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Introduction: Oxidative stress and the production of Reactive Nitrogen (RNS) and
Oxygen (ROS) Species play an important role in the pathogenesis and the
progression of MS. This study aimed to investigate the effect of exercise on disease
severity, NRF2 protein levels, and xanthine oxidase enzyme in the spinal cord
during the chronic period of the disease.

Methods: Thirty female C57BI/6 mice (6-8 weeks) were divided into three
Voluntary Exercise, Experimental Autoimmune Encephalomyelitis (EAE), and
Healthy Control groups. After induction of EAE by Myelin Oligodendrocyte
Glycoprotein (MOG35-55) and after the mice showed a clinical score of one for
two consecutive days, they performed one hour of voluntary exercise for four
weeks and five days a week. Forty-eight hours after the last training session, the
mice were anesthetized with Ketamine and Xylazine, and the spinal cord tissue was
removed. The location of NRF2 proteins in the gray and white matter of the spinal
cord was investigated by Immunohistochemistry, and xanthine oxidase was
measured by xanthine oxidase assay kit according to the kit manufacturer's
instructions and by ELISA method.

Results: Voluntary exercise increased NRF2 protein levels in the white matter
(P=0.0001) and gray matter (P=0.0001) of the spinal cord and decreased xanthine
oxidase levels in the spinal cord (P=0.001), and attenuated disease severity during
the chronic period (P=0.01).

Conclusion: Voluntary exercise reduces oxidative stress and disease severity
during the chronic period of the disease and would be a good strategy for
controlling and treatment of MS disease.
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Introduction

Multiple sclerosis (MS) is a chronic neuroinflammatory
disease of the central nervous system that causes disability in
young adults, especially in women. The primary event in the
pathogenesis of MS is the infiltration of highly
proinflammatory leukocytes, especially TH1 and TH17 cells,
into the CNS and the production of interferon-gamma (IFN-y)
and IL-17A. This increase in inflammatory reactions increases
the permeability of the blood-brain barrier and causes more
penetration of B cells and monocytes into the CNS. These
processes are associated with activating macrophages and
microglia residing in the CNS and releasing more
inflammatory cytokines and chemokines. In addition,
activated macrophages and microglia in CNS lesions express
enzymes involved in oxidative stress such as NADPH oxidase
(NOX), inducible nitric oxide synthase (iNOS), xanthine
oxidase (XO) and myeloperoxidase (MPO) and increase ROS
production and oxidative stress. Evidence shows that oxidative
stress plays an important role in the progression and
development of MS by increasing the destruction of the blood-
brain barrier, damage to mitochondria, and the further increase
of inflammatory cytokines with the activation of NFKB. Many
clinical studies have shown the beneficial effects of physical
activity and exercise on improving walking, fatigue,
depression, and quality of life in people with MS. Also,
regular exercise increases neurotrophins, anti-inflammatory
factors, and neurogenesis. It also reduces inflammation,
oxidative stress, and the destruction of the myelin sheath, and
prevents disease progression. The optimal effect of exercise on
neurological diseases depends on its type, intensity, and
duration. Voluntary exercise is an activity whose intensity and
duration are under the control of the individual, and therefore
less stress is introduced, which can be more enjoyable for the
patients. Evidence Strongly shows that voluntary exercise can
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effectively reduce clinical symptoms in neurological diseases,
but the mechanism of its effect has not yet been fully
determined. Considering the importance of NRF2 and
oxidative stress in the progression and development of MS
disease and the different effects of the type and intensity of
activity in MS and EAE, this study aimed to investigate the
effect of four weeks of voluntary exercise on the NRF2 and
XO levels in the spinal cord of C57BL/6 mice with EAE in the
chronic period of the disease (30 days after induction of EAE).

Methods

Thirty female C57BI/6 mice (6-8 weeks) were divided into
three Voluntary Exercise, EAE, and Healthy Control groups.
After induction of EAE by MOG35-55 and after the mice
showed a clinical score of one for two consecutive days, they
performed one hour of voluntary exercise for four weeks
and five days a week. Forty-eight hours after the last
training session, the mice were anesthetized with ketamine and
xylazine, and their spinal cord tissues were removed. The
location of NRF2 proteins in the gray and white matter of the
spinal cord was investigated by immunohistochemistry, and
xanthine oxidase was measured by xanthine oxidase kit assay
according to the kit manufacturer's instructions by ELISA
method.

Results

Voluntary exercise increased NRF2 protein levels in the white
matter (P=0.0001) and gray matter (P=0.0001) of the spinal
cord and decreased xanthine oxidase levels in the spinal cord
(P=0.001), and attenuated disease severity in the chronic
period (P=0.01). The clinical scores of the groups on the day
of onset of symptoms and the chronic period of the disease are
presented in Table 1.

Table 1. The clinical scores of the groups on the day of onset of symptoms and the chronic period of the disease

Day 30

Day 10 post- _ post-
. / induction

G induction (onset of -
roups symptoms) (chronic
y period of

disease)
EAE 0.57(0-1) 1.71(1-2)
0.60(1-2) 0.60(0-2)

Voluntary Exercise
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Conclusion

In this study, it was shown that voluntary exercise, reduced
the oxidative stress caused by the induction of EAE in the
chronic period of the disease, regardless of the intensity and
duration; however, more research is needed to decide on the
appropriate type, intensity, and duration of exercise in MS
patients.
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