// - - .I...I.\\
£ Journal of Sport Biosciences b ]
" Univ ersity of Tehran Press N Illll'\\.II
The Effect of Aerobic Swimming on Synaptic Protein Expression and
Improvement of Cognitive Function in Multiple Sclerosis Mice Model
Soheila Banasadegh'“'*", Shahnaz Shahrbanian®".=", Reza Gharakhanlou®"=, Mohammad

Reza Kordi*

1. Department of Sport Sciences, Faculty of Humanities, Tarbiat Modares University, Tehran, Iran. Email: banasadegh@modares.ac.ir
2. Corresponding Author, Department of Sport Sciences, Faculty of Humanities, Tarbiat Modares University, Tehran, Iran.

Email: sh.shahrbanian@modares.ac.ir
3. Department of Sport Sciences, Faculty of Humanities, Tarbiat Modares University, Tehran, Iran. Email: ghara_re@modares.ac.ir
4. Department of Sports Physiology, Faculty of Health and Sports Sciences, University of Tehran, Tehran, Iran.

Email: mrkordi@ut.ac.ir

Article Info ABSTRACT
Article type: Introduction: Multiple sclerosis (MS) is an autoimmune inflammatory disease of
Research the CNS that impairs cognitive function during its progression. A notable alteration

in the CNS of these patients is synaptic dysfunction, which precedes axonal and
neural pathway demyelination. Previous research shows that physical activity is
promising potential in the prevention and management of these conditions. This
study aimed to examine the effects of swimming exercise on the levels of the
presynaptic membrane protein SNAP25 in the brain tissue of female mice

Article history: experiencing cognitive and inflammatory disorders, using the experimental

Rece"’edl:O Tl 2024 autoimmune encephalomyelitis (EAE) animal model.

Received in re\)//ised form: Methods: A total of 21 C57BL/6 mice were divided into 3 groups with equal
21 July 2024 numbers: control, EAE without exercise, and EAE with aerobic swimming exercise.

Accepted: Clinical scores were recorded daily, and SNAP25 protein levels were measured by
22 August 2024 Western blot method after the 4-week exercise period.

Published online:

2 December 2025 Results: The induction of EAE increased SNAP25 levels compared to the healthy

control group, but swimming exercise reduced these levels by 27% (P-value=0.0003,
F=42.92, EF=0.85). Additionally, clinical scores improved in the exercised mice with

the disease.
Keywords: ] . . . . .
EAE Induction, Conclusion: Aerobic swimming for four weeks by regulating the expression of
Synaptic Destruction, SNAP25 in the brain tissue and modulating the release of neural mediators and
SNAP25, nutritional factors in the synaptic area improves the symptoms of mild cognitive
Mild Cognitive Impairment,. impairment and clinical symptoms in mice model of MS.

Aerobic Exercise.

Cite this article: Banasadegh Soheila, Shahrbanian.Shahnaz, Gharakhanlou Reza & Kordi Mohammad Reza. The Effect of
Aerobic Swimming on Synaptic Protein Expression and Improvement of Cognitive Function in Multiple Sclerosis
Mice Model. Journal of Sport Biosciences. 2024;17(3). 5-17.

DOI: http//doi.org/10.22059/JSB.2024.379202.1638.

@ ® @ Journal of Sport Biosciences by University of Tehran Press is licensed under CC BY-NC 4.0.

| Web site: https://jsb.ut.ac.ir/ | Email: jsb@ut.ac.ir.
© The Author(s). Publisher: University of Tehran Press.



mailto:banasadegh@modares.ac.ir
mailto:sh.shahrbanian@modares.ac.ir
mailto:ghara_re@modares.ac.ir
mailto:mrkordi@ut.ac.ir
mailto:mrkordi@ut.ac.ir
doi:%20http//doi.org/10.22059/JSB.2024.379202.1638.
doi:%20http//doi.org/10.22059/JSB.2024.379202.1638.
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://jsb.ut.ac.ir/
mailto:jsb@ut.ac.ir
https://orcid.org/0009-0004-0867-9844
https://orcid.org/0000-0003-3104-7584
https://orcid.org/0000-0001-5490-5444
https://orcid.org/0000-0002-6507-6634
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1

/
University of Tehran Press

E'xtended Abstract

Introduction

Multiple Sclerosis (MS) is an autoimmune disease that
attacks the central nervous system, leading to synapse
and myelin sheath destruction, especially in axons.
Around three million people globally suffer from MS,
with 45-70% experiencing cognitive impairments.
Women are three times more likely to have MS, but men
often show more severe cognitive and verbal memory
issues. Cognitive decline in MS is linked to reduced
visual-spatial learning, delayed recall, attention, and
information processing speed, costing the U.S.
healthcare system about $82 billion annually. Studies
indicate an increasing MS prevalence in central and
northern Iran. Although the causes of MS are not fully
understood, synaptic dysfunction before demyelination
leads to cognitive impairment. ldentifying biomarkers
of synaptic destruction can help in prevention, early
diagnosis, and treatment. One important synaptic
destruction marker is the synaptic protein SNAP25, part
of the SNARE complex, essential for neurotransmitter
and neurotrophin release. SNAP25's role affects mental
confusion, attention deficits, and speech disorders.
Longitudinal studies on Alzheimer's disease show
SNAP25 levels vary from a relative increase in mild
cognitive impairment (MCI) to a decrease in advanced
dementia stages. Physical activity, especially aerobic
exercise, has beneficial effects, such as neural protection
and enhanced synaptic learning. Swimming increases
neurotrophin secretion with minimal adverse effects. In
the EAE animal model, swimming impacts motor
coordination, stress, and pressure less than treadmill
exercise. Borras's 2021 study showed that swimming
reduces SNAP25 levels, while running does not.
Aerobic exercise increased SNAP25 in the hippocampus
of diabetic mice, improving cognitive performance.
Conflicting findings on exercise's effect on synaptic
protein regulation warrant further examination of
aerobic swimming exercise in the MS animal model.
This study aims to investigate the four-week effects of
swimming exercise on cognitive performance in MS
patients, focusing on SNAP25 protein levels and clinical
scores in female EAE model mice.

Methods

Twenty-one female C57BL/6 mice, aged 6-8 weeks,
were divided into three groups: healthy control (7 mice),
EAE (7 mice), and EAE with swimming exercise
(EAE+SE, 7 mice). Mice were kept under a 12:12
light/dark cycle in standard conditions. EAE induction
involved  subcutaneous injection of  myelin
oligodendrocyte  glycoprotein  (MOG35-55) and
complete Freund's adjuvant (CFA), along with pertussis
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toxin (PT). The control group received only saline. In
order to measure myelin destruction of brain tissue,
Luxal Fast Blue (LFB) staining was used. The EAE+SE
group underwent a 4-week swimming program,
swimming for 30 minutes every two days. The control
group remained in a dry cage. The exercise continued
until clinical symptoms appeared. Daily body weight
and clinical signs were assessed using a clinical scoring
system. Protein detection in brain tissue was performed
using the Lowry method and SDS-PAGE
electrophoresis. Immunoblotting involved transferring
proteins to a PVDF membrane, incubating with
antibodies, and visualizing bands. Protein concentration
was measured, and SNAP25 levels were analyzed using
Western blot. Data were analyzed using SPSS software.
Descriptive and inferential statistics, including One-
Way ANOVA and post-hoc Fisher's LSD test, were used
to determine differences. Clinical scores and body
weights changes were analyzed with the Kruskal-Wallis
test. A significance level of 0.05 was considered.

Results

Weight changes among the groups showed no
significant differences. Clinical changes were more
pronounced in the EAE group than the EAE+EX group.
SNAP25 levels varied significantly among the groups,
with the control group showing lower levels compared
to the EAE and EAE+ EX groups. SNAP25 levels in the
swimming exercise group were higher than in the EAE

group.

Conclusion

Aerobic swimming did not significantly affect mice's
weight. Clinical scores indicated better motor health in
the exercise group. SNAP25 levels increased after EAE
induction but were reduced by 30% after four weeks of
swimming exercise. SNAP25, crucial for
neurotransmission, is also linked to immune cells in
MS. The study found that aerobic swimming reduced
SNAP25 levels, contrasting with some research but
aligning with others. The regulatory roles of these
proteins and exercise's effect on oxidative stress may
explain these findings. Aerobic exercise showed
benefits in reducing cognitive and motor dysfunction,
supporting the importance of exercise in managing MS.
Further research on specific brain regions and other
synaptic proteins is suggested. Four weeks of aerobic
swimming significantly regulated SNAP25 levels and
improved clinical scores in MS models, suggesting
exercise's potential in mitigating cognitive disorders by
regulating inflammatory responses and synaptic
proteins.
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