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Background: Almost 20% of epileptics are drug resistant. Studies have shown that low 

frequency repetitive transcranial magnetic stimulation (rTMS) is with therapeutic effects 

on epilepsy-affected laboratory models. Anticonvulsant effects of rTMS depend on several 

parameters among which radiation frequency is the most important one. In this study, the 

therapeutic impacts of 1 and 2 Hz rTMS on convulsing parameters in epileptic model of 

electrical kindling stimulation of the perforant path were investigated.  

Materials and Methods: In this experimental study 21 rats were randomly divided into 

three groups, namely ‘1 Hz treatment group’ and ‘2 Hz treatment group’ and ‘kindling 

group’. The kindling group only received kindling stimulations for seven days. One Hz 

and 2 Hz frequency treatment groups received maximally 5 min rTMS after termination of 

kindling stimulation per day for a week. Stimulation and stability electrodes had been 

placed, in turn, on perforant path and dentate gyrus. For quantifying the duration of the 

subsequent discharge waves, two-way ANOVA test and Bonferroni post-test were 

employed. In addition, for quantifying the convulsive behaviors, Kruskal-Wallis and the 

Mann-Whitney U tests were used.  

Results: The results showed that 1 Hz and 2 Hz frequency rTMS have considerable 

inhibitory impact on the development of convulsive phases. Anticonvulsive effect was 

observed from the first day after rTMS was undertaken. In addition, the animals did not 

show fourth and fifth convulsive stages, and a significant reduction was evident in their 

recorded peak discharge waves compared with kindle group. 

Conclusion: Low frequency rTMS possesses significant anticonvulsive effects which 

depend upon sTMS stimulation frequency.  

Copyright © 2015 Zahedan University of Medical Sciences. All rights reserved. 
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         Introduction 

pilepsy is a neurological disease from which about 

1.5% of global human populations are suffering. 

This disease is categorized based on various 

electrographic recurrent attacks. The representation of 

these attacks lies in the brain and progressively spread 

from seizure origin to different areas, and even whole 

brain, electrophysiologically. The varieties of this disease 

share a single feature: epilepsy increases the cortical 

excitability of the brain [1]. Temporal lobe is the most 

prevalent epilepsy [2]. Today, anticonvulsive medications 

are largely used to tackle epilepsy; however, about 20% 

of epileptics are drug-resistant [3]. In such cases, surgery 

is used. Nevertheless, surgery is an invasive method that 

in several cases is accompanied with irreversible side 

effects, leading to neuronal damages [4].  

The previous studies have shown that low frequency 

rTMS can have therapeutic effects on epilepsy-affected 

laboratory models. For example, Akamastsu et al. showed 

that rTMS of 1000 pulses at 0.5 Hz led to a prolonged 

latency for seizure development and decreased frequent 

seizures after intraperitoneal injection of pentylenetetrazol 

in Wistar rats [5]. Roteaberg et al. investigated 

antiepileptic effect of rTMS on kainic acid epilepsy model 

at 0.75, 0.5, and 0.25 frequencies. They found out that 

seizure duration decreased at 0.5 and 0.75 Hz frequencies, 

but 0.25 Hz frequency had no impact on it [6].  

These observations demonstrate that anticonvulsive 

effect of rTMS depends on its frequency. Kindling is a 

standard model for investigation into the impacts of 

different therapeutic factors on epilepsy and its resulted 

seizures [1]. Applying physical parameters such as using 

50 Hz magnetic field has shown a weak inhibitory 

influence on seizure process of kindling [7]. Even though, 

no report of the rTMS effects, with different frequencies 

and intensities, on neural excitability parameters, in 

seizure state, has been published. 

Inhibitory and stimulatory effects of rTMS depend on 

field intensity, duration of the applied pulse train, time 

interval between each pulse train and applied frequency in 

particular [7-9]. Due to the huge advantage of this 

technique (rTMS is a painless and cheap procedure 

without side effects), obtaining its optimal parameters, 

especially the applying frequency, can bring beneficial 

results in considering this method as a supplement or an 

alternative for conventional epilepsy treatment technique 

that are with several side effects. In this study, the 
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therapeutic impacts of 1 and 2 Hz rTMS on convulsing 

parameters in epileptic model of electrical kindling 

stimulation of the perforant path were investigated. 

 

Materials and Methods 
 

In this clinical trial, 21 male Wistar rates weighing 270-

300 g (from animal house of Tarbiat Modarres University 

of Medical Sciences) were used. The rates were kept 

under 12:12 h light-dark-cycle at a constant temperature. 

The lights were turned on at 7 in the morning. The rates 

were kept in separate cages with straw-covered floors. 

They had free access to food and water. After preparation 

of sterilized surgical instruments, the animal underwent 

anesthesia using pentobarbital sodium (50 mg/kg, 

intraperitoneal). The rat, with shaved head, was put into 

stereotaxy. After the animal’s head was fixed and washed 

with Betadine, a midline incision was made with a 

surgical blade and the surface of the skull was cleaned 

with alcohol to identify the bregma point. The position of 

perforant path on the right hemisphere from the bregma 

was determined for placing stimulatory electrodes (in 

millimeter: AP=-6.9, L=4.1, and V=2.4 to 2.7 from the 

surface of the skull bone). In addition, the position of 

dentate gyrus from the bregma was determined for 

placing stability electrodes (in millimeter: AP=-3, L=1.8, 

and V=3.2 to 3.5 from the surface of the skull bone) [10]. 

After fastening anchor bolts, uni-polar electrodes, and 

stimulating and stability electrodes were set in certain 

places. Using stimulator, an electric excitation, with 50 

µA to 1 mA intensity, was applied on perforant path 

through stimulating electrode. If the electrodes had been 

set at appropriate places, following application of 

stimulation with a single-pulse, the potential of field 

excitatory post-synaptic potentials (fEPSP) would have 

been recorded. Otherwise, stimulating and stability 

electrodes were relocated until an fWPSP with maximum 

amplitude (between 3 to 10 mV) was recorded. In 

addition, by applying paired-pulse stimulations with 70 

ms intrapulse interval and observing paired pulse 

facilitation phenomenon, as the salient feature of dentate 

gyrus, the electrode location was confirmed 

physiologically as well. Then, electrodes and bolts were 

fixed over the animal’s skull using dental cement. For 

healing the wounds and training the animal, it was given 

10 days to rest. Whole research project was in consistent 

with ethical considerations of keeping and using 

laboratory animals under the observation of Ethics 

Committee of Tarbiat Modarres University of Medical 

Sciences, Tehran, Iran. 

Animal Stimulation: 

A) Stimulating animals for rapid kindling: Animals were 

stimulated using rapid kindling technique. First, the 

subsequent discharge wave threshold for each animal was 

determined. In this regard, the perforant path was 

stimulated with a 20 µA flow. In case the subsequent 

discharge waves were recorded (at least for 10 seconds), 

this intensity was taken to be threshold current. 

Otherwise, in a 5 min interval-cycle, the flow rate was 

gradually increased for 10 µA every time to obtain 

stimulation threshold. In his procedure, the animals were 

stimulated for 5 seconds with a single-phase square wave 

at frequency of 50 Hz, subsequent discharge wave 

threshold intensity, and 1 ms pulse duration [11]. These 

stimulations were undertaken twelve times per day in a    

5-min interval and continued until the fifth stage of 

convulsion was observed. Convulsive attack stages were 

divided into five categories based in Racine pattern 

(reference number). For generating this stimulating wave, 

a stimulator (Nihon Kohden, Japan) and a constant-

current stimulus isolation unit (SS-202J; Nihon Kohden, 

Japan) were employed.  

B) rTMS stimulations: for investigating the effect of 

rTMS stimulation frequency, the animals underwent 

anesthesia with a little amount of CO2 for 5 min after 

kindling stimulation, every day. Then, they were fixed in 

the holder and exposed to magnetic radiation in 

previously determined spatial coordinates. This spatial 

coordinates were determined in a way that the maximum 

field intensity acted on dentate gyrus. All animals were 

exposed to the magnetic radiation with an intensity 

equating 80% of motor threshold of each animal. Motor 

threshold of each animal was behaviorally determined. 

For keeping the animal immobilized during rTMS 

stimulation, a holding chamber made of pressured glass 

(plexiglas) was used. After recovery from surgery, the 

animals were kept in holding chamber for 15 min per day 

to lower their stress and get them accustomed to the 

experimental environment. After 4 to 5 days in holding 

chamber, animal’s head gradually became fixed. After 

fixing the animal’s head, electric coil was located on the 

motor cortex of the dorsal muscles in a way that the 

highest field intensity was acting on this region. Low 

intensities of stimulation pulses applied to the animal, and 

then contractile responses of dorsal muscles were studied. 

Field intensity was increased gradually to reach the first 

contractile response of the animal’s dorsal muscle. This 

output intensity of the device was taken to be 100% of the 

animal’s motor threshold (at rest). 

Experimental groups: the animals were divided into two 

groups, namely ‘kindle, and ‘kindle+rTMS’. Kindle group 

received kindling stimulations twelve times per day under 

5-min interval. Kindle+rTMS group followed the same 

protocol, except that they received therapeutic 

stimulations five min after the last kindling stimulation. A 

scheme of research plan is presented in figure 1. The 

parameter investigated in this study included the highest 

subsequent discharge wave duration per day (maximum 

ADD; mADD) and highest convulsive phase (maximum 

Stage of Seizure: mSS).  

There were 6 animals in each experimental group. Due 

to the very low variance of kindling technique, this 

number of animals was quite adequate. For comparing 

mADD changes in different groups, two-way ANOVA 

test and Bonferroni subsequent test were used. The 

comparison between behavioral phases of seizure was 

performed using Kruskal-Wallis and Mann-Withney U 

tests. Significant distance of 0.05 has been set for all 

statistical tests (p<0.05), unless the contrary has been 

stated. Prism 5 was employed for statistical analyses. 
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Results 

 
There was no significant difference between mean 

subsequent discharge wave duration after first stimulation 

and stimulation threshold intensity in animals in different 

groups. That is, the intensity of neural system excitability 

was equal in different groups. Applying kindling 

stimulation to kindle group caused animals to reach fifth 

stage of convulsion after 5.4±0.5 days, in average. The 

intensity of anticonvulsive effects of different rTMS 

frequencies in various studies was compared with the data 

from this group of animals over 7 days. 

In order to investigate the impact of rTMS frequency on 

the intensity of anticonvulsive effects, 1 Hz and 2 Hz 

rTMS were applied. A sample of subsequent discharge 

waves of kindle and kindle+rtms groups are presented in 

figure 2. The comparison of mADD was performed using 

two-way ANOVA test in 7 days between kindle and 

kindle+rTMS groups, receiving rTMS at different 

frequencies. The results indicated significant difference in 

that regard between the mentioned groups (p<0.001). 

Bonferroni subsequent test showed a significant 

difference between kindle+rTMS group at 1 Hz and 2 Hz 

frequencies and kindle group. However, there was no 

significant difference between 1 and 2 Hz group (Fig. 3). 

Comparison between behavioral phases of convulsion 

revealed a significant difference between groups receiving 

1 Hz and 2 Hz rTMS and kindle group, using Kruskal-

Wallis test. Mann-Whitney U test showed a significant 

difference between kindle+rTMS and kindle groups from 

the 2 day. However, there was no significant difference 

between the two rTMS groups, p<0.001 (Fig. 4).  
 

 
Figure 1. Timing diagram showing the process of kindling stimulation and kindle + rTMS  

 

 
 

Figure 2. Sample of discharge waves after Kindling group and Kindling + rTMS group. (Kindling stimulation was applied for 2 seconds at the start of 
registration and scale of all these figures were for 2 seconds for the horizontal axis and 200 mV for the vertical axis that are not clear due to lack of space) 
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Figure 3. Effect of rTMS with different frequencies during the perforant 
path kindling. Data are shown as mean±standard error of the mean. 

*p<0.01 and ***p<0.001 is compared with Kindle group (N = 6). 
 
 

 

 

 

 

 

 

 

 

 
Figure 4. Effect of rTMS with different frequencies during the perforant 

path kindling on the incidence of behavioral seizures. Data are shown as 

mean±standard error of the mean. *p<0.01 and ***p<0.001 is compared 
with Kindling group (N = 6).  

 

Discussion 
 

The findings of this study showed that applying rTMS at 

1 and 2 Hz frequencies has remarkable impact on 

inhabitation of convulsive stages. In that, this 

anticonvulsive effect was observable from the first day 

after applying rTMS. In addition, those animals that had 

received rTMS did not show fourth and fifth convulsive 

stages, and the highest discharge wave observed in them 

was with a considerable reduction compared with kindle 

group. This study was in consistent with previous ones. 

For example, Akamatsu et al. demonstrated that applying 

1000 pulse of rTMS at 0.5 Hz frequency caused 

mitigation of epileptic seizures in successive epilepsy 

model, after injection of pentylenetetrazol to peritoneum 

of epileptic rats [5]. Rotenberg et al., revealed that rTMS 

at 0.5 and 0.75 Hz has anticonvulsive effects on rats with 

kainik acid-induced epilepsy [6]. Ke et al. and Huang et 

al. studied the frequency-depended effect of rTMS in 

pilocarpine epileptic model. They applied rTMS to the 

rats at different frequencies for two weeks. Then, 

pilocarpine was injected and it was observed that 1, 0.8, 

0.5, and 0.3 Hz frequencies postponed the onset of seizure 

[12, 13]. It has been demonstrated that low frequency 

stimulations generate antiepileptic effect through 

decreasing NMDA receptor and subsequent reduction of 

neuron excitability [14, 15]. 

In a preliminary study by Anschel et al., it was 

demonstrated that 1 Hz rTMS has anticonvulsive effect 

[16]. In the mentioned experiment, the injection of 

cerebrospinal fluid of depressed patients, exposed to 1 Hz 

rTMS, to the ventricle of the rats decreased kindling rate 

through increasing seizure threshold. rTMS was 

stimulated for eight daily sessions of 26.6 min. The 

intensity of stimulation was equal to 90% of individual’s 

motor threshold. The same protocol was employed for 10 

Hz rTMS. A total of twenty pulse trains, each for 8 

seconds with 22 seconds interval and total radiation 

duration of 22 min were applied. The results showed that 

in contrast to 1 Hz frequency, 10 Hz frequency did not 

reduce seizure threshold. These findings conform to the 

results from the present study in that 1 Hz rTMS inhibits 

and suppresses neuronal activity. However, duration of 

stimulation and also the type of protocol (injection of 

cerebrospinal fluid of radiated sample to the studied 

sample) were different from the present study. Regarding 

the above, it could be argued that rTMS radiation causes 

secretion and increased concentration of endogenous 

anticonvulsive substances in cerebrospinal fluid. These 

cases possess anticonvulsive effects and increase in their 

concentration can last for several minutes after rTMS 

radiation [16]. It has been suggested that the time-varying 

magnetic field at some frequencies and intensities cause 

release of melatonin, an anti-epileptic compound, in the 

brain tissue [17, 18]. 

There are other theories regarding the mechanism of this 

technique. Modulating the voltage-dependent sodium ion 

channels [19, 20] and the release of neurotransmitters at 

interneuron in cortical and cerebrospinal regions [21, 22] 

are among the mechanisms of the drugs, with anti-

convulsive effects on rTMS variables suggested for the 

patients with different types of epilepsy and normal 

samples. However, due to the fact that all generated 

physical and physiological effects of this technique on 

brain tissue and intranetworking impacts of different 

points of brain on each other are not quite determined, 

then the mechanism produced by this technique in the 

brain is not exactly obvious.  

In order to establish this promising technique as an 

alternative or supplementary option for curing treatment-

resistant epilepsy, on the one hand, the exact simulation 

of physical parameters of generated electric field in the 

brain tissue and performing experiments at molecular 

level can be helpful in clarifying theses mechanisms. On 

the other hand, further studies to investigate the effects of 

other frequencies, to obtain optimal frequencies with 

therapeutic impacts, and to study the effects of other 

parameters of this technique such as intensity of magnetic 

stimulation radiation, spatial shape of radiation coils, 

duration of magnetic stimulation, and spatial distance and 

direction of radiation coil can help determine the optimal 

radiation conditions for curing treatment-resistant 

epilepsies. Due to the advantages of this technique, 
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obtaining optimal parameters for treating epileptics can be 

a step towards it’s clinically popularization.  
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