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Background & objectives: Though newer antiepileptic drugs are considered safer than conventional 
antiepileptics, the effects of lamotrigine, levetiracetam and topiramate on neurobehavioural functions 
are yet to be established. This study evaluated neurobehavioural parameters and oxidative stress 
markers in brain tissue of rats treated with lamotrigine, levetiracetam and topiramate compared to 
sodium valproate .
Methods: Five groups of male Wistar rats were treated respectively with normal saline (control), sodium 
valproate (370 mg/kg), lamotrigine (50 mg/kg), levetiracetam (310 mg/kg) and topiramate (100 mg/kg) for 
45 days. Neurobehavioural parameters were assessed using elevated plus maze (EPM), actophotometer, 
rotarod, passive avoidance and Morris water maze (MWM) at baseline and at the end of treatment. 
Oxidative stress parameters [malondialdehyde (MDA), reduced glutathione (GSH) and superoxide 
dismutase (SOD)] were estimated in rat brain at the end of treatment.
Results: Valproate and lamotrigine showed no significant effect on learning and memory in passive 
avoidance and MWM tests. However, levetiracetam and topiramate reduced retention memory 
significantly as compared to control (P<0.01) and lamotrigine (P<0.05) groups. Performances on EPM, 
rotarod and actophotometer were not significantly different between the groups. In comparison to control 
group, MDA was higher in the levetiracetam and topiramate (360.9 and 345.9 nmol/g of homogenized 
brain tissue, respectively) groups. GSH and SOD activity were significantly reduced by valproate and 
levetiracetam treatment. Lamotrigine did not induce significant oxidative stress. 
Interpretation & conclusions: Long-term and therapeutic dose treatment with levetiracetam and 
topiramate significantly impaired learning and memory, which was not seen with valproate and 
lamotrigine in rats. Levetiracetam, topiramate and valproate augmented oxidative stress, whereas 
lamotrigine has little effect on it. These antiepileptic drugs are used in clinical practice, hence pharmaco- 
vigilance studies are required to evaluate their safety profile.
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	 The treatment of epilepsy is preferably initiated 
with conventional antiepileptic drugs (AEDs) like 
phenytoin (PHT), phenobarbitone (PB), carbamazepine 
(CBZ), and sodium valproate (VPA) since these are 
less expensive and the side effects with long-term use 
are well known1. Despite development of several new 
antiepileptic drugs, the treatment of epilepsy remains a 
challenge, because of high incidence of adverse drug 
reactions (ADRs) of AEDs and drug resistance in 20-
30 per cent patients2. Many AEDs are metabolized to 
generate reactive metabolites with the capability of 
covalent binding to macromolecules as proteins or 
other vital biomolecules and hence eliciting systemic 
toxicity3. 

	 Conventional AEDs are known to cause cutaneous 
and hair changes, behaviour alteration, mood and 
cognitive dysfunction, blurring of vision, peripheral 
neuropathy, gastrointestinal side effects, loss of appetite 
and body weight, anaemia and thrombocytopenia, 
which are at least in part due to oxidative stress2,3. 
There is claim of better tolerability profiles providing a 
beneficial edge to these newer drugs2. However, recently 
there is an increased concern of neurobehavioural 
ADRs with the newer AEDs as evidenced through 
case reports like lamotrigine induced sleep behaviour 
disturbance4, psychotropic side effects associated with 
levetiracetam5, impaired cognition and irritability with 
topiramate treatment6 and cognitive delays in children 
due to antiepileptic treatment of mothers7. There are 
reports suggesting no association of antiepileptic on 
the suicidal behaviour8 and no effect of lamotrigine 
on movement scores of foetuses7. There is still a lack 
of documentation of safety aspects regarding many of 
these drugs. Therefore, this study was done to evaluate 
neurobehavioural parameters and oxidative stress in 
brain tissue of rats on chronic treatment with newer 
antiepileptic drugs, i.e. lamotrigine, levetiracetam and 
topiramate in comparison with sodium valproate, a 
conventional antiepileptic drug. 

Material & Methods

	 Male Wistar rats weighing 100-200 g were 
procured from central animal facility, All India 
Institute of Medical Sciences (AIIMS), New Delhi 
and acclimatized for a period of seven days before 
the start of experiments. Animals were housed under 
standard laboratory conditions with food and water 
ad libitum. All animal experiments were performed at 
the Department of Pharmacology, All India Institute 
of Medical Sciences (AIIMS), New Delhi, India, and 

were initiated after the approval by the Institutional 
Animal Ethics Committee. 

	 All the chemicals used in this study were of analytical 
grade and purchased from Sigma (Sigma Chemicals 
Co., USA). The chemicals used were sodium phosphate, 
sodium dodecyl sulphate, acetic acid, thiobarbituric 
acid, n-butanol, pyridine, malondialdehyde bis-
dimethyl acetal, trichloroacetic acid, 5’5-dithiobis 
(2-nitrobenzoic acid), reduced glutathione (GSH), 
pyrogallol, HCl and ethylenediaminetetraacetic acid. 

Drug treatment: Animals were divided into five 
groups (n=6) according to the drugs administered, i.e.  
(a) control (normal saline treatment), (b) sodium 
valproate (active control), (c) lamotrigine, (d) 
levetiracetam and (e) topiramate. The drugs (powders 
of active ingredients) were obtained as a gift from 
Torrent Pharmaceuticals Limited, Gujarat, India. The 
animals were administered with freshly prepared 
suspension of drugs in normal saline by oral gavage 
cannula at volumes not greater than 1.0 ml/100 g body 
weight daily at 0900 h. The drugs were administered 
for 45 days to see the effect of chronic treatment based 
on a previous study9. The dose administered in rats 
was equivalent to maximum recommended human 
therapeutic dose, so that the effects produced in rats 
will have better extrapolation10,11. The reference weight 
(human) considered was 60 kg. The calculated rat 
doses12 are given in the Table. 

	 After seven days of acclimatization, animals were 
assessed for baseline neurobehavioural functions in the 
next five days. The drug treatment was continued and 
from 40th to 45th day of drug treatment, post-treatment 
neurobehavioural assessment was performed. Animals 
were euthanized 24 h after the last dose of drug and 
tissue samples were collected for oxidative stress 
parameters estimation. 

Assessment of behavioural parameters: Assessments 
were performed in order of increasing stress i.e. 
(i) anxiolytic activity by elevated plus maze test; 
(ii) locomotor activity and motor coordination by 
actophotometer and rotarod test; and (iii) learning and 
memory function by passive avoidance and Morris 
water maze test. On the day of behavioural testing, the 
rats were brought to a sound-attenuated testing room to 
acclimate for one hour before each test.

Elevated plus maze test: Elevated plus maze test 
was done as described by Walf and Frye13, with little 
modification. Animals were placed individually at 
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the end of one open arm facing away from central 
platform. The video-tracking system recorded the 
number of entries made by the rodent onto the open 
and closed arms and the time spent on the open arm 
and closed arm. At the end of the 5-min test, the rodent 
was removed and maze was cleaned. 

Actophotometer test: Locomotor activity was measured 
using digital actophotometer (Techno Electronics, 
Lucknow, India). Animal was kept for free movement 
inside actophotometer and the number of times it 
crosses the beam of light was displayed digitally. 

Rotarod test: Muscle coordination in rats was assessed 
by rotarod (Ugo Basile, Italy) using the method 
described by Rogers et al14. Each animal received a 
training session on the rotarod at a constant speed of 8 
rpm. During the test, animal was kept on accelerating 
rotarod and time of stay on rod was noted.

Passive avoidance test: Memory retention was 
evaluated in a passive avoidance apparatus (Ugo Basile, 
Italy) as described earlier by Sharma and Gupta15. On 
the acquisition trial, animal was placed for 30 sec in 
lighted chamber and the door separating the light and 
dark chambers was opened. Animals exhibiting an 
initial latency time of more than 60 sec to enter the dark 
chamber were excluded. After entry into dark chamber, 
the door was closed and an electric foot shock (75 V, 
0.2 mA, 50 Hz) was delivered for 3 sec. Animal was 
removed from the dark chamber 10 sec later. Twenty 
four hours later, retention latency time was taken in 
the same way as acquisition trial, but foot shock was 
not delivered, and latency time was recorded up to a 
maximum of 300 sec. 

Morris water maze test: Morris water maze is used 
to test the spatial memory of the animals as described 
by Morris16, with little modification. Briefly, the water 
tank was divided into four equal quadrants (1, 2, 3 and 
4) and the platform was kept into 4th quadrant. The 
animal was placed into the pool in one quadrant, facing 

the wall of tank. The trial was terminated automatically 
as soon as the animal reached the platform or when 
120 sec were elapsed. Animals were allowed to stay on 
the platform for 15 sec. Thus four trials (one in each 
quadrant) each day with an inter-trial interval of at least 
20 min were performed during four days of acquisition 
sessions. On the fifth day, the platform was removed. 
Animal was introduced from the quadrant opposite to 
that where the platform was initially placed. The path 
of each rat was analyzed by using the Any-maze video 
tracking system (Catterpillar Instrumentation Pvt., 
India). The parameters determined were latency to 
reach the platform zone and time spent in the platform 
zone during 60 sec of this spatial probe trial.

Assessment of oxidative stress parameters: The animals 
were euthanized by decapitation after 24 h from the end 
of drug treatment and their brains were dissected on ice 
to segregate the frontal cortex and striatum parts. These 
were stored at -70 °C for the evaluation of oxidative 
stress parameters, i.e., malondialdehyde (MDA), 
reduced glutathione (GSH) levels and superoxide 
dismutase (SOD) enzyme activity within next seven 
days. Brain tissue samples (frontal cortex and striatum) 
were thawed and 10 per cent (w/v) homogenate was 
made with ice-cold 0.1 M phosphate buffer (pH 7.4). 
The oxidative stress parameters were estimated from 
the aliquots of homogenates and were expressed per g 
of brain tissue.

MDA measurements: MDA in tissue was analyzed by 
the method of Ohkawa et al17. The absorbance was 
read at 532 nm using a spectrophotometer (Specord 
200, Analytik Jena, Germany). Malondialdehyde bis-
dimethyl acetal (Sigma, USA) was used as the external 
standard. Results were expressed as nmol of MDA/g 
of brain tissue.

GSH measurements: GSH content was measured by 
the method of Ellman18 with minor modifications. An 
equal quantity of the homogenate was mixed with 5 per 
cent trichloroacetic acid and centrifuged at 600 g for 10 

Table. Calculated doses of antiepileptics administered to the rats
Group/Drug Maximum recommended therapeutic 

dose in man (mg/kg/day)10,11
Dose for rat  
(mg/kg/day)

Actual dose administered  
(mg/kg/day)

Control ----- Normal saline only Normal saline only
Sodium valproate 60 372 370
Lamotrigine 8.3 52 50
Levetiracetam 50 310 310
Topiramate 16.7 104 100
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min to separate out the proteins. Supernatant 0.01 ml 
was added to 2 ml of 0.3 M phosphate buffer (pH 8.4), 
0.5 ml of 5’5-dithiobis (2-nitrobenzoic acid) and 0.4 
ml of double-distilled water. The mixture was vortexed 
and the absorbance was read at 412 nm within 15 min. 
The GSH content was expressed as μg/g of brain tissue. 
GSH (Sigma, USA) was used as the external standard.

Estimation of SOD activity: Activity of SOD was 
estimated by the method of Marklund and Marklund19. 
Changes in absorbance at 420 nm were recorded at 
one min interval for three min. Data were expressed 
as SOD activity in terms of % inhibition of pyrogallol 
oxidation compared with the blank reading. 

Statistical analysis: Data analysis was performed 
using SPSS 16 software (IBM corporation, Chicago, 
USA). All results were expressed as mean ± SEM. For 
statistical analysis, group means were compared using 
one way analysis of variance (ANOVA) followed by 
Bonferroni post hoc test. Linear discriminant analysis 
(LDA) was used to categorize different antiepileptic 
drugs according to their effect on neurocognitive 
functions and also their role in oxidative stress. All 

predictor variables were entered together for analysis. 
Wilks’ lambda (λ) test was used to find out the variable 
which contributed significance in discriminant 
function. To find multicolinearity of data tolerance was 
also tested. Fisher’s classification function coefficients 
were used for direct classification. The Wilks’ lambda 
test was applied to verify which canonical discriminant 
functions were significant. Also a leaving-one-out 
cross-validation procedure was carried out to assess 
the model performance.

Results

Assessment of behavioural parameters: The baseline 
assessments of the behavioural parameters did not 
show significant difference among the different groups. 
In elevated plus maze test there was no significant 
difference in time spent in the open arms and number 
of entries into the open arms (Fig. 1A, B). There 
were no significant differences across the groups in 
locomotor activity as revealed in actophotometer test 
(Fig. 1C) and motor coordination as revealed in rotarod 
test  (Fig. 1D). 

Fig. 1 (A and B). Effect of valproate, lamotrigine, levetiracetam and topiramate on anxiety behaviour in rats, using elevated plus maze 
apparatus (A- Time for which the rat stayed in the open and closed arm, B- Number of entries in the open and closed arm); C- Effects of drugs 
on locomotor activity in rats, using actophotometer apparatus; D- Effects of drugs on muscle relaxant activity in rats, studied using rotarod 
apparatus. Values are expressed as mean ± SEM (n=6).
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Passive avoidance: Both levetiracetam and topiramate 
groups exhibited a significantly shorter latency to enter 
the dark compartment (mean ± SEM, 224.4 ± 10.5 and 
229.3 ± 7.9 sec, respectively) than control (P<0.01) 
and lamotrigine (P<0.05) groups (286.6 ± 10.4 and 
277.4 ± 10.1 sec, respectively), demonstrating that fear 
learning and memory were affected by levetiracetam 
and topiramate treatment. (Fig. 2A).

Morris water maze: Control animals learned the 
location of the hidden platform in the Morris water 
maze, as shown by a decrease in escape latency during 
training. Animals exposed to lamotrigine and valproate 

showed similar learning curves and had no significant 
difference in escape latencies compared with the control 
group. Levetiracetam and topiramate treated group had 
significantly longer escape latencies on day 3 and 4 
(P<0.05 and <0.01, respectively) than control group. 
The latency time on day 5 of levetiracetam group was 
significantly higher than lamotrigine group (P<0.05) 
and control group (P<0.01). The topiramate group had 
significant difference (P<0.05) with the control group 
on day 5. (Fig. 2B).

	 On the probe trial, levetiracetam and topiramate 
groups displayed a significantly less time spent in 
the platform zone (P<0.01) as compared to control 
animals. Lamotrigine group had spent more time in 
platform zone than levetiracetam group (P<0.01) and 
topiramate group (P<0.05). Though valproate group 
had a lesser time spent in platform zone, there was no 
significant difference between the control, valproate 
and lamotrigine groups. (Fig. 2C).

Assessment of oxidative stress parameters: A marked 
increase in MDA levels was observed in levetiracetam 
group (P<0.01) and topiramate group (P<0.05) 
compared to control group. There was no significant 
difference among the different drug treated groups 
(Fig. 3A).

	 There was a marked decrease in GSH level in the 
levetiracetam group (1185.1 ± 25.12 µg/g of brain 
tissue) (P<0.01) as compared to the control group 
(1354.0 ± 48.06 μg/g). Topiramate group (1210.8 ± 
12.12 µg/g of brain tissue) and valproate group (1199.6 
± 14.85 µg/g of brain tissue) also showed significant  
(P<0.05) decrease in glutathione activity, but 
lamotrigine group showed no significant change as 
compared to control group (Fig. 3B).

	 There was a marked decrease in SOD activity in 
levetiracetam and valproate groups in comparison 
with control group (P<0.05). No significant difference 
was observed among the various drugs treated group  
(Fig. 3C).

Linear discriminant analysis: Tests of equality of group 
means through Wilks’ lambda test revealed that the 
following variables contributed significance (P<0.01) 
in discriminant functions: Morris water maze test (days 
3, 4 and 5 latency time; and time spent on platform 
zone), passive avoidance test (retention latency 
time), and oxidative stress parameters (MDA, GSH, 
and SOD levels). LDA highlighted the differences 
among drug formulations with a discriminant model 
with one significant (P<0.05 for the Wilks’ lambda 

Fig. 2(A). Effect of antiepileptic drugs on the latency in retention 
of fear learning and memory using passive avoidance apparatus. 
(B and C). Effect of antiepileptic drugs on spatial learning and 
memory using Morris water maze apparatus. B- Latency to find the 
platform during acquisition and probe trial; C- Time spent during 
the probe trial in the platform zone). Values are expressed as the 
mean ± SEM (n=6). P*<0.05 and **<0.01 versus the corresponding 
value of control group on the same day; P§<0.05 and §§<0.01 versus 
the corresponding value of lamotrigine group on the same day.
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Fig. 3. Effect of valproate, lamotrigine, levetiracetam and 
topiramate on (A) malondialdehyde  (MDA) levels, (B) reduced 
glutathione (GSH) levels, and (C) superoxide dismutase (SOD) 
activity (expressed as % inhibition of pyrogallol oxidation) in brain 
tissue. Values are expressed as the mean ± SEM (n=6). P *<0.05 
**<0.01 compared to control group.

Fig. 4. Combined group scatter plot for Canonical discriminant 
functions of different drug groups in accordance with their 
neurocognitive functions and role in oxidative stress.

through elevated plus maze and locomotor and motor 
coordination responses assessed by rotarod test did not 
show significant variation among the different groups. 
In some previous studies lamotrigine exposure led to 
impaired rotarod performance, whereas there was no 
effect of lamotrigine on anxiety behaviour in elevated 
plus maze test in adult rats20 and kindled mice21. 

	 Levetiracetam and topiramate treated rats showed 
significantly less retention of memory as compared 
to lamotrigine and control groups. There was no 
significant difference between the control group and 
those treated with valproate and lamotrigine. Some 
studies have demonstrated spatial memory enhancing 
effect of lamotrigine22, and topiramate23, and fear 
learning enhancement with levetiracetam24, while 
others have shown decreased learning performance 
with levetiracetam25, valproate26, and topiramate21. No 
effect on learning and memory has been demonstrated 
with treatment of valproate25, levetiracetam24,26, 
and lamotrigine23. It is difficult to pinpoint which of 
the numerous differences between the drugs may 
account for the divergent behavioural outcomes after 
long term exposure. These drugs belong to distinct 
structural classes (valproate is a fatty acid, lamotrigine 
is a phenyltriazine, levetiracetam a pyrrolidine, and 
topiramate is a fructose derivative), vary in mechanism 
of anti-seizure activity, generate diverse metabolites, 
alter trace elements status and demonstrate non-
overlapping sets of side effects10,11,27.

test) discriminant function. The first function mainly 
separated control group from levetiracetam group, 
the second function demarcated valproate group from 
levetiracetam group. Combined group scatter plot for 
canonical discriminant functions (with functions 1 and 
2) of different drug groups in accordance with their 
neurocognitive functions and role in oxidative stress is 
shown in Fig. 4.

Discussion

	 Approximately 50 per cent patients experience one 
or more ADRs during the first line AEDs treatment2. 
Simultaneously, the prevalence of drug resistant 
epilepsy is upto 20-30 per cent among newly diagnosed 
epilepsy patients2. In the present study we investigated 
the effects of  commonly used first line AEDs which 
included newer antiepileptics like lamotrigine, 
levetiracetam and topiramate in comparison with the 
control group and conventional antiepileptic valproate 
in terms of neurobehavioural function and oxidative 
stress in rat brain tissue. Anxiety response studied 
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	 In our study, lipid peroxidation was significantly 
higher in the levetiracetam and topiramate treated 
groups compared to controls; the GSH content was 
significantly lowered by treatment of valproate, 
levetiracetam and topiramate; the SOD level was 
significantly lower in the valproate and levetiracetam 
groups. In a previous study, epilepsy patients after 
two months of treatment with mono- or poly-therapy 
of AEDs including valproate, carbamazepine and 
levetiracetam showed decreased serum antioxidant 
activity and increased oxidant activity3. Increase in 
MDA and decrease in glutathione levels were observed 
in a previous study after topiramate administration 
to kindled as well as non-kindled animals, but no 
significant alteration was seen after administration 
of lamotrigine and oxcarbazepine21. Forcelli et al20 
opined that GABAergic mechanism of lamotrigine was 
involved in the protective effect against 3-nitropropionic 
acid induced neurotoxicity and oxidative stress. In 
some studies (in vitro and non-epilepsy conditions 
like diabetes and ischaemic retina), antiepileptic drugs 
like levetiracetam, topiramate and valproate have been 
shown to reduce the oxidative stress28-30.

	 This study was performed in healthy rodents, 
which is a major limitation of this study. It would have 
been of more translational value in doing this study 
in true epilepsy models for instance, animal mutants 
or transgenic animals with spontaneously recurrent 
seizures, which are more closely related to human 
epilepsy than conventional seizure models like MES 
(maximal electroshock seizure) and PTZ (pentylenete 
trazol) induced seizure models.

	 In conclusion, the findings revealed that long-term 
administration of AEDs at maximum therapeutic dose 
had differential effect on neurobehavioural functions 
mainly learning and memory, and oxidative stress 
parameters. Levetiracetam and topiramate significantly 
impaired the retention memory as compared to the 
control group, which was not observed in case of 
valproate and lamotrigine treatment. All AEDs except 
lamotrigine significantly affected oxidative stress. As 
all these drugs are widely used in clinical practice, 
stringent pharmacovigilance is required to establish 
safety profile of these antiepileptic drugs.
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