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Background: Gabapentin, a third-generation antiepileptic drug, is a
structural analogue of γ-aminobutyric acid, which is an important
mediator of central nervous system. There is clinical data indicating its
effectiveness in the treatment of psychiatric illnesses such as bipolar
disorder and anxiety disorders.
Objectives: We aimed to investigate the antidepressant and anxiolytic-
like effects and mechanisms of gabapentin in rats.
Material and Methods: Female Spraque–Dawley rats weighing
250± 20 g were used. A total of 13 groups were formed, each containing
8 rats: gabapentin (5, 10, 20, 40 mg/kg), amitriptyline (10 mg/kg),
sertraline (5 mg/kg), diazepam (5 mg/kg), ketamine (10 mg/kg),
gabapentin 20 mg/kg was also combined with amitriptyline (10 mg/kg),
sertraline (5 mg/kg), diazepam (5 mg/kg) and ketamine (10 mg/kg). All
the drugs were used intraperitoneally as single dose. Saline was
administered to the control group. Elevated plus maze and forced
swimming tests were used as experimental models of anxiety and
depression, respectively.
Results: It was observed that gabapentin showed an anxiolytic-like
and antidepressant-like effect in all doses in rats. Its antidepressant
effect was found to be the same as the antidepressant effects of
amitriptyline and sertraline. There was no change in the antidepressant
effect when gabapentin was combined with amitriptyline and ketamine,
but there was an increase when combined with sertraline and diazepam.
Gabapentin and amitriptyline showed similar anxiolytic effect, whereas
ketamine and diazepam had more potent anxiolytic effect compared
with them.
Conclusions: These data suggest that gabapentin may possess
antidepressant- and anxiolytic-like effects.

Significant Outcomes

∙ Gabapentin is an antiepileptic agent. Additional antidepressant- and anxiolytic-like effects of gabapentin
will present an option in the treatment of epileptic patients with depression and anxiety or epilepsy-
associated depression and anxiety.

∙ Gabapentin is used in the treatment of neuropathic pain. Anxiety and depression can be seen as
comorbidities in patients with neuropathic pain. Therefore, to use gabapentin in the treatment of
neuropathic pain may help to resolve depression and anxiety, which can be seen in neuropathic pain.

∙ Prefering gabapentin in the conditions mentioned above will prevent the use of multiple drugs and
associated adverse drug interactions and will provide economic benefits.
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Limitations
∙ Primary limitation is the lack of motor outcome to estimate the construct validity of the test outcome
measures.

∙ We could not study the mechanism of action of gabapentin on receptor level and on neurotransmitters;
however, we are planning to perform these in the future.

∙ We could not study the effects of gabapentin on different animal models of depression and anxiety.
∙ The second limitation is related to our limited financial support because we are financially supported for
only two scientific projects per year.

Introduction

Gabapentin, an analogue of the neurotransmitter
γ-aminobutyric acid (GABA), is a third-generation
antiepileptic drug. It is used not only in the treatment
of partial epileptic seizures but also in the manage-
ment of neuropathic pain. It is also reported that
gabapentin is effective in the treatment of anxiety
disorders and depression period of bipolar disorder
(1,2). Case reports supported the use of gabapentin in
the management of depressive symptoms in bipolar
disorder (3). In accordance, bipolar disorder has been
the first psychiatric disease in which gabapentin was
assessed for its efficacy in psychiatric disorders.
Furthermore, pregabalin, a third-generation anti-
convulsant drug and an analogue of GABA similar
to gabapentin, has been approved for the treatment of
generalised anxiety (4–6). GABAergic inhibitory
processes have been reported to be tightly related
to anxiety (7). Previous studies have shown that
drugs of the main benzodiazepine subunit (α) of the
GABAA receptors are able to modify anxiolytic
responses (8,9). It has also been suggested that
gabapentin, which affects GABA metabolism without
an effect on GABA receptors, may be effective in the
treatment of anxiety disorders (10). Some researchers
also reported that gabapentin showed antianxiety
activity in the elevated plus maze test that is a
behavioural animal test to study the anxiolytic-like
effects of drugs (11,12). To the best of our knowledge,
there are no sufficient studies investigating the
antidepressant-like effect of gabapentin in animals.
However, Valente et al. (13) suggested that α2δ
ligands, gabapentin and pregabalin positively modu-
lated adult hippocampal neurogenesis, which is thought
to be deregulated in various neuropsychiatric disorders,
including major depression, and especially pregabalin
confirmed these effects by preventing depression-like
behaviours induced by chronic restraint stress in mice.

In this study, we aimed to examine the
antidepressant-like and anxiolytic-like effects of
gabapentin at different doses. In addition, we aimed
to compare the effects of gabapentin with amitriptyline,
sertraline, diazepam and ketamine, and to investigate
the effects when gabapentin was combined with
amitriptyline, sertraline, diazepam and ketamine.

Amitriptyline, a tricyclic antidepressant drug; sertraline,
an antidepressant drug classified in selective serotonin
reuptake inhibitors (SSRI); diazepam, a benzodiazepine
derivative; and ketamine, an N-methyl-D-aspartate
(NMDA) receptor antagonist were selected as they
are accepted as reference drugs functioning in different
mechanisms. Elevated plus maze test was chosen to
evaluate the anxiolytic-like effect as a drug that may be
suggested to have an anxiolytic-like effect if increased
time spent in open arms of the maze is observed with
the drug administration. To evaluate the antidepressant-
like effect, forced swimming test was chosen, because
a drug may be stated to have an antidepressant-like
effect if it decreases the immobility time in the forced
swimming test.

Material and methods

Animals

Female Sprague–Dawley rats (250± 20 g) were used
for the study and sheltered in standard laboratory
conditions of light with 12 h light/dark cycle and
temperature of 22± 2°C. Food and water were
available ad libitum. Experiments were conducted
with the permission of the Local Ethical Committee
for Animal Experimentation of Eskisehir Osmangazi
University Medical School (19/2/2010-147). Animals
were brought to the experiment room 1 h before the
experiments for habituation.

Drugs

Gabapentin (Sigma, Germany), amitriptyline (Deva,
Istanbul, Turkey), diazepam (Deva), sertraline (Pfizer,
Istanbul, Turkey) and ketamine (Pfizer) were used in
the study. All the drugs were dissolved in saline. Saline
was administered to the rats in the control group. All
solutions were prepared freshly on test days and
administered intraperitoneally (i.p.) in a volume of
2ml/kg body weight of rats.

Study design

All the experiments were conducted at the
Animal Experiment Laboratories, Department of
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Pharmacology, Eskişehir Osmangazi University,
Medical School, Eskisehir, Turkey, from February
to May 2011.
Animals were randomly divided into 13 groups

each containing 8 rats as below:
Group 1: control (saline)
Group 2: gabapentin 5 mg/kg
Group 3: gabapentin 10 mg/kg
Group 4: gabapentin 20 mg/kg
Group 5: gabapentin 40 mg/kg
Group 6: amitriptyline 10 mg/kg
Group 7: gabapentin 20 mg/kg + amitriptyline

10 mg/kg
Group 8: diazepam 5mg/kg
Group 9: gabapentin 20mg/kg+diazepam 5mg/kg
Group 10: sertraline 5 mg/kg
Group 11: gabapentin 20mg/kg+ sertraline 5mg/kg
Group 12: ketamine 10 mg/kg
Group 13: gabapentin 20 mg/kg + ketamine

10 mg/kg

Anxiety behaviour was assessed with elevated plus
maze test, and depression was assessed with forced
swimming test. Rats used for behavioural testing
were used in only a single behavioural paradigm
(elevated plus maze or forced swimming test).
There were two experimenters who conducted the
experiments, one experimenter who was blind to the
drug treatment made the observations and scoring,
and the other experimenter performed the drug
treatments.

Elevated plus maze test

This model was performed as Pellow et al. (14)
described. Experiments were conducted in a labora-
tory isolated from sound under low light conditions
to encourage exploration between 09:00 and 13:00 h.
After 1 h, the dosing rats were individually placed in
the centre of the maze, a set up, that is 50 cm high
and that has two open (50 × 10 cm) and two closed
arms (50 × 10 × 40 cm). Entry into an arm was
defined as all four paws crossing from the central
region into the arm. The time spent in the open and
closed arms was recorded for 5 min and manually
scored by a trained experimenter blind to drug
treatment. The maze was cleaned and dried between
animals.

Forced swimming test

This test was executed in rats as Porsolt et al. (15)
described. Rats were forced to swim in a cylinder
with a water level of 25 cm and 25± 0.5°C. Rats
were exposed to a trial session for 15 min, 24 h
before the test procedure without any observation.

In the test procedure, immobility and struggling times
were recorded for 5 min and manually scored by an
observer blind to drug treatment. Immobility is
defined as the position that the rat gives up struggling
and floats in the water with only small movements
necessary to keep its head above water. The water in
the cylinder was changed between each rat.

Statistical analysis

The data collected were evaluated with one-way
ANOVA analysis by using PASW 18.0 packet
program. Tukey test was used as the post hoc test.
All the groups were statistically compared with each
other. The results are given as mean± SEM.

Results

Results of the single use of gabapentin on the elevated plus
maze and forced swimming tests

We observed that gabapentin increased the time spent
in the open arms of the elevated plus maze (p< 0.05)
and decreased the immobility time in the forced
swimming test at all doses (p< 0.05), as shown in
Figs 1 and 2.

Results of the combined use of gabapentin on the elevated
plus maze and forced swimming tests

Elevated plus maze test. A dose of 20 mg/kg of
gabapentin was selected to use in the combination
groups of gabapentin. We found that gabapentin
20 mg/kg dose alone increased the time spent in the
open arms of the elevated plus maze comparably
with amitriptyline 10 mg/kg dose alone. In the com-
bined use of gabapentin and amitriptyline, there
was a more increase in the time spent in the open
arms, suggesting that gabapentin potentiated the
effect of amitriptyline (p< 0.05; Fig. 3). Sertraline
5 mg/kg alone decreased the time spent in the
open arms of the elevated plus maze comparably
with the control group; however, it significantly
decreased the time spent in the open arms com-
pared with amitriptyline 10 mg/kg alone and gaba-
pentin 20 mg/kg alone (p< 0.05; Fig. 3). In
addition, the combination of gabapentin 20 mg/kg
and sertraline 5 mg/kg decreased the time spent in
the open arms compared with gabapentin 20 mg/kg
alone, pointing out that sertraline diminished the
effect of gabapentin (p< 0.05; Fig. 3). A dose of
5 mg/kg diazepam alone was found to increase the
time spent in the open arms compared with gaba-
pentin 20 mg/kg alone and control (p< 0.05). The
increase in the time spent in the open arms was
much more in the combination group of diazepam

Gabapentin and antidepressant, anxiolytic effects

309

https://doi.org/10.1017/neu.2014.17 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2014.17


and gabapentin compared with gabapentin 20 mg/kg
alone and diazepam 5mg/kg alone, which evokes
the thought that gabapentin potentiated the anxioly-
tic effect of diazepam (Fig. 3). Ketamine 10 mg/kg
alone increased the time spent in the open arms
compared with gabapentin 20 mg/kg alone and
control (p< 0.05). More increase in the time spent
in open arms was observed with the combination
of ketamine and gabapentin compared with their
single administrations (p< 0.05). The increase in
the time spent in the open arms was similar in the
10 mg/kg ketamine and 5 mg/kg diazepam groups
(Fig. 3) and in the gabapentin 20 mg/kg and ami-
triptyline 10 mg/kg groups (Fig. 3). The increase in
the time spent in the open arms observed with keta-
mine alone and diazepam alone groups was more
than observed in the gabapentin 20 mg/kg alone
and amitriptyline 10 mg/kg alone groups (p< 0.05;
Fig. 3). Combinations of gabapentin with amitripty-
line, diazepam and ketamine exerted more increase
in the time spent in open arms compared with
single administration of 20 mg/kg gabapentin
(p< 0.05) (Fig. 3). It was observed that there was
no alteration in the time spent in the open arms
when gabapentin 20 mg/kg and sertraline 5 mg/kg

were used together compared with control
(p> 0.05); however, a decrease in the time spent in
the open arms was observed compared with gaba-
pentin 20 mg/kg alone (p< 0.05; Fig. 3).

Forced swimming test. A dose of 20 mg/kg of
gabapentin was selected to use in the combination
groups of gabapentin. Single administrations of
gabapentin 20 mg/kg, amitriptyline 10 mg/kg and
sertraline 5 mg/kg similarly decreased the immobi-
lity time compared with control (p< 0.05; Fig. 4).
There was no change in the immobility time when
gabapentin 20 mg/kg and amitriptyline 10 mg/kg
were used in combination compared with their
single administrations (p> 0.05; Fig. 4). When
gabapentin 20 mg/kg and sertraline 5 mg/kg were

Fig. 1. The effects of gabapentin on the time spent in the open
arms in elevated plus maze test. Values are given as mean±
SEM. *p< 0.05 compared with control. Statistical analysis was
performed with one-way ANOVA, and Tukey test was used as
the post hoc test. GBP, gabapentin.
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Fig. 2. The effects of gabapentin on immobility time in forced
swimming test. Values are given as mean± SEM. *p< 0.05
compared with control. Statistical analysis was performed using
one-way ANOVA, and Tukey test was used as the post hoc test.
GBP, gabapentin.

Fig. 3. The effects of single or combined use of gabapentin,
amitriptyline, sertraline, ketamine and diazepam on the time
spent in the open arms in the elevated plus maze test. Values are
given as mean±SEM. *p< 0.05 compared with control,
+ p< 0.05 compared with GBP 20 mg/kg. Statistical analysis
was performed using one-way ANOVA, and Tukey test was
used as the post hoc test. Amit, amitriptyline; DZ, diazepam;
GBP, gabapentin, Sert, sertraline.

Fig. 4. The effects of single or combined use of gabapentin,
amitriptyline, sertraline, ketamine and diazepam on immobility
time in forced swimming test. Values are given as mean±
SEM. *p< 0.05 compared with control, + p< 0.05 compared
with GBP 20 mg/kg. Statistical analysis was performed with
one-way ANOVA, and Tukey test was used as the post hoc test.
Amit, amitriptyline; DZ, diazepam; GBP, gabapentin, Sert,
sertraline.
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used in combination, a significant decrease in the
immobility time was observed compared with their
single administrations, suggesting a potentialisation
in their effects (p< 0.05; Fig. 4).

Diazepam 5mg/kg showed a significant decrease
in the immobility time compared with gabapentin
20 mg/kg and control (p< 0.05). In addition, the
decrease in the immobility time in the combined
group of diazepam and gabapentin was comparable
to the single use of diazepam but greater than single
administration of gabapentin (p< 0.05; Fig. 4).
Ketamine 10 mg/kg showed a significant decrease
in the immobility time compared with gabapentin
20 mg/kg and control; however, combined use of
ketamine and gabapentin increased the immobility
time compared with single ketamine administration
(p< 0.05); however, no change was observed com-
pared with gabapentin 20 mg/kg alone (p> 0.05;
Fig. 4).

There was no change in the immobility time
when gabapentin was combined with amitriptyline
and ketamine compared with gabapentin 20 mg/kg
alone (p> 0.05); however, a decrease in the immo-
bility time was observed compared with gabapentin
20 mg/kg alone when gabapentin was combined
with sertraline and diazepam (p< 0.05; Fig. 4).
There were significant increases in all groups com-
pared with the control group in terms of struggle
time (p< 0.05; Fig. 5). This finding supports the
antidepressant-like effect of all experimental groups
in the study.

Discussion

In this study, we observed that gabapentin increased
the open arm time in the elevated plus maze test,
suggesting an anxiolytic-like effect, and decreased

immobility time in the forced swimming test,
suggesting an antidepressant-like effect. When we
used gabapentin in combination, a more increased
open arm time was observed with the combinations
of amitriptyline, diazepam and ketamine, except
sertraline, and a more decreased immobility time
was observed with the combinations of sertraline and
diazepam, except amitriptyline and ketamine.

The clinical use of gabapentin in anxiety and its
anxiolytic-like effect in preclinical studies were
reported. Pollack et al. (16) reported that they
observed a reduction in anxiety symptoms after
adjuvant gabapentin use in two patients with
generalised anxiety disorder who did not respond to
or partially responded to anxiolytic medications.
Kulkarni et al. (11) reported that gabapentin (10,
20 mg/kg) increased the number of open arm entries
and open arm time in the elevated plus maze.
Similarly, de-Paris et al. (12) observed that
gabapentin (10, 30 mg/kg) increased the number of
open arm entries and open arm time in the elevated
plus maze in rats. These findings are consistent with
our finding that gabapentin (5, 10, 20, 40 mg/kg)
increased the open arm time in the elevated
plus maze.

Gabapentin is known to have an inhibitory effect
on the central nervous system with no direct effect
on GABA receptors. Similarly, it was reported that
some of the benzodiazepine derivatives evoke
GABAmimetic effect by affecting GABA receptors
indirectly (17,18). There are also studies reporting
that diazepam, a benzodiazepine derivative, acts not
by binding to GABA receptors but by interacting
with clorur channels and GABA receptors coupled-
central benzodiazepine receptors (18,19). Thus, it
may be suggested that the combination of gabapentin
with benzodiazepine derivatives may result in a
potentiated effect. This is supported in our study. We
observed a potentialisation in the anxiolytic-like
effects of gabapentin and diazepam in the elevated
plus maze test when they were administered in
combination.

Some studies indicate that benzodiazepines also
have antidepressant effect, besides their anxiolytic
effect (20,21). It was suggested that benzodiazepines
have no effect on biogenic amine reuptake and
that does not affect their metabolism, but show
antidepressant effects as a GABAA receptor agonist
through the GABA theory of depression (20). In this
study, our results supported these suggestions. We
observed that diazepam displayed an antidepressant-
like effect in the forced swimming test. This effect
was more than the antidepressant-like effect observed
with gabapentin in the forced swimming test, and
there was no alteration in their antidepressant-like
effects when administered in combination. On the

Fig. 5. The effects of single or combined use of gabapentin,
amitriptyline, sertraline, ketamine and diazepam on struggle
time. Values are given as mean± SEM. *p< 0.05 compared
with control. Statistical analysis was performed using one-way
ANOVA, and Tukey test was used as the post hoc test. Amit,
amitriptyline; DZ, diazepam; GBP, gabapentin, Sert, sertraline.
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contrary, it is not convenient to use benzodiazepines
for long-term depression treatment, and hence they
have addiction potential. It is suggested that these
addiction rates are seen in 1/3 of the patients when
benzodiazepines and antidepressants are used
together (22). Consequently, gabapentin might be
an alternative treatment option with regard to the
addiction potential of benzodiazepines.

In experimental anxiety models, there are conflicting
data on the effects of amitriptyline, a tricyclic
antidepressant drug, which is in use for a long time
(22). It was shown that both acute (23) and chronic
(24) amitriptyline administrations had no anxiolytic-
like effect in elevated plus maze. Even, chronic use of
amitriptyline was shown to exhibit anxiogenic-like
activity (25). Other studies reported that amitriptyline
had non-anxiolytic (26), anxiogenic (27) or anxiolytic
effect only after chronic administration (28). In our
study, we observed that amitriptyline had an acute
anxiolytic-like effect in the elevated plus maze test, and
when combined with gabapentin, a potentiated effect
was observed. We also observed that amitriptyline
showed an antidepressant-like effect in the forced
swimming test similar to sertraline and gabapentin, and
no change in the effects in the forced swimming test
was observed when amitriptyline and gabapentin were
used in combination. However, combination of them
with their half doses may be helpful to reduce their
adverse effects.

Sertraline, classified in SSRI antidepressants,
causes anxiety reaction in acute administration.
This effect disappears in 15 days. It was observed
that acute sertraline administration (5 mg/kg i.p.)
increased anxiety-like symptoms in rats. In our study,
we found that sertraline showed anxiogenic-like
effect in the elevated plus maze test and anxiolytic-
like effect of gabapentin disappeared in the elevated
plus maze test when combined with sertraline.
Sertraline has no sedative effect and does not affect
psychomotor performance. Sertraline does not
enhance catecholaminergic activity and has no
affinity for dopamine, adrenaline, histamine, GABA
and benzodiazepine receptors, which present a
different mechanism of action for sertraline from
gabapentin (29).

In our study, we observed that gabapentin had an
antidepressant-like effect similar to sertraline, and
combined use of sertraline and gabapentin showed an
increased antidepressant-like effect in the forced
swimming test. This increased effect may be as
a consequence of the effects of gabapentin on
neurotransmitter levels as reported in a study that
gabapentin increased GABA turnover and serotonin
levels in blood (30).

Evidence shows that ionotrophic glutamate
NMDA receptors are involved in the ethiology of

anxiety and major depressive disorders (31,32), and
changes in seven transmembranal segment subunit of
metabotrophic glutamate receptors are associated
with anxiety and some other diseases such as
epilepsy, Parkinson’s disease, Huntington’s disease
and schizophrenia (33). Ketamine, a non-selective
NMDA receptor antagonist and a dissociative
anaesthetic agent, had anxiolytic-like effects in
elevated plus maze (34). It was suggested that
ketamine showed its anxiolytic effect by reducing
theta waving in the hippocampus similar to
diazepam, which is a common mechanism of action
in all anxiolytic drugs. This feature supplies an
evidence for anxiolytic effect of ketamine (35). In our
study, we observed that subanaesthetic doses of
ketamine showed an anxiolytic-like effect more than
gabapentin and similar to diazepam in the elevated
plus maze test. In addition, a potentialisation in the
anxiolytic-like effect of gabapentin and ketamine was
observed in case of their combined use.

There are studies reporting the antidepressant
effect of ketamine at subanaesthetic doses in
patients with depression without any side effects on
memory (36). In addition, in a study, ketamine was
shown to reduce behavioural despair in forced
swimming test. It was reported that ketamine
displays antidepressant effect through NMDA
receptor inhibition (37) and also genetic factors are
involved in its antidepressant effect (38). We also
observed that ketamine had antidepressant-like effect
in the forced swimming test and a slight decrease in
the antidepressant-like effect was observed in the
combination of gabapentin and ketamine compared
with the single use of ketamine; however, this was
not statistically significant.

As a conclusion, we suggest that gabapentin shows
anxiolytic-like and antidepressant-like effects and
its combinations with amitriptyline, diazepam and
ketamine result in a potentiated anxiolytic-like effect
and with sertraline and diazepam result in a
potentiated antidepressant-like effect. In the light of
these findings, gabapentin might be a choice in the
treatment of depression and anxiety both alone or
in a combined drug use. In addition, gabapentin use
may be helpful in the treatment of anxiety and
depression, which may be seen as comorbities in
neuropathic pain.
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