicinal extract of milk thistle
(Silybum marianum).

1 Materials and Methods

Our study has been performed in 40 albino nonlinear male rats
weighed 200–220 g according to 11th World Medical
Association Declaration of Helsinki (1964). The housing,
feeding, and handling of animals and their exclusion from
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the experiment were performed according to the requirements
of a national standard of Russian Federation, GOST R-53434-
2009 “Principles of Good Laboratory Practice (GLP).” The
experiments were performed after 20 days of animals’ adap-
tation at vivarium. Rats were housed in accordance with
standards of Cage Space Guidelines for Animals in ventilated
cages at an ambient temperature of 18–20 °C, 60–70 %
humidity, and under 12-h light/dark cycle. Food and water
were provided ad libitum.

We used an experimental model of toxic liver injury
induced by intragastric administration (I/G) of 50 % solution
of carbon tetrachloride (CCl4) in olive oil at a dose of 1 ml/kg
for 6 days. In 10 days after starting of CCl4 administration, the
rats were randomly divided into four groups (10 rats per
group): group 1 intact, group 2 received equivalent amount
of distilled water, group 3 received acyzol at a dose of
10 mg/kg diluted in water, group 4 received silymarin at a
dose of 100 mg/kg. The drugs and water were administered
I/G during 10 days twice daily via nontraumatic metal probe.

The evaluation of intensity of cytolytic, cholestatic, and
mesenchymal-inflammatory syndromes was performed using
Lachema Diagnostika reagents (Czech Republic) according to
standard biochemical techniques.

For cytolytic syndrome evaluation, the activity of indicator
enzymes, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), lactate dehydrogenase (LDG), acid phos-
phatase, and ceruloplasmin was evaluated. Alkaline phospha-
tase (ALP) wasmeasured as a cholestasis marker. The levels of
total protein, cholesterol, and total lipids were determined. The
synthesizing function of liver was estimated by thymol turbid-
ity test, excretory function bymeasuring bromsulphalein reten-
tion (BSP), and total bilirubin in blood. LPO and activity of
liver antioxidant systemwere estimated by the level of reduced
glutathione (iodometric titration) and the level of thiol groups
in whole blood.

Liver antitoxic function was investigated by quantitative
determination of cytochrome P450 in liver microsome suspen-
sion using a two-beam spectrophotometer “Perkin Elmer.” The
absorbance value of CO complex of reduced hemoproteins at
450 nmwas used to assess the amount of cytochrome P450. The
amount of cytochrome B5 was calculated from the absorbance
difference between its oxidized and reduced forms.

The relative liver weight (absolute liver weight (mg) divi-
ded by body weight (g)) was measured on electronic scales
1602 MP, “Sartorius.” This indicator characterizes the liver
inflammation intensity.

Table 2 Key hepatic
biochemical and functional
indicators in CCl4-intoxicated rats
and in animals treated with acyzol
and silymarin

Indicators CCl4 intoxication

Group 1 Group 2 Group 3 Group 4
1 2 3 4 5

LDG, mmol/h/l 4.94 ± 0.32 8.48 ± 0.36* 4.73± 0.30 6.30 ± 0.47

Thymol turbidity test, turbidity units 1.46 ± 0.03 5.99 ± 0.35* 1.40± 0.11 1.46 ± 0.19

Sulfhydryl groups, serum, mg% 1535 ± 64 263 ± 39* 1602± 40 1350 ± 80

Reduced GSH, liver, mg% 165.5 ± 6.2 60.3 ± 10.1* 171.2 ± 12.3 167.3 ± 13.3

P450, liver, mmol/mg protein ×10−4 1.13 ± 0.04 0.54 ± 0.08* 1.22 ± 0.03 1.11 ± 0.06

B5, liver, mmol/mg protein ×10−4 0.85 ± 0.05 0.57 ± 0.06* 0.82 ± 0.02 0.75 ± 0.03

Hexenal sleep, min 36.9 ± 6.3 99.0 ± 9.6* 43.6 ± 5.6 45.3 ± 6.2

BSP concentration at 10th minute after
administration, serum, extinction

13.7 ± 0.9 40.4 ± 4.2* 16.7 ± 0.5 14.4 ± 1.7

Ceruloplasmin, serum, mg/l 417 ± 12 989 ± 81* 453 ± 21 670 ± 90*

Bilirubin total, serum, mmol/l 3.2 ± 0.4 7.4 ± 0.3* 3.3 ± 0.2 3.8 ± 0.5

Data are expressed as M±m

*Significant differences compared to intact animals at p< 0.05

Table 1 Body weight and
relative liver weight in CCl4-
intoxicated rats and in animals
treated with acyzol and silymarin

Indicators CCl4 intoxication

Group 1 Group 2 Group 3 Group 4

Body weight, g 189.3 ± 7.1 165.2 ± 10.2* 186.1 ± 8.3 183.4 ± 10.1.4*

Relative liver weight, mg/100 g 25.8 ± 1.3 49.6 ± 3.1* 26.6 ± 1.4 31.1 ± 2.0*

The data are expressed as M±m. Relative liver weight is expressed as liver weight, mg/100 g of body weight

*Significant differences compared to intact animals at p< 0.05
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During the hexenal testing, the rats were intraperitoneally
injected with a single dose of hexenal 80 mg/kg. The animal
anesthesia duration allowed us to evaluate the rate of hexenal
metabolism by cytochrome P450-dependent monooxygenase
systemofhepatocytesandcharacterized the intensityofantitoxic
protection. In addition to thementioned indicators, the treatment
efficacy was assessed by clinical pattern and animal survival.

The animals were euthanized with Nembutal at a dose of
70 mg/kg, and then the blood and liver samples were taken.

Statistical analysis of results was performed using Student’s
t test or Fisher’s test, where appropriate. A p value of less than
0.05 was considered to indicate significant differences.

2 Results and Discussion

About 40 % of rats died in three experimental groups at the
start of treatment (day 10). After CCl4 administration, all the
experimental animals had clinical features of toxic hepatitis.

Animals from group 2, which received CCl4 without treat-
ment, were characterized by slight dynamics of weight gain,
decreased appetite, hypodynamia, lethargy, ruffled fur, dirti-
ness, and nosebleed. Yellowness of mucous membranes and
sclera was also observed. Slight increase of liver size was
detected with palpation. To the 15th day of investigation,
70 % of animals from this group died. To the end of treatment
(day 20), the rate of survived animals in the third and fourth
groups was 60 %, respectively.

The administration of acyzol and silymarin significantly
decreased the hepatotoxicity symptoms. Table 1 demonstrates
that CCl4 intoxication was accompanied by body weight loss
and increase in relative liver weight. The administration of
both drugs normalized these indicators.

The key hepatic biochemical and functional indicators are
shown in Table 2. It is observed that CCl4 intoxication causes
disturbance of key liver functions and systems responsible for
protein synthesis, detoxification, and lipoprotein synthesis,
and these changes are accompanied by biochemical signs of
cytolysis. Increased activity of transaminases and phospha-
tases (Fig. 1), decreased levels of serum total protein and lipids
(Fig. 2), and increased levels of bilirubin and ceruloplasmin
are also observed. Hepatic levels of reduced glutathione and
metabolizing cytochromes were decreased. Liver injury was
associated with a decreased functional activity: the hexenal
sleep duration was significantly increased, and BSP excretion
was slowed down.

The use of acyzol and silymarin significantly improved the
overall health of animals, reduced mortality, and significantly
normalized liver function, as evidenced by biochemical and
functional indicators of liver parenchyma.

3 Conclusions

The results of the present study demonstrate that acyzol and
silymarin have comparable hepatoprotective effect, thus,
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Fig. 1 Activity of serum transaminases and phosphatases in intact
animals (group 1), CCl4-intoxicated rats without treatment (group 2),
and CCl4-intoxicated animals treated with acyzol (group 3), and
silymarin (group 4). Significant differences compared to intact animals
at p< 0.05 (asterisk)
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providing a rationale for the use of acyzol in complex therapy
of toxic hepatitis and hepatosis.
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