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ABSTRACT

Objective: Oxidative stress is a important factor in exacerbating epilepsy, neuronal
hyperexcitability, and increased seizure frequency. This study aimed to investigate the effects of
aerobic exercise on hippocampal miR-23a expression, malondialdehyde (MDA) levels and
catalase (CAT) enzyme activity, and seizure frequency in rats with epilepsy.

Methodology: In this study, thirty-two male Wistar rats (4-6 weeks old) were randomly
assigned to four groups: healthy, sham, epileptic, and epileptic + aerobic training. Epilepsy was
induced by intra-hippocampal injection of kainic acid, and seizure severity was evaluated using
the Racine scale. The training protocol consisted of moderate-intensity aerobic exercise
performed for eight weeks, five sessions per week, with each session lasting 40 minutes. Forty-
eight hours after the last training session, the animals were anesthetized with ketamine and
xylazine, and the hippocampal tissue was extracted. Catalase (CAT) activity and
malondialdehyde (MDA) levels were measured using the ELISA method, while the expression
of miR-23a was assessed by real-time PCR.

Results: Aerobic exercise reduced hippocampal MDA levels (P=0.007) and miR-23a
expression (P=0.53) while increasing CAT enzyme activity (P=0.02) in epileptic rats. Seizure
frequency was also significantly decreased in the epileptic rats (P=0.01).

Conclusion: Eight weeks of regular exercise can lead to a reduction in lipid peroxidation and
an increase in the antioxidant enzyme CAT in the hippocampus. This improvement in
antioxidant status was associated with a decrease in the number of seizures.
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Extended Abstract

diseases. Globally, it affects nearly 50 million people. Since epilepsy is not a single disease but
rather a spectrum of complex neurological conditions, there is no universally accepted
definition. One classification is based on the affected brain region, with temporal lobe epilepsy
(TLE) being the most common form. TLE has the highest potential to progress into drug-
resistant epilepsy, which is defined as the failure to respond to at least two appropriately chosen
and adequately administered antiseizure medications. MicroRNAs (miRNAs) are single-
stranded, non-coding RNA molecules that negatively regulate gene expression at the post-
transcriptional level. Dysregulation of miRNAs has been associated with a wide range of
diseases. Growing evidence suggests that miRNAs play a pivotal role in the onset and
progression of various neurological disorders, including epilepsy. Altered expression of
miRNAs in the epileptic focus has been observed both in experimental TLE models and in
patients with TLE. Oxidative stress influences the expression of several miRNAs, and
conversely, miRNAs can regulate many genes involved in the oxidative stress response. Both
oxidative stress and miRNA regulatory networks contribute to the pathophysiology of
neurological diseases, including epilepsy. Among these, miR-23a is one of the most commonly
implicated miRNAs, with a role in hippocampal neuronal injury and spatial memory impairment
in experimental TLE models. A study by Zhou et al. (2019) demonstrated that miR-23a
expression was significantly increased in the hippocampus of kainic acid—induced TLE rats, and
this upregulation was associated with hippocampal oxidative damage. Moreover, inhibition of
miR-23a expression via miR-23a antagomirs significantly attenuated oxidative stress and
neuronal injury, suggesting that targeting miR-23a may offer a novel neuroprotective strategy
for patients with TLE. Previous studies have shown that physical exercise can significantly
modulate miRNA expression in the central nervous system, potentially influencing neuronal
health and cognitive performance. Exercise has been reported to improve epilepsy symptoms by
regulating miRNA expression and reducing oxidative stress. Additionally, exercise can
ameliorate neuroinflammation, improve mental health, enhance learning, quality of life, and
memory in patients with epilepsy. Aerobic exercise, in particular, has been shown to reduce
oxidative stress and increase antioxidant enzyme activity, in parallel with a decrease in seizure
frequency and severity in epileptic rats. One such antioxidant enzyme is catalase (CAT), which
plays a central role in reducing oxidative stress. Therefore, part of the beneficial effects of
exercise on epilepsy may be attributed to its ability to enhance antioxidant defense mechanisms.
Based on previous findings, it appears that aerobic exercise can contribute to the improvement
of epilepsy, possibly through restoring oxidative balance in the brain. However, further studies
are required to confirm this mechanism. Accordingly, the present study aimed to investigate the
effects of eight weeks of moderate-intensity aerobic training on miR-23a expression,
malondialdehyde (MDA) levels, and catalase (CAT) activity in kainic acid—induced epileptic
rats.

Methodology

total of 32 male Wistar rats were purchased from the Pasteur Institute, with an average age of 6—
8 weeks and a mean body weight of 266.62 + 14.96 g. The animals were randomly divided into
four groups: healthy control (CON, n=8), epileptic (EPI, n=8), which received kainic acid
injection, epileptic + moderate-intensity continuous training (EPI+MICT, n=8), which
underwent eight weeks of aerobic exercise following kainic acid injection, and sham (SHAM,
n=8), which received only saline injection.The rats were housed under controlled conditions at
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22-26 °C, 55-65% humidity, and a 12:12 h light/dark cycle, with free access to food and water.
Epilepsy was induced by intra-hippocampal injection of kainic acid, and seizure severity was
evaluated using the Racine scale. The aerobic training protocol was performed for 8 weeks, 5
days per week, 40 minutes per session, at 60% of Vmax as moderate-intensity continuous
training.Forty-eight hours after the last training session, the animals were anesthetized with
ketamine and xylazine, and the hippocampal tissue was extracted. Catalase (CAT) activity and
malondialdehyde (MDA) levels were measured using the ELISA method, while the expression
of miR-23a was assessed by real-time PCR.

Results

The findings of the present study demonstrated that, compared with the sham group, epilepsy
induction significantly increased miR-23a expression (P = 0.02) and MDA levels (P = 0.001),
while significantly reducing CAT enzyme activity in the hippocampus (P = 0.001).Furthermore,
eight weeks of aerobic exercise significantly decreased hippocampal MDA levels (P = 0.007)
and non-significantly reduced miR-23a expression (P = 0.53), while significantly increasing
CAT activity (P = 0.02). These changes were accompanied by a significant reduction in the
number of seizures (P = 0.01).

Discussion and Conclusion

The findings of the present study showed that miR-23a expression and MDA levels in the
hippocampus of epileptic rats were significantly increased, while the activity of the antioxidant
enzyme CAT was significantly decreased. These hippocampal changes were associated with an
increase in seizure frequency in epileptic rats. Furthermore, eight weeks of moderate-intensity
aerobic training significantly increased hippocampal CAT activity and significantly reduced
MDA levels and seizure frequency. In addition, the results indicated that eight weeks of aerobic
training reduced hippocampal miR-23a expression in epileptic rats; however, this reduction did
not reach statistical significance, suggesting the need for further research.Taken together with
previous findings, the results of this study suggest that aerobic exercise may play a beneficial
role in improving and controlling epilepsy, with reduction of oxidative stress being one of the
possible mechanisms underlying its protective effects.
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