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Fatigue is one of the most common symptoms among individuals with multiple
sclerosis (MS). The imbalance of inflammatory cytokines in the brain causes
mental fatigue. It is believed that aerobic exercise may moderate the level of
inflammation of cytokines and thus reduce mental fatigue. This study was
conducted to investigate the effect of swimming aerobic training on pro-
inflammatory factors (interleukin 6) and anti-inflammatory factors (interleukin
10) to evaluate mental fatigue in the brains of female mice after EAE induction.
In this research, 21 mice (8 weeks old, 18 to 20 grams) were divided into three
groups: healthy control, EAE control, and EAE swimming aerobic exercise. The
animals in the training group performed moderate-intensity swimming
exercises for 4 weeks, with 5 sessions per week, each session lasting 30
minutes. The western blot method was used to analyze the research variables.
The results showed no significant difference in the amount of IL-6 between the
EAE group and the swimming training group, but the amount of IL-10 in the
swimming training group showed a significant increase compared to the EAE
group. The ratio of IL-10/I1L-6 values between the swimming training group and
the EAE group was also not significant. It seems that moderate-intensity
swimming aerobic exercises, without changing the pro-inflammatory factor,
along with increasing the anti-inflammatory factor IL-10, can lead to an
improvement in the balance of the inflammatory index and a reduction in
fatigue in the EAE group and the swimming exercise group.
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Extended Abstract

Fatigue is one of the most common and debilitating symptoms experienced by individuals
with multiple sclerosis (MS), an autoimmune disorder characterized by demyelination and
neurodegeneration in the central nervous system (CNS). This condition leads to a
significant imbalance of inflammatory cytokines in the brain, contributing to mental fatigue.
Recent research suggests that aerobic exercise may help moderate cytokine levels,
potentially reducing inflammation and alleviating fatigue. This study aimed to investigate
the effects of swimming aerobic training on the levels of pro-inflammatory cytokine
interleukin-6 (IL-6) and anti-inflammatory cytokine interleukin-10 (IL-10) in female mice
with experimental autoimmune encephalomyelitis (EAE), an established animal model for
MS.

Methods

Twenty-one female mice, aged 8 weeks and weighing between 18 to 20 grams, were
used in this study. These mice were randomly assigned to one of three groups: healthy
control (HC), EAE control (EAE-C), and EAE with swimming aerobic exercise (EAE-S).
The EAE groups were induced with experimental autoimmune encephalomyelitis to
simulate the pathology of MS. The EAE-S group underwent a moderate-intensity
swimming exercise regimen, consisting of 30-minute sessions conducted five times per
week over a four-week period.

The EAE model is a widely used method to study MS due to its ability to replicate many
aspects of human disease, including demyelination and CNS inflammation. In this study,
the induction of EAE was performed using a standard protocol involving immunization
with myelin oligodendrocyte glycoprotein (MOG) emulsified in complete Freund's
adjuvant (CFA), followed by pertussis toxin administration. This method reliably induces
EAE, resulting in an autoimmune response against the CNS. At the end of the exercise
period, brain tissues were harvested from the mice, and the levels of IL-6 and IL-10 were
measured using the western blot method. Western blotting is a powerful technique for
detecting specific proteins within a complex mixture, allowing for the quantification of
cytokine levels in the brain tissue. In this study, protein extraction was performed on the

harvested brain tissues, followed by electrophoresis, transfer to membranes, and probing
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with specific antibodies against IL-6 and IL-10. Enhanced chemiluminescence (ECL) was
used to visualize the protein bands, and densitometry was performed to quantify the
relative protein levels.

Statistical analysis was performed using one-way analysis of variance (ANOVA) followed
by Tukey's post hoc test to determine the significance of differences between the groups.
A p-value of less than 0.05 was considered statistically significant. This approach ensures
that the observed differences in cytokine levels are not due to random variation but reflect
genuine effects of the exercise intervention.

Results

The results indicated no significant difference in IL-6 levels between the EAE control
group and the EAE swimming exercise group, suggesting that moderate-intensity
swimming does not significantly affect the levels of the pro-inflammatory cytokine IL-6 in
the brain. This finding is important as it suggests that the exercise regimen employed in
this study does not exacerbate the inflammatory response associated with EAE.
However, there was a significant increase in the levels of the anti-inflammatory cytokine
IL-10 in the EAE-S group compared to the EAE-C group. IL-10 is a critical cytokine
involved in regulating the immune response and promoting an anti-inflammatory
environment. The increase in IL-10 levels observed in the EAE-S group suggests that
swimming aerobic exercise may enhance the brain's ability to counteract inflammation,
potentially providing a protective effect against the neuroinflammatory processes
associated with MS.

Despite this increase in IL-10, the ratio of IL-10 to IL-6 did not show a significant difference
between the EAE-S and EAE-C groups, indicating that while IL-10 levels rose, the relative
balance between pro-inflammatory and anti-inflammatory cytokines remained relatively
unchanged. This finding highlights the complexity of the immune response in EAE and
suggests that while exercise can enhance anti-inflammatory mechanisms, it may not be
sufficient to completely shift the overall balance of cytokines.

Discussion

The findings suggest that while swimming aerobic exercise does not reduce IL-6 levels,

it significantly increases IL-10 levels in the brain of EAE-induced mice. This increase in
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IL-10 may help create a more anti-inflammatory environment in the CNS, which could
potentially contribute to a reduction in neuroinflammation, and mental fatigue associated
with MS. The mechanisms through which aerobic exercise influences cytokine levels are
complex and involve multiple physiological pathways.

One potential mechanism is the modulation of the hypothalamic-pituitary-adrenal (HPA)
axis. Exercise has been shown to influence the HPA axis, leading to the release of
endogenous glucocorticoids, which have potent anti-inflammatory effects. Additionally,
exercise can enhance the production of neuroprotective agents such as brain-derived
neurotrophic factor (BDNF), which supports neuronal survival and function. These
combined effects may contribute to the observed increase in IL-10 levels and the potential
reduction in neuroinflammation.

Furthermore, regular physical activity has been associated with improved immune
regulation, including the modulation of regulatory T cells (Tregs) and the production of
anti-inflammatory cytokines. These adaptations may help create a more balanced
immune response, reducing the likelihood of autoimmune attacks against the CNS in MS.
Implications for MS Management

These findings have important implications for the management of MS. Incorporating
aerobic exercise, such as swimming, into the treatment plans for MS patients could serve
as an effective adjunct therapy to reduce mental fatigue. Regular physical activity might
improve overall quality of life for individuals with MS by promoting an anti-inflammatory
environment within the CNS. It is crucial, however, to customize exercise programs to
individual needs and capacities to ensure safety and effectiveness.

For MS patients, exercise programs should be designed with consideration of their
physical limitations and disease progression. Moderate-intensity exercises, such as
swimming, offer a low-impact option that can be easily adjusted to suit individual fitness
levels. The buoyancy of water reduces the risk of joint stress and injury, making swimming
a suitable exercise for individuals with varying degrees of mobility.

Healthcare providers should also consider the potential psychological benefits of regular
physical activity. Exercise has been shown to improve mood, reduce anxiety and

depression, and enhance cognitive function. These effects can be particularly beneficial
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for MS patients, who often experience a range of psychological symptoms in addition to
physical fatigue.

Future Directions

Future research should explore the long-term effects of different types and intensities of
aerobic exercise on cytokine levels and fatigue in MS. Clinical trials involving MS patients
are necessary to validate these findings and facilitate the translation of animal model
research into human therapy. Further studies should also investigate the underlying
mechanisms of exercise-induced cytokine modulation to optimize exercise interventions
for managing MS-related symptoms.

Additionally, research should explore the potential synergistic effects of combining
exercise with other therapeutic interventions, such as pharmacological treatments and
dietary modifications. Understanding how these interventions interact could lead to more
comprehensive and effective management strategies for MS.

Moreover, future studies should consider the heterogeneity of MS and the variability in
disease progression and symptomatology among patients. Personalized exercise
programs that account for individual differences in disease severity, fitness levels, and
comorbid conditions may be necessary to maximize the benefits of physical activity for
MS patients.

Conclusion

This study demonstrates that moderate-intensity swimming aerobic exercise significantly
increases the levels of the anti-inflammatory cytokine IL-10 in a mouse model of MS
without affecting IL-6 levels. These results suggest that aerobic exercise could help
reduce mental fatigue in MS by fostering a more balanced inflammatory state in the brain.
Additional research is required to confirm these effects in human subjects and to explore
the optimal types and intensities of exercise for managing MS-related fatigue.

The potential for exercise to serve as a non-pharmacological intervention in MS
management is promising. By promoting an anti-inflammatory environment within the
CNS and enhancing overall physical and mental well-being, aerobic exercise may offer a
valuable addition to the therapeutic toolkit for MS. The insights gained from this study
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provide a foundation for future research and underscore the importance of integrating
exercise into comprehensive MS care.
Keywords: Aerobic exercise, Interleukins, Inflammation, MS disease, Cytokines, Mental

Fatigue
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