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ABSTRACT

Topiramate has been used as an add-on-drug with typical antipsychotics to treat negative and
cognitive symptoms of schizophrenia. The present study investigated if topiramate exhibits atypical
antipsychotic-like activity, has any potential to precipitate or exacerbate psychosis and its ability to
relieve negative symptoms of schizophrenia.
Aims: To study the effects of topiramate pretreatment on ketamine induced behavioral effects in the
rats.
Methods: Hyperlocomotion and stereotyped behaviors were induced in the rats by acute
administration of ketamine (25mg./kg. i.p.). Ketamine in low dose (2mg./kg. i.p.) produced social
isolation and deficits in the social interaction in the rats. The effect of topiramate (40mg./kg and
80mg./kg. p.o.) pretreatment on hyperlocomotion was evaluated by activity scores measured with
automated actophotometer and stereotyped behavior was graded by trained observers. The effect of
topiramate pretreatment on ketamine induced deficits in the social interaction in the rats was
evaluated by manually performed social interaction test.
Data analysis: Locomotor activity and social interaction scores were analysed by two tailed, unpaired
student’s ‘t’ - test. Stereotyped Behaviors’ highest scores, were evaluated by Mann Whitney U test.
Value of p<0.05 was considered statistically significant.
Results: Topiramate decreased ketamine induced hyperlocomotion and stereotyped behavior in the
rats which was statistically not significant. Topiramate significantly reduced ketamine induced social
isolation in the rats.
Conclusion: Topiramate did not exhibit either atypical antipsychotic-like activity or the potential to
precipitate/exacerbate psychosis. Topiramate could be effective in relieving negative symptoms of
schizophrenia and it appears that topiramate has the potential to improve negative affective states..

Copyright © 2017 D.V. Gokhale et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION
Topiramate, an antiepileptic drug, has been used with typical
antipsychotic drugs to treat negative and cognitive symptoms
of schizophrenia and also to prevent gain in body weight
because of antipsychotic drug treatment. Negative and
cognitive symptoms of schizophrenia are more resistant and
difficult to treat. Topiramate antagonizes glutamate at αamino-3-hydroxy-5-methylisoxazole-4-propionic acid and
kainite (AMPA/KA) receptors and enhances the activity of γamino-butyric acid (GABA)1- both of these actions address the
pathophysiological processes of schizophrenia. Hypofunction
of the N-methyl-D-aspartate (NMDA) – glutamate receptors

increases the glutamate release at AMPA/KA – glutamate
receptors which leads to the development of psychiatric
symptoms.2 Decreased GABA-ergic neurotransmission is
also implicated in the pathophysiology of schizophrenia.3
In the initial clinical trials, topiramate when used as an
adjuvant drug to the typical antipsychotics, either improved the
negative symptoms or lacked the therapeutic effects.4,5,6 On
the other hand, topiramate was reported to produce psychiatric
adverse events in the treatment of epileptic patients .7-10
Here, we examined experimentally the clinical findings of
topiramate by investigating the efficacy of topiramate alone in
rodent (rats) animal model of ketamine induced positive and
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5. = Episodes of rapid, jerking, side to side circular or
dorsoventral head movements (the rat is usually
stationary.)

negative symptoms of schizophrenia relevant to NMDA –
receptor hypofunction.

MATERIALS AND METHODS
Animals - The present animal study was approved by the
Institutional Animal Ethical Committee formed as per the
guidelines of C.P.C.S.E.A.
Male Wistar rats weighing between 180-280 g were used for
the experiments. Animals were maintained in 12 hour
dark/light cycle. Animals had free access to food and water,
except during the experiments. All the experiments were done
between 09.00-15.00 hrs.
The rats were divided into two groups - a control group
(vehicle treated) and a test group (topiramate treated.) The
total number of rats used was 26.
Drugs and doses - Topiramate powder was supplied by Encore
Healthcare. Topiramate was given p.o. in the form of
suspension prepared with 1% guar gum in water. Topiramate
was administered one hour before ketamine administration.
Ketamine Inj. (Aneket, Neon) 50mg/ml solution, was supplied
by our Hospital Pharmacy.
Ketamine was given by i.p. inj. after one hour in test group and
in control group. Ketamine was diluted to suitable
concentration with inj. normal saline. Ketamine was given in
the dose of 2mg/kg for Social Interaction Test and 25mg/kg for
Hyperlocomotion & Stereotyped Behaviors. 11,12 During the
experimental procedures the trained observers were blind to
the treatment paradigm.
Ketamine induced locomotor hyperactivity and stereotyped
behavior in rats
NMDA receptor antagonists such as ketamine produce
hyperlocomotion and stereotyped – like activity in rats. These
motor effects are related to the positive symptoms of
schizophrenia or to the propensity to elicit/exacerbate
psychosis.2,3,12
The rats were acclimatized to the test arena for three days
before the experiment was done. The locomotor activity and
stereotyped behavior of rats were recorded individually for
each rat in the actophotometer (Dolphin) and by a trained
observer, respectively. The locomotor activity is defined as the
total photocell beam interruptions monitored using an
automated infrared beam based actophotometer. The
locomotor activity was measured for 15 minutes duration. The
average activity score for 5 minutes duration was used as a
measure of locomotor activity.12,13 Stereotypy was rated
separately by a trained observer for 1 minute at every 5
minutes intervals during locomotor study. The score assigned
was determined as the highest level of stereotypy consistently
observed during rating period. The rating scale is given
below:14
PCP (phencyclidine) stereotyped behavior: (0) = Stationary,
little or no movement,
1. = Active, occasional to frequent movement,
2. = Active with episodes of repetitive forward and head
searching (the rat walks forward in a stereotyped manner
along the periphery of the arena without engaging in other
behaviors),
3. = Continuous forward searching,
4. = Frequent, repetitive rearing, side to side weaving or
turning,

Ketamine induced social withdrawal and the deficits in social
interaction measured in social interaction test
This test helps to show the effectiveness of the test drugs
against negative symptoms of schizophrenia. The negative
symptoms of schizophrenia are produced by non-competitive
NMDA receptor antagonists like phencyclidine, ketamine,
MK-801, in rodents which disrupt social interaction and this is
considered to be an animal model of negative symptoms of
schizophrenia.12,2
Very low doses or repeated administration of ketamine
produces social isolation in rats, representing negative
symptoms of schizophrenia.11,13
Naïve rats were housed in pairs for 10 days prior to the start of
the test. During the test one cage mate (familiar/resident rat)
was removed and a new one (intruder) was placed in the cage
for a duration of 10 minutes. The amount of social interaction,
between the resident and the intruder rat, was recorded
manually for 10 minutes. The social interaction was measured
as the total amount of time spent on various elements of
interaction eg. sniffing, grooming of the partner, genital
investigation and following the partner. Aggressive behavior
was not included.13
Data Analysis
Locomotor activity and social interaction scores were analysed
by two tailed, unpaired student’s ‘t’ - test. Stereotyped
behaviors’ highest scores, were evaluated by Mann Whitney U
test. Value of P<0.05 was considered statistically significant.

RESULTS
Ketamine induced locomotor hyperactivity and stereotyped
behavior in rats
Topiramate pretreatment decreased ketamine induced hyper
locomotion and stereotyped behavior in the rats. The
reductions were statistically not significant (Table 1 & Table 2,
P > 0.05)
Table 1 Effect of topiramate (40mg/kg & 80mg/kg )
pretreatment on ketamine ( 25mg/kg ) induced
hyperlocomotion in rats.
Topiramate 40mg/kg
Mean of locomotion score
Number of rats
Group
per 5 min ± S.E.M.
in each group

P - value

Control
Test

6
6

P > 0.05

Control
Test

7
7

83.44±9.67
61.21±12.60
Topiramate 80mg/kg
51.30 ± 9.18
42.38 ± 10.57

P > 0.05

Unpaired, two tailed student’s ‘t’ – test.
P value < 0.05 considered significant*
Control group = vehicle (1% guar gum in water + ketamine)
Test group = topiramate + ketamine

Ketamine induced social withdrawal and the deficits in social
interaction measured in social interaction test
Topiramate reduced ketamine induced social isolation in rats
which was highly significant (Table 3, P*< 0.01)
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alleviating negative symptoms of schizophrenia.2,16,18,19 Eltyab
et al reported that the administration of topiramate or
raclopride (D2 receptor antagonist) alone had slight enhancing
effects on dopamine release in PFC which was statistically
non-significant. But the dopamine release increased
significantly when topiramate and raclopride combination was
administered.20 In the present study, topiramate did not exhibit
antipsychotic-like activity and was not administered with D2
receptor antagonist. Interestingly, topiramate was reported to
possibly prevent negative affective state produced by alcohol
withdrawal.21 So, it appears that topiramate has the potential to
reduce negative affective states produced by different factors
such as administration of ketamine or typical antipsychotics or
that induced by alcohol withdrawal. This study was limited
only to the behavioral effects induced by acute administration
of ketamine.

Table 2 Effect of topiramate (40mg/kg & 80mg/kg )
pretreatment on ketamine ( 25mg/kg ) induced
stereotyped behavior in rats.
A – Topiramate 40mg/kg
Number of rats in Mean Sum of
Mann
Group
each group
rank ranks Whitney U
Control
Test

6
6

Control
Test

7
7

5.17 37.00
10
7.83 47.00
B – Topiramate 80mg/kg
9.36
5.64

65.50
39.50

11.50

P - Value
P > 0.05

P > 0.05

Mann Whitney U test.
P value < 0.05 considered significant*
Control group = vehicle (1% guar gum in water + ketamine )
Test group = topiramate + ketamine

Table 3 Effect of topiramate pretreatment (40mg/kg and
80mg/kg) on ketamine (2mg/kg) induced social isolation.
A – Topiramate 40mg/kg
Time spent in social
Number of pairs of
Group
interaction in seconds
rats in each group
per 10 min
5.17 ± 1.362
Control
6
Test
Control
Test

6

30.50 ± 8.176

B – Topiramate 80mg/kg
6
3.17 ± 1.302
7
21.43 ± 5.047

CONCLUSION
Topiramate did not exhibit either atypical antipsychotic-like
activity or the potential to precipitate/exacerbate psychosis.
Topiramate could be effective in relieving negative symptoms
of schizophrenia and it appears that topiramate has the
potential to improve negative affective states.

P - value

P < 0.01*

Acknowledgements
We are extremely thankful to Dr.K.S.Joshi who provided
topiramate pure powder free of cost. We also thank
Mrs.A.D.Gore (Statistician), Mr.R.P.Kulkarni (Central Animal
House Supervisor) whose help had been instrumental to
complete this project.

P < 0.01*

Unpaired, two tailed student’s ‘t’-test. P*< 0.01 highly significant.
P value < 0.05 considered significant*
Control group= vehicle (1% guar gum in water)+ketamine,
Test group = topiramate+ketamine

References

DISCUSSION
Hyperlocomotion and Stereotyped Behavior (SB)
The atypical antipsychotics block hyperlocomotion and SB
produced by NMDA- receptor antagonists more effectively
than the typical antipsychotics which block these behaviors at
higher doses that suppress normal activity in rodents.3,15 In our
experiment, topiramate (40mg/kg & 80mg/kg) did not block
hyper locomotion and SB significantly. These behaviors in
rats produced by NMDA-receptor antagonists are also
inhibited by AMPA/KA- receptor blockers and also by
increasing the brain levels of GABA.2,3,15,16 Topiramate
antagonizes glutamate at AMPA/KA receptors and facilitates
GABA function through non-benzodiazepine GABA A
receptors.17 In our study, topiramate showed insignificant
effects on hyperlocomotion and SB. Clinically, rapid
escalation to higher doses of topiramate led to cognitive and
psychiatric adverse events. The higher dose of topiramate
(80mg/kg) in our experiment decreased hyperlocomotion and
SB non-significantly. The results of our experiment indicate
that topiramate does not have either antipsychotic -like activity
or the potential to elicit/exacerbate psychosis.
Social Interaction Test
Topiramate significantly (P < 0.01) reduced social isolation in
rats induced by low dose of ketamine. These results are
suggestive of topiramate’s potential to reduce negative
symptoms of schizophrenia. Hypofunction of dopaminergic
system in the Pre Frontal Cortex ( PFC ) may be responsible
for the development of negative symptoms of
schizophrenia.18,19 The atypical antipsychotics increase
dopaminergic function in the PFC and are effective in

1960

1. McNamara J. Pharmacotherapy of epilepsies. In:
Brunton LN, editor. Goodman & Gilman's - The
Pharmacological Basis of Therapeutics, 12th edn. New
York: Mc Graw Hill Medical; 2011. p. 583-07.
2. Pietraszek M. Significance of dysfunctional
glutamatergic transmission for the development of
psychotic symptoms. Pol J Pharmacol 2003; 55:13354.
3. Jeffery A, Libbermann, Bymaster FP, Meltzer HY,
Deutsch AY, Duncan GE et al. Antipsychotic drugs:
comparison in animal models of efficacy,
neurotransmitter regulation and neutoprotection.
Pharmacol Rev 2008;60:358-403.
4. Nadakarni S, Devinsky O. Psychotropic effects of antiepileptic drugs. Epilepsy Curr 2005;5: 176-81.
5. Drapalski AL, Ross RB, Peebles RR, Schwartz BL,
Marvel CL, Deutsch SI. Topiramate improves deficit
symptoms in a patient with schizophrenia when added
to a stable regimen of antipsychotic medication. Clin
Neuropharmacol 2001;24:290-4.
6. Dursun SM, Deakin JF. Augmenting antipsychotic
treatment with Lamotrigine or Topiramate in patients
with treatment resistant schizophrenia, a naturalistic
case series outccome study. J Psychopharmacol
2001;15:297-301.
7. Mula M, Trimble MR. The importance of being
seizure free: topiramate and psychopathology in
epilepsy. Epilepsy Behav 2003; 4:430.
8. Kahn A, Faught E, Gilliam F, Kuzniecky R. Acute
psychotic symptoms induced by topiramate. Seizure
1999;8:235-7.

International Journal Of Current Medical And Pharmaceutical Research, Vol. 3, Issue, 06, pp. 1958-1961, June, 2017

9. Kober D, Gabbard GO. Topiramate induced psychosis.
Am J Psychiatry 2005;162:1542.
10. Mula M, Trimble MR, Lhatoo SD, Sander JW.
Topiramate and psychiatric adverse events in patients
with epilepsy. Epilepsia 2003;44:659-63.
11. Koros E, Rosenbrock H, Birk G, Weiss C, Sams-Dodd
F, The selective mGlu-5 receptor antagonist MTEP,
similar to NMDA-receptor antagonists, induces social
isolation in rats. Neuropsychopharmacology 2007; 32:
562-76.
12. Florence R, Rene G, Isabelle L. Ketamine at a dose
that disrupts motor behavior and latent inhibition
enhances prefrontal cortex synaptic efficacy &
glutamate release in the nucleus accumbens.
Neuropsychopharmacology 2007;32:719-27.
13. Mathur R. Antipsychotics. In: S.K.Gupta, editor. Drug
screening methods, 1st edn. New Delhi: Jaypee
Brothers (P) Ltd.; 2004. p. 68-76.
14. Dodd FS. Effects of continuous D-amphetamine and
phencyclidine administration on social behavior,
stereotyped behavior and locomotor activity in rats.
Neuropsychopharmacology 1998; 19:18-25.
15. Bardgett M E, Behavioral models of antipsychotic
drug action in rodents, in Atypical antipsychotics:
From Bench to Bedside, edited by Csernansky J,
Laurello J, (Marcel Dekker, New York) 2004, 1.

*******

1961

16. Moghaddam B, Adams B, Verma A, Daly D.
Activation of glutamatergic neurotransmission by
Ketamine: A novel step in the pathway from NMDA
receptor blockade to dopaminergic and cognitive
disruptions associated with the prefrontal cortex. J
Neurosci 1997; 17(8):2921-2927.
17. Johnson B A, Daoud N A, Bewden C L, DiClemente C
C, Roache J D, Lawson K, Javors M A, Ma J Z. Oral
topiramate for the treatment of alcohol dependence: A
randomized controlled trial. Lancet May 17, 2003;
361: 1677 - 1685.
18. Jones H M, Pilosky L S, Dopamine and antipsychotic
drug action revisited. Br J Psychiatry 2002; 181:27175.
19. Jardemark K E, Konradsson A, Schilstrom B, Marcus
M M, Svensson T H. Differetial effects of topiramate
on prefrontal glutaminergic transmission when
combined with raclopride or clozapine. Synapse 2009;
63:913-20.
20. Eltayb A, Wandenberg M L, Schilstrom B, Svensson T
H. Topiramate augments the antipsychotic- like effect
and cortical dopamine output of raclopride. Naunyn
Schmiedbergs Arch Pharmacol 2005; 372(3):195-202.
21. Gremel C M, Gabriel K I, Cunningham C L.
Topiramate does not affect the acquisition or
expression of ethanol conditioned place preference in
DBA/2J or C57BL/6J mice. Alcohol Clin Exp Res
2006; 30(5):783-90.

