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ABSTRACT
Aim: To investigate whether different periods of rapid eye movement sleep deprivation (REM SD)
contribute to seizure susceptibility, hippocampal oxidative status and balance of inhibition-excitation
in the acute epilepsy model.
Methods: REM SD was performed using the modified multiple platforms method on adult male
BALB/c mice. Pentylentetrazol (PTZ) was injected to induce seizures and hippocampal total
antioxidant status (TAS), total oxidant status (TOS), gamma aminobutyric acid (GABA), and
glutamate levels were measured using the ELISA method.
Results: PTZ-induced seizures following 8 h and 72 h REM SD significantly reduced the
hippocampal TAS levels, but did not affect the TOS levels. In REM SD groups, especially after 8
hours of REM sleep loss, there was a significant increase in glutamate in PTZ induction. The
hippocampal GABA levels were increased by PTZ-induced seizures after 72 h REM SD. PTZinduction after 8 hours of RAM SD leads to a significant increase in the seizure duration.
Conclusion: It can be speculated that the REM SD can contribute to seizure susceptibility by
changing the oxidant-antioxidant balance and excitatory and inhibitory tone in the hippocampus.
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Introduction
Epilepsy is one of the most common
neurological disorders characterized by
recurring seizures that originated due to

imbalances in excitation and inhibition in the
brain [1,2]. Despite the presence of existing
antiepileptic drugs (AEDs) that can
successfully prevent recurrent seizures in the
majority of patients, about a third of patients are
resistant to treatment [3]. Also, AEDs do not
affect the underlying pathophysiology and
progression of the disease, they often provide
symptomatic therapy [4]. Current studies aim to
elucidate the cellular mechanisms in which a
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The mice were allowed access to food water
and libitum. All procedures were performed in
accordance with the guidelines of the Local
Ethics Committee for the welfare of
experimental animals (Registry Number:
65202830-050.04.04-166 dated 09.04.2018).
All eﬀorts were made to decrease the number of
animals used to a minimum. The procedures
were conducted according to routine animal
care guidelines, and all experimental
procedures complied with the Guide for the
Care and Use of Laboratory Animals (1996).

normal brain is epileptic, that is,
epileptogenesis. This term refers to a process
that progressively alters neuronal excitability.
The development of antiepileptogenic drugs
that prevent or reduce the progression of the
disease could have a major effect on the life of
patients
with
epilepsy.
Therefore,
understanding the cellular mechanisms of
epileptogenesis and its treatment are research
priorities on the political agendas in both
Europe and the United States [5].
Sleep loss is widespread in neurodegenerative
diseases and pieces of evidence indicate that
sleep interacts with disease and is not only a
symptom of it [6]. It has been reported that
sleep deprivation (SD) can alter cortical
excitability, which is seen as the balance
between the inhibitor and excitatory of
neuronal circuits in the cortex, which can
reduce the epileptic threshold [7]. Interestingly,
the seizures are less common in rapid eye
movement (REM) sleep, so a seizure-protecting
role has been proposed for this sleep phase [8].
Although SD is thought to promote
neurodegeneration, not much is known about
how they interact mutually. Therefore, in this
study, we aimed to investigate whether
different periods of REM SD contribute to
seizure susceptibility. For this purpose, we
evaluated epileptic behaviors induced by
pentylentetrazol (PTZ) and examined the
oxidative status and inhibition-excitation
balance in the hippocampus.

Experimental procedure
The mice were randomly assigned to into four
groups each containing six animals as follow:
The control group, not deprived of REM sleep;
the PTZ group, PTZ injected; the REM SD
8+PTZ group, PTZ injected after deprived of
REM sleep for 8 h; the REM SD 72+PTZ
group, PTZ injected after deprived of REM
sleep for 72 h.
REM SD procedure
The modified multiple platform method was
used to restrain REM sleep for 8 h and 72 h [9].
The animals were placed in a modiﬁed multiplatform box made of plastic (50 cm in length
and 30 cm in height). Ten cylindrical small
platforms (3 cm in diameter and 10 cm in
length) were positioned on the tank ﬂoor. As the
platforms will remain 2 cm above the surface,
the container was covered with water (22 °C) 8
cm in depth. Standard laboratory food blocks
and a bottle of water were provided to animals
to access food and water ad-libitum. The mice
were placed on small platforms where they can
move. When REM sleep began and after losing
muscle tone, the mouse on the platform came
into contact with water and awakening.
Previous experiments have shown that the large
platform used as the standard control reduces

Materials and Methods
The study was performed with 24 adult male,
weighing 35-38 g, BALB-c Albino mice
(obtained from Cumhuriyet University Animal
Laboratory). Five mice per cage were housed
under controlled environmental conditions with
regard to temperature (23 ± 2°C), humidity
(35%‐60%), and a 12:12 h light–dark cycle.
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approximately 80% of the REM sleep [10].
Therefore, the control mice were housed in their
cages separated in the experimental room to be
provided in the same environment but benefited
their normal sleep period.

volumes of the ice-cold homogenization buffer
and centrifuged at 12,000 × g for 10 min at 4 ◦C.
The supernatant was collected for protein
concentration determination by a Bradford
protein assay kit (Merck, Germany).
Hippocampal antioxidant and oxidant status
was determined by using TAS and TOS Assay
Kits (Rel Assay Diagnostics® Mega Tıp Ltd.,
Gaziantep, Turkey). Hippocampal GABA and
Glutamate levels were analyzed by using
gamma aminobutyric acid (GABA) and
Glutamate Assay Kits (Rel Assay Diagnostics®
Mega Tıp Ltd., Gaziantep, Turkey).

Induction of seizures
To induce seizures, PTZ was injected
intraperitoneally (i.p.) at a convulsive dose of
60 mg / kg. After each injection, the mice were
individually placed in plexiglass cages for 30
minutes of observation, then the first myoclonic
jerk (FMJ), generalized tonic-clonic seizure
latencies (GTCS1) and GTCS (GTCSd)
duration were recorded. The development of
seizure and status epilepticus was evaluated by
a behavioral (Racine’s Convulsion Scale
(RCS)) as follows: 0 = no convulsion; 1 =
twitching of vibrissae and pinnae; 2 = motor
arrest with more pronounced twitching; 3 =
motor arrest with generalized myoclonic jerks;
4 = tonic-clonic seizure while the animal
remained on its feed; 5 = tonic-clonic seizure
with loss of the righting reflex; and 6 = lethal
seizure. At the end of the experiment, the
animals were sacrificed using the decapitation
method and their brains were isolated for
further evaluation of biochemical parameters.

Statistical analysis
The data were presented as the standard
deviation of the mean (SEM). The RCS score,
FMJ time, duration of GTCS, GTCS latency,
and the levels of hippocampal protein were
evaluated using a one-way analysis of variance
(ANOVA). All statistical analyses were
performed using IBM SPSS Statistical software
Version 22.0 (IBM, Armonk, NY, USA). A pvalue of less than 5% was accepted statistically
significant.
Results
Behavioral measurements
The effect of REM SD on PTZ-induced seizure
parameters is shown in Figure 1 A-D). There
was no significant difference between the four
groups in the RCS, FMJ, and GTCSl results, but
there was a significant increase in the GTCSd
results between the REM SD 8 + PTZ group
compared to the PTZ group (p <0.05).
Hippocampal TAS, TOS, GABA, and
glutamate expressions
The oxidant stress parameters obtained from
the hippocampus are given in Figure 2A-C. The
TAS levels of REM SD 8 + PTZ and REM SD
72 + PTZ groups decreased significantly in the
hippocampus compared to
the control

Biochemical Analysis
Total Antioxidant Status (TAS) and Total
Oxidant Status (TOS) were used as markers for
demonstrating the antioxidant and oxidative
capacities. The percent ratio of TOS to TAS
was accepted as the Oxidative Stress Index
(OSI), a marker of the severity of oxidative
stress. OSI was calculated as follows: OSI =
[(TOS, μmol H2O2 Eq/mg protein) / (TAS,
μmol Trolox Eq/mg protein) × 100] and
evaluated as an indicator of the degree of
oxidative stress [11]. Brain tissue samples from
each group were homogenized within 10
151
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group(p<0.001 and p<0.05, respectively).
There was a significant decrease in the
hippocampal antioxidant capacity in the REM
SD 8 + PTZ group compared to the PTZ group
(p <0.05). There was no significant difference
in the hippocampal TOS levels between the
four groups.
There was a significant increase in OSI levels
of the REM SD 8 + PTZ group compared to the
control and the PTZ groups (p <0.01).

A significant increase in the expression of
GABA was found in the REM SD 72+PTZ
group (p<0.05).
The increase in the hippocampal glutamate
level in the REM SD 8 + PTZ group was
statistically significant (p <0.001). There was a
significant increase in the hippocampal
glutamate level in the REM SD 72+PTZ group
compared to the control group (p<0.01) (Figure
3A,B).

Figure 1A-D. Effects of REM SD on seizures threshold (latency) and duration in PTZ-induced seizures in
mice. Data expressed as mean ± SEM. n=6. ### p<0.001 compared with PTZ group.
152
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Figure 2A-C. Effects of REM SD and PTZ on
hippocampal TAS, TOS, and OSI levels. Data
expressed as mean ± SEM. n=6. *p<0.05, **
p<0.01, *** p<0.001 compared with Control; #
p<0.05, ##p<0.01 compared with and PTZ group.

Figure 3A-B. Effects of REM SD and PTZ on
hippocampal GABA and Glutamate expressions.
Data expressed as mean ± SEM. n=6. *p<0.05,
**p<0.01, ***p<0.001, compared with Control
group; #p<0.05, ###p<0.001 compared with PTZ
group; + p<0.05, ++p<0.01 compared with REM
SD 72+PTZ group.

Discussion
In the present study, we explored the effect of
REM SD on seizure susceptibility in the acute
epilepsy model. Further, we investigated the
effects of PTZ-induced seizures following 8 h
and 72 h REM SD on excitatory-inhibitory and
oxidant-antioxidant
balance
in
the
hippocampus. We found that seizure induction
after relatively short (8 h) and long (72 h)
period REM SD differently affect the oxidant

and antioxidant capacities in the hippocampus.
This result was also similar to in hippocampal
excitatory and inhibitory tone. The findings of
the present study also illustrated the time of
REM SD may affect seizure susceptibility.
Oxidative stress is a highly disordered
metabolic process characterized by increased
cellular reactive oxygen species [12]. This
event eventually generates an imbalance
153
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between oxidants and antioxidants. It is well
established that both sleep loss and PTZinduced seizure increase oxidative stress in the
brain [13,14]. We detected only minimal
differences in hippocampal TOS levels in this
study that did not reach statistical significance.
However, our results showed that PTZ-induced
seizures after 8 h and 72 h REM SD led to a
significant decrease in hippocampal TAS
levels. It has been assumed that oxygen free
radicals accumulate during awake as a result of
utilized great amounts of oxygen, and sleep
allows the removal of these reactive oxygen
species in the brain [13]. Therefore, the
wakefulness result from sleep loss disrupts the
oxidant and antioxidant balance in the brain.
Ramanathan et al. showed that long term (5-11
days) total SD decreased an antioxidative
enzyme superoxide dismutase (SOD) activity in
the rat hippocampus [15]. In agreement with
our results, Suer et al. reported that 21-day
REM SD leads to a decrease in the antioxidant
defenses in the hippocampus [16]. Moreover,
an unexpected but intriguing finding was that
the effect of PTZ-induced seizures after 8 h
REM SD was more prominent than 72 h REM
SD on the hippocampal TAS and OSI levels.
This unexpected finding can be explained by
that the long-term SD may lead to an adaptive
reaction of the brain against sleep loss. The
present hippocampal GABA results support this
hypothesis as its level was increased by PTZ
administered following 72 h REM SD. The
PTZ-induced seizures after 8 h REM SD also
caused a considerable increase in the
hippocampal
glutamate (an excitatory
transmitter) levels. In line with our results, 6and 12-h total SD resulted in a significant
increase in the hippocampal glutamate levels
[17]. Taking account that PTZ-induced seizures
after the 72 h REM SD also lead to an increase
GABA level in the hippocampus, we think that

REM SD for 8 h has a more potent effect than
REM SD for 72 h on seizure susceptibility.
In the present study, we also found that the
seizures durations were significantly increased
after the 8 h REM sleep loss. The finding
implies that REM sleep a critical sleep period
for an epileptic phenomenon. In agreement with
our results, Marcus et al. concluded that
seizures are less common in REM sleep, and
this stage of sleep plays a protective role against
generalized seizures [8]. However, we could
not find a correlation between the REM SD
duration and biochemical and behavioral results
tested herein. The plausible reason for this
could be attributed to the fact that the longer
period of REM SD induces a compensatory
response that provides resistance to the
occurrence of epileptic seizures. It should be
noted that the modified multiple platform
procedure used in the present study can
interfere with the majority of REM sleep,
besides it can restrain up to 40% of NREM
sleep [10]. Thus, the NREM sleep deprivation
may have also contributed to our results.
Conclusion
In conclusion, we report that the REM SD may
affect seizure susceptibility by altering the
balance of the hippocampal oxidantantioxidant, and stimulant and inhibitor. In
addition to the acute epilepsy model,
investigating seizure susceptibility in a chronic
epilepsy model may value further studies in
rodent epileptogenesis and SD models.
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