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ABSTRACT
Background

Liver plays an essential role for transforming and clearing chemicals that may cause
harmful effects to it. Sodium Valproate, renowned to be a potent antiepileptic
drug, when taken in overdose may cause toxic effects to liver and other organs as
well. Liver damage can be assessed with histological changes and measurement of
enzymes produced by it.

Objective

To investigate the histological changes induced by different doses of Sodium
Valproate ranging from 100-500 mg/kg/day and observe its correlation with liver
enzymes level in serum.

Method

Three-months old albino rats were divided into six groups, five in each. Control
group was treated with normal saline and rest five groups with Sodium Valproate
in different doses 100, 200, 300, 400 and 500 mg/kg/day respectively. Then, liver of
those experimented rats were examined histologically under the light microscope.
Furthermore, Liver enzymes; Alanine Transaminase and Aspartate transaminase
were measured to assess the micro-anatomical changes in liver.

Result

Distorted hepatic lobular architecture with aggregations of nuclei at certain interval
was observed in the groups of higher doses; 300 mg/kg/day and above. However,
accumulation of adipocytes was observed in all the Sodium Valproate treated rats
unlike the control group. When compared the enzyme levels among the groups, it
was found to be significantly increased in dose dependent manner. Besides, it also
showed skin lesions in all rats treated with the dose 400 mg/kg/day and above.

Conclusion

Higher doses of Sodium Valproate; 300 mg/kg/day and above induces hepatotoxicity
and skin lesions in adult albino rats.
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INTRODUCTION

Sodium Valproate (SV) is the sodium salt of Valproic acid
which is an 8-carbon 2-chain fatty acid (by its official
name 2-propylvaleric acid), with a chemical structure very
similar to that of short chain fatty acids.! It is one of the
mostly prescribed antiepileptic drug being effective in the
treatment of many different types of partial and generalized
epileptic seizures and also for other neuropsychiatric
problems like bipolar disorders, schizoaffective disorder,
social phobias, neuropathic pain as well as for prophylaxis
of migraine headache.! Moreover, it has been more
recently used as adjunctive therapy to benzodiazepines
for treatment of alcohol and other sedative-hypnotic
withdrawal syndromes and occasionally for chronic pain
syndromes.?

Though it plays a huge role with such treatments, is
associated with number of adverse effects too that may
lead to life threatening condition of the patients if not
taken care in time. A number of researchers have found
Sodium Valproate causing adverse effects like pancreatitis,
liver toxicity, teratogenicity and cutaneous reactions.>” The
postulated mechanism behind such devastating toxicity is
the oxidative stress caused by the drug induced reactive
oxidative metabolites and its insufficient detoxification.® As
one of its consequences, the liver tissue gets damaged and
releases their enzymes such as Aspartate Transaminase
(AST) and Alanine Transaminase (ALT) into the systemic
circulation, suggesting the fact that the degree of liver
tissue damage can be predicted by the measurement of
those enzymes in serum.*®

Hence, the present study was purposed to observe the
hepatotoxicity induced by different doses of Sodium
Valproate and assessed with the help of morphological
and microscopic study along with the analysis of
biochemical markers; Aspartate Transaminase and Alanine
Transaminase.

METHODS
Chemicals and reagents

The drug Sodium Valproate was received from Nepal
Pharmaceuticals Pvt. Ltd. of Pulchowk. All the other
reagents were obtained from Dhulikhel hospital, Kavre,
Nepal. The Department of Anatomy, Kathmandu University
School of Medical Sciences, Kavre, Nepal, approved the
experimental protocol for this study.

Experimental design

Thirty virgin Wistar albino rats with initial body weight
ranging between 150 — 250 g were used and kept in a well
ventilated room maintaining the temperature (25 + 5 °C)
as well as natural light and dark cycle. All these rats were
fed standard pellet diet (Bengal gram and cabbage) and tap
water ad libitum.

Animals were divided into six groups having five in each.
Control group (Group 1) was treated with 1 ml normal
saline. For the rest five groups (Group 2 to 6) Sodium
Valproate solution was administered in a dose of 100, 200,
300, 400 and 500 mg/kg/day respectively. All the injections
were given via intraperitoneal route for eight consecutive
days. Sodium Valproate solution was prepared by weighing
the purified SV powder according to the body weight of the
rats and then dissolved in normal saline to the final volume
1ml

On 9™ day, all the experimented rats were anaesthetized to
collect blood sample by direct cardiac puncture in order to
assess the biochemical parameters. Then, those rats were
sacrificed giving deep anesthesia and took out the liver for
further microscopic examination.

For microscopic and biochemical analysis

Histological slides of the liver were prepared with
Hematoxylin and Eosin staining procedure and observed
under the light microscope. The activity of biomarkers
responsible for hepatotoxicity was assessed with the
measurement of AST and ALT level of the serum collected
from the experimented rats. The estimation of those
enzymes was accomplished by kinetic method.>* The
laboratory works were carried out in the Department of
Pathology and Biochemistry, Dhulikhel Hospital, Kavre,
Nepal.

The data were entered in Minitab Version 15 Computer
Program. Then, one-way ANOVA test was used to find if the
differences in enzyme levels were significant. Two-sample
T-test was performed to find the p value.

RESULTS
Effect on the liver histology

When the histological sections of liver of experimental
rats were observed under light microscope, following
observations were made: In the control group (Group
1), hepatic lobular architecture was intact. The laminae,
sinusoids, portal canals of the rat liver were very distinct
(fig. 1).

Figure 1. Histological observations of liver showing the intact
hepatic lobular architecture. Photomicrographs were taken
under the light microscope with the magnifications; 10x (A) and
40x (B).
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Figure 2. Histological observations of SV-treated liver showing
the accumulation of adipocytes (shown with black circles)
among the hepatic cords. Magnifications; 10x (A) and 40x (B).

Those structures were found to be well preserved in the
rats of Group 2 and 3 i.e. treated with Sodium Valproate in
the doses of 100 mg/kg/day and 200 mg/kg/day. However,
adipocytes (fig. 2 shown with circles) were observed,
arranged in diffused form among the hepatic cords. From
Group 4 onwards i.e. the rats treated with dose of 300 mg/
Kg/day and above, the lobular architecture was found to
be distorted (fig. 3-5) as compared to the control group
and other groups treated with lower doses of SV. Besides,
another important observation in those groups was the
nuclei aggregations at certain intervals which might have
occurred due to the damage of hepatocytes (fig. 3-5 shown
with arrow head).

Figure 3. Histological observations of SV-treated liver showing
the aggregation of nuclei reflecting the tissue damage (shown
with black arrow). Magnifications; 10x (A) and 40x (B).

In the Group 5 and 6 i.e. the rats treated with Sodium
Valproate in the doses of 400 mg/Kg/day and 500 mg/Kg/
day respectively, alopecia and skin lesions were observed
towards the abdominal side (fig. 5A-B). However, the
intensity of the hair loss and the severity of the lesions
were found to be variable when compared among the
individual rats of the same group.

Effect on the liver enzymes

The serum level of two enzymes namely Alanine
Transaminase (ALT) and Aspartate Transaminase (AST)
were estimated to assess the damage caused by different
doses of Sodium Valproate in the liver of rats, which
are supposed to be released in the circulation from the
damaged hepatocytes. Both of the liver enzymes were
found to be increased significantly (p value < 0.05) in the
Sodium Valproate treated groups than in the control group
(fig. 6-7).

Figure 4. Histological observations of SV-treated liver showing
the distorted hepatic lobules (shown with black circles).
Magnifications; 10x (A) and 40x (B).

Figure 5. Hair loss and skin lesion observed on SV-treated rats
(shown with black arrow head). A) SV at the dose of 400 mg/kg/
ml. B) SV at the dose of 500 mg/kg/ml.
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Figure 6. Effect of different doses of SV at ALT level in the serum.
(n=5, *p<0.05 Vs Control, #p<0.05 Vs 100 mg/kg/day,#p<0.05 Vs
200 mg/kg/day, ¥p<0.05 Vs 300 mg/kg/day and Ap<0.05 Vs 400
mg/kg/day)

Similarly, even in the Sodium Valproate treated groups,
the mean value of enzyme level of ALT was found to be
increased significantly (p value < 0.05) in dose dependent
manner (fig. 6). But, in case of AST, the rise in mean values
was found to be increased significantly only up to the
dose of 300 mg/Kg/day (Group 4) and above it was non-
significant i.e. p values were 0.7 and 0.9 when compared
between the groups 4 and 5, groups 5 and 6 respectively
(fig. 7).
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Figure 7. Effect of different doses of SV at AST level in the
serum. (n=5, *p<0.05 Vs Control, #p<0.05 Vs 100 mg/kg/day and
#p<0.05 Vs 200 mg/kg/day)
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DISCUSSION

Sodium Valproate acts as a broad spectrum within a certain
therapeutic range normally up to the maximum dose 60
mg/kg/day. However, in complicated and emergency cases,
the dose has to be increased to some extent in order to
control the given situations of the brain, though it could be
toxic for other organs of our body. One of the most feared
and serious reaction of SV is hepatotoxicity as the drug has
to be metabolized in liver.>*3

The present study had taken SV ranging from 100 mg/kg/
day to 500 mg/kg/day and treated rats with parenteral
route (intraperitoneal) to ensure that animals would
receive full dose of Sodium Valproate.

When examined under light microscopy, the hepatic
lobular architecture was found to be distorted in the rats
treated with the doses of 300 mg/kg/day and above.
Similar results have been found in one of the research done
by Khan et al. who has also observed the distorted lobular
architecture of liver at the same doses.* Other several
studies have found liver steatosis and necrosis induced
by Sodium Valproate.**® However, the present study did
not observe any such specific pathological lesion which
supports the study made by James W. Keterson et al. that
also didn’t show such effects even at nearly lethal doses
of 700 mg/Kg/day. The drug did however, induced hepatic
lipid accumulation in mature rats and in young rats dosed
concomitantly with phenobarbital.® Similar observations
were there in our study as well, for all SV treated groups.

Furthermore, aggregations of nuclei at certain intervals
were also observed in the groups treated with higher doses
of SV i.e. above 300 mg/kg/day. The aggregation of nuclei
could be a process leading towards necrosis, the specific
pathological lesion that most of the scientists reported in
their studies.

Besides, alopecia and skin lesions were also observed in
the groups treated with higher doses 400 and 500 mg/
kg/day as shown in (fig. 6). One of the studies of Roy S et
al. had observed a patient under the Sodium Valproate
therapy 500 mg/kg/day who developed hair fall with white
scaly lesions on scalp, trunk, chest and limbs. Similar skin
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