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A 10-day mild treadmill exercise performed before an epileptic seizure
alleviates oxidative injury in the skeletal muscle and brain tissues of
the rats
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ABSTRACT

Objective: Epileptic seizures may cause skeletal muscle injury and memory dysfunctions. The present study was aimed to investigate
the possible protective effects of exercising prior to seizure on seizure-induced oxidative injury in the skeletal muscle and brain.
Materials and Methods: Sprague-Dawley male rats were assigned as non-exercise (n=16) and exercise groups (n=16). Following a
3-day exercise training, exercise protocol (30 min) was performed on a treadmill for 10 days, while control rats had no exercise. On
the 11th day, the epileptic seizure was induced by a single intraperitoneal injection of pentylenetetrazol (PTZ) (45 mg/kg), while the
control groups were injected with saline. Passive-avoidance test was initially performed before PTZ/saline injection and repeated
72 h later for the assessment of memory function. Brain and gastrocnemius muscles were taken for histological assessments and
to determine the levels of malondialdehyde (MDA) and glutathione (GSH), myeloperoxidase (MPO) activity and luminal - and
lucigenin - enhanced chemiluminescence levels.

Results: Exercise training alone increased the formation of reactive oxygen species and elevated the antioxidant GSH capacity of the
muscle tissue in the control rats, but these effects were not observed in the muscles of the exercised rats induced with a PTZ-seizure.
On the other hand, short-term exercise alone had no effect on the basal oxidative parameters of the brain tissues. Prior exercise did
not alter the average seizure scores or memory performances when compared to non-exercised groups, but suppressed the PTZ-
induced elevations in MDA and chemiluminescence levels as well as MPO activity in the brain.

Conclusion: A 10-day mild treadmill exercise reduced the oxidative brain damage due to a single seizure-induced excitotoxicity and
exerted a preconditioning effect on the skeletal muscles exposed to tonic-clonic contractions.
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1. INTRODUCTION

Status epilepticus (SE) is a common life-threatening
neurological emergency characterized by a prolonged seizure,
which results in excitotoxicity-induced cerebral injury [1].
Neuronal hyperexcitability during SE causes oxidative stress,

on the skeleton due to exaggerated muscle contractions during
seizures may even cause fractures, skeletal muscle damage, and
rhabdomyolysis [8-11].

In contrast to limited information confirming the prevalence

presenting with increased generation of reactive oxygen species
(ROS), lipid peroxidation [2], and consequently with neuronal
degeneration that includes the hippocampal areas, resulting in
cognitive dysfunction and deficits in memory and learning [3-
6]. Apart from the brain tissue, generalized excessive muscle
contractions in SE affect all the organ systems, particularly the
over-working skeletal muscles [7]. Moreover, increased load

of physical exercise as a seizure-triggering factor and the lack
of any mechanistical explanations regarding how exercise
could induce seizures [12], exercise was commonly suggested
to have several beneficial effects on the outcomes of epileptic
seizures in both humans and animals. Although the available
studies on the effects of physical activity on seizure frequency
are heterogeneous, many human studies have generally reported
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that regular physical exercise can reduce the seizure frequency
and improve cardiovascular and psychological health of
epileptic patients [13]. Moreover, exercise can exert beneficial
actions such as reductions in seizure susceptibility, anxiety and
depression, and consequently leading to improvement of life
quality of individuals with epilepsy, which suggests that exercise
can be a potential candidate for the non-pharmacological
treatment of epilepsy [13, 14]. Accordingly, animal studies have
shown that exercise performed before or after the induction of
seizure has positive effects on SE. In the early stages of life, long-
term memory deficit caused by SE and the occurrence frequency
of seizures after SE were reported to be reduced in exercised
rodents [15, 16]. Various exercise regimens were reported to
increase latency to SE development, decrease susceptibility to
subsequently induced seizures and ameliorate the course of
experimentally induced SE [17, 18].

In rats, both a preconditioning exercise performed before
the induction of ischemic brain injury [19] and an exercise
performed for neurorehabilitation during post-ischemic
recovery [20] were shown to reduce oxidative brain damage and
associated cognitive dysfunctions. Similarly, exercise training
was proven to stimulate several cellular adaptive events in the
skeletal muscle to resist against any injurious insults to the
muscle fibers [21]. However, the putative protective role of
exercise on the seizure-injured neuronal and muscular tissues
was not elucidated before. Thus, our study was aimed to evaluate
the possible protective effects of exercising prior to seizure on
the seizure-induced oxidative injury of the brain and skeletal
muscle.

2. MATERIALS and METHODS

Animals

Sprague-Dawley male rats (240-260 gr) used in the study
were supplied by the Marmara University Animal Center
(DEHAMER). The rats had free access to a standard rat chow
and water, and were kept under laboratory conditions with
controlled humidity, temperature (22 + 0.5°C) and light/dark
(12/12 h) cycles. All experimental protocols, guided by the
National Institute of Health guidelines for the Care and the
Use of Laboratory Animals, were approved by the Marmara
University Animal Care and Use Committee (approval code:
77.2017.mar; date: 6.11.2017).

Experimental design and exercise

The rats were randomly assigned to either non-exercise (n=16) or
exercise groups (n=16) (Fig. 1). In the exercise groups, initially a
3-day adaptation period for 10 min/day was allowed for the rats
to get accustomed to the exercise procedure by placing them on
a rodent treadmill (TME 9805, Commat Instruments, Ankara,
Turkey). After the acclimatization period, the exercising rats ran
on a treadmill at 0° of inclination initially at a speed of 10 m/
min (first 3 days) and then at 11.6 m/min (following 7 days)
speed for 30 min/day for 10 days [22], while the sedentary rats
had no exercise training. Following the 10-day exercise training

period, an epileptic seizure was induced on the 11" day by the
intraperitoneal injection of pentylenetetrazol (PTZ), while the
control groups were injected with saline. Since the aim was to
evaluate only the preconditioning effects of exercise on seizure-
induced oxidative damage, exercise was discontinued during
the 3 days following saline or PTZ injection. Passive avoidance
test (PAT) was performed on two occasions, immediately
before and at the 72™ h of PTZ-seizure, to assess the memory
function of the rats. The rats were decapitated after the second
PAT performance. Brain and gastrocnemius muscle tissues
were collected for histological assessments and to determine
the levels of malondialdehyde (MDA) and glutathione (GSH),
myeloperoxidase (MPO) activity and chemiluminescence levels
of luminol and lucigenin as indicators of reactive oxygen species
(ROS) generation.

Seizure induction and assessment

The rat was placed in a Plexiglas observation box (38 x 30 x
25 cm) and a single dose of PTZ (45 mg/kg) was injected
intraperitoneally to induce an epileptic seizure [23]. Epileptic
seizures were recorded by a video camera for 30 minutes.
The intensity of the recorded seizures was evaluated using
Racine’s scoring system (0-5), where 0, no behavioral changes;
1, focal facial movements with twitching of ears and whiskers;
2, myoclonic jerks but no rearing up; 3, myoclonic jerks with
rearing up; 4, clonic convulsions along with posture loss; 5,
generalized tonic-clonic seizures [24].

Evaluation of memory function

In order to evaluate the effects of exercise on seizure-induced
memory dysfunction, PAT was performed using an electronic
two-compartment box (Northel Passive Avoidance System,
Istanbul, Turkey) composed of an illuminated compartment,
a dark compartment and a guillotine gate separating these
compartments. On the 11" day of the experimental procedure, all
rats underwent the first PAT before PTZ or saline injection (Fig.
1), which was accepted as the acquisition trial of the test [25].
Then, the recall phase of PAT was performed at the 72*hour of
seizure induction just before euthanasia. In the acquisition trial,
the rats were placed individually in the illuminated compartment
of the box, and due to their inborn tendencies for preference
of dark areas, they moved from the illuminated compartment
into the dark side and a guillotine door between two chambers
was closed. By the electric grid floor of the dark compartment, a
mild inescapable electrical foot shock (0.3-0.6 mA) was applied
for 5s, and the rat was then taken out from the box, where it
has learned the negative outcomes of entering the dark chamber.
Then, 72 h after this acquisition trial, the rat was put again into
the illuminated compartment and the latency to pass to the dark
compartment was recorded to assess the memory performance.
If the rats have avoided entering the dark chamber with a latency
over 300 s (cut-off point), it was considered as a normal memory
performance, while a shorter latency to enter the dark chamber
was regarded as poor memory collection [26]. During each of
the PAT applications, both compartments were cleaned with
70% alcohol before the next animal was placed in the box.
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Measurement of myeloperoxidase activity, malondialdehyde
and glutathione levels in the skeletal muscle and brain

Biochemical measurement of MPO activity in a tissue reflects
the magnitude of neutrophil infiltration and correlates positively
with the histochemically recorded neutrophil infiltration
to that tissue [27]. Based on H202-dependent oxidation of
o-dianisidine.2HCI, MPO activity in both the skeletal and brain
tissues was determined using a spectrophotometer at 460 nm,
and the MPO activity was expressed as units per gram tissue [28].
For the determination of MDA and GSH levels, tissue samples
were homogenized in trichloroacetic acid solution (10 %) and
centrifuged for 15 min at 3000 g and 4°C. The supernatants
were mixed with thiobarbituric acid to determine the MDA
levels (U/g tissue) as the by-products of lipid peroxidation [29].
GSH levels (nmol/g tissue) in the muscle and brain tissues were
determined using a modified Ellman procedure. The absorbance
was measured at 412 nm and the amount of GSH was given as
pmol (g /tissue) [30].

Chemiluminescence assays

Chemiluminescence (CL) assay is a frequently used noninvasive
method for the direct assessment of the levels of ROS using a
luminometer (Junior LB 9509, EG&G, Berthold, Germany) at
room temperature. Lucigenin-(bis-N methylacridinium nitrate)
probe specifically detects superoxide radicals, while luminol-
5-amino-2,3-dihydro 1,4 phthalazinedione) is used commonly
for the detection of OH, H202 and HOCI radicals [31]. Using
these probes, ROS generation was assessed in both the muscle
and brain tissues and CL levels were calculated by linear
approximation. ROS generation in terms of CL was expressed
as the area under the curve (AUC) of relative light unit per mg
tissue [32].

Histopathological examination

Gastrocnemius muscle samples obtained from the experimental
groups were fixed in 4 % paraformaldehyde, processed for
routine histological procedures and embedded in paraffin
(Leica TP1020 and EG1150H+C). Paraffin sections of 5um-
thick were cut by a rotary microtome (Leica RM2125RT)
and stained with hematoxylin and eosin (H&E) for the light
microscopic examinations. The histological features of the
muscle sections were evaluated regarding the organization of
fibers and the presence of inflammatory cell infiltration and
congestion. Myofibers presenting with typical peripheral nuclei
were observed in the healthy fibers, whereas centralized nuclei
were regarded as a sign of the repairing process of damaged
myofibers [33-35].

Following their fixation in 4 % paraformaldehyde, brain tissues
were incubated in 20 % sucrose solution at +4°C and were then
kept at — 20°C until they were cut by a cryostat (Leica CM1950,
Germany). Five pm-thick frozen sections taken from the
hippocampus and cortex were stained with cresyl violet (Nissl
staining) for light microscopic examinations. Microscopic
appearances of the neurons and the intensity of dark neurons
were examined to assess the extent of neuronal injury [36-38].

Statistical Analysis

Statistical analyses were performed using GraphPad Prism 8.0.2
program (GraphPad Software, San Diego, CA, USA). All data
are presented as means +SEM. Analysis of the biochemical data
was performed by using one-way ANOVA followed by post-
hoc Tukey test. Values of p< 0.05 was considered as statistically
significant.

3. RESULTS

Following PTZ injection, except for a single rat in the exercised
PTZ group that had no seizures at all, the rest of the rats in
the non-exercised and exercised groups demonstrated either
twitches or tonic-clonic contractions. The averages of the stage
scores reached in the exercised and non-exercised groups were
similar (Table I). Average seizure scores, the numbers of rats
recorded at stages 4 and 5, and the total duration of contractions
during stages 4 and 5 were similar in the non-exercised and
exercised rats, showing no difference due to the 10-day exercise
performed before an epileptic seizure.

On the acquisition trial of the PAT, no significant differences
were observed among the initial latency periods of rats (data
not shown). At the recall phase of the PAT, none of the rats
in the control groups, either sedentary or exercised, have
entered the dark chamber within the cut-off period (300 + 0).
However, three rats in the sedentary-PTZ rats have entered
the dark chamber, while all the rats in the exercise-PTZ group
avoided entering into the dark compartment, but no statistically
significant difference was observed between the latency periods
of the non-exercised or exercised PTZ groups (Table I).

Table I. Seizure scores and passive avoidance test (PAT) results of the rats
injected with PTZ

Seizures PAT
Average of WL GO Lo Retention
rats at stage | spent at stage
stage scores latency
(1-5) N - (sec)
(n; %) (sec)
No exercise 388+0.58 | 5/8,62.5% | 2244+91.3 | 232.5+43.5
Exercised 3.50+0.76 | 5/8;62.5% |231.6+107.2 300+ 0
S T
30 min/day 10 1 14

Days -3 0
L 1 1 1

(Craining J__TREADMILL EXERCISE <

or
( NO EXERCISE ]

or

flr

Figure 1. Schematic explanation of the experimental procedures. A:
acquisition phase, R: recollection phase of the passive avoidance test.
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Exercise alone had no effect on the oxidative parameters
measured in the brain tissues of control rats (Figure 2).
However, induction of a PTZ-seizure resulted in the elevation
of brain MPO activity, MDA levels, luminol and lucigenin CL
levels in the non-exercised rats (p<0.01-0.001), while a 10-day
exercise performed prior to seizure induction suppressed these
elevations significantly (p<0.01), demonstrating the inhibitory
effect of exercise on oxidative brain damage and associated
neutrophil infiltration caused by PTZ-seizure. On the other
hand, antioxidant glutathione levels in the brain tissues were not
altered by neither exercise nor seizure induction.

BRAIN

[ No exercise

10-day exercise
e 40
= 40 2%
& ++ &
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Control PTZ Control
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I

Figure 2. Malondialdehyde (MDA), myeloperoxidase (MPO) activity,
glutathione (GSH) content and luminol or lucigenin-enhanced
chemiluminescence levels in the brain tissues of the control and PTZ-
seizure groups that have not exercised or had a 10-day treadmill exercise.
p<0.01, **p< 0.001, compared to non-exercised control group;
++p<0.01 compared to non-exercised PTZ group.

Control

0.5

GSH (umol/g tissue)

Control

Similar to that observed in the brain tissue, MDA levels and
MPO activity in the gastrocnemius muscle of the control rats
were not altered by exercise training (Figure 3). However,
exercising for 10 days elevated the generation of ROS in the
gastrocnemius muscle, as assessed by elevated levels of luminol
- (p<0.01) and lucigenin-(p<0.05) enhanced CL, which was
accompanied by an increase in the antioxidant GSH content
(p<0.05). Although PTZ-seizure in the non-exercised rats did

not increase muscle tissue MDA level, it resulted in increased
levels of luminol-enhanced CL (indicative of OH-, H202,
HOCI radicals) (p<0.01) with a concomitant elevation in the
MPO activity (p<0.001). On the other hand, having exercised
prior to PTZ-seizure depressed MPO activity (p<0.01), showing
the inhibitory effect of prior exercise on neutrophil infiltration
to the muscles that have exhibited tonic-clonic contractions.
Despite that exercise in the control rats had a stimulatory impact
on antioxidant capacity of the skeletal muscle, PTZ-induced
muscle contractions have not changed muscle GSH content in
either non-exercised or exercised rats as compared to that of the
control rats.
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Figure 3. Malondialdehyde (MDA), myeloperoxidase (MPO) activity,
glutathione (GSH) content and luminol or lucigenin-enhanced
chemiluminescence levels in the gastrocnemius muscle tissues of the control
and PTZ-seizure groups that have not exercised or had a 10-day treadmill
exercise. *p<0.05, **p<0.01, ***p<0.001, compared to non-exercised
control groups; ++p <0.01 compared to non-exercised PTZ group.

Examination of the H&E-stained sections of gastrocnemius
muscles showed that most of the myofibrils exhibited normal
regular morphology with peripherally located nuclei in both
the non-exercised and exercised control groups (Figure 4),
except for some muscle fibers of the exercised control group
presenting with a few abnormally located nuclei, indicating the
recovery of the injured muscle tissue [39]. On the other hand,
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in the non-exercised group induced with PTZ, myofibrils with
abnormal organization, severe congestion and inflammatory cell
infiltration were observed, whereas mild congestion and more
regular myofibrils were evident in the exercised PTZ group.

No Exercise

Exercise

e
Figure 4. Representative micrographs of the muscle tissues of the
experimental groups. Arrow: peripherally located nucleus. Asterisk (*):
muscle fiber with regular organization. Arrowhead: centrally located
nucleus. White asterisk: muscle fiber with an abnormal organization.
White arrow: vascular congestion. White arrowhead: inflammatory cell
infiltration in the connective tissue. Hematoxylin and eosin staining.

No Exercise
e

Figure 5. Representative micrographs of cortical regions of the
experimental groups. Arrow: regular-shaped neurons. White arrow: Dark
neurons with shrunken cell bodies. Cresyl Violet staining.

The evaluation of cresyl violet-stained brain sections of the
exercised and non-exercised groups revealed that the neurons
in both hippocampus and cortex were round or oval in shape,
and consisted of blue nuclei with clearly visible borders,
while no remarkable differences were observed between the

morphological features of the brains of the exercised or non-
exercised control rats (Figures 5 and 6). In the non-exercised
group induced with PTZ-seizure, neuronal loss was evident
in the dentate gyrus and cornu ammonis regions of the
hippocampus, while the strongly stained and shrunken dark
neurons were increased in number. In both the hippocampus
and cortex, the number of pyramidal neurons and granular cells
with indistinguishable borders of the nuclei and the cytoplasm
were increased. On the other hand, neuronal morphology in the
exercised PTZ group was similar to that observed in the brains
of the control rats.

No Exercise Exercise
SRR TN

Control i

Figure 6. Representative micrographs of the hippocampal regions of
the experimental groups. Arrow: round - or oval-shaped neurons. DG:
Dentate gyrus; CA: Cornus Ammonis. Arrowhead: degenerated neurons
with unclear nuclei and cytoplasms. White arrow: dark neurons with
shrunken cell bodies. Asterisk (*): neuron loss. Cresyl Violet staining.

4. DISCUSSION

The findings demonstrated that the frequency of tonic-clonic
contractions, average seizure scores and memory performances
were similar in the non-exercised and exercised groups induced
with a PTZ-seizure. Although, exercise training alone increased
the formation of ROS and elevated the antioxidant GSH capacity
of the muscle tissue in the control rats, these effects were not
observed in the muscles of the exercised rats induced with a
PTZ-seizure, suggesting that the upregulated GSH provided
by prior exercise is depleted to overcome the oxidative injury
of the muscle due to its exaggerated activity during seizure.
Thereby, exercise prior to seizure was able to suppress PTZ-
induced elevation in neutrophil infiltration, demonstrating the
preconditioning effect of exercise in alleviating seizure-induced
oxidative injury of the overworked muscles. In contrast to the
skeletal muscle, short-term exercise alone had no effect on the
basal oxidative parameters of the brain tissues. However, a 10-
day mild exercise performed prior to PTZ-seizure was able to
reverse the increased lipid peroxidation and ROS generation
as well as neutrophil infiltration to the inflamed brain tissue,
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reducing the oxidative brain damage due a single seizure-
induced excitotoxicity.

Several neuroprotective and anti-epileptogenic drugs have
been examined for seizure prevention and treatment [23, 40].
Among these treatments, physical exercise has been investigated
as an effective non-pharmacological complementary therapy
for its potency in preventing the occurrence of seizures and
in improving the comorbidities of epilepsy [41]. Accordingly,
moderate exercise in rats was shown to decrease the spike
amplitude and frequency of penicillin-induced seizures [42].
On the other hand, several clinical or experimental studies
have suggested that exercise does not significantly affect the
nature of seizures. Arida et al, have reported that an acute
running exercise for 40 min in rats did not affect the number
of stimulations required to initiate the first generalized seizure
[43]. Similarly, it was reported that exercise performed by
the epileptic patients has not affected the frequency of their
seizures, but had a positive impact on their behavioral states
[44]. Furthermore, physical training has been shown to enhance
learning and memory in people with epilepsy [45, 46], which
was also verified in several animal models [15, 47], suggesting
that exercise, owing to its beneficial effects on the cognition and
psychology of patients with epilepsy, could be recommended as
a life-style change. However, our present results have indicated
that a 10-day mild treadmill exercise performed prior to a single
seizure did not alter the severity of that seizure and had no
impact on the memory function, which was not altered by that
single seizure. This discrepancy with the previous studies may
be related with the duration and intensity of exercise, as well as
the seizure model. On the other hand, our microscopic results
revealed that the PTZ-induced degeneration observed in the
hippocampal and cortical neurons was abolished in the brains of
the exercised rats, indicating that the injury in the microscopical
level has not reached to any alteration in the memory function,
but along with the addition of other injurious seizures long-term
effects of these neurodegenerative changes could be expected
to affect the memory function. Since the repetitive epileptic
seizures would disturb memory function, regular exercise for
longer periods could have a better chance to provide a significant
improvement in cognitive functions.

Despite that the performed exercise prior to a PTZ-seizure
had no impact on the severity of the seizure, our results have
demonstrated that exercise prevented oxidative injury of the
brain, as assessed by the suppression of ROS generation, lipid
peroxidation and neutrophil infiltration. Overproduction of free
radicals due to neuronal hyperexcitability plays a central role in
the pathogenesis of epilepsy. Increased production of ROS along
with attenuated antioxidant defense makes the brain highly
vulnerable to oxidative damage [48]. Since, oxidative damage
can alter neuronal functions, the extent of the oxidative stress
plays the major role in the pathogenesis and complications of
seizure-induced cognitive dysfunctions, including learning and
memory disorders [49-51]. We and the others have previously
reported that epileptic seizure induced by a single dose of
PTZ enhanced lipid peroxidation and neutrophil recruitment,
exaggerated ROS generation, while endogenous GSH was

depleted in the brain [23, 52, 53]. In the present study, we
demonstrated that excess ROS generation in conjunction with
increased lipid peroxidation and neutrophil infiltration were
reversed by prior exercising demonstrating the neuroprotective
effect of exercise, while the antioxidant GSH stores were kept
unchanged. In a similar study, in which rats were injected
with kainic acid to induce seizure, the expressions of the
antioxidants superoxide dismutase and catalase were reduced in
the hippocampus, while the antioxidants were elevated in the
rats subjected to a treadmill exercise for 4 weeks, showing the
preconditioning effect of exercise in suppressing oxidative stress
by increasing hippocampal antioxidant enzymes [54]. It appears
that this preconditioning effect of exercise becomes vital in
maintaining oxidant-antioxidant balance upon an inflammatory
challenge, as it is observed in seizure-induced neurotoxicity.
On the other hand, exercise preconditioning was also shown
to reduce neuroinflammation in a traumatic brain injury
model by suppressing neutrophil infiltration [55]. When taken
together with the associated reports, our data implicate that the
neuronal oxidative damage produced by a single generalized
seizure could be totally suppressed by exercise, suggesting
that regular exercising in epileptic patients would have benefit
in maintaining the oxidant-antioxidant status against the
cumulative neurotoxicity due to repetitive epileptic seizures.

Depending on the training load, physical exercise can have
positive effects on muscle function, while overproduction of
ROS by a strenuous exercise can cause oxidative muscle damage
[56]. In the current study, mild treadmill exercise for 10 days has
enhanced generation of ROS with a concomitant increase in the
endogenous antioxidant GSH levels, without causing any change
in lipid peroxidation or neutrophil recruitment to the exercising
muscle. Thus, it seems likely that the 10-day training has triggered
ROS production and antioxidant capacity, which is expected
to protect the exercised muscle from any upcoming oxidative
challenges. Depending on the intensity of exercise, studies have
reported that the endogenous antioxidants could be decreased
or increased without any alteration in lipid peroxidation levels
[57]. Although, high intensity exercise was shown to elevate
myeloperoxidase activity in the gastrocnemius muscle [58, 59],
the mild exercise in our study has not significantly affected the
infiltration of neutrophils to the muscle, suggesting that a mild
exercise is effective in upregulating the antioxidant content of
the muscle without initiating any inflammatory response. On
the other hand, exaggerated contraction of the muscle due
to a PTZ-induced seizure in the current study has increased
ROS generation, which was accompanied by the accumulation
of neutrophils, while the GSH upregulated by exercise was
used up to prevent any change in lipid peroxidation and to
depress neutrophil infiltration. Thus, preconditioning of the
muscle by prior exercise has increased the availability of the
antioxidants to resist the oxidative injury evoked by generalized
muscle contractions. In support of these biochemical data, our
histological findings also revealed that abnormal organization
of myofibrils and inflammatory cell infiltration in the muscles
of the non-exercised PTZ rats were replaced by more regular
myofibrils and a milder inflammation when the PTZ-rats have
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previously exercised. Due to the forces generated in the muscles
during tonic-clonic seizures, epileptic patients have a high risk
for severe musculoskeletal injury [60] and even rhabdomyolysis
resulting in acute renal failure [61]. Although it is well known
that patients experience severe pain following violent tonic-
clonic contractions, oxidative injury of the muscle induced by
the seizure was not thoroughly investigated before. Therefore,
our results verified for the first time that a single seizure
enhances ROS generation and neutrophil accumulation, and
initiates a local inflammatory response, which could give rise
to soreness and pain experienced in the contracted muscles.
Moreover, our results further showed that exercised and thereby
preconditioned muscle could resist to the seizure-induced
inflammatory insult.

In conclusion, the findings of the present study demonstrated
that a mild exercise helps to maintain the oxidant-antioxidant
balance in both the skeletal muscle and brain tissues against
any forthcoming injurious incidents, and this preconditioning
effect of exercise could be of vital importance in protecting the
muscle and brain functions of the epileptic patients exposed to
repetitive tonic-clonic contractions.
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