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Introduction: Inflammatory and autoimmune diseases like multiple sclerosis are linked to
immune system gene activation and oxidative stress, with betaine demonstrating anti-
inflammatory effects by controlling these gene signaling pathways. The aim of the present
study was to investigate the effects of water exercises with betaine supplementation on
vascular endothelial growth factor and oxidative stress indices in the cerebellum of rats with
multiple sclerosis.

Materials & Methods: A study involving 28 adult male rats, aged 12 weeks, was conducted to
study MS. MS was induced using cuprizone for 6 weeks, and the rats were divided into 7
groups. Swimming exercises were performed daily for 6 weeks, and betaine was administered
daily in drinking water for 6 weeks. Cerebellar tissue was isolated and endothelial growth
factor, malondialdehyde, and superoxide dismutase were measured using ELISA kits. Data
analysis was done using SPSS V.22, with one-way analysis of variance and LSD post hoc test
at a P<0.05 level.

Results: MS disease causes a decrease in endothelial growth factor and superoxide dismutase
levels. The lesion + exercise + betaine group showed a significant increase in the endothelial
growth factor, a significant decrease in the malondialdehyde and, a significant increase in the
superoxide dismutase variable compared to the lesion group (p < 0.001).

Conclusion: Swimming exercises and betaine supplementation can enhance vascular growth
factor indices and oxidative stress in individuals with MS by increasing endothelial growth
factors and superoxide dismutase.
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Introduction
Multiple

sclerosis

mechanisms leads to progressive neuronal
damage and persistent disability (2). Vascular

chronic endothelial growth factor (VEGF) plays a major

is a

inflammatory demyelinating disease of the
central nervous system characterized by various
forms of inflammation, axonal damage, and
demyelination. Most patients with MS initially
present with a relapsing-remitting multiple
sclerosis (RRMS) course characterized by
inflammatory demyelinating attacks, axonal
damage, and varying degrees of repair (1).
However, most RRMS patients eventually enter
a secondary progressive multiple sclerosis
(SPMS) phase, in which failure of repair

role in the pathologic conditions associated with
autoimmune diseases. There is much evidence
in various autoimmune diseases such as
rheumatoid arthritis and multiple sclerosis that
the VEGF system is interconnected with these
disorders. Superoxide dismutase (SOD) also
provides the first line of enzymatic defense
against intracellular free radicals produced by
the excretion of Superoxide dismutase is an
enzyme that catalyzes the conversion of
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superoxide anion to molecular oxygen and
hydrogen peroxide and, therefore, is a critical
part of cellular mechanisms and antioxidant
defenses (8); consequently, control of these
pathways has become an essential candidate for
controlling inflammation. Swimming exercise
enhances anti-inflammatory function and has a
neuroprotective effect. Compared with running,
swimming can improve the adaptations
associated with neuroprotection in MS and
produce greater neuroprotective effects.
Aquatic exercise is one of the new methods
recommended by some texts for MS patients.
Therefore, according to the explanations given,
conducting a study similar to the present study
seems necessary; Accordingly, considering the
importance of inflammation in MS and the
aforementioned anti-inflammatory roles of
betaine supplementation and the role of exercise
in controlling complications of diseases, it is
likely that betaine, by affecting inflammatory
and cellular protective pathways, can improve
disorders caused by MS. The aim of the present
study was to investigate the effects of water
exercises with betaine supplementation on
vascular endothelial growth factor and oxidative
stress indices in the cerebellum of rats with
multiple sclerosis.

Methods

TIn the present study, 28 adults 12-week-
old male Wistar rats with an average weight of
250-300 grams were used. The research
samples were purchased from the animal house
of Shahid Chamran University of Ahvaz. The
animals were kept in groups of four in
transparent polycarbonate cages in an
environment with a temperature of 20 to 22
degrees Celsius, under conditions of 12 hours of
light and 12 hours of darkness. The training
groups were familiarized with the pool for 10
minutes, 5 days a week. After familiarizing
themselves with the activity in the pool, these
animals were divided into 7 groups, each group
containing 4 rats, which are the healthy control
group, healthy + betaine group, healthy +
exercise group, lesion group, lesion + exercise
group, lesion + betaine group, and lesion +
exercise + betaine group. After dividing the
animals into specific groups, Sigma Cuprizone
powder was added to the rodent food powder at
a weight ratio of 0.5% to induce MS; then it was
mixed well, and then, by adding water, the
resulting paste was converted into a food pellet
and given to the animals for 6 weeks. The

aquatic exercise program was performed in a
rodent pool at a water temperature of 25-30°C.
Mice in the swimming exercise group swam for
30 minutes, once a day for 6 weeks. To
acclimatize the animals, the swimming exercise
was performed with the duration of the exercise
increasing from the first to the sixth week, with
the activity time increasing from 10 minutes on
the first day to 30 minutes on the sixth week.
Betaine (SIGMA Aldrich) was administered in
the drinking water daily (1% betaine) for the 6
weeks of training. After homogenization and
centrifugation, the samples were measured
using the ELISA method and an ELISA
spectrophotometer. The VEGF index was
measured using a measurement kit from the
Stabioform company, made in the United
States, with a sensitivity of 5.01 ng/L, and the
SOD enzyme was measured using a special kit
for measuring the SOD enzyme, Randox, made
in the United Kingdom, with a sensitivity of
0.01 phosphate buffer pH 7.0; malondialdehyde
was also measured by spectrophotometry. In
this method, malondialdehyde is obtained based
on the absorption of the MDA-TBA complex at
a wavelength of 532 nm compared to the MDA
standard curve. Data analysis was done using
SPSS V.22, with one-way analysis of variance
and LSD post hoc test at a P<0.05 level.

Results

MS disease causes a decrease in
endothelial growth factor and superoxide
dismutase levels. The lesion + exercise +
betaine group showed a significant increase in
the endothelial growth factor variable compared
to the lesion group (p < 0.001). The lesion +
exercise + betaine group showed a significant
decrease in the malondialdehyde variable
compared to the lesion group (p < 0.001). The
lesion + exercise + betaine group showed a
significant increase in the superoxide dismutase
variable compared to the lesion group (p <
0.001).

Conclusion

Considering the increase in endothelial
growth factors and superoxide dismutase and
the decrease in malondialdehyde factor in this
study, it can be concluded that swimming
exercises combined with betaine
supplementation can be used to improve
vascular growth factor indices and oxidative
stress in people with MS.
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