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Abstract

Background: Hepatotoxicity is one of the most important side effects of anticonvulsant drugs. This study
compared the hepatotoxicity of sodium valproate, carbamazepine, phenytoin, lamotrigine, and vigabatrin
in male rats.

Methods: Based on the results, 56 rats were randomly divided into seven groups of eight and treated
intraperitoneally for four weeks. Groups 1 and 2 received 500 mg/kg of carbamazepine and sodium
valproate, and groups 3, 4, and 5 were injected with 200 mg/kg of phenytoin, 200 mg/kg lamotrigine,
and 500 mg/kg vigabatrin, respectively. As control groups, the sixth and seventh received distilled water
and sesame oil. Biochemical parameters such as alanine aminotransferase (ALT), aspartate transaminase
(AST), and y-glutamyl transferase (GGT) in the serum samples, as well as malondialdehyde (MDA) and
glutathione (GSH) contents in liver homogenates, were measured at the end of the experiment.

Results: MDA levels in carbamazepine and phenytoin groups were significantly higher than that in
sodium valproate, lamotrigine, vigabatrin, and control groups (P<0.05). GSH levels in carbamazepine
and phenytoin groups were meaningfully higher compared to the groups that received sodium valproate
(P<0.05), vigabatrin, and control groups (P<0.001). Based on the results, the GGT level in the
carbamazepine group was remarkably higher in comparison with the other groups (P<0.01). ALT and
AST represented considerably higher levels in the phenytoin group compared to the vigabatrin, sodium
valproate, and control groups (P<0.01).

Conclusion: Overall, carbamazepine-induced hepatotoxicity caused the most significant changes in GSH,
GGT, and AST. The induction of hepatotoxicity with sodium valproate had the least effect on enzymes
and was significantly different compared to carbamazepine and phenytoin groups. Because of no hepatic
metabolism, the level of biomarkers did not demonstrate a considerable difference between vigabatrin and
the control groups.
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life-long treatment. Various medications are widely

One of the most common neurological diseases is epilepsy
with a prevalence of 8.2-12.9/1000 (1,2). Nearly 65 million
people suffer from this disease worldwide (3). Patients
with chronic epilepsy experience cognitive impairment,
anxiety, psychosis, depression, endocrine, and somatic
disorders (4-10). Around 70% of people who receive an
antiepileptic drug no longer have seizures, and about
30% of them develop a chronic form of epilepsy that is
often resistant to pharmacological therapy; these might
experience intolerable side effects and recurrent seizures.
Approximately one-third of patients with epilepsy require

prescribed for treating epilepsy, bipolar disorders, and
mania (11-13).

Although traditional antiepileptic drugs, including
phenytoin, carbamazepine, valproic acid (VPA),
ethosuximide, and phenobarbital, are efficient against
seizures, their administration may be associated
with clinically significant cognitive and behavioral
complications, affecting many patients’ quality of life (11).
The administration of medications, including sodium
valproate, can increase the activities of liver enzymes
and the level of malondialdehyde (MDA), while it can
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decrease the level of glutathione (GSH). Another study
also reported that hepatotoxicity induced by antiepileptic
medication may cause acute liver failure, leading to liver
transplantation (14).

According to these findings, anticonvulsant drugs cause
many side effects in addition to their usefulness. In some
cases, these problems may lead to the discontinuation of
the drug or its replacement with other medications due to
the patient’s dynamic and kinetic responses.

The incidence of different types of seizures is high, and
there is no comprehensive study regarding the liver toxicity
of these medications, including phenytoin, carbamazepine,
vigabatrin, sodium valproate, and lamotrigine in the
treatment of epilepsy and seizure; accordingly, this study
was conducted aiming at evaluating and comparing the
hepatotoxicity of phenytoin, carbamazepine, vigabatrin,
sodium valproate, and lamotrigine in the rat model (15).

Materials and Methods

Materials

Trichloroaceticacid (TCA), n-butanol, and 2-thiobarbituric
acid (TBA) were purchased from Merck Chemical Company
(Darmstadt, Germany). In addition, carbamazepine,
sodium valproate, phenytoin, lamotrigine, and vigabatrin
were provided from Sigma-Aldrich Chemical Company
(St. Louis, MO, USA).

Animals

In this experimental study, 56 male Wistar rats in the
weight range of 180-220 g were purchased from the animal
house of Yazd Reproductive Sciences Institute. These rats
were maintained under cyclic light (12 hours lighting/12
hours darkness) at 23+2°C temperature and had access
to adequate water and food. Then, they were randomly
divided into 7 groups of eight.

Experimental Protocol and Groups

Groups 1 and 2 received 500 mg/kg of carbamazepine
and 500 mg/kg of sodium valproate, respectively. The
third, fourth, and fifth groups were injected with 200
mg/kg phenytoin, 200 mg/kg lamotrigine, and 500 mg/
kg vigabatrin, respectively. The sixth and seventh groups
received distilled water and sesame oil, respectively, as
control groups. Rats received therapy for one month by
intraperitoneal injection.

Twenty-four hours after receiving the last dose
of the drug, the animals were anesthetized with the
intraperitoneal injection of a mixture of xylazine (5 mg/
kg) and ketamine (75 mg/kg). After anesthesia and
animal fixation, the rats underwent surgery, and blood
samples were taken from the left ventricle of the rats using
a 5 cc syringe. Then, the serum was separated using an
Eppendorf centrifuge and stored at -80 centigrade.

Preparation of Homogeneous Liver Samples
After surgery, the liver was gently removed based on the
ZellBio Company’s kit instruction. Then, the separated

supernatant was stored at -80°C, and MDA and GSH were
measured in these samples.

Biochemical Assays

Determination of Alanine Aminotransferase and Aspartate
Transaminase Activities

Alanineaminotransferase (ALT) and aspartate transaminase
(AST) activities were determined by the enzymatic method
using Pars Azmoun (Iran) kits at a wavelength of 340 nm
based on the manufacturer’s protocols.

Measurement of Glutathione

The concentration of reduced GSH was determined using
an ELISA kit (ZellBio GmbH) at a wavelength of 450 nm
according to the instruction of the manufacturer. The
results are expressed as umol GSH/g tissue.

Lipid Peroxidation Measurement

Lipid peroxidation on the liver samples was specific to
the reaction of TBA with MDA. Based on our previous
study, first, liver homogenates were mixed with TCA
(20%), and the obtained precipitate was dispersed in
H,SO, with a concentration of 0.05 M. Then, TBA (0.2%
in 2 M sodium sulfate) was added as well. Test tubes were
heated in a boiling water bath for 30 minutes, then the lipid
peroxidation adducts were extracted using n-butanol, and
their absorbance was measured at 532 nm wavelength. The
obtained result was reported as nmol MDA/g tissue (16).

Determination of Gamma-glutamyl Transferase Activity
The activity of gamma-glutamyl transferase (GGT)
was assessed using the Pars Azmoon kit (based on the
enzymatic method) at 412 nm.

Statistical Analyses

Data were compared using a one-way analysis of variance
and as meanztstandard deviation. Further, the Tukey-
Kramer multiple comparison test was performed to
compare between groups, representing significant
differences. P<0.05 was assumed to be significant. Finally,
GraphPad InStat software (version 3.10) was used for all
statistical analyses.

Results

Determination of Aspartate Transaminase Activities
The mean AST level in the carbamazepine group was
remarkably higher than that in the other groups. The
highest and lowest levels of AST were observed in the
carbamazepine (10.4+2.5) and oil carrier (2.1£0.9)
groups, respectively. The mean AST level in the
carbamazepine group was considerably higher than that
in the sodium valproate group (P<0.05). In addition, the
mean AST level in the carbamazepine and lamotrigine
groups was significantly higher compared to vigabatrin,
aqueous and lipid carrier groups (P<0.05), but there was
no remarkable difference between the carbamazepine and
phenytoin groups regarding AST levels (P> 0.05, Figure 1).
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Determination of Alanine Aminotransferase Activities
Figure 2 shows the comparison of different groups
considering the ALT level. Based on the results, the mean
level of ALT in the vigabatrin group was lower than in the
other groups. The highest level of ALT was found in the
phenytoin group (12.3 +1.3), while the lowest level of ALT
was observed in the lipid carrier group (4 £1.1).

Further, the mean level of ALT in the phenytoin
group was remarkably higher than that of the sodium
valproate, vigabatrin (P<0.05), aqueous carrier, and
lipid carrier groups (P<0.01). The mean ALT level in
the carbamazepine group demonstrated a higher level in
comparison with the aqueous and lipid carrier groups
(P<0.01).

Measurement of Glutathione
The highest level of GSH was found in the carbamazepine
(0.28+0.02) and phenytoin (0.27 £0.005) groups. After 4
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Figure 1. Effects of Different Treatments on Serum AST Levels in Rats. Note.
ANOVA: Analysis of variance; SD: Standard deviation; AST: Aspartate
transaminase. One-way ANOVA with the Tukey’s test was used for
statistical analysis. Values are shown as means+SD, n=38 for each group.
a: The AST level was remarkably different from the carbamazepine group
(P<0.05), b: AST level was remarkably different from the carbamazepine
group (P<0.01), c: AST level showed a significant difference in the group
that received phenytoin (P<0.05), d: AST level showed a significant
difference of phenytoin group (P<0.01)
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Figure 2. Effects of Different Treatments on Serum ALT Levels in Rats. Note.
ANOVA: Analysis of variance; SD: Standard deviation. One-way ANOVA
with Tukey’s test was used for statistical analysis. Values are shown as
means+SD, n=38 for each group. a: ALT level represented a remarkable
difference from that group treated with phenytoin (P<0.05), b: ALT level
showed a remarkable difference from the phenytoin group (P<0.01), c: ALT
level demonstrated a remarkable difference from the carbamazepine group
(P<0.01)

Comparison of the Hepatotoxicity of Anticonvulsants

weeks of treatment, the mean GSH level in the vigabatrin-
treated group was significantly lower than the mean level
in the other groups. Additionally, the mean level of GSH
in the groups receiving carbamazepine was significantly
higher than that of sodium valproate (P<0.05), vigabatrin
(P<0.05), aqueous carrier, and lipid carrier groups
(P<0.001). Furthermore, the mean level of GSH in the
group treated with phenytoin was remarkably higher
compared to the aqueous and lipid carrier groups (P <0.01,
Figure 3).

Measurement of Lipid Peroxidation

As depicted in Figure 4, the level of MDA in the
carbamazepine group was significantly higher than
sodium valproate and lamotrigine (P<0.05), vigabatrin,
aqueous carrier, and lipid carrier groups (P<0.001).
Further, the level of MDA in the phenytoin group was
remarkably higher than in lamotrigine, sodium valproate
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Figure 3. Effects of Different Kinds of Treatments on Tissue GSH Levels in
Rats. Note. ANOVA: Analysis of variance; SD: Standard deviation; GSH:
Glutathione; One-way ANOVA with Tukey’s test was used for statistical
analysis. Values are shown as means+SD for each group (n=8). a: GSH
level was remarkably different from the carbamazepine group (P<0.05), b:
GSH level represented a remarkable difference from the phenytoin group
(P<0.01), c: The level of GSH was significantly different compared to the
carbamazepine group (P<0.001), and d: The level of GSH was considerably
different in comparison to the carbamazepine group (P<0.01)
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Figure 4. Effects of Different Treatments on Tissue MDA Levels in Rats.
Note. MDA: Malondialdehyde; ANOVA: Analysis of variance; SD:
Standard derivation; One-way ANOVA with Tukey’s test was employed for
statistical analysis. Values are demonstrated0 as means+SD for each group
(n=8). a: MDA level was remarkably different from the carbamazepine
group (P<0.05), b: MDA level showed a remarkable difference from
the phenytoin group (P<0.001), c: MDA level was remarkably different
compared to the carbamazepine group (P<0.001), and d: MDA level was
remarkably different compared to the phenytoin group (P<0.0001)
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(P<0.001), vigabatrin, aqueous carrier, and lipid carrier
groups (P<0.001).

Determination of GGT Activity

A comparison of different groups considering the GGT
level is displayed in Figure 5. After 4 weeks of treatment,
the mean level of GGT in the vigabatrin-treated group was
considerably lower than the other groups. The highest and
lowest levels of GGT were observed in the carbamazepine-
treated (10+2.1) and lipid carrier (2.5+1.1) group.

The average level of GGT in the carbamazepine
group was significantly higher than that of phenytoin,
lamotrigine, and sodium valproate (P<0.05), vigabatrin,
aqueous carrier, and lipid carrier groups (P<0.01).
Furthermore, the average level of GGT was remarkably
higher in the phenytoin group than in the vigabatrin and
aqueous and lipid carrier (P<0.05) groups. However, the
levels of GGT in sodium valproate and lamotrigine groups
were considerably higher than in aqueous and lipid carrier
groups; however, no significant difference was found
regarding the level of GGT among them (P>0.05).

Discussion

This study aimed to compare the hepatotoxicity of sodium
valproate, carbamazepine, phenytoin, lamotrigine, and
vigabatrin as commonly used drugs in the treatment of
epilepsy and seizure.

According to the findings of the present study, the use
of carbamazepine and phenytoin led to more oxidative
stress (OS) and inhibited the activity of antioxidant
enzymes. Santhrani et al reported that the long-term
use of carbamazepine caused an imbalance between the
antioxidant and oxidative systems, which significantly
increased OS. Moreover, carbamazepine caused OS
through the production of reactive oxygen species (17).
De Oliva showed using carbamazepine caused OS by the
production of reactive oxygen species and free radicals
(18). Therefore, according to the finding of our study and
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Figure 5. Effects of Different Treatments in Serum GGT Levels in Rats.
Note. ANOVA: Analysis of variance; SD: Standard deviation; GGT:
y-glutamyl transferase. One-way ANOVA with Tukey’s test was used for
statistical analysis. Values are shown as means+SD for each group (n=8).
a: GGT level was remarkably different compared to the carbamazepine
group (P<0.05), b: GGT level was considerably different compared to the
phenytoin group (P<0.01), and c: GGT level was significantly different
from the carbamazepine group (P<0.01)

other studies, the use of carbamazepine led to a high level
of MDA, which is an indicator of OS.

Moreover, after 4 weeks of treatment, the mean level
of GSH in the group treated with sodium valproate was
lower than that in the other groups. The effect of VPA
depends on a range of actions such as the facilitation of
GABAergic neurotransmission and the regulation of ionic
currents (19). In addition, VPA indirectly adjusts the
release of neurotransmitters and enhances the threshold
value of seizure activity (19). Other studies revealed that
sodium valproate increased lipid peroxidation in children
with epilepsy and decreased glutathione peroxidase (20-
23). The finding of the current study is consistent with
those of the above-mentioned studies.

The comparison of groups regarding the GGT
level demonstrated that the mean level of GGT in the
carbamazepine group was significantly higher than in
phenytoin, lamotrigine, sodium valproate, vigabatrin,
aqueous carrier, and lipid carrier groups. In this research,
the mean level of GGT in sodium valproate, phenytoin,
and lamotrigine groups was higher than the aqueous
and lipid carrier groups, but no statistically significant
difference was observed among these groups considering
GGT. Further, GGT levels were lower in the sodium
valproate group in comparison to the other antiepileptic
drugs.

Willmore et al studied the effect of valproic acid on
hepatic function, they concluded that just dose reduction
may be effective in preventing unwanted valproate hepatic
side effects (24). Hadzagic-Catibusic et al evaluated
the effect of carbamazepine and valproate on the GGT
level in children and reported that GGT levels were
significantly higher in the carbamazepine group than in
sodium valproate (25). Likewise, Sano et al found that
the serum GGT activity of the phenytoin groups was
higher than that of the phenobarbital group (26). Kiirekgi
et al also represented an increase in the GGT level as a
pharmacological side effect of carbamazepine (27).
Furthermore, serum GGT levels appear to be affected
by various factors, including alcohol intake, body fat,
lipoprotein levels, glucose levels, and various medications.

Moreover, the mean level of ALT in the sodium
valproate group was lower compared to the other groups.
The highest level of ALT was observed in the phenytoin
group (12.3+1.3). Similarly, Hossein et al investigated the
effect of antiepileptic medicine on liver enzymes; they did
not observe a statistically significant difference in ALT
and AST levels between sodium valproate, phenytoin, and
carbamazepine groups (28). Hadzagic-Catibusic et al also
assessed the effect of VPA on the AST and ALT levels and
found that the levels of these enzymes had been elevated
after treatment (25).

Vidaurre et al reported that selecting the most
appropriate antiepileptic is challenging because of the
metabolization of most medications in the liver, and
newer antiepileptic drugs, including levetiracetam,
topiramate, lacosamide, pregabalin, and gabapentin
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should be prescribed as the first-line treatment in these
patients. Further, medications such as felbamate, VPA,
and phenytoin should be used as the last-line treatment
due to extensive liver toxicity (29).

Demircioglu et al evaluated the effect of carbamazepine
and VPA on the liver function of children and observed
that the levels of ALT and AST did not increase 6 months
after sodium valproate and carbamazepine administration,
which is inconsistent with the findings of the present
study. It should also be noted that an increase in liver
enzymes may be affected by the dose of sodium valproate.
Additionally, an increase in liver enzymes in the sodium
valproate group was lower than in other anticonvulsant
drugs in the current study (30).

In the present study, the mean AST level in the
carbamazepine group represented a higher level than
the average level of the other groups. The highest and
lowest levels of AST were observed in the carbamazepine
(11.4+2.5) and lipid carrier (2.6£2.08) groups,
respectively. The AST level in the carbamazepine
group was considerably higher than sodium valproate,
lamotrigine, lipid carrier, and aqueous carrier groups, but
no considerable difference was observed between the two
groups (carbamazepine and phenytoin groups) regarding
the AST level. Shams et al found that hepatotoxicity
induced by anticonvulsant drugs such as phenytoin
increases liver transferase enzymes, which is in conformity
with the findings of the current research (23). Sillanpaa et
al revealed that approximately 15% of patients who were
treated with carbamazepine experienced an increase in
AST levels, which is in line with the results of our study
(31).

Finally, our findings showed that the lowest rate of
hepatotoxicity among all studied drugs was related
to vigabatrin. It can selectively and irreversibly act
through inhibiting GABA transaminase (the enzyme
responsible for GABA metabolism). The measurement
of cerebrospinal fluid before and after treatment with
Vigabatrin in patients with seizures indicated a dose-
dependent increase in total GABA, and free GABA
(32). Vigabatrin does not bind to proteins and is not
metabolized by the microsomal oxidase enzyme system.
Therefore, vigabatrin may be given once or twice a day
due to its long-lasting medicinal effect (33).

Conclusion

Based on the findings of the current study, the
administration of carbamazepine led to the highest change
in GSH, GGT, and AST levels compared to other drugs.
Sodium valproate had low effects on the level of enzymes.
Vigabatrin caused minor changes in the biomarker
levels due to the lack of liver metabolism; therefore, no
remarkable difference was observed between vigabatrin
and control groups regarding biomarker levels.
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