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ABSTRACT

Background: Rheumatoid arthritis is an autoimmune disease that gradually
destroys the synovial joints and leads to chronic inflammation. This autoimmune
disorder is associated with an increase in stress-related symptoms, including
anxiety and depression, and a decrease in social behaviors, which severely
reduces the patient's quality of life. Previous studies show that higher physical
activity during adolescence may lead to a decrease in neurobehavioral disorders
in adulthood. This study was conducted with the aim of evaluating the increase
of physical activity from early adolescence on stress-related behaviors and
inflammation in mice with rheumatoid arthritis.

Methods: Male mice were randomly exposed to a running wheel from early
adolescence to adulthood, and then rheumatoid arthritis was induced. Stress-
related behaviors, including anxiety, depression and social behavior were
investigated in animals. The level of interleukin 17 (IL-17) and interferon
gamma (IFN-y) were also measured as important inflammatory markers in the
serum.

Results: The results showed that physical activity from early adolescence
significantly resulted in decreased stress in mice with rheumatoid arthritis. In
addition, the running wheel led to a decrease in the levels of (IL-17) and (IFN-y)
in rheumatoid arthritis-induced mice as two important indicators of
inflammation.

Conclusion: This study shows that increased physical activity during
adolescence to adulthood may make mice resistant to increased stress and
inflammation caused by rheumatic arthritis.
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Extended Abstract

Background: Rheumatoid arthritis is one of
the most common chronic autoimmune
inflammatory diseases. Due to its chronic,
painful and debilitating nature, this disease
has profound effects on quality of life.
Rheumatoid arthritis is associated with stress-
related disorders such as anxiety and
depression, with an estimated prevalence of
14% for anxiety and 16.8%-38.8% for
depression. Inflammatory factors such as
interleukin 17 (IL-17) and interferon- gamma
(IFN-y) play a key role in the pathogenesis
and progression of rheumatoid arthritis. On
the other hand, there is a close relationship
between increased levels of IL-17 and IFN-y
and stress-related disorders. During the last
few years, studies have shown that physical
activity and exercise as a  non-
pharmacological solution to reduce stress in
humans and animals. However, their effects
on the condition of rheumatism have not been
fully determined. In this study, we aimed to
investigate the effect of physical activity
during adolescence to adulthood, which is a
very important period in brain development,
on the vulnerability of animals to stress-
related disorders and inflammation in mice
with rheumatoid arthritis.

Methods: Male BALB/c mice weighing 10-
11 grams (age 21 days) were kept in a quiet
room with a light-dark cycle of 12.12 hours
and standard conditions (temperature:
23.5+0.5 °C, humidity: 50-40%) and had free
access to food and water. Forty adolescent
mice were divided into 4 groups: healthy;
rheumatoid arthritis, exercise, and rheumatoid
arthritistexercise. There were 10 mice in
each group. To perform physical activity,
exercise groups were exposed to a running
wheel from the age of 21 to 90 days. Two
adolescent male mice were housed in a
partitioned cage without physical contact, and
each animal had free access to a running
wheel. To induce rheumatoid arthritis, ten
days after stopping exercise, at the age of 100
and subsequently at 113 days, the animals
received type II collagen emulsion and
adjuvant subcutaneously. Healthy groups

received only vehicle. From the 10th day
after the first immunization, the development
of clinical symptoms was confirmed through
the increase in the thickness of the paw and
the joint of the right hind leg. The animals did
not exercise after inducing the disease. To
measure stress-related disorders, animals
were exposed to three behavioral tests
including an elevated plus maze (at the age of
127), a social interaction test (at the age of
129), and a forced swimming test (at the age
of 132). After completing the behavioral
tests, the mice were deeply anesthetized by a
combination of ketamine and xylazine. Then
blood was taken from the heart and the serum
was collected to measure IL-17 and IFN-y
using the ELISA technique. Data were
analyzed using SPSS software version 26
under two-way analysis of variance. Tukey's
post hoc test was wused for multiple
comparisons. The data are presented as
meanztstandard error of the mean and p<0.05
was considered significant.

Results: Elevated plus maze, for the time
spent in the open arm, the analysis showed a
main effect of exercise (p=0.019) and
rheumatism (p<0.001), there was also a
significant interaction (p=0.004) between
exercise and rheumatism. In addition, for the
number of open arm entries, the analysis
showed a main effect of exercise (p=0.033)
and rheumatism (p<0.001), there was also a
significant interaction (p=0.004) between
exercise and rheumatism. Tukey's post hoc
test revealed that the induction of rheumatism
led to a decrease in the amount of time spent
(»<0.001) and the number of entries
(»<0.001) in the open arm compared to the
healthy mice. In addition, exercise in mice
with rtheumatism led to a reduction in stress
by increasing the amount of time spent
(»<0.001) and the number of entries
(»<0.001) in the open arm compared to the
rheumatism group. Social behavior test, the
analysis showed a main effect of exercise
(»=0.037) and rheumatism (p<0.001), and an
interaction between exercise and rheumatism
(»=0.02) in the social interaction test. Tukey's
post hoc test showed that the induction of
rheumatism decreased the interaction time
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(»<0.001) in mice compared to the healthy
group. In addition, exercise increased social
behavior by increasing the interaction time
(»<0.001) in mice with rheumatism compared
to the rheumatism group. Forced swimming
test, the analysis revealed a main effect of
exercise  (p=0.009) and  rheumatism
(»<0.001). However, there was no significant
interaction between exercise and rheumatism
(p<0.05). Tukey's post hoc test indicated that
the induction of rheumatism increased
immobility time (p<0.01) in mice compared
to the healthy group. On the other hand,
exercise increased the level of immobility
time (p<0.05) and decreased stress in mice
with rheumatism compared to the rheumatism
group. These findings mean that exercise
from early adolescence can increase the
resistance of adult mice against stress-related
behaviors induced by rheumatism. Statistical
analysis of cytokine results showed a main
effect of exercise (p=0.011) and rheumatism
(»p=0.001), and also a significant interaction
between exercise and rheumatism (p=0.001)
for IL-17. In addition, for IFN-y, the analysis
revealed a main effect of exercise (p<0.001)
and rheumatism (p<0.001), there was also a

significant interaction between exercise and
rheumatism (p<0.001). Tukey's post hoc test
showed that the induction of rheumatism
resulted in a significant increase in both
cytokines IL-17 (p<0.001) and IFN-y
(»<0.001) in serum compared to the healthy
mice. In addition, exercise decreased
inflammation in mice with rheumatism by
decreasing the amount of IL-17 (p<0.01) and
IFN-y (p<0.001) in the serum compared to
the rheumatism group. This means that
exercise from early adolescence can increase
the resistance of adult mice against the
increase of inflammation caused by the
induction of rheumatism.

Conclusion: In the present study, the findings
showed that increasing physical activity as an
exercise strategy may play a role in reducing
the level of stress-related disorders in mice
suffering from rheumatism by reducing the
level of IL-17 and IFN-y. Considering this
point that recent studies have shown that
exercise has beneficial effects on rheumatism
symptoms, these results can be approached as
an initial step to start clinical studies in the
future.
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