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Abstract
Background: The aim of this research was to study the regularities of changes in blood biochemical parameters in outbred 

rats exposed to the toxic effect of sodium valproate (SV) in the experiment. 
Methods and Results: The study was performed on 94 white outbred male rats, weighing 190-210g. According to the research 

protocol, all animals were divided into two groups: Intact Group (IG, n=30) and Experimental Group (EG, n=64). Animals of EG 
were given the anticonvulsant SV in a toxic dose of 600 mg/kg, intragastrically, once a day, for 7 (n=23), 14 (n=13), 21 (n=13) and 
28 (n=15) days. The animals were withdrawn from the experiment after 7, 14, 21 and 28 days using diethyl ether. The following 
biochemical parameters in blood serum were determined: AST (aspartate aminotransferase), ALT (alanine aminotransferase), 
ALP (alkaline  phosphatase), GGT (γ-glutamyltransferase), TP (total protein), glucose, direct bilirubin, TC (total cholesterol), and 
TG(triglycerides). The administration of toxic doses of SV to experimental animals was accompanied by changes in the biochemical 
status of blood, especially pronounced on Days 21 and 28 of the experiment. In particular, the activity of enzymes AST, ALT, ALP, 
GGT increases, the levels of TP and glucose decrease, and the levels of direct bilirubin, TG and TC, increase. 

Conclusion: The obtained data showed that the overdose of SV significantly worsens the blood biochemical parameters, 
which may indicate a toxic damage of hepatocytes. The studied biochemical parameters should be used to assess late effects of 
anticonvulsants on the body. (International Journal of Biomedicine. 2020;10(3):266-269.) 

Key Words: rats • sodium valproate • toxic dose • biochemical parameters • blood serum

Abbreviations
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyltransferase; SV, 
sodium valproate; TC, total cholesterol; TG, triglycerides; TP, total protein.

Introduction
Epilepsy refers to common neurological diseases 

associated with high mortality, stigmatization and economic 
costs.(1) The prevalence of this pathological condition in the 

world is 6.38 per 1000 population, in Russia about 3.22 per 
1000 population.(2) Epilepsy is characterized by occasional 
epileptic attacks resulting from excessive neuronal discharges, 
accompanied by a variety of clinical and paraclinical symptoms.(3) 

The main method of epilepsy treatment is pharmacotherapy with 
anticonvulsants along with lifestyle changes targeted at preventing 
attacks and related complications.(1,3) 

Currently, a preparation of sodium valproate (SV) is 
widely used in the treatment of patients with epilepsy.(4) The 
main effect of SV is aimed at preventing the development of 
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epileptic attacks and cognitive deficits, which is achieved by 
long-term drug therapy, on average from two to five years or 
more, or lifelong.(1,5) Many metabolites of SV are biologically 
active substances, which, on the one hand, can lead to a 
potential clinical effect and, on the other hand, can lead to 
chronic intoxication of the organism.(4-9) It was found that SV 
in high doses has a pronounced neurotoxic effect with the 
development of cognitive disorders, increased anxiety, etc.(6) 

The frequency of side effects during anticonvulsant therapy 
varies from 7% to 25%, in some cases it can reach 68.3%.(4) 

An additional risk factor for the development of side effects is 
failure to follow instructions, which may concern indications, 
contraindications, and dosages when prescribing drugs, their 
сo-use with other drugs, age of patients, etc.(6,7) 

Due to long-term, often life-long therapy, as well as 
numerous negative effects, the drugs of this group have special 
requirements for their safety and impact on patients’ quality of 
life.(10) It is known that most of the basic anticonvulsants, also SV, 
are metabolized by the generation of reactive metabolites. They 
can covalently bind macromolecules, which results not only in 
the suppression of epileptic attacks, but also in the development 
of systemic toxicity, especially hepatotoxicity.(11-13)

Thereby, the aim of this research was to study the 
regularities of changes in blood biochemical parameters in 
outbred rats exposed to the toxic effect of sodium valproate 
in the experiment. 

Materials and Methods
The study was performed on 94 white outbred male 

rats, weighing 190-210 g. The animals were kept in standard 
plastic cages in natural light, with free access to water and 
food (standard food in an amount corresponding to the daily 
norms). The experiment was conducted on the basis of a 
certified vivarium of the “East-Siberian Institute for Medical 
and Environmental Studies.” 

According to the research protocol, all animals were 
divided into two groups: Intact Group (IG, n=30) and 
Experimental Group (EG, n=64). Animals of EG were 
given the anticonvulsant SV in a toxic dose of 600mg/kg, 
intragastrically, once a day, for 7 (n=23), 14 (n=13), 21 (n=13) 
and 28 (n=15) days. The dosage of SV was calculated based 
on the average daily dose for a person weighing 60 kg, which 
is 1200-2100 mg per day. The dose was increased by 50% 
relative to animal body weight.(5) The animals were withdrawn 
from the experiment after 7, 14, 21 and 28 days using diethyl 
ether. Blood was drawn into dry sterile tubes on an empty 
stomach at the same time. To obtain serum, the blood was 
centrifuged for 15 min at 3000rpm. The following biochemical 
parameters in blood serum were determined: AST, ALT, ALP, 
GGT, TP, glucose, direct bilirubin, TC, and TG.(14)

Work on the animals was done in compliance with 
the principles of the Helsinki Declaration on the humane 
treatment of animals, stated in normative documents of the 
European community(86/609/EU), Manual on Experimental 
(Preclinical) Study of New Pharmacological Substances, and 
“Good laboratory practice” (MHRF Order No. 708н dated 
23.08.2010).

Statistical analysis was performed using the 
Statistica 6.1 software package (Stat-Soft Inc., USA).  The 
normality of distribution of continuous variables was tested 
by the Kolmogorov-Smirnov test with the Lilliefors correction 
and Shapiro-Wilk test. For descriptive analysis, results are 
presented as mean±standard deviation (SD), median (Me), 
interquartile range (IQR; 25th to 75th percentiles). For data 
with normal distribution, inter-group comparisons were 
performed using Student’s t-test. Differences of continuous 
variables departing from the normal distribution, even after 
transformation, were tested by the Mann-Whitney U-test. 
A probability value of P≤0.05 was considered statistically 
significant.

Results and Discussion
The results of the research showed that with daily 

administration of SV in EG, the AST activity statistically 
significantly increased on Days 7 and 14 of the experiment 
(by 1.61 times (P=0.0187) and 1.28 times (P=0.0408), 
respectively), compared to IG (Fig.1). Simultaneous increase 
in the values of AST and ALT was recorded on Day 21 (by 3.67 
times (P=0.0118) and 2.33 times (P=0.0221), respectively), as 
well as on Day 28 (by 3.67 times (P=0.0147) and 2.33 times 
(P=0.019), respectively). Similarly, the serum activity of 
ALP and GGT was changed (Fig.1). Thus, the ALP activity 
increased on Days 7 and 14 (by 1.56 times (P=0.0405) and 
1.54 times (P=0.0141), respectively). On Days 21 and 28 of 
the experiment, there was a statistically significant increase in 
the activity of ALP and GGT in relation to the data of intact 
rats: the ALP level increased by 3.58 times (P=0.0261) and 
3.59 times (P=0.0321), and the GGT level increased by 3 
times (P=0.0034) and 3.79 times (P=0.0247), respectively.

An overdose of SV led to a moderate decrease in the 
serum levels of TP and glucose (Fig.2). On Day 21, the levels 
of TP and glucose decreased by 1.25 times (P=0.0124) and 
1.41 times (P=0.0155), respectively. On Day 28, the fall in 
values of TP and glucose was more intensive: by 1.49 times 
(P=0.0306) and 1.81 times (P=0.0322), respectively The level 
of direct bilirubin increased on Days 21 and 28 (by 2.5 times 
(P=0.0141) and 2.92 times (P=0.0225), respectively) (Fig. 2). 

Fig. 1. Dynamics of enzyme activity changes in rats when 
administered toxic doses of SV: * - statistically significant 
differences with control values.
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The TC content increased gradually by 1.65 times (P=0.0459) 
on Day 7 and more than 3 times on Days 21 (P=0.0244) and 
28 (P=0.0063). The concentration of TG also increased on 
Day 21 (by 1.54 times; P=0.0193), reaching its maximum on 
Day 28 (by 1.73 times; P=0.0312). 

As shown by the obtained data, when toxic doses of 
SV were administered, there was an increase in the activity 
of liver enzymes AST and ALT, with a maximum on Days 
21 and 28 of the experiment. These changes are common for 
cytolysis, the main syndrome of pathological liver damage. 
Intensive release of these enzymes from damaged hepatocytes 
indicates hepatocellular damage, and, in addition, may be 
associated with cholestatic reactions, when bile backflow is 
toxic to liver cells.(11) Liver metabolites of SV are known to be 
powerful alkylating, arylating and acetylating agents, which 
covalently combine with hepatocytic macromolecules.(15) 

Free-radical reactions are activated, with a logical decrease 
in the activity of the antioxidant defense system.(16-23) In 
particular, there is expressed insufficiency of glutathione, 
a very important antioxidant. It also acts as a cofactor of a 
number of enzymes involved in detoxification of xenobiotics.
(16,24) In a toxic lesion, the mitochondrial apparatus of cells 
suffers damage and dysfunction. It has been established 
that the metabolite of SV (2-propylpentanic acid) is able to 
directly block enzymes of the mitochondrion respiratory chain 
and actively participate in suppression of β-oxidation of fatty 
acids.(10,11) Inhibition of K+/Na+ATPase, glycolysis depression, 
separation of oxidative phosphorylation, and disruption 
of the ways in which an excess of fatty acids is utilized are 
observed.(25) These processes have an extremely negative 
impact on the condition of liver cells, and in the future may 
lead to the development of chronic liver dystrophy, the so-
called fatty hepatosis. Damage of mitochondria in hepatocytes 
is manifested by an increased mitochondrial apparatus with its 
significant swelling, reduction in the number of mitochondria 
per field of view, and specific paracrystalline inclusions in the 
mitochondrial matrix with reduced density.(6,7)

Damage to hepatocytes may contribute to disturbance of 
the synthesis, secretion or transport of bile and lead to clinical 
manifestations of cholestasis.(25) Severe SV intoxication will 

contribute to significant damage to the structure of liver cells, 
their necrotic changes, resulting in an increase in plasma 
transaminases, ALP, GGT, as well as bilirubin, especially 
expressed in the second period of the research.  The increased 
values of ALP may indicate the presence of structural and 
functional disorders of hepatocyte membranes, which is typical 
for infiltrative liver diseases.(6) Decrease in the level of TP may 
indicate low ability of the liver to metabolize amino acids, 
as a result of which a number of metabolic reactions may be 
impaired. Our data are consistent with results indicating that 
high doses of SV (80 mg/100 g of body weight) significantly 
reduce protein synthesis by liver cells.(11) In addition, our study 
recorded increased concentrations of TC and TG, also on Days 
21 and 28 of the experiment. In conditions of toxic effects 
of SV, it may indicate the development of lipid metabolism 
disorders.

Thus, the administration of toxic doses of SV to 
experimental animals is accompanied by changes in the 
biochemical status of blood, especially pronounced on Days 
21 and 28 of the experiment. In particular, the activity of 
enzymes AST, ALT, ALP, GGT increases, the levels of TP and 
glucose decrease, and the levels of direct bilirubin, TG and TC, 
increase, which may indicate a toxic damage of hepatocytes. 
The studied parameters should be used to assess late effects of 
anticonvulsants on the body.
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