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1. Introduction
Epilepsy is one of the most common and serious 
neurological conditions, characterized by recurrently 
and repeatedly occurring seizures (1,2). Among these, 
febrile convulsions (FCs) are the most common seizure 
type during childhood, affecting 2% –3% of children 
between the age of 3 months and 5 years (3). On the other 
hand, it has been shown that 40% of adult patients with 
hippocampal sclerosis-associated temporal lobe epilepsy 
have a history of FC, suggesting a causative role for FC that 
increases the importance of FC treatment (4,5).

Although new antiepileptic drugs have been presented 
in recent decades, more than 30% of patients with epilepsy 
are still inadequately treated by currently available 
medications (6–8). Thus, new novel treatment modalities 
such as epilepsy surgery, vagus nerve stimulation, 
ketogenic diet, and magnetic fields (MFs) have received 
great interest recently (9–12). To our knowledge, many 
studies with unclear stimulation protocols have been 

performed to investigate the effects of MF stimulation 
on different epilepsy models (9,13–15), but there is no 
research on febrile seizures. Thus, in this study we aimed 
to investigate the effects of a MF on febrile seizure latency, 
seizure duration, and electroencephalographic (EEG) 
recordings in a rat febrile convulsion model. 

2. Materials and methods
Although the absolute equivalence in age between rat 
and human brains is not clear, 5- to 7-day-old rats are 
suggested to be equivalent only to a full-term newborn 
infant; the 15-day-old rat brain is equivalent to a human 
brain at a few months to 1 year old (16), and the 28- to 
30-day-old rat to a 2-year-old child (17). Thus, in this 
study, we used 17-day-old male Wistar albino rats, and 
they were anesthetized with a combination of xylazine (3 
mg/kg) and ketamine (90 mg/kg) given subcutaneously. 
Following anesthesia, a small area on the top of the rat’s 
head was shaved and the area was cleaned with Betadine. 

Aim: To investigate the effects of a magnetic field (MF) on febrile seizure latency, seizure duration, and electroencephalographic (EEG) 
recordings in a rat febrile convulsion model. 

Materials and methods: Thirty-six rats were randomly allocated into 1 of 6 groups: sham group (S), febrile convulsion (FC) group 
without MF exposure, MF group without FC, group exposed to MF before FC (MF + FC), group exposed to MF after FC (FC + MF), 
and group exposed to MF before and after FC (MF + FC + MF). The rectal temperature after febrile seizure induction, seizure latency, 
seizure duration, and EEG recordings were recorded for all animals.

Results: Repeated hyperthermic exposure decreased the seizure latency and duration. The effect of the MF was more prominent on 
seizure duration than on latencies. MF exposure for 10 or 12 days increased seizure latency. MF exposure increased the pathologic theta 
and delta waves and decreased the beta waves, which are frequently seen in awake animals.

Conclusion: Our results suggest that MF exposure has a negative effect on brain waves, and this effect becomes more evident with 
prolonged exposure. On the other hand, MF exposure significantly decreased the convulsion durations. 
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The rat was placed into a small animal stereotaxic 
apparatus. After a small midline incision was made on 
the top of the head, the periosteum was removed and 
stainless steel screw electrodes were implanted on the dura 
mater over the cortex, 2 in the frontal region (coordinates 
with skull surface flat and bregma zero–zero: AP + 1.9; L 
± 1.5; 1.5 mm below the dura mater) and a third on the 
occipital region (Figure 1). Electrodes were attached to 
the skull with dental acrylic (Figure 1). Following surgery, 
animals were housed in a temperature-controlled facility 
of 23 ± 2 °C, with a 12-h light/dark cycle (0700 to 1900 
hours) and free access to water and food until the 22nd 
day. All procedures were approved by the Cumhuriyet 
University Animal Ethics Committee (Sivas, Turkey) and 
were conducted in accordance with the recommendations 
of the Guide for the Care and Use of Laboratory Animals. 
All efforts were made to minimize animal suffering and to 
reduce the number of animals used.
2.1. Febrile convulsion model
A febrile convulsion model was conducted, starting from 
day 22, for 20 days, applied every other day, which resulted 
in 10 trials in total. Exposure to hyperthermia was carried 
out in a glass chromatography tank (30 × 30 × 60 cm) that 
contained water to a depth such that the animal could 
stand up-right supported by the side of the tank with only 
its head above the water level. Exposure to hyperthermia 

was achieved by maintaining the water in the tank at 
a temperature of 45 °C by placing it in a temperature-
controlled water bath. This temperature (45 °C) does not 
produce skin damage at exposures of less than 1 h (17). 
The rats were placed in the water unrestrained for 4 min 
or until a seizure occurred, once every 2 days, for a total 
of 10 times (18). The rats in the sham group were exposed 
to 37 °C water without any FC signs. After that, the rats 
were immediately removed from the water and placed in 
an observation chamber at the first sign of seizure onset. 
The core temperature of the rat was measured before 
and immediately after exposure to hyperthermia with a 
lubricated thermistor probe (model BAT-12, Physitemp) 
inserted into the rectum. The latency to seizure was 
measured as the interval between the moment the rat 
was placed in the water and the first sign of seizure onset 
(usually a myoclonic spasm), and 10 seizure latencies 
were compared. The seizure duration was measured as 
the time from seizure onset to the instant when the rat 
first righted itself and appeared conscious. The state of 
consciousness was determined by the responsiveness of 
the rats to one or all of several stimuli (tapping on cage, 
loud clap, responsiveness to touch, and the movement of 
a small object before its eyes). At the end of the period of 
observation, the rat was gently toweled dry, placed beneath 
a heating lamp until its fur appeared free of moisture, and 
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Figure 1. Stereotaxic EEG recording preapplication. A) Preparation of animal before the 
operation. B) Three special screw electrodes. C) The screws attached to wires. D) Cable 
terminators joined to the connector. E) The animal head recovered with acrylic. F) The 
animal prepared for EEG recording.
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then returned to its home cage. The intensity of the seizure 
was recorded according to the rating scale described by 
Jiang et al. (17) as follows: 0, no convulsive behavior; 1, 
facial clonus; 2, head nodding; 3, forelimb clonus; 4, 
rearing (animal in a standing posture aided by tail and the 
laterally spread hind limbs showing increased tone); and 5, 
rearing and falling back. The seizure latency and durations 
of a total of 10 seizures were compared between all groups.
2.2. Magnetic field exposure 
Thirty-six rats were randomly assigned to 1 of 6 groups: 
sham (S), FC group without MF exposure (FC), MF group 
without FC (MF), group exposed to MF before FC (MF 
+ FC), group exposed to MF after FC (FC + MF), and 
group exposed to MF before and after FC (MF + FC + 
MF). The rats in the MF, MF + FC, FC + MF, and MF + 
FC + MF groups were exposed to MFs. Every rat in these 
experimental groups was exposed to a MF every day for 20 
days. The rats in the S group were also put in a Plexiglas 
cage every day with no MF exposure. All devices that 
could affect the MF were kept away from the experimental 
area and all rats were fed ad libitum. 

Rats were exposed to a MF with 5.0 mT intensity and 
50 Hz frequency in a special Plexiglas cage (40 × 17 × 13 
cm) (19). The MF was generated in a specially designed 
device that had a solenoid 500 mm in length and 210 mm 
in diameter. This magnet was constructed by winding 
1400 turns of an insulated soft copper wire, which was 1.4 
mm in diameter, on a fiber base (19,20). A MF intensity 
of B = 5 mT was measured inside the solenoid using a 
digital teslameter (Phywe, Gottingen, Germany) with 
an axial Hall probe (Phywe). The solenoid was always 
kept in a north-south direction, and its temperature was 
maintained constant at 25 ± 2 °C. The MF in the solenoid 
was calculated based on an analytical solution of the field 
equation derived from the Biot–Savart law. The formula 

was used to calculate the MF intensity (19). Using the 
conditions for the experiment of N = 1400 turns, i = 
current in the device, R = 210 mm, and L = 500 mm will 
give B = 5 mT. 

An electric current (50 Hz) was passed through the 
device and a time relay was added into the system. In this 
way, rats were exposed to the alternating MF for 30 min, 
maintained every 15 min during 540 min of daily exposure. 
The magnetic exposures were carried out for a duration of 
540 min each day between 0800 and 1700 hours. 
2.3. Electroencephalographic recordings
EEG recordings were taken for 4 h on the 22nd day and 
after a total of 20 days MF exposure (IOX Software, version 
2.3.2.14, EMKA Technologies, Radon, Ankara, Turkey). 
The beta, alpha, theta, and delta waves of EEG recordings 

were analyzed, and power ratios (% total) were calculated 
and compared.
2.4. Data analysis
Experimental values were presented as means ± SEMs 
and analyzed by Mann–Whitney U tests and Wilcoxon 
tests, and by Freidman test when appropriate. A P-value of 
less than 0.05 was considered to indicate significance. All 
statistical analyses were performed using SPSS 14.0.

3. Results
3.1. Rectal temperature
The rectal temperature was 36.9 ± 0.3 °C before the febrile 
seizures and 43.8 ± 0.4 °C immediately after the febrile 
seizure. The rectal temperature of all groups before febrile 
seizure was not significantly different. However, the 
rectal temperature after febrile seizure of the S group was 
significantly lower than that of all experiment groups (P < 
0.05; Figure 2).
3.2. Seizure latency
There was no significant difference between the latency of 
the 1st seizures of all groups. The latency of the 2nd seizure 
in the FC + MF and MF + FC groups was significantly 
decreased compared with the FC and MF + FC + MF 
groups (P < 0.05). The latency of the 3rd seizure of the MF 
+ FC + MF group was significantly higher than that of the 
FC + MF group (P < 0.05). The latency of the 4th seizure 
of the FC and FC + MF groups was significantly higher 
than that of the MF + FC and MF + FC + MF groups (P < 
0.05). The latency of the 5th seizure of the FC + MF group 
was significantly lower than that of the MF + FC and MF 
+ FC + MF groups (P < 0.05). The latencies of the 6th and 
7th seizures of the FC group were lower than those of 
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Figure 2. The rectal temperature of rats before and after the 
febrile seizure model. a: P < 0.05, statistically different from the 
first rectal temperatures of the same group. b: P < 0.05, statistically 
different from the first rectal temperatures of the other groups. c: 
P < 0.05, statistically different from last rectal temperatures of 
other experimental groups. 
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the FC + MF, MF + FC, and MF + FC + MF groups (P < 
0.05). The latencies of 8th and 9th seizures of the FC group 
were lower than those of the FC + MF group (P < 0.05). 
The latency of the 10th seizure of the FC + MF group was 
significantly higher than that of the FC and MF + FC + MF 
groups (P < 0.05) (Figure 3).

A comparison of seizure latencies of the FC group 
with each other is shown in Figure 4A. The latency for the 
6th seizure was significantly lower than all other latencies 
except the 9th and 10th latencies (P < 0.05). The 1st latency 
was significantly higher than the 7th, 8th, and 9th latencies 
(P < 0.05). The 10th latency was significantly lower than all 
other latencies, except the 3rd, 6th, and 9th latencies (P < 
0.05; Figure 4A).

The comparison of seizure latencies of the FC + MF 
group with each other is shown in Figure 4B. The 1st 
latency was higher than the 2nd, 3rd, 5th, 9th, and 10th 
seizure latencies, but lower than the 6th latency (P < 0.05). 
The 2nd latency was statistically lower than the 4th, 5th, 
6th, 7th, and 8th latencies (P < 0.05). The 3rd latency was 
significantly lower than the 4th, 6th, and 7th latencies (P 
< 0.05). The 4th latency was significantly higher than the 
5th but significantly lower than the 6th latency (P < 0.05). 
The 5th latency was only significantly lower than the 6th 
latency (P < 0.05). The 6th latency was statistically higher 
than the 7th and 8th latencies (P < 0.05). The 8th latency 
was significantly higher than the 10th latency (P < 0.05; 
Figure 4B).

The comparison of seizure latencies of the MF + FC 
group with each other is shown in Figure 4C. The 6th 
latency in this group was significantly higher than all other 
latencies except the 1st and 5th latencies (P < 0.05). The 
10th latency was significantly lower than the 1st, 5th, and 
6th latencies (P < 0.05; Figure 4C). 

The comparison of seizure latencies of the MF + FC 
+ MF group with each other is shown in Figure 4D. The 
1st latency in this group was significantly higher than the 
4th and 10th latencies (P < 0.05). The 2nd latency was 
statistically higher than the 4th, 9th, and 10th latencies (P 
< 0.05). The 3rd latency was significantly lower than the 
6th latency but significantly higher than the 10th latency 
(P < 0.05). The 4th latency was significantly higher than 
the 6th and 7th latencies (P < 0.05). The 5th latency was 
statistically lower than the 6th latency, and the 6th latency 
was statistically higher than the 8th, 9th, and 10th latencies 
(P < 0.05). The 7th latency was significantly higher than 
the 5th and 9th latencies (P < 0.05; Figure 4D).
3.3. Seizure duration
There was no significant difference between the durations 
of the 1st seizures of all groups. All other seizure durations 
(except the 3rd duration) of the FC group were significantly 
higher than in the FC + MF, MF + FC, and MF + FC + MF 
groups (P < 0.05). The 3rd, 5th, and 6th seizure durations 
of the FC + MF group were significantly lower than in 
the MF + FC and MF + FC + MF groups (P < 0.05). In 
addition, the 4th durations of the FC + MF group and the 
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Figure 3. Comparison of the seizure latencies of all groups on the same days. a: P < 0.05, 
statistically different from FC + MF and MF + FC groups. b: P < 0.05, statistically different 
from FC + MF group. c: P < 0.05, statistically different from MF + FC and MF + FC + 
MF groups. d: P < 0.05, statistically different from FC + MF, MF + FC, and MF + FC + 
MF groups.
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MF + FC + MF group were higher than in the MF + FC 
and FC + MF groups, respectively (P < 0.05) (Figure 5). 

A comparison of seizure latencies of the FC group with 
each other is shown in Figure 6A. The 1st seizure duration 
was significantly lower than all other groups except the 
2nd and 3rd durations (P < 0.05). The 2nd duration was 
significantly lower than all other groups except the 1st, 
3rd, and 6th groups (P < 0.05; Figure 6A).

A comparison of seizure latencies of the FC + MF group 
with each other is shown in Figure 6B. The 3rd duration 
was statistically lower than the 1st and 10th durations (P 
< 0.05). The 4th duration was statistically lower than the 
1st duration (P < 0.05). The 5th duration was significantly 

lower than all other groups except the 3rd, 4th, and 6th 
durations (P < 0.05). The 6th duration was significantly 
lower than the 8th, 9th, and 10th durations (P < 0.05; 
Figure 6B).

A comparison of seizure latencies of the MF + FC 
group with each other is shown in Figure 6C. The 3rd 
duration was significantly lower than the 7th, 9th, and 10th 
durations (P < 0.05). The 4th duration was significantly 
lower than all other groups except the 1st, 3rd, and 5th 
groups (P < 0.05). The 5th duration was significantly 
lower than the 9th and 10th durations (P < 0.05). The 
6th duration was significantly lower than the 7th, 8th, 
9th, and 10th durations (P < 0.05). The 8th duration was 
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Figure 4. Comparison of latency of each seizure in the same group. A) FC group seizure latencies, a: 
P < 0.05, statistically different from 1st, 2nd, 3rd, 4th, 5th, 7th, and 8th seizures’ latencies; b: P < 0.05, 
statistically different from the 1st seizure’s latency; c: P < 0.05, statistically different from the 1st, 2nd, 4th, 
5th, 7th, and 8th seizures’ latencies. B) FC + MF group seizure latencies, a: P < 0.05, statistically different 
from the 2nd, 3rd, 5th, 9th, and 10th seizures’ latencies; b: P < 0.05, statistically different from 4th, 5th, 6th, 
7th, and 8th seizures’ latencies; c: P < 0.05, statistically different from 4th, 6th, and 7th seizures’ latencies; 
d: P < 0.05, statistically different from 5th and 6th seizures’ latencies; e: P < 0.05, statistically different 
from the 6th seizure’s latency, f: P < 0.05, statistically different from 7th and 8th seizures’ latencies; g: P 
< 0.05, statistically different from 10th seizure’s latency. C) MF + FC group seizure latencies, a: P < 0.05, 
statistically different from 2nd, 3rd, 4th, 7th, 8th, 9th, and 10th seizures’ latencies; b: P < 0.05, statistically 
different from 1st, 5th, and 6th seizures’ latencies. D) MF + FC + MF group seizure latencies, a: P < 0.05, 
statistically different from 4th and 10th seizures’ latencies; b: P < 0.05, statistically different from 4th, 9th, 
and 10th seizures’ latencies; c: P < 0.05, statistically different from 6th and 10th seizures’ latencies; d: P < 
0.05, statistically different from 6th and 7th seizures’ latencies; e: P < 0.05, statistically different from 6th 
seizure’s latency; f: P < 0.05, statistically different from 8th, 9th, and 10th seizures’ latencies; g: P < 0.05, 
statistically different from 9th and 10th seizures’ latencies.
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significantly lower than the 10th duration (P < 0.05; Figure 
6C).

A comparison of seizure latencies of the MF + FC + 
MF group with each other is shown in Figure 6D. The 
duration of the 1st seizure was significantly higher than 
the 2nd and 3rd durations (P < 0.05). The 2nd duration 
was significantly higher than the 3rd (P < 0.05; Figure 6D).
3.4. EEG recordings
There was no significant difference between the first beta 
power ratios of all groups. The last beta power ratios of 
all experimental groups were significantly decreased 
compared with their first beta power ratios (P < 0.05). 
The last beta power ratio of the S group was significantly 
different from those of all groups (P < 0.05). The last beta 
power ratio of the MF + FC group was significantly lower 
than in the MF group (P < 0.05). The last beta power ratio 
of the MF + FC + MF group was significantly lower than in 
the S, FC, MF, and FC + MF groups (P < 0.05; Figure 7A).

There was no significant difference between the first 
alpha power ratios of all groups. The last alpha power ratios 
of all experimental groups were significantly increased 
compared with their first beta power ratios (P < 0.05). 
The last beta power ratio of the S group was significantly 
different from those of all other groups (P < 0.05). The 
last alpha power ratio of the MF + FC + MF group was 
significantly different from the last alpha power ratio of the 
S, FC, and MF groups (P < 0.05; Figure 7B).

There was no significant difference between the first 
theta power ratios of all groups. The last theta power ratios 

of the FC + MF, MF + FC, and MF + FC + MF groups 
were significantly increased compared with their first beta 
power ratios (P < 0.05). The last theta power ratio of the 
MF + FC + MF group was significantly higher than in all 
other groups (P < 0.05) (Figure 7C).

There was no significant difference between the first 
delta power ratios of all groups. The last delta power ratios 
of the FC + MF, MF + FC, and MF + FC + MF groups 
were significantly increased compared with their first 
beta power ratios (P < 0.05). The last delta power ratios of 
the FC + MF, MF + FC, and MF + FC + MF groups were 
significantly different from the last delta power ratio of the 
S group (P < 0.05). The last delta power ratio of the MF + 
FC group was significantly different from the MF group (P 
< 0.05). The last delta power ratio of the MF + FC + MF 
group was significantly different from those of the S, FC, 
and MF groups (P < 0.05) (Figure 7C).

In the EEG recordings of all groups, there was a 
dominance of beta waves (92.5 ± 1.6%). The other waves 
were seen in decreasing ratios as alpha (5.5 ± 1.4%), theta 
(1.9 ± 0.5%), and delta (0.1 ± 0.1%). In all experimental 
groups, the ratios of beta waves were decreased, whereas 
alpha, theta, and delta waves were increased during the 
experiment. This effect was more prominent in both the 
FC- and MF-exposed groups.

4. Discussion
One of the most prevalent seizure types during childhood 
is the febrile seizure, which is usually benign (21,22). 
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Figure 5. Comparison of the seizure durations of all groups on the same days. a: P < 0.05, 
statistically different from FC + MF, MF + FC, and MF + FC + MF groups; b: P < 0.05, 
statistically different from MF + FC and MF + FC + MF groups. 



301

DEMİR et al. / Turk J Med Sci

However, it has been shown that these seizures facilitate 
the development of temporal lobe epilepsy (23,24), 
and this increases the importance of explaining the 
pathophysiology of febrile seizures and developing new 
novel treatment methods to replace inadequate medical 
treatments. In this study, we investigated the effects of 
MFs on rectal temperature, febrile seizure latency, seizure 
duration, and EEG recordings in a rat febrile convulsion 
model. 

Tanabe et al. reported rectal temperatures of 75% of 
their patients at the time of a FC as over 39 °C, and for 
the remaining 25% as over 40.2 °C (25). The triggering 
factor for the seizure was the reaching of the highest body 
temperature, rather than the increasing rate of it (26). 
The rectal temperatures of all experiment groups were 
significantly increased in the present study and we thought 

that the sudden decrease of the rectal temperature after a 
febrile seizure showed the triggering effect of temperature 
on febrile seizures. 

There are conflicting studies about the effects of MFs 
on the duration of febrile seizures. Although Klauenberg 
et al. (27) and Ossenkopp et al. (28) showed the shortening 
effect of MF on the seizure duration, Keskil et al. (29) found 
no relation between them. In another study (30), using a 
similar method to that in our present study, it was shown 
that the seizure latency decreased but the seizure duration 
increased. In contrast, there are studies showing the febrile 
seizure duration increasing (17) or remaining unchanged 
(23) according to increased seizures. In our study, 
repeated hyperthermic administration facilitated febrile 
seizure development, prolonged the seizure duration, and 
worsened the seizure grades. Additionally, a total of 20 days 
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Figure 6. Comparison of duration of each seizure in the same group. A) FC group seizure durations, a: P < 0.05, 
statistically different from 4th, 5th, 6th, 7th, 8th, 9th, and 10th seizures’ durations; b: P < 0.05, statistically different 
from 4th, 5th, 7th, 8th, 9th, and 10th seizures’ durations. B) FC + MF group seizure durations, a: P < 0.05, statistically 
different from 1st and 10th seizures’ durations; b: P < 0.05, statistically different from the 1st seizure’s duration; c: P < 
0.05, statistically different from the 1st, 2nd, 7th, 8th, 9th, and 10th seizures’ durations; d: P < 0.05, statistically different 
from the 8th, 9th, and 10th seizures’ durations. C) MF + FC group seizure durations, a: P < 0.05, statistically different 
from 7th, 9th, and 10th seizures’ durations; b: P < 0.05, statistically different from 2nd, 6th, 7th, 8th, 9th, and 10th 
seizures’ durations; c: P < 0.05, statistically different from 9th and 10th seizures’ durations; d: P < 0.05, statistically 
different from 7th, 8th, 9th, and 10th seizures’ durations; e: P < 0.05, statistically different from 10th seizure’s duration. 
D) MF + FC + MF group seizure durations, a: P < 0.05, statistically different from 2nd and 3rd seizures’ durations; b: P 
< 0.05, statistically different from 3rd seizure’s duration.
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of exposure to a MF did not change the seizure latency. 
Nevertheless, the fact that a MF significantly increased the 
seizure latency at the 12th day of the experiment shows the 
maximum effect of MF for 6 exposures. The MF decreased 
the febrile convulsion duration and this effect was more 
obvious than its effect on seizure latency. 

The similarity of EEG recordings between rats and 
human has been shown. The EEG recordings of children 
and young rats showed a high voltage slow wave before 
convulsions, a wide spike and slow wave with minor 
symptoms, and rapid rhythmic bursts during convulsions 
(31). Carpentier et al. (32) reported an increase in the 
delta band, showing the relationship between cerebral 

lesion and neuronal loss to be a reliable determinant. In a 
kindling model, alpha and theta waves were increased in all 
brain regions except for theta waves in the hippocampus. 
They suggested the epileptic discharges leading to the 
thalamus-related facilitations as the cause of increased 
alpha waves (33). In another study investigating the 
physiology of increased body temperature, high voltage 
theta waves at 4–5 Hz originating from parietal and 
occipital lobes and spreading to all other regions were 
seen (31). Suppressed and decelerated EEG activities 
were also recorded after hyperthermic seizures (31) and 
irregular 5–8 Hz theta waves have been recorded before 
this seizure type (34). 
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Figure 7A. Comparison of EEG recordings of first and last beta 
power ratios between groups, a: P < 0.05, statistically different 
from first beta power ratio; b: P < 0.05, statistically different 
from the last beta power ratio of S group; c: P < 0.05, statistically 
different from the last beta power of MF group; d: P < 0.05, 
statistically different from the last beta power ratio of S, FC, MF, 
and FC + MF groups. 

Figure 7C. Comparison of EEG recordings of first and last theta 
power ratios between groups, a: P < 0.05, statistically different 
from first alpha power ratio; b: P < 0.05, statistically different 
from the last alpha power ratio of other groups. 

Figure 7B. Comparison of EEG recordings of first and last alpha 
power ratios between groups, a: P < 0.05, statistically different 
from first alpha power ratio; b: P < 0.05, statistically different 
from the last alpha power ratio of S group; c: P < 0.05, statistically 
different from the last beta power of S, FC, and MF groups. 

Figure 7D. Comparison of EEG recordings of first and last delta 
power ratios between groups, a: P < 0.05, statistically different from 
first delta power ratio; b: P < 0.05, statistically different from the 
last delta power ratio of S group; c: P < 0.05, statistically different 
from the last delta power of MF group; d: P < 0.05, statistically 
different from the last beta power ratio of S, FC, and MF groups.
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In the present study, we found a significant increase in 
alpha, delta, and theta waves, especially in the MF-exposed 
FC group. Repeated hyperthermic exposure decreased the 
seizure latency and duration. The effect of a MF on seizure 
duration was more obvious than the effect on latency. MF 
exposure for 10 or 12 days increased the seizure latency, 
but this effect diminished after prolonged exposure for 
more than 12 days and reversed to control values after 20 
days of exposure. Because of the lack of an explanation 
as to the reason for this effect and due to the limitations 
of our study, further studies are needed to investigate the 
effects of MFs with short durations and different intensities 

on seizure latency. MF exposure increased the pathologic 
theta and delta waves and decreased the beta waves that 
are frequently seen in awake situations. 

In conclusion, MF exposure has a negative effect 
on brain waves, and this effect seems to be increased 
with prolonged exposure. Application of a MF caused 
a significant decrease in seizure durations. The effect of 
a MF on seizure duration was more prominent than its 
effect on latency. This effect was pronounced after long-
term application of a MF. Further studies investigating 
the effects of MFs in the short-term and with different 
intensities are warranted.

References

1. Morimoto K, Fahnestock M, Racine RJ. Kindling and status 
epilepticus models of epilepsy: rewiring the brain. Prog 
Neurobiol 2004; 73: 1–60.

2. Duncan JS, Sander JW, Sisodiya SM, Walker MC. Adult 
epilepsy. Lancet 2006; 367: 1087–1100.

3. Verity CM, Butler NR, Golding J. Febrile convulsions in 
a national cohort followed up from birth. Prevalence and 
recurrence in the first five years of life. Br Med J 1985; 290: 
1307–1310.

4. French JA, Williamson PD, Thadani VM, Darcey TM, Mattson 
RH, Spencer SS, Spencer DD. Characteristics of medial 
temporal lobe epilepsy: I. Results of history and physical 
examination. Ann Neurol 1993; 34: 774–780.

5. Cendes F. Febrile seizures and mesial temporal sclerosis. Curr 
Opin Neurol 2004; 17: 161–164.

6. Lhatoo SD, Wong IC, Polizzi G. Long-term retention rates of 
lamotrigine, gabapentin, and topiramate in chronic epilepsy. 
Epilepsia 2000; 41: 1592–1596.

7. Perucca E. Marketed new antiepileptic drugs: are they better 
than old-generation agents? Ther Drug Monit 2002; 24: 74–80.

8. French J. Refractory epilepsy: one size does not fit all. Epilepsy 
Curr 2006; 6: 177–180.

9. Dobson J, St Pierre TG, Fuller M, Moser S, Wieser HG. Changes 
in paroxysmal brainwave patterns of epileptics by weak-field 
magnetic stimulation. Bioelectromagnetics 2000; 21: 94–99.

10. Spencer SS. When should temporal-lobe epilepsy be treated 
surgically? Lancet Neurol 2002; 1: 375–382.

11. Gasior M, Rogawski MA, Hartman AL. Neuroprotective 
and disease-modifying effects of the ketogenic diet. Behav 
Pharmacol 2006; 17: 431–439.

12. De Herdt V, Boon P, Ceulemans B, Hauman H, Lagae L, Legros 
B, Sadzot B, Van Bogaert P, Van Rijkevorsel K, Verhelst H et 
al. Vagus nerve stimulation for refractory epilepsy: a Belgian 
multicenter study. Eur J Paediat Neurol 2007; 11: 261–269.

13. Bell GB, Marino AA, Chesson AL. Frequency-specific 
blocking in the human brain caused by electromagnetic fields. 
Neuroreport 1994; 5: 510–512.

14. Classen J, Witte OW, Schlaug G, Seitz RJ, Holthausen H, 
Benecke R. Epileptic seizures triggered directly by focal 
transcranial magnetic stimulation. Electroenceph Clin 
Neurophysiology 1995; 94: 19–25.

15. Dobson J, Fuller M, Moser S, Wieser HG, Dunn JR, Zoeger 
J. Evocation of epileptiform activity by weak DC magnetic 
fields and iron biomineralization in the human brain. In: 
Baumgartner C, Deecke L, Stroink G, Williamson SJ, editors. 
Biomagnetism: Fundamental Research and Applications. 
Amsterdam, the Netherlands: Elsevier; 1995. pp. 16–19.

16. Nealis JG, Rosman NP, De Piero TJ, Ouellette EM. Neurological 
sequelae of experimental febrile convulsions. Neurology 1978; 
28: 246–250.

17. Jiang W, Duong TM, De Lanerolle NC. The neuropathology of 
hyperthermic seizures in the rat. Epilepsia 1999; 40: 5–19.

18. Ateş N, Akman Ö, Karson A. The effects of the immature rat 
model of febrile seizures on the occurrence of later generalized 
tonic–clonic and absence epilepsy. Brain Res Dev Brain Res 
2005; 154: 137–140.

19. Gulturk S, Demirkazik A, Kosar I, Cetin A, Dokmetas HS, 
Demir T. Effect of exposure to 50 Hz magnetic field with 
or without insulin on blood-brain barrier permeability in 
streptozotocin-induced diabetic rats . Bioelectromagnetics 
2010; 31: 262–269. 

20. Kavak K, Emre M, Meral I, Unlugenc H, Pelit A, Demirkazik A. 
Repetitive 50 Hz pulsed electromagnetic field ameliorates the 
diabetes-induced impairments in the relaxation response of rat 
thoracic aorta rings. Int J Radiat Biol 2009; 85: 1–8.

21. Cendes F, Andermann F, Dubeau F, Gloor P, Evans A, Jones-
Gotman M, Olivier A, Andermann E, Robitaille Y, Lopes-
Cendes I et al. Early childhood prolonged febrile convulsions, 
atrophy and sclerosis of mesial structures, and temporal lobe 
epilepsy: an MRI volumetric study. Neurology 1993; 43: 1083–
1087. 

22. Dube C, Chen K, Eghbal-Ahmadi M, Brunson K, Soltesz 
I, Baram TZ. Prolonged febrile seizures in the immature rat 
model enhance hippocampal excitability long term. Ann 
Neurol 2000; 47: 336–344.

http://dx.doi.org/10.1016/j.pneurobio.2004.03.009
http://dx.doi.org/10.1016/j.pneurobio.2004.03.009
http://dx.doi.org/10.1016/j.pneurobio.2004.03.009
http://dx.doi.org/10.1016/S0140-6736(06)68477-8
http://dx.doi.org/10.1016/S0140-6736(06)68477-8
http://dx.doi.org/10.1136/bmj.290.6478.1307
http://dx.doi.org/10.1136/bmj.290.6478.1307
http://dx.doi.org/10.1136/bmj.290.6478.1307
http://dx.doi.org/10.1136/bmj.290.6478.1307
http://dx.doi.org/10.1002/ana.410340604
http://dx.doi.org/10.1002/ana.410340604
http://dx.doi.org/10.1002/ana.410340604
http://dx.doi.org/10.1002/ana.410340604
http://dx.doi.org/10.1097/00019052-200404000-00013
http://dx.doi.org/10.1097/00019052-200404000-00013
http://dx.doi.org/10.1111/j.1528-1157.2000.tb00165.x
http://dx.doi.org/10.1111/j.1528-1157.2000.tb00165.x
http://dx.doi.org/10.1111/j.1528-1157.2000.tb00165.x
http://dx.doi.org/10.1097/00007691-200202000-00013
http://dx.doi.org/10.1097/00007691-200202000-00013
http://dx.doi.org/10.1111/j.1535-7511.2006.00137.x
http://dx.doi.org/10.1111/j.1535-7511.2006.00137.x
http://dx.doi.org/10.1002/(SICI)1521-186X(200002)21:2&lt;94::AID-BEM3&gt;3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1521-186X(200002)21:2&lt;94::AID-BEM3&gt;3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1521-186X(200002)21:2&lt;94::AID-BEM3&gt;3.0.CO;2-7
http://dx.doi.org/10.1097/00008877-200609000-00009
http://dx.doi.org/10.1097/00008877-200609000-00009
http://dx.doi.org/10.1097/00008877-200609000-00009
http://dx.doi.org/10.1097/00001756-199401120-00036
http://dx.doi.org/10.1097/00001756-199401120-00036
http://dx.doi.org/10.1097/00001756-199401120-00036
http://dx.doi.org/10.1016/0013-4694(94)00249-K
http://dx.doi.org/10.1016/0013-4694(94)00249-K
http://dx.doi.org/10.1016/0013-4694(94)00249-K
http://dx.doi.org/10.1016/0013-4694(94)00249-K
http://dx.doi.org/10.1212/WNL.28.3.246
http://dx.doi.org/10.1212/WNL.28.3.246
http://dx.doi.org/10.1212/WNL.28.3.246
http://dx.doi.org/10.1111/j.1528-1157.1999.tb01982.x
http://dx.doi.org/10.1111/j.1528-1157.1999.tb01982.x
http://dx.doi.org/10.1016/j.devbrainres.2004.10.001
http://dx.doi.org/10.1016/j.devbrainres.2004.10.001
http://dx.doi.org/10.1016/j.devbrainres.2004.10.001
http://dx.doi.org/10.1016/j.devbrainres.2004.10.001
http://dx.doi.org/10.1080/09553000903009522
http://dx.doi.org/10.1080/09553000903009522
http://dx.doi.org/10.1080/09553000903009522
http://dx.doi.org/10.1080/09553000903009522
http://dx.doi.org/10.1212/WNL.43.6.1083
http://dx.doi.org/10.1212/WNL.43.6.1083
http://dx.doi.org/10.1212/WNL.43.6.1083
http://dx.doi.org/10.1212/WNL.43.6.1083
http://dx.doi.org/10.1212/WNL.43.6.1083
http://dx.doi.org/10.1212/WNL.43.6.1083
http://dx.doi.org/10.1002/1531-8249(200003)47:3&lt;336::AID-ANA9&gt;3.0.CO;2-W
http://dx.doi.org/10.1002/1531-8249(200003)47:3&lt;336::AID-ANA9&gt;3.0.CO;2-W
http://dx.doi.org/10.1002/1531-8249(200003)47:3&lt;336::AID-ANA9&gt;3.0.CO;2-W
http://dx.doi.org/10.1002/1531-8249(200003)47:3&lt;336::AID-ANA9&gt;3.0.CO;2-W


304

DEMİR et al. / Turk J Med Sci

23. Gulec G, Noyan B. Do recurrent febrile convulsions decrease 
the threshold for pilocarpine-induced seizures? Effects of nitric 
oxide. Brain Res 2001; 126: 223–228.

24. Bender RA, Dube C, Gonzalez-Vega R, Mina EW, Baram TZ. 
Mossy fiber plasticity and enhanced hippocampal excitability, 
with-out hippocampal cell loss or altered neurogenesis, in an 
animal model of prolonged febrile seizures. Hippocampus 
2003; 13: 399–412.

25. Tanabe T, Suzuki S, Hara K, Shimakawa S, Wakamiya E, Tamai 
H. Cerebrospinal fluid and serum neuron-specific enolase 
levels after febrile seizures. Epilepsia 2001; 42: 504–507.

26. Lahat E, Livne M, Barr J, Katz Y. Interleukin-beta levels in 
serum and cerebrospinal fluid of children with febrile seizures. 
Ped Neurol 1997; 17: 34–36.

27. Klauenberg BJ, Sparber SB. A kindling-like effect induced by 
repeated exposure to heated water in rats. Epilepsia 1984; 25: 
292–301. 

28. Ossenkopp KP, Cain DP. Inhibitory effects of powerline-
frequency [60 Hz] magnetic fields on pentylenetetrazol-
induced seizures and mortality in rats. Behav. Brain Res 1991; 
44: 211–216. 

29. Keskil IS, Keskil ZA, Canseven AG, Seyhan N. No effect of 50 Hz 
magnetic field observed in a pilot study on pentylenetetrazol-
induced seizures and mortality in mice. Epilepsy Res 2001; 44: 
27–32. 

30. Palmer GC, Borrelli AR, Hudzik TJ, Sparber S. Acute heat stress 
model of seizures in weanling rats: Influence of prototypic anti-
seizure compounds. Epilepsy Res 1998; 30: 203–217.

31. Morimoto T, Nagao H, Sano N, Takahashi M, Matsuda H. 
Electroencephalographic study of rat hyperthermic seizures. 
Epilepsia 1991; 32: 289–293. 

32. Carpentier P, Foquin A, Dorandeu F, Lallement G. Delta 
activity as an early indicator for soman-induced brain damage: 
a review. Neurotoxicology 2001; 22: 299–315. 

33. Shandra AA, Godlevsky LS, Vastyanov RS, Oleinik AA, 
Konovalenko VL, Rapoport EN, Korobka NN. The role of 
TNF-α in amygdala kindled rats. Neurosci Res 2002; 42: 147–
153.

34. Fukuda M, Suzuki Y, Ishizaki Y, Kira R, Kikuchi C, Watanabe S, 
Hino H, Morimoto T, Hara T, Ishii E. Interleukin-1β enhances 
susceptibility to hyperthermia-induced seizures in developing 
rats. Seizure 2008; 10: 1–4. 

http://dx.doi.org/10.1016/S0165-3806(01)00098-0
http://dx.doi.org/10.1016/S0165-3806(01)00098-0
http://dx.doi.org/10.1016/S0165-3806(01)00098-0
http://dx.doi.org/10.1002/hipo.10089
http://dx.doi.org/10.1002/hipo.10089
http://dx.doi.org/10.1002/hipo.10089
http://dx.doi.org/10.1002/hipo.10089
http://dx.doi.org/10.1002/hipo.10089
http://dx.doi.org/10.1046/j.1528-1157.2001.30100.x
http://dx.doi.org/10.1046/j.1528-1157.2001.30100.x
http://dx.doi.org/10.1046/j.1528-1157.2001.30100.x
http://dx.doi.org/10.1016/S0887-8994(97)00034-9
http://dx.doi.org/10.1016/S0887-8994(97)00034-9
http://dx.doi.org/10.1016/S0887-8994(97)00034-9
http://dx.doi.org/10.1111/j.1528-1157.1984.tb04192.x
http://dx.doi.org/10.1111/j.1528-1157.1984.tb04192.x
http://dx.doi.org/10.1111/j.1528-1157.1984.tb04192.x
http://dx.doi.org/10.1016/S0166-4328(05)80026-9
http://dx.doi.org/10.1016/S0166-4328(05)80026-9
http://dx.doi.org/10.1016/S0166-4328(05)80026-9
http://dx.doi.org/10.1016/S0166-4328(05)80026-9
http://dx.doi.org/10.1016/S0920-1211(00)00193-5
http://dx.doi.org/10.1016/S0920-1211(00)00193-5
http://dx.doi.org/10.1016/S0920-1211(00)00193-5
http://dx.doi.org/10.1016/S0920-1211(00)00193-5
http://dx.doi.org/10.1016/S0920-1211(98)00002-3
http://dx.doi.org/10.1016/S0920-1211(98)00002-3
http://dx.doi.org/10.1016/S0920-1211(98)00002-3
http://dx.doi.org/10.1111/j.1528-1157.1991.tb04653.x
http://dx.doi.org/10.1111/j.1528-1157.1991.tb04653.x
http://dx.doi.org/10.1111/j.1528-1157.1991.tb04653.x
http://dx.doi.org/10.1016/S0161-813X(01)00019-5
http://dx.doi.org/10.1016/S0161-813X(01)00019-5
http://dx.doi.org/10.1016/S0161-813X(01)00019-5
http://dx.doi.org/10.1016/S0168-0102(01)00309-1
http://dx.doi.org/10.1016/S0168-0102(01)00309-1
http://dx.doi.org/10.1016/S0168-0102(01)00309-1
http://dx.doi.org/10.1016/S0168-0102(01)00309-1

	_GoBack

