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Abstract
The acute effect of topiramate (TPM) treatment on zinc ion translocation in hippocampus and antiepileptic effect on behaviour in SE has been 
researched in this study. It has also been tried to explain, whether TPM has a role on antiepileptic effect by affecting the zinc ions on the hip-
pocampus.Fortynine male Sprague-Dawley rats, 3 months old, were randomly divided into seven equal groups (n=7 per group).  The first group 
was the naive, the second group was the seizure-control, the third group was seizure+TPM (60 mg/kg, i.p.) treatment, the fourth group was 
seizure+TPM60+CaEDTA (100 mM,i.c.v.), the fifth group was seizure+TPM60+ZnCl2 (35 mg/kg, i.p.), the sixth group was seizure+CaEDTA, 
the seventh group was seizure+ZnCl2.Behavioral changes of rats were observed throughout the experiment.End of the study, rats were decap-
itated under anesthesia to rapidly remove their brains. Hippocampal staining was performed to investigate zinc translocation.Our results show 
that, there was not significant differences in the SE incidence,SE latency, 24-hour survival, and  seizure scoreamong the groups. Also it was 
observed that TPM is not effective for the zinc hystochemistry in the brain when administered at the dose of 60 mg/kg.On the other hand,TPM 
can be effective for zinc translocation when it is administered in high doses. For this reason we need to work more.
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1.INTRODUCTION
Epilepsy, a common neurological disorder characterized 

by recurrent spontaneous seizures, is a major health problem 
that affects ~1-2% of the population worldwide[1]. SE in a 
neurologic condition with higher morbidity and mortality 
characterized by seizures that recur in short periods and con-
tinue for longer durations [2, 3]. At the same time SE causes 
serious neuron damage. Using different types of animals and 
models, acut and chronic SE can be induced experimentally. 
The degree of excytotoic neuron damage that occur during 
SE is related to seizure activity and duration [3].

Drugs used for controlling seizure activity (i.e. an-
ticonvulsants or antiepileptics) have been available for 
many years. Anticonvulsants are used to suppress epilep-
tic seizures without damaging the central nervous sys-
tem and without causing respiratory depression. TPM 
[2,3:4,5,-bis-0-(1-methylethylidene) b-D-fuructopyranose 
sulfamate], (C12H21NO8S) one of the newer antiepileptic 
drugs, has shown in experiments [4,5] and clinical studies 
[6] to have broad spectrum antiepileptic activity and neuro-
protective effect. Topiramate contains D–fructose sulfamate, 
natural monosaccharide meaning it is a carbohydrate de-
rivative and because of this it has a different structure than 
the other antiepileptic drugs and shows wide pharmaco-
dynamic effects and wide spectrum receptor affinity com-
pared to other anticonvulsants drugs [7,8]. It has been said 
that topiramate shows its effects through; blocking voltage 
sensitive Na+ channels [7,9] activating GABA receptors, in-
creasing chlor entrance [9] and blocking AMPA receptors.
By blocking L-type Ca++ channels which are activated by 
high voltage, it reduces Ca++ entrance and has been shown 
to have an activating effect on K+ channels [9]. On the other 
hand by inhibiting the production glutamate and aspartate it 
is been said to be neuroprotective [7].

Zinc is highly concentrated in the hippocampus, particu-
larly in the mossy fibers. Most zinc ions in the mammalian 
brain are tightly bound to metalloenzymes, but more loosely 
bound zinc ions (about 8%) are found in synaptic vesicles 

in a subset of the glutamatergic neurons in cerebrum[10]. 
Although the vesicular zinc is a small fraction of total zinc 
in the brain, it is the only fraction of zinc that can be traced 
histochemically. The N-(6-methoxy-8-quinolyl)-para-tol-
uenesulfonamide (TSQ) detectable zinc is present as free 
or loosely bound zinc ions exist in the synaptic vesicules 
of some glutamatergic neurons. Vesicular zinc ions are be-
lieved to be released during normal synaptic transmission 
[11,12]. It is suggested that the release of zinc ions stored 
in synaptic vesicles and the translocation of these ions to 
the postsynaptic compartment may trigger a degeneration 
of nerve cells following brain insults such as epilepsy [13], 
ischemia [14] and traumatic brain injury [15]. In addition, 
prevention of this zinc translocation has been shown to be 
neuroprotective in both ischemia and seizures [15]. 

The hypothetical link between mechanisms of TPM and 
the release of zinc ions after seizures induced by pilocarpine 
have not been previously investigated. Thus, we planned our 
study on the basis of assessing the effects of acutely adminis-
tered, single dose of topiramate on behaviour and zinc trans-
location as a result of high dose pilocarpine HCl induced 
SE. Detecting wheather TPM would show antiepileptic ef-
fect via new path, especially by influencing the brain’s zinc 
ions makes our study important and original. Therefore, we 
have examined whether or not TPM treatment would modu-
late the pilocarpine-induced seizures and/or change the his-
tochemical distribution of zinc ions in hippocampus, basing 
on the outcome that receptor types of topiramate and the zinc 
ions are identical.
2.MATERIALS AND METHODS

2.1. Animals
Male Sprague-Dawley rats (n=70), about three month 

old, weighting 250 g., (Uludag University, Experimental 
Animals Breeding and Research Center, Bursa, TURKEY) 
were used throughout the experiments. The study was ap-
proved by the Animal Ethical Committee of Uludag Univer-
sity (permit number:08062005/3). The animals were kept in 
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plastic cages in a room (12/12 hour light/dark schedule and 
at a temperature of 20-22° C, 50% humidity). All experi-
mental procedures were conducted accordingly to NIH and 
EU guidelines for care and use of animals.

2.2.Surgical procedure
The rats were anesthetized with thiopenthal sodium (40 

mg/kg; i.p., Pentothal Sodium-Abott). For intracerebrovent-
ricular (i.c.v.) administration of CaEDTA, a burr hole was 
drilled through the skull 1.5 mm lateral to midline and 1.0 
mm posterior to bregma and lowered 4.2 mm below. (Figure 
1) A 22-gauge stainless steel cannula was directed in the hole 
towards the lateral ventricleusing stereotaxic equipment (Fi-
gure 2). The cannula was fixed to skull with dental cement 
(ADHESOR®, CARBOFINE, SpofaDental). Local antibi-
otic (Furacin®, ECZACIBASI) and analgesics (Xylocaine® 
Pump Spray, AstraZeneca) applied and the skin was closed.

Figure 1: For intracerebroventricular (i.c.v.) administration 
of CaEDTA, a hole is drilled in the skull

Figure 2:  The placement of rat to stereotaxic equipment
2.3. Seizure induction and treatment groups 
 Naive group of rats (n=7) that were recevied ve-

hicle (2 ml NaCl, 0.9% i.p.), control group of rats (n=7) 
that were recevied vehicle (2 ml NaCl, 0.9% i.p.) and then 
pilocarpine HCl (380 mg/kg i.p.) was injected 30 minutes 
later in order to induce SE. TPM groups (n=21) that were 
recevied (60 mg/kg i.p.) TPM.  In these groups, TPM was 

given 30 minutes before the injection of pilocarpine HCl. 
In the CaEDTA groups (100 mM i.c.v.), CaEDTA (with or 
without TPM) was given 30 minutes before the injection of 
pilocarpine HCl. In the ZnCl2 gropus (35 mg/kg, i.p.), ZnCl2 
(with or without TPM) was given 30 minutes before the in-
jection of pilocarpine HCl. Peripheral cholinergic side ef-
fects were reduced by a methylscopolamine (1 mg/kg, s.c.) 
injected forty minutes before the injection of pilocarpine 
HCl. Topiramate, pilocarpine HCl and methyl-scopolamine 
were purchased from Sigma Chemical Co. (St. Louis, MO).

2.4. Behavioral evaluation of SE activity 
 The effects of TPM on pilocarpine-induced SE 

were assessed on the basis of SE incidence, latency to SE 
and 24-hour survival. The behavior of the animals was ob-
served for 24 hours and the intensity of their seizures was 
scored. The Racine scale [16] was used to evaluate the inten-
sity of the seizures. Scoring was made according to the most 
intense seizure that was witnessed during 24 hours observa-
tion time. The scores given to the behavioral signs of limbic 
motor seizures were as follow:

0 point: Immobility, no seizures
1 point: Facial automatisms
2 point: Head nodding
3 point: Unilateral or bilateral forelimb clonus
4 point: Bilateral forelimb clonus and rearing
5 point: Rearing, falling and generalized convulsions, 

SE
2.5. Tissue preparation and zinc-spesific fluorescence 

staining
Rats were anaesthetized with thiopental sodium (40 mg/

kg, i.p.,Pentothal sodium, Abott) and decapitated 24h after 
the pilocarpine HCl injection. The brains were removed ra-
pidly, frozen in CO2 snow then stored at – 80 oC. Coronal 
sections (10 µm thick) of hippocampus were cut using a 
cryostat and mounted on poly-L-lysine coated glass slides. 
For the fluorescence visualization of loosely bound synaptic 
(vesicular) and free zinc ions, the sections were thawed and 
stained with TSQ (Invitrogen Co., USA), by immersing the 
sections in a solution of TSQ (4,5 μM) and 140 mM sodium 
acetate and 140 mM sodium barbital buffer for 60 s, rinsed 
for 1 min, in normal saline (NaCl, 0.9 %), then viewed and 
imaged using a compound (Nikon Eclipses E600) fluores-
cence microscope (UV filter: excitation, 330-385 nm; bar-
rier, 420 nm) [17]. The photos of hippocampus taken by a 
camera connected the microscope have been saved to the 
computer.

2.6. Statistical analysis
All observations are given as means ± SEM. Statisti-

cal differences of the results were performed using analy-
sis of variance (ANOVA) to compare the latency to SE.The 
post-hoc test didn’t made since there is no significance in 
analysis of variance. Kruskal-Wallis variance analysis was 
performed toseizure scores.The SPSS program (SPSS 15.0 
for windows) was used to perform these tests.Statistical 
differences of the results were performed using Fischer’s 
Exact Test with Instat (GraphPad Instat software V2.02) for 
comparing the percentage of SE and the 24-hour survival 
because there are five animals in some groups.

3. RESULT AND DISCUSSION
3.1.Behavioral evaluation of seizure activity 
 In all groups, approximately 5 minutes after pi-

locarpine was administered, cholinergic stimulation signs; 
salivation, piloerection, diuresis, tremor, automatic limbic 
movements like chewing was formed. After 15-20 minutes 
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head shaking, rearing and forelimb clonus was seen and then 
SE was formed some animals 39-41 minutes (average) after 
pilocarpine injection. There was not significant differences 
in incidence of SE,SE latency, 24-hour survival, seizure 
score among the groups (table 1).

Table 1. Mean values (mean ± SEM) and comparison of 
percentage of status epilepticus (SE), latency to SE, 24-hour 
survival and seizure scores between at the control group 
(380 mg/kg pilocarpine HCl injected group) and experimen-
tal groups.

SE Latency to 24-hour Seizure 
Scores

(%) SE (min) Survi-
val(%)

(point)

Naive Group (n=7) - - 100 -

Seizure-control (n=7) 90 40.7±1.8 80 4.5±0.2

S+TPM 60 mg/kg 
(n=7)

50 45.0±1.6 90 3.8±0.4

S+TPM60+CaEDTA 
(n=7)

60 44.5±2.1 90 3.9±0.3

 S+TPM60+ZnCl2 
(n=7)

90 42.1±2.6 80 4.3±0.3

S+CaEDTA (n=7) 70 44.7±3.3 90 4.2±0.2

S+ZnCl2 (n=7) 90 44.5±2.1 70 4.6±0.2
ANOVA,  p>0.05,  not significant differences among the groups 
compare to seizure-control group

3.2. Evaluation of zinc-spesific fluorescence staining
In order to evaluate a possible seizure induced post-

synaptic accumulation of free zinc ions in the hippocampal 
pyramidal cells, we used TSQ staining, furthermore, micro-
scopic pictures of the TSQ fluorescence intensities in area 
CA3 was compared between groups.In our study a mean-
ing result hadn’t been achieved in the means of distribution 
and amount of zinc ions. As expected, it is observed that 
in the naive group, the zinc ions that are in the CA3 area, 
hanging on the presynaptic ends of the mossy fibers kept be-
ing fluorescent in the normal levels. (Figure 3).When TPM 
administered at the dose of 60 mg/kg and control group it 
is observed that zinc could pass to the postsynaptic neuron 
from the presynaptic neuron (Figure5and4) When 60 mg/kg 
was applied, TPM was not effective on the zinc translocati-
on. Only the images of the three groups were used because 
of the images of the other groups are similar.

Figure 3: TSQ staining. Samples of TSQ staining from 
mossy fibers and Cornu Ammonis (CA3) area of naive 
group. It is observed that in the naive group, the zinc ions 
that are in the CA3 area, hanging on the presynaptic ends of 
the mossy fibers kept being fluorescent in the normal levels.

Figure 4: TSQ staining. Samples of TSQ staining from 
mossy fibers and Cornu Ammonis (CA3) area of sei-
zure-control group. The zinc ions could pass to the postsyn-
aptic neuron from the presynaptic neuron in the this group.

Figure 5: TSQ staining. Samples of TSQ staining from 
mossy fibers and Cornu Ammonis (CA3) area of TPM60 
group.  The zinc ions could pass to the postsynaptic neuron 
from the presynaptic neuron when TPM administered at the 
dose of 60 mg/kg in this group.

The fact that Niebauer and Gruenthal [18] do not find 
a difference between the animals that given and not given 
TPM in terms of behavior  supports our findings.Fisher et al. 
[19] found that any dose of TPM (20-320 mg / kg) did not 
terminate the SE.Rigoulot et al. [20] found that TPM was 
not effective on behavior.The findings of these researchers 
support us.In a study of post-ischemic epilepsy in rats, TPM 
prevented tonic and clonic seizures [21].In another study of 
mice with seizures with pentylenetetrazole, TPM increased 
to seizure threshold [22,23].The tonic phase of generalized 
seizures was found to be suppressed by topiramate in young 
and adult rats [24].Sills et al.[25] have suggested that TPM 
is not effective on GABA levels in a study with mice.Ri-
goulot et al. [20] claimed that GABA and glutamate levels 
could be altered by TPM injection in GAERS rats.In a study 
with humans, it has been reported that TPM has an antiepi-
leptic effect by increasing GABA level in healthy subjects 
[26] and epileptic patients [27].The fact that these findings 
do not support us may be due to differences between species 
and the difference in use of the seizure methods.Placidi et al. 
[28] found that TPM significantly reduced both partial and 
generalized tonic-clonic seizures (≥50%) in humans.But the 
treatment in this study is a chronic treatment in humans.The 
difference in our findings may be due to our study is acute.A 
study by Kudin et al. [29] found that TPM did not terminate 
SE at doses of 100 mg / kg or less. In recent years studies, SE 
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was controlled in 68.6% of patients receiving TPM in human 
[30].In Acon-Chen et al work,results suggest that  treatment 
with TPM is not effective at reducing soman-induced seizu-
re activity and neuropathology in rats [31].In another study 
in human,TPM was not a predictor of successful SE termi-
nation in neither the overall cohort, nor in the subgroup of 
complex-partial RSE [32].

Also, there was no literature which supports us either 
pozitively or negatively about TPM and zinc histochemistry.
The hypothetical link between mechanisms of TPM and the 
release of zinc ions after seizures induced by pilocarpine 
have not been previously investigated.On the other hand 
when TPM is administered in higher doses, it can be seen, 
in addition to its known antiepileptic mechanisms, has an 
other antiepileptic effect via a  possible pathway by blocking 
brain’s zinc translocation. also higher doses of topiramate 
may be effective on SE behaviours.As a result of insufficient 
studies investigating TPM and zinc ions in the brain and not 
knowing much about their relation, we considered this issue 
worth to research. 
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