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ABSTRACT

Although topiramate (TPM) has been used to treat human disease, 
there are few studies of its effects on the behavior of animal mod-
els. Objective. This study aimed to assess the effect of acute TPM 
administration on the behavior of mice undergoing the open-field 
test. Method. The animals were divided in two groups: the treat-
ment group (n = 10), which received 10 mg/kg TPM intraperito-
neally, and the control group (n = 10), which received saline. 30 
minutes after drug administration, the animals were assessed for 5 
minutes in the open-field. The following parameters were analyzed: 
number of squares explored, immobility time, central area perma-
nence time, peripheral apparatus permanence time, rearing fre-
quency and time, grooming frequency and time, rearing frequency 
during the last minute, number of fecal boli, and estimated speed. 
Results. The treatment group had a higher number of squares ex-
plored (p = 0.02) and greater estimated speed (p = 0.01). Conclu-
sion. The results suggest that acute TPM administration increases 
the locomotor activity of mice without interfering with learning, 
anxiety, stress, and exploratory behavior.
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RESUMO

Embora o topiramato (TPM) seja utilizado para tratar doenças em 
humanos, poucos são os estudos de seus efeitos sobre o compor-
tamento em modelos animais. Objetivo. Este estudo teve como 
objetivo avaliar o efeito da administração aguda de TPM sobre o 
comportamento de ratos submetidos ao teste de campo aberto. 
Método. Os animais foram divididos em dois grupos: o grupo tra-
tamento (n = 10), que recebeu 10 mg/kg intraperitoneal de TPM 
e o grupo controle (n = 10), que recebeu solução salina. Após 30 
minutos de administração da droga, os animais foram avaliados 
durante 5 minutos no teste de campo aberto. Os seguintes parâ-
metros foram analisados: número de quadrados explorados, tempo 
de imobilidade, tempo de permanência na área central, tempo de 
permanência na área periférica, tempo de permanência em pé, fre-
quência e tempo de grooming, tempo em pé durante o último mi-
nuto, número de bolos fecais e a velocidade estimada. Resultados. 
O grupo tratamento teve um maior número de locais explorados 
(p = 0.02) e maior velocidade estimada (p = 0.01). Conclusão. Os 
resultados sugerem que a administração aguda de TPM aumenta a 
atividade locomotora de camundongos sem interferir com a apren-
dizagem, ansiedade, estresse e comportamento exploratório.

Unitermos. Camundongo, Atividade Locomotora, Topiramato, 
Comportamento.
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INTRODUCTION
Topiramate (TPM) is a drug that inhibits some 

ion channels, reducing the frequency of reactivation of 
calcium channels and voltage-activated sodium chan-
nels. It is excitatory of the GABA-A receptors, lead-
ing to a neuronal chloride ion influx and generating 
inhibitory post-synaptic potentials. It also antagonizes 
the ability of the kainate sub receptor to activate the 
AMPA receptor subtypes of the glutamate excitatory 
neurotrasmitter, with a possible additional effect on 
the activity of the NMDA-type glutamatergic recep-
tors1.

TPM has found several uses in human disease. 
Initially developed to treat epilepsy2, its use has been 
extended to other clinical situations such as bipolar 
disorder3, mood disorders4, neuropathic pain5, klepto-
mania6, migraine7, several chemical addictions8, obe-
sity9, and ischemic stroke10. In a few studies, TPM was 
associated with cognitive impairment when compared 
with other drugs, this reinforces the need for basic re-
search to the use of topiramate11.

Yet studies of TPM on animal models are scarce 
in spite of the existence of adequate apparatuses for the 
assessment of several emotional parameters (chiefly in 
rodents) such as stress, anxiety, fear, and locomotion. 
The open-field test is one of the most validated and 
used tools for emotionality assessment12.

This study aimed to assess the behavior of acute-
ly TPM-treated mice in the open field test.

METHOD
Animals

Adult male Swiss mice (age 90 days and weight 
approximately 40g) from the Central Bioterium of the 
Juiz de Fora Federal University (UFJF) were used. The 
animals were kept in 41 X 34 X 16cm polypropylene 
cages (10 animals in each cage) lined with wood shav-
ings in the Cognitive Neurophysiology Laboratory of 
the UFJF.

In order to guarantee well being and avoid en-
vironmental influences on test performance, the cages 
were kept on a ventilated bookcase with controlled 

temperature (22±1ºC) and humidity (50±5%), in 12-
hour light/12-hour dark cycles (lights on from 7 a.m.). 
The animals were initially kept in the laboratory for 
2 weeks, with free access to water and ration, being 
handled only during cage cleaning, by the same person 
and at the same time. The experimental protocol fol-
lowed the guidelines of the NIH Guide for the Use and 
Care of Laboratory Animals (National Academy Press, 
USA) and was approved by the local Ethics Commit-
tee of Federal University of Juiz de Fora, MG.

Drug
After being weighed on an electronic scale, the 

animals were divided in control and treatment groups, 
each one with 10 animals. Controls received 0.9% 
saline and the other animals received TPM (Janssen 
Cilag Farmacêutica, Brazil), diluted in 0.9% saline, so 
that each animal received 10mg/kg. Intraperitoneal 
administration was achieved with an insulin syringe 
fitted with an ultrafine needle, during the light-hours 
phase of the cycle. 30 minutes after administration the 
animals underwent the open-field test.

Test apparatus
The open field used in this experiment consisted 

of a 45cm-long square wooden apparatus, closed with 
15cm-high walls13. The floor, made of rough glass to 
make locomotion easier, was painted with 36 7.5cm-
long squares to enable the number of explored squares 
to be counted. The apparatus was kept in a room un-
der dim light (22±1 lux) and the tests were undertaken 
during the lights-on phase of the cycle, between 10 
a.m. and 4 p.m. In order to remove any olfactory cues, 
the apparatus was cleaned with 70% isopropylic alco-
hol after each test.

Experimental procedure
After TPM or saline injection, each animal was 

returned to the cage and, after 30 minutes, was gently 
placed at the center of the open field and filmed for 
5 minutes with a high resolution webcam (1300Kb), 
which obtained the images and sent them straight to 
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the ANY-maze software (Stoelting Co., Wood Dale, 
IL, USA). The software analyzed the following pa-
rameters: number of squares explored (counted as the 
animal crossed the dividing line with the four limbs), 
immobility time (period during which the animal 
stayed still or in a rearing/grooming position), central 
area permanence time (16 squares in the central area), 
time in the apparatus periphery (20 peripheral squares 
adjacent to the walls, where the animal would have 
thigmotaxic cues), frequency and duration of rearing 
episodes (exploratory behavior in which the animal 
stands on the rear limbs), frequency and duration of 
grooming (self-cleaning behavior in which the animal 
explores the body with the snout or the head with 
the front limbs), and number of fecal boli. Anxiety 
behavior was assessed through the time spent in the 
16 squares non-adjacent to the apparatus walls14. In 
order to better assess the locomotor activity, the esti-
mated speed (pictures/minute) of each animal, that is 
the number of squares crossed divided by the actual 
locomotion time (5 minutes minus immobility time), 
was measured. The frequency of rearing during the last 
minute of the test was also measured, so as to compare 
habituation between the groups15.

Statistical analysis
After descriptive analysis and verification of 

sample normality and equivalent variance assump-
tions, the t-test was used to assess any significant differ-
ence between the means from both groups. Pearson`s 
correlation test was also used to assess concordance for 
rearing and grooming behaviors. The results of descrip-
tive statistics are presented as means ± standard error. 
5% significance level was adopted, and the version 7 
Statistica packgae (StatSoft Inc., Tulsa, OK, USA) was 
used for data analysis.

RESULTS
Results of t-test were not statistically significant 

for the following parameters: time spent in the center 
(t = 0.80, df = 18, p = 0.43), time spent in the periph-
ery (t = -0.80, df = 18, p = 0.43), rearing frequency (t = 

-1.01, df = 18, p = 0.33), rearing frequency during the 
last minute (t = 0.24, df = 18, p = 0.81), rearing time 
(t = -0.69, df = 18, p = 0.50), grooming frequency (t = 
1.18, df = 18, p = 0.25), grooming time (t = 0.48, df = 
18, p = 0.64), and immobility time (t = -0.06, df = 18, 
p = 0.96) (Tab. 1).

Table 1
Parameters for the control group (n = 10) and TPM-treated group 
(n = 10) in the open field. Data are expressed as means ± standard 
error

Control Topiramate p

Number of squares 287.3±25.1 429.1±51.2 0.02*

Time at the center (s) 63.4±6.8 76.1±14.3 0.43

Time at the periphery (s) 236.6±6.8 223.9±14.3 0.43

Rearing frequency 19.9±5.9 13.2±3.1 0.33

Rearing frequency (last 
minute) 3.3±1.2 2.8±1.7 0.81

Rearing time (s) 21.0±6.2 16.2±3.1 0.50

Grooming frequency 2.6±0.9 7.6±4.2 0.25

Grooming time (s) 10.6±4.1 14.7±7.5 0.64

Immobility time (s) 31.6±8.2 30.9±9.5 0.96

Speed (squares/min) 59.8±5.1 90.9±10.4 0.01*

Number of fecal boli 3.6±0.4 1.4±0.5 < 0.01*

*p < 5%

The following parameters had statistically sig-
nificant (a = 0.05) differences: number of explored 
pictures (t = 2.49, df = 18, p = 0.02), estimated speed 
(t = 2.69, df = 18, p = 0.01), and number of fecal boli 
(t = -3.12, df = 18, p < 0.01). The treatment group 
had fewer fecal boli and greater locomotor activity as 
ascertained by the larger number of pictures explored 
and higher estimated speed (Fig. 1).

There was strong positive correlation on Pear-
son’s test between rearing time and frequency (r = 
0.926, p < 0.01) as well as between grooming time and 
frequency (r = 0.924, p < 0.01).

DISCUSSION
The data showed increased locomotor activity 

and reduction of fecal boli in the TPM-treated group. 
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Although locomotor activity is generally assessed 
through the number of pictures explored13, we intro-
duced the estimated speed parameter, which showed 
consistent results, pointing to its possible use as a new 
open-field parameter, as a variable that takes into ac-
count the immobility time, which might be affected by 
stress, fear, or anxiety12.

 

Fig. 1. Comparison of means (p < 0.05) and standard error of 
locomotor activity (explored squares and estimated speed) in the 
control group (blank bars) and TPM-treated group (lined bars).

The fact that TPM-treated animals had greater 
locomotor activity could be accounted for by a reduc-
tion of the habituation-linked learning process, and 
thus by an impairment of short term memory acquisi-
tion in the hippocampus through changes in the gluta-
matergic tonus16, once deterioration of human cogni-
tive function with the drug has been reported17.

However, such a fact does not seem to have oc-
curred in our study, once there was no difference of 
rearing frequency during the last minute between the 
groups. This parameter has good accuracy for habitu-
ation analysis in the open field18. Similar results were 
found in another study19.

Another possible explanation for the increased 
locomotor activity could be an increase in the anxiety 
levels of TPM-treated animals, although our data did 
not show any difference between the time spent in the 
periphery or in the center. It is generally accepted that 
anxious animals seek safer environments, represented 

by the squares adjacent to the walls in the open field, 
an area where there are more thigmotaxic cues14. This 
suggests that the two groups had equivalent anxiety 
levels.

Thus TPM-treated animals might have had 
greater locomotor activity by a direct action of TPM 
over structures responsible for motor patterns such as 
the striatum and prefrontal cortex, once a close rela-
tion between locomotor activity and dopaminergic to-
nus in the basal nuclei has been shown20,21.

NMDA glutamatergic and dopaminergic re-
ceptors from various central nervous system sites have 
been shown to interfere with locomotor activity. An 
interaction of the two neurotransmitter systems in the 
nucleus accumbens, prefrontal cortex, and basal nuclei 
has been hypothesized22.

TPM acts in the corticomesolimbic pathway23 
and might increase dopamine release from the medial 
prefrontal cortex24. TPM also acts in the glutamatergic 
tonus, chiefly over the AMPA and kainate receptors, 
and also possibly in the NDMA receptors25,26. These 
neurochemical alterations might thus account for the 
increased locomotion seen in the TPM-treated animals 
in our study.

The reduction in the number of fecal boli in the 
TPM-treated animals might suggest lower stress lev-
els, although anxiety alterations that commonly follow 
stress alterations in the open field12 were not evidenced 
here. Therefore, the reduction in the fecal boli may 
have been due to a direct action of TPM over gastroin-
testinal motility27.

Our results suggested that the increase in the lo-
comotor activity was independent from the increase in 
the exploratory activity, once when the latter increases, 
the animals exhibit greater rearing and grooming time 
or frequency18. This fact stresses the idea that TPM 
may have acted through motor-related circuitry, once 
exploratory behavior is an adaptive and evolutionary 
mechanism involving motivational circuitry28. Most 
studies assessing the exploratory behaviors rearing and 
grooming have used both time and frequency of these 
parameters. We found a strong positive correlation be-
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tween time and frequency of rearing and also of time 
and frequency of grooming, suggesting that measur-
ing just one parameter (time or frequency) may suffice. 
Such an approach may simplify the open field test.

One drawback of our study was the use of a 
single dose of TPM (10mg/Kg). Although other au-
thors have managed to use higher doses, a pilot study 
we conducted showed higher doses to produce ataxia 
and sedation. We did not test the effects of chronic 
administration or the effects more than 30 minutes af-
ter acute TPM administration. Further studies should 
assess different doses at different times.

CONCLUSION
Our results suggest that acute TPM administra-

tion increases the locomotor activity of mice without 
affecting other parameters such as learning, anxiety, 
stress, and exploratory behavior.

REFERENCES
1.Perucca E. A pharmacological and clinical review on topiramate, a new 
antiepileptic drug. Pharmacol Res 1997;35:241-56.
2.Fisher R, Blum D. Clobazam, oxcarbazepine, tiagabine, topiramate, and 
other new antiepileptic drugs. Epilepsia 1995;36:S105-14.
3.Vieta E, Gilabert A, Rodriguez A, Garcia-Castrillon A, Luna MJ, Arrufat 
E, et al. Effectiveness and safety of topiramate in treatment-resistant bipolar 
disorder. Actas Esp Psiquiatr 2001;29:148-52.
4.Maidment ID. The use of topiramate in mood stabilization. Ann Phar-
macother 2002;36:1277-81.
5.Chong MS, Libretto SE. The rationale and use of topiramate for treating 
neuropathic pain. Clin J Pain 2003;19:59-68.
6.Dannon PN. Topiramate for the treatment of kleptomania: a case series 
and review of the literature. Clin Neuropharmacol 2003;26:1-4.
7.McGeeney BE. Topiramate in the treatment of cluster headache. Curr 
Pain Headache Rep 2003;7:135-8.
8.Johnson BA. Uses of topiramate in the treatment of alcohol dependence. 
Expert Rev Neurother 2004;4:751-8.
9.Astrup A, Toubro S. Topiramate: a new potential pharmacological treat-
ment for obesity. Obes Res 2004;12:167S-73S.
10.Choi JW, Kim WK. Is topiramate a potential therapeutic agent for cere-
bral hypoxic/ischemic injury? Exp Neurol 2007;203:5-7.
11.Gomer B, Wagner K, Frings L, Saar J, Carius A, Harle M, et al. The in-
fluence of antiepileptic drugs on cognition: A comparison of levetiracetam 
with topiramate. Epilep Behav 2007;10:486-94. 

12.Archer J. Tests for emotionality in rats and mice: a review. Anim Behav 
1973;21:205-35.
13.Walsh RN, Cummins RA. The Open-Field Test: a critical review. Psy-
chol Bull 83 1976;83:482-504.
14.Prut L, Belzung C. The open field as a paradigm to measure the effects of 
drugs on anxiety-like behaviors: a review. Eur J Pharmacol 2003;463:3-33.
15. Pedrazza EL, Riboldi GP, Pereira GS, Izquierdo I, Bonan CD. Habitu-
ation to an open field alters ecto-nucleotidase activities in rat hippocampal 
synaptosomes. Neurosci Lett 2007;413:21-4.
16.Izquierdo I, Izquierdo LA, Barros DM, Souza TM, Souza MM, Quevedo 
J, et al. Differential involvement of cortical receptor mechanisms in work-
ing, short-term and long-term memory. Behav Pharmacol 1998;9:421-7.
17.Tang V, Warden J, Cullen N, Rutledge E. Topiramate in traumatic 
brain injury: adverse effects on cognitive function. J Head Trauma Rehabil 
2007;22:409-10.
18.Choleris E, Thomas AW, Kavaliers M, Prato FS. A detailed ethological 
analysis of the mouse open field test: effects of diazepam, chlordiazepoxide 
and an extremely low frequency pulsed magnetic field. Neurosci Biobehav 
Rev 2001;21:235-60.
19.Alaverdashvili M, Kubova H, Mares P. Motor performance and behavior 
of immature rats are not compromised by a high dose of topiramate. Epi-
lepsy Behav 2005;7:222-30.
20.Gainetdinov RR, Wetsel WC, Jones SR, Levin ED, Jaber M, Caron 
MG. Role of serotonin in the paradoxical calming effect of psychostimu-
lants on hyperactivity. Science 1999;283:397-401.
21.Jones SR, Gainetdinov RR, Caron MG. Application of microdialy-
sis and voltammetry to assess dopamine functions in genetically altered 
mice: correlation with locomotor activity. Psychopharmacology (Berl) 
1999;147:30-2.
22.Adriani W, Felici A, Sargolini F, Roullet P, Usiello A, Oliverio A, et 
al. N-methyl-D-aspartate and dopamine receptor involvement in the 
modulation of locomotor activity and memory processes. Exp Brain Res 
1998;123:52-9.
23.Johnson BA. Topiramate-induced neuromodulation of cortico-meso-
limbic dopamine function: a new vista for the treatment of comorbid alco-
hol and nicotine dependence? Addict Behav 2004;29:1465-79.
24.Eltayb A, Wadenberg ML, Schilstrom B, Svensson TH. Topiramate aug-
ments the antipsychotic-like effect and cortical dopamine output of raclo-
pride. Naunyn Schmiedebergs Arch Pharmacol 2005;372:195-202.
25.Deutsch SI, Schwartz BL, Rosse RB, Mastropaolo J, Marvel CL, Dra-
palski AL. Adjuvant topiramate administration: a pharmacologic strategy 
for addressing NMDA receptor hypofunction in schizophrenia. Clin Neu-
ropharmacol 2003;26:199-206.
26.Drapalski AL, Rosse 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 Neuro-
pharmacol 2001;24:290-4.
27.Smith C. Drug Interactions between Psychoactive Agents and Antiepi-
leptic Agents. Epilepsy Behav 2001;2:92-105.
28.Alvarez Jdo N, Fukushiro DF, Tatsu JA, Carvalho EP, Gandolfi AC, 
Tsuchiya JB, et al. Amphetamine-induced rapid-onset sensitization: role 
of novelty, conditioning and behavioral parameters. Pharmacol Biochem 
Behav 2006;83:500-7.


