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In epileptic patients, neurobehavioral problems such as cognitive impair-
ment, depression, and psychosocial impairments have been described, which
may have a pathological and/or iatrogenic basis. For this reason additional
treatment is required, beside antiepileptic drug (AED) therapy, to correct the
accompanying neurological deficits. However, the rationale behind use of
antidepressants along with antiepileptics has been questioned due to procon-
vulsant effects of the former. In the present study, the effect of gabapentin
(GBP) on seizure score and memory is evaluated when it is given alone and
in combination with some antidepressants, such as sertraline (SERTR) and
alprazolam (ALP). Pentetrazole (PTZ)-induced convulsion and spontaneous
alternation behavior (SAB) models were used to study the anticonvulsant ef-
fect and effect on memory, respectively. Results showed that addition of
SERT to GBP or ALP resulted in reduction of anticonvulsant efficacy of
these drugs. However, the combination of GBP + SERT + ALP was superior
as far as effect on seizure severity and memory was concerned.
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Abbreviations: AED – antiepileptic drug, ALP
– alprazolam, ANOVA – analysis of variance, DA

– dopamine, GABA – �-aminobutyric acid, GBP –
gabapentin, 5-HT – 5-hydroxytryptamine, NE –
norepinephrine, PTZ – pentetrazole, SAB – spon-
taneous alternation behavior, SERTR – sertraline,
SSRI – selective serotonin reuptake inhibitor

INTRODUCTION

Epilepsy is the second most common neurologi-
cal disorder after stroke [20]. Though various anti-
epileptic drugs (AEDs) are available clinically, man-
agement of epilepsy is a very complex task because
of co-existing neuropsychiatric complications [15].
It is increasingly being reported that emotional and
behavioral problems represent important co-morbid
conditions of clinical concern, since they have the
potential to further adversely affect the quality of
life of patients with epilepsy [10, 13, 30].

The association between epilepsy and depres-
sion is not a recent discovery. In fact, it has a long
and checkered history [23]. In one study, it was
found that patients with epilepsy had a four-fold
higher risk of psychiatric disorders in comparison
with random controls [13]. Mood (affective) disor-
ders, especially major depression, are the most
common diagnosis in people with epilepsy fol-
lowed by anxiety. The prevalence of major depres-
sion ranges from 8 to 48% and that of anxiety, from
5 to 32% [11]. Given the attention and concern that
has long been paid to psychosocial function and
quality of life in epilepsy, the assumption that de-
pression is widely recognized and treated in epilep-
tics is untrue. In fact, depression, along with other
psychiatric comorbidities of epilepsy remains un-
der-recognized and under-treated [5, 11, 30, 31].
Results revealed that depression had gone un-
treated in 38% of the patients with current major
depression and in 43% of the patients with current
minor depression [30]. This clearly indicates that
a significant number of patients with epilepsy will
require additional therapy with drugs for mood dis-
orders and/or anxiety along with conventional or
novel AEDs, as these patients are at greater risk of
unprovoked seizures due to the psychiatric comor-
bidity involved [6,12].

Surprisingly, the use of antidepressant drugs
(ADDs) in epileptics has been a cause of concern
for clinicians because of reports that these drugs
have proconvulsant or frank convulsant effects [21,

25] since they are known to modulate pre- and post-
synaptic receptors and neurotransmitters [�-amino-
butyric acid (GABA), norepinephrine (NE), dopa-
mine (DA), 5-hydroxytryptamine (5-HT) etc.].
Therefore, while considering the use of a second
class of drug, in addition to an AED regimen, for
correcting the underlying psychiatric co-morbidity,
it is important to recognize and assess possible im-
plications of such a combination. Therefore, we
thought it worthwhile to explore the neurological
possibilities by studying effects of a newer AED,
gabapentin (GBP) in combination with different
ADDs.

MATERIALS and METHODS

Animals

Male albino Swiss mice (20–26 g) raised at the
Central Animal House Facility of Jamia Hamdard
were used. The animals were housed in polypropy-
lene cages (10/cage) with a natural light-dark cycle.
The mice were fed on a standard pellet diet (Amrut
rat and mice feed, Pune, India) and water ad libi-
tum.

The project was undertaken with prior approval
from the University Animal Care & Ethics Com-
mittee. Utmost care was taken to ensure that ani-
mals were treated in the most humane and ethically
acceptable manner.

Drugs and chemicals

Alprazolam (ALPRAX; Torrent Pharmaceuticals
Ltd., India), gabapentin (GABAPIN; Intas Pharma-
ceuticals, India), sertraline (SERTA; Unichem Labs
Ltd., India), pentetrazole (Sigma Chemicals Co.
USA), scopolamine (Sigma Chemicals Co. USA),
piracetam (NOOTROPIL; UCB India Ltd.).

Pentetrazole-induced convulsions

The method described by Snead [26] was fol-
lowed. Male albino mice were given a dose of pen-
tetrazole (PTZ), i.e. 35 mg/kg intraperitoneally (ip)
using a sterile syringe and needle, after suitable la-
tency, corresponding to the time of peak effect after
oral administration of the test drug. Immediately
after administration, the animal was placed in the
observational area and observed. The time of onset
of convulsive behavior, nature and severity of con-
vulsions were carefully recorded using the follow-
ing scoring system [16].
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OBSERVATION SCORE

No change 0

Abnormal behavior (tremors, scratching,
chewing)

0.5

Single myoclonic jerks 1

Atypical mMs (clonic convulsions involving
head and forelimb; only some components)

2

mMs (consisting of all components of mMs,
prolonged or repetitive clonus)

3

Incomplete MMs (without tonic phase) 4

Complete MMs (i.e., tonic phase, wild
running, clonic phase)

5

mMs: predominantly clonic convulsions or minimal metrazole-
induced convulsions, MMs: generalized tonic-clonic convul-
sions or major metrazole-induced convulsions.

A mean cumulative score was calculated for
each treatment group for comparisons and statisti-
cal analysis. On the day of the experiment, the che-
moconvulsant was administered at the interval cor-
responding to the time of peak effect of the test
drug/drugs. Each animal in a group was observed
for a period of 30 min for onset and severity of con-
vulsions.

Spontaneous alternation behavior

The method described by Ragozzino et al. [19]
was followed. The assessments were made in a plus
maze made of plywood painted blue/grey. It con-
sisted of symmetrical arms (23.5 cm long × 8 cm
wide) with 10 cm high side walls. The arms exten-
ded from a central platform (8 × 8 cm) at a height
of 50 cm above the floor and were labeled A, B, C
and D. Mice were placed in the center and allowed
to traverse the maze freely for 6 min. The number
and sequences of arm entries into different arms
were recorded. A 4/5 alternation was defined as en-
try into four different arms in overlapping quintu-
plet sets of five consecutive arm entries/choices
within the total set of arm entries. A B C A C was
not considered an alternation. Using this procedure,
possible alteration sequences are equal to number
of arm entries minus four. Therefore the percent al-
ternation is scored as:

actual number of alternations

number of armentries 4–
� 100

On the 15th day, the animals in the group were
evaluated for spontaneous alternation behavior
(SAB).

Serum acetylcholinesterase activity

It was determined by the method of Ellman et
al. [4]. Briefly, 2.8 ml of phosphate buffer was
taken in test tube and to it 0.1 ml of 5-5’-dithio-
bis-2-nitrobenzoic acid (DTNB) was added. Then,
0.1 ml of the diluted serum was added and the reac-
tion mixture was pre-incubated at 37°C for 10 min.
3 ml of the reaction mixture was then taken in the
cuvette and 0.1 ml of the substrate acetylthiocho-
line iodide was added. The cuvette was shaken and
immediately absorbance was taken at 412 nm every
minute for three consecutive minutes.

Doses of alprazolam 2 mg/kg [2], sertraline 10
mg/kg [14], gabapentin 200 mg/kg [1], piracetam
250 mg/kg [3] and scopolamine 1.5 mg/kg [23]
were based on earlier reports and results of our
laboratory. The latency before observations was at
the interval corresponding to the time of peak effect
(TPE) of the test drug/drugs. In the case of groups
that consisted of drug combinations, drugs were ad-
ministered in such a fashion that their respective
time of peak effects coincided. Seizure and behavio-
ral effects were scored in animals 1.5, 2.5 and 6 h
after ALP, GBP and SERTR administration, re-
spectively. All drugs were given in the volume of
10 ml/kg. ALP, SERTR and GBP were dissolved in
distilled water and given orally whereas PTZ was
dissolved in physiological saline and was adminis-
tered ip. PTZ at a dose of 60 mg/kg ip has been re-
ported to cause generalized clonic-tonic seizures in
100% of the animals [8]. In our study, we used
a lower dose, 35 mg/kg, which produced convul-
sions in all the animals, without any mortality.

Statistical analysis

The results are presented as medians with 25
and 75 percentiles for seizure score and as a mean
± SEM for seizure onset, SAB and AchE activity.
Data were analyzed using Kruskal-Wallis one-way
analysis of variance on ranks followed by multiple
comparison tests for seizure score whereas for sei-
zure onset, SAB and AchE activity, one-way analy-
sis of variance (ANOVA) with Dunnett’s test at
95% confidence level was employed.
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RESULTS

PTZ-induced convulsions (Tab. 1)

The alprazolam (ALP)- pretreated group showed
a moderate decrease in seizure severity and in-
crease in seizure latency when compared with
PTZ-treated group. Sertraline (SERTR) treatment
significantly (p < 0.05) increased the severity of
convulsions with significant decrease in onset la-
tency. However, the combination of ALP and
SERTR, did not affect the seizure severity and on-
set latency when compared with PTZ-treated group.

GBP pretreatment significantly (p < 0.05) de-
creased the severity of convulsions and increased
the onset latency to significant extent. On the other
hand, the combination of GBP + SERTR increased
the seizure severity significantly and the onset time
was decreased to significant extent when compared
with group receiving only GBP.

GBP + ALP combination provided significant pro-
tection from PTZ-induced convulsions. Pretreatment
with GBP + SERTR + ALP combination resulted in
a significant decrease in seizure severity and in-
crease in seizure onset latency (p < 0.05) when com-
pared with both PTZ-treated and GBP-treated group.

Spontaneous alternation behavior (SAB)

(Tab. 2)

Chronic administration of ALP resulted in a si-
gnificant (p < 0.05) decrease in memory scores.

SERTR treatment did not affect the SAB. Co-

administration of ALP + SERTR resulted in a sig-

nificant decrease in percent alternations (p < 0.05)

when compared with saline-treated group. Chronic

administration of GBP moderately decreased the

percent alternation. Pretreatment with GBP + SERTR

did not affect the SAB. Concomitant administration

of GBP + ALP significantly decreased the percent

alternation when compared both with saline-treated

group and mice receiving only GBP. The scopol-

amine-treated group, taken as negative control, ex-

hibited significantly lowered percent alternations

when compared with saline-treated group. The pira-

cetam-treated group, taken as positive control, ex-

hibited significantly enhanced percent alternations

when compared with saline-treated group.

Acetylcholinesterase (AchE) activity

in serum of mice (Tab. 3)

The ALP, ALP + SERTR and GBP + ALP pre-

treated groups showed significantly increased

AchE activity (p < 0.05), whereas SERTR, GBP,

GBP + SERTR and GBP + ALP + SERTR pretreat-

ment did not significantly affect AchE activity.

Scopolamine treatment significantly increased

whereas piracetam treatment significantly de-

creased AchE activity (p < 0.05).
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Table 1. Effects of different drugs and drug combinations on pentetrazole (PTZ)-induced convulsions

Gp. Treatment Dose mg/kg (route) Onset (s)
Severity (score range: 0–5)

Median 25% 75%

1. Pentetrazole 35 ip 205 ± 9.2 2.50 2.30 2.70

2. Alprazolam 2 po 224 ± 6.4b 2.31b 2.22 2.40

3. Sertraline 10 po 132 ± 13.2a 3.50a 3.30 3.70

4. Alprazolam + sertraline 2 po +10 po 198 ± 10.1b 2.40b 2.32 2.46

5. Gabapentin 200 po 312 ± 2.3a 0.70a 0.65 0.75

6. Gabapentin + sertraline 200 po +10 po 100 ± 3.4ac 3.50ac 3.30 3.70

7. Gabapentin + alprazolam 200 po + 2 po 492 ± 5.3d 0.17d 0.16 0.18

8. Gabapentin + alprazolam + sertraline 200 po + 2 po +10 po 479 ± 6.9acd 0.21acd 0.19 0.23

n – number of animals per group = 6. For seizure onset: data are shown as a mean ± SEM. [F (7, 41) = 3.98; p < 0.05] (ANOVA fol-
lowed by Dunnett’s test, significant differences between groups at p < 0.05). For seizure score: data are presented as median with
25 and 75 percentiles. [H = 43.74; p < 0.001] (Kruskal-Wallis one way analysis of variance on ranks followed by multiple comparison
test), a p < 0.05 when compared between 1:3,1:5, 1:6, 1:8, b not significant when compared between 1:2, 1:4, c p < 0.05 when com-
pared between 5:6, 5:8, d p < 0.01 when compared between 1:7, 5:7, 6:8



DISCUSSION

Psychiatric comorbidity has been and should
continue to be a major concern in the treatment of
chronic epilepsy. The co-existence of depression in
epileptic patients makes it necessary to treat both
disorders (i.e. epilepsy and depression with AEDs
and ADDs, respectively) at the same time. For this
reason, it has become necessary to evaluate the
safety of these drugs in combination. With the
models used in our study (chemoshock-induced

convulsions), we were able to evaluate whether the
drug/drug combinations raised or lowered seizure
threshold. Patients with epilepsy often complain of
memory disturbance [27]. Among different factors
contributing to cognitive impairment, adverse ef-
fect of AEDs and ADDs are frequently reported
[17]. Depression has also been shown to adversely
affect memory and other cognitive functions. There-
fore, we evaluated the effects on memory (using
SAB model) produced after chronic administration
of these drugs/drug combinations. Measurement of
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Table 2. Effect of different drugs and drug combinations on spontaneous alteration behavior after chronic treatment for 14 days

Gp. Treatment Dose po per day for 14 days Percent alterations

1. Physiological saline 0.1 ml 67.59 ± 12.04

2. Gabapentin 200 mg/kg 57.20 ± 16.87b

3. Alprazolam 2 mg/kg 50.32 ± 3.41a

4. Sertraline 10 mg/kg 69.20 ± 13.60b

5. Alprazolam + sertraline 2 mg/kg + 10 mg/kg 49.21 ± 10.87 a

6. Gabapentin + sertraline 200 mg/kg + 10 mg/kg 63.02 ± 26.74b

7. Gabapentin + alprazolam 200 mg/kg + 2 mg/kg 38.70 ± 8.70a

8. Gabapentin + alprazolam + sertraline 200 mg/kg + 2 mg/kg + 10 mg/kg 69.95 ± 9.60b

9. Scopolamine 1.5 mg/kg ip 30.32 ± 20.07a

10. Piracetam 250 mg/kg 78.02 ± 6.12a

n – number of animals per group = 5. Data are shown as a mean ± SEM. [F (9, 44) = 3.21; p < 0.05] (ANOVA followed by Dunnett’s
test, significant differences between groups at p < 0.05). a p < 0.05 when compared between 1:3, 1:5, 1:7,1:9, 1:10, b not significant
when compared between 1:2, 1:4, 1:6, 1:8

Table 3. Effect of different drug combinations on acetylcholinesterase activity in serum of mice after chronic drug treatment for
14 days

Gp. Treatment Dose po per day for 14 days Serum AchE activity nmoles/mg
of protein

1. Physiological saline 0.1 ml 4 × 10–5 ± 0.12 × 10–5

2. Gabapentin 200 mg/kg 4.21 × 10–5 ± 0.03 × 10–5b

3. Alprazolam 2 mg/kg 9.8 × 10–5 ± 0.31 × 10–5a

4. Sertraline 10 mg/kg 3.9 × 10–5 ± 0.29 × 10–5b

5. Alprazolam + sertraline 2 mg/kg + 10 mg/kg 10.8 × 10–5 ± 0.21 × 10–5a

6. Gabapentin + sertraline 200 mg/kg + 10 mg/kg 3.8 × 10–5 ± 0.07 × 10–5b

7. Gabapentin + alprazolam 200 mg/kg + 2 mg/kg 10 × 10–5 ± 0.26 × 10–5a

8. Gabapentin + alprazolam + sertraline 200 mg/kg + 2 mg/kg + 10 mg/kg 3.6 × 10–5 ± 0.17 × 10–5b

9. Scopolamine 1.5 mg/kg ip 40.4 × 10–5 ± 2.43 × 10–5a

10. Piracetam 250 mg/kg 1.1 × 10–5 ± 0.26 × 10–5a

n – number of animals per group = 5. Data are shown as a mean ± SEM. [F (9, 44) = 3.34; p < 0.05] (ANOVA followed by Dunnett’s
test, significant differences between groups at p < 0.05). a p < 0.05 when compared between 1:3, 1:5, 1:7, 1:9, 1:10, b not significant
when compared between 1:2, 1:4, 1:6, 1:8



AchE activity thereafter provided us with evidence

of whether the effects on memory were due to

a modulation of the cholinergic system. Admi-

nistration of GBP led to marked reduction in sei-

zure activity. This may be attributed to the fact that

GBP increases GABA levels in the brain within

30–60 min after its administration and it is also

a putative inhibitor of the glutamatergic system [9].

This is consistent with the fact that pharmacologi-

cal agents that enhance GABA-mediated synaptic

inhibition and that antagonize glutamate-mediated

excitation are effective in inhibiting seizures in di-

verse models, including seizures evoked by electro-

shock and chemical convulsants [7].
The ADD sertraline, a selective serotonin reup-

take inhibitor (SSRI), led to a significant increase

in the intensity and decrease in latency of PTZ-

induced convulsions. This confirms the earlier find-

ings that SERTR lowers seizure threshold [29].

SSRIs especially are reported to increase seizure

frequency and intensity when co-administered with

agents that reduce seizure threshold [29].
Benzodiazepines have been found to be particu-

larly effective in inhibiting seizures induced by

chemoconvulsions and at high doses in the maxi-

mal electroshock (MES) model [18]. In humans ei-

ther diazepam or clonazepam are efficacious in

generalized tonic-clonic status epilepticus for dis-

rupting seizures. However, in our study, ALP showed

a moderate protection against seizures, this effect

being attributed to ALP ability to enhance GABA-

induced increases in the conductance of chloride.
Comparison of the three drug combination GBP

+ SERTR; GBP + ALP; and GBP + ALP + SERTR

reveals that GBP + ALP is the combination that

provided maximal protection against PTZ-induced

seizures. It is evident that when SERTR was added

to GBP or to GBP + ALP, it invariably led to a re-

duction in the anticonvulsant efficacy of these

drugs. This shows that SERTR could sensitize to

the convulsant effect of PTZ. This may be attrib-

uted to the pharmacological actions of SERTR. The

acute effect of SERTR administration is the in-

crease in 5-HT levels, which may lead to over-

stimulation of brainstem and spinal cord 5-HT1A

and 5-HT2 receptors, the symptoms of which are:

agitation, myoclonus, hypertension, possible sei-

zures, incoordination, rigidity, restlessness, tremor

and mental status/ behavioral changes [29].
A deficient cholinergic system has been impli-

cated in the impairment of memory. Many diseases,

e.g. Alzheimer’s disease, that are associated with

memory deficits, also manifest a deficient choliner-

gic system [22]. Of the drugs/drug combinations

used in our study, GBP did not affect AchE activity

significantly and so did SERTR, whereas ALP ad-

ministration significantly increased the AchE lev-

els. Enhanced AchE activity and reduced percent

alternations in this group suggest that ALP may im-

pair memory through this mechanism. The SERTR-

treated group showed percent alternations almost

equal to the control group, indicating no adverse ef-

fects on memory upon chronic administration in

mice. This was also corroborated with no change in

AchE activity. ALP on chronic administration sig-

nificantly lowered percent alternations indicating

memory loss that is associated with chronic benzo-

diazepine therapy [28].
Both GBP and SERTR use in humans has been

associated with relatively mild effects on memory

and cognition. In our model when these drugs were

given in combination they did not produce any

memory deficit. When GBP was coadministered

with ALP, it led to a lowering of percent alterna-

tions. This may be due to the fact that both drugs

act as enhancers of the GABAergic system. When

ALP was coadministered with SERTR, there was

significant decrease in percent alternations with in-

creased AchE activity indicating the adverse effect

of combination on memory.
The GBP + ALP + SERTR combination, how-

ever, did not impair memory and the percent alter-

nations and AchE activity were almost equal to that

of the normal controls, demonstrating that this is

a superior combination. Among the various combi-

nations studied, this combination appears to pos-

sess significant anticonvulsant efficacy with addi-

tional neurological benefits. The present study as-

sessed the neuropharmacological benefits and

complications associated with antidepressant treat-

ment along with a newer antiepileptic, GBP. How-

ever, our results are preliminary and further studies

are warranted to extrapolate animal data to human

situations.
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