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The effect of six weeks of voluntary swimming activity on the
content of GSK3f, mTOR, and caspase-3 proteins in rats with
cuprizone-induced multiple sclerosis (MS)
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Abstract

ne disease with
cognitive functions.
ns, which may benefit
MS patients by mitigating neural degeneration, particularly axonal damag i mpus, signaling pathways
involving glycogen synthase kinase-3 beta (GSK3f), mechanistic t cin (mTOR), and caspase-3 play
key roles in regulating cellular survival, apoptosis, proliferation, and eostasis. Given the importance of
these pathways, the current study aimed to investigate the effects of v mming exercise on the expression

Background and Purpose: Multiple sclerosis (MS) is a chronic, ‘lammatory, and
multlfactorlal orlglns that significantly reduces patlents quality of life by impairi
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Results: A significant inerease in
fp the healthy B (P=0.0

B'and caspase ein levels was observed in the MS control group compared

ating enhanced apoptotic signaling.So Conversely, mTOR expression was
.001). Importantly, after six weeks of swimming, levels of GSK3[ and caspase-
<0.001), while mTOR expression increased significantly in the exercise group

df pro-survival sig
8ould serve as a pro

ling, which may contribute to hippocampal cell preservation. Therefore, voluntary swimming

ing non-pharmacological intervention to support neuronal health in MS.
: Twenty-one male Wistar rats (average age 12 weeks, 225+ 16 g) were randomly assigned to three groups: healthy

Boeyvob iES Cotked B,amd MR, wittpaserdisenMip waslachsiedihyfeedlingtavdiyt containing 0.5% cuprizone for 12 weeks.
Disease induction was confirmed using the rotarod performance test. Following confirmation, the exercise group
whduresnand igig Avedlorso Enbad): hamidhahibidd0@epioiloedm In the first week, rats swam for 10 minutes without
added weight, and the swimming duration increased by 5 minutes weekly. During weeks five and six, the duration
was maintained at 30 minutes to ensure adaptation and avoid overtraining. After completion of the protocol, behavioral
assessments were repeated, hippocampal tissues were extracted, and protein levels of GSK3, mTOR, and caspase-3
were analyzed via Western blotting. Statistical analysis was performed using one-way ANOVA followed by Tukey’s
post hoc test (significance threshold set at p<0.05).
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