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Swimming Exercise Improves Rheumatoid Arthritis in Rat
(An Animal Study)

Abstract
Background: Elevated free radical generation in inflamed joints and impaired antioxidant system have been
implicated in rheumatoid arthritis (RA). It is suggested that exercise improves the symptoms of rheumatoid
arthritis, although the mechanism is not well understood. The aim of this study was to investigate the effect of
swimming on the glutathione antioxidant system and oxidative changes induced by rheumatoid arthritis in rats.
Methods: 8-week-old female Wistar rats were distributed within three groups (10 in each): A normal control
group (C), a rheumatoid arthritis control group (RA+C), and a rheumatoid arthritis swimming exercise group
(RA+EX). Rats at nine weeks of age were induced for rheumatoid arthritis by injection of complete Freund's
adjuvant (20mg/kg) into the tail of Wistar rats. The arthritis was assessed grossly by walking ability, skin
redness, and swelling in the joints. The RA+EX rats were conditioned to swim for the 4-week period (~20-60
min/day), whereas the other two groups remained sedentary in their cages. 48 hours after the last exercise
session, a venous sample was collected to determine metabolic parameters, including glutathione
peroxidase, glutathione reductase and lipid peroxidation products (malondialdehyde). The variance analysis
test and the Tukey post-hoc test were applied to analyze the data (P<0.05).
Results: Rheumatoid arthritis significantly increased levels of malondialdehyde, and swimming training
prevented this response (P<0.05). Glutathione peroxidase was significantly decreased in the RA+C group
compared to the RA+EX and C groups (P<0.05). In addition, the severity of rheumatoid arthritis clinical signs
with RA+EX group was significantly lower than RA+C group (P<0.05).
Conclusion: Our findings suggest that swimming may be useful in preventing the negative changes in
glutathione antioxidant system and oxidative stress parameters of rheumatoid arthritis in rats.
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Introduction
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after the age of 40, but can occur at any age @ In addition, patients with RA have
an increased risk of cardiovascular disease (CVD). High levels of inflammation in

Department of Exercise RA patients (indicated by interleukins and C-reactive protein) may cause oxidative
Physiology, Faculty of Sport stress, a condition characterized by an imbalance between the production of free
icr;el?cl‘::'nArak Dniversity, radicals and antioxidants. On the other hand, there is evidence that oxidative
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Department of Biology, has been suggested that oxidative stress and inflammation can mutually regulate
Islamic Azad University, Arak each other, and this is especially evident in RA patients. This interaction may
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studies have shown that free radicals and oxidative stress play a prominent role in
the pathogenesis of RA. The pathogenic effects of reactive oxygen species (ROS)
are limited by the antioxidant system to suppress free radical oxidation processes
Corresponding author: “ Antioxidants are compounds that prevent the formation of free radicals or
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glutathione peroxidase, glutathione reductase,
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and glutathione tripeptide, which act as a
reducing factor in the glutathione peroxidase-
mediated reaction. In fact, the enzyme
glutathione peroxidase catalyzes a powerful
antioxidant reaction to scavenge free radicals.
Glutathione reductase regenerates oxidized
glutathione during a glutathione peroxidase-
mediated reaction ®. Evidence shows that in RA
patients, the antioxidant defense of glutathione
is weaker than normal individuals, and on the
other hand, the improvement of this antioxidant
system is associated with a reduction in RA
symptoms ©  Therefore, strengthening
antioxidant defenses, including the state of the
glutathione system, may be considered a
therapeutic procedure for RA patients.

On the other hand, regular exercise is
associated with a reduction in multiple
cardiovascular risk factors and also improves
joint function. In RA patients, regular exercise

improves  patients' health, increases
functional capacity and reduces disease
activity 7. In addition, exercise has recently

been shown to improve CVD risk factors and
endothelial function in RA patients ® There is
evidence in healthy individuals that repetitive
stimuli  induced by exercise increase
mitochondrial  biogenesis and  protein
expression of antioxidant enzymes, which is
ultimately associated with a reduction in
oxidative stress levels . However, there are
limited studies on the effect of exercise on
oxidative stress in RA . For example, Rall et al.
found that after a period of resistance
training, there was no significant change in
urinary DNA oxidation index in RA patients (10,
In another study, Wadley et al reported that
aerobic exercise did not increase oxidative
stress markers (3-nitrotyrosine) in RA patients
and the disease activity decreased after
exercise Y. To the best of our knowledge, no
study has examined the effect of exercise on
oxidative stress markers and the antioxidant
status in RA patients. Therefore, the aim of
this study was to evaluate the markers of
oxidative stress and antioxidant defense of
glutathione in response to a period of
swimming exercises in RA-induced rats .

The research method was experimental. In
determining the sample size, according to the
sample size formula for continuous scores, if
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the expected differences are equal to 1.5,
with a test power of 80% at a significance
level of a = 0.05, the number of subjects in
each group was set at 10. Initially, the
procedures and protocols used in the present
study, which were in accordance with the
guidelines for the care and use of laboratory
animals, were approved by the Animal Ethics
Committee of the University of Medical
Sciences (IR.IAU.ARAK.REC.1397.007). In this
study, 20 female Wistar rats (220-270 g),
prepared from the Animal Care Center of Arak
University of Medical Sciences, were selected
as a sample and transferred to the University
Research Center. The animals were kept at 22
+2° C, humidity 55 +5% and dark cycle at
12:12 hours in polycarbonate cages (5 rats per
cage). The animals received enough water and
food (in the form of pellets) throughout the
study. After transferring the rats to the
laboratory and adapting to the environment,
induction of rheumatoid arthritis was
performed and the rats were randomly
divided into two groups of rheumatoid
arthritis swimming exercise (RA + EX) (n=10)
and rheumatoid arthritis control (RA + C)
(n=10). The rats in the exercise group
performed a 4-week (5 days a week) aerobic
exercise program, while the other rats did not
participate in any exercise program. In
addition, another group of rats that did not
have rheumatoid arthritis was considered as a
healthy control group (C) (n=10).

Induction of rheumatoid arthritis

At first, rats were anesthetized by
intraperitoneal injection of ketamine-xialzin
(70 mg / kg body weight of ketamine and 6
mg / kg xylezine). Rheumatoid arthritis was
then performed with Freund’s adjuvant
inoculation. Arthritis was induced by a single
intradermal injection of 0.1 ml of Complete
Freund's adjuvant containing 10 mg/ml of
heat killed Mycobacterium tuberculosis into
hind paw in Wistar rats. The development of
the disease during the two weeks after
injection was assessed by macroscopic
assessments of walking ability, skin redness,
and swelling in the ankle, wrist, and little
finger joints 2,
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Figurel. The process of conducting the study

Swimming exercise program

Two weeks after the induction of rheumatoid
arthritis, the rats were ready to participate in
an exercise program. First, the rats were
taught how to practice swimming in the pool
for a week. At this stage, the rats swam in the
water for 15 minutes daily. The next step was
the main exercise. At this stage, the rats of
the exercise group swam in the pool (150 cm
and 50 cm deep) 5 days a week at a
temperature of 32°C (temperature was
controlled by thermometer and thermostat).
The duration of the first session was 20
minutes, which was gradually increased (10
minutes per week) during the training period
until it reached 60 minutes in the last session.
This exercise program is a model of moderate
intensity endurance training *®. During the
program, rats were encouraged to swim with
light manual stimuli. Control animals were
placed in a pool at least three times a week to
provide a similar environment.

Laboratory methods and measurement of
variables

The course of the disease from 14 to 42 days
after injection was evaluated according to the
standard between the toes. The lesions on all
four legs of each rat were independently
graded from zero to four according to the size
of the edema and erythema in the joints, so
the maximum degree of arthritis in each rat
would be 16 ™. The rats were anesthetized
48 hours after the last exercise by
intraperitoneal injection of a combination of
ketamine and xylazine. Then, 10 ml of blood
was drawn from the heart with a syringe by
incision in the abdomen and chest and poured
into tubes containing EDTA. The collected
samples were rapidly centrifuged for 10
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minutes at a speed of 2800 rpm. The obtained
serum was poured into a numbered
microtube. The samples were then
transferred to a freezer at -70 ° C for further
research.

Laboratory kits of the German company
Zellbio were used to determine the activity of
glutathione peroxidase and glutathione
reductase enzymes. The activity of antioxidant
enzymes was expressed in conventional units
per unit in mg and the amount of serum MDA
in nanomoles per gram. For this purpose,
according to the instructions of the Kkit,
hemolyzes were prepared at the beginning
and then prepared with the reagents of the
kit. Then the samples were read by
spectrophotometry at 330 and 510 nm and
the enzymatic activity of each was
determined.

The serum provided in the previous step was
used to determine the level of
malondialdehyde or TBRS index according to
the method of Yoshika et al. For this purpose,
0.1 cc of serum was first combined with 0.3 cc
of 20% trichloroacetic acid and centrifuged for
15 minutes. Then 2 cc of thiobarbituric 0.8%
was added and placed in a hot water bath for
20 minutes and cooled immediately. In
addition, 0.5cc N-butanol was added and the
amount of MDA on the surface was
determined at 540 and 530 nmol against
butanol. Tetratoxypropane 5, 10 and 20 nmol
/ ml were used as standard to determine the
standard curve ™.

Statistical analysis

After confirming the normal distribution of
data using Shapiro-Wilk test, one-way analysis
of variance and Tukey post hoc test were used
for statistical analysis. All data were
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presented as mean * standard deviation. *
Calculations were performed using SPSS * | \
software version 18 and the significance level o 8
of the tests was considered p<0.05. g &
g :

et

2
At the beginning of the study, the body o i : .
weight of rats in the study groups was the = & @y‘é‘

same (about 260 g). At the end of the study,
the weight of rats in RA+EX group (243110 g)
was significantly lower than RA+C (271+12 g)
and C (28411 g) groups (P=0.02). Apparently,
after the induction of rheumatoid arthritis,
arthritic and inflammatory disorders in the
ankle appeared from about days 12 to 14. In
rheumatoid arthritis cases, movements such
as walking were slower and weaker. At the 2-
end of the research protocol, the severity of
arthritis in rats of RA+EX group (5.8%1.3) was
significantly lower than RA+C group (7.6 £1.6) < O <&
(P=0.04)(figure 2). & &
Serum malondialdehyde levels and

glutathione peroxidase and glutathione * -
reductase activity in the study groups are 25 |
shown in Figure 2. As can be seen, the serum 20l o —
level of malondialdehyde in the RA+C group is R

significantly higher than the RA+EX (P=0.04)
and C (P=0.02) groups. In addition, we found
that glutathione peroxidase activity in RA+C i
group was significantly lower than RA+EX 0.5 i
(P=0.03) and C (P=0.01) groups. On the other B e
hand, no significant difference was observed o ,c: &
in the level of glutathione reductase activity
between the studied groups (P>0.05).

GR(u/mg)
o

(=]

1.5

GPX (u/mg)

Figure2. Comparison of groups in terms of
indicators: a: MDA (malondialdehyde), b: clinical
symptoms, c: GPx (glutathione peroxidase) and d:
GR (glutathione reductase). *Indicates a
80- * * significant difference (P<0.05) between RA+C

| group and C and RA+EX groups.
— 60 I
=
S
>4 :
- o Rheumatoid  arthritis is a  systemic
autoimmune disorder characterized by
ol ; chronic inflammation that primarily affects
© & Qy-“d the joints ®¥. In the present study, RA

symptoms such as the ability to walk, redness
of the skin and swelling at the ankle and wrist
joints and small finger joints peaked from the
15th day after induction and this is consistent
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with some evidence in this regard 3 In the
conventional treatment of RA patients, more
emphasis is placed on the use of drugs that
relieve inflammatory and immune disorders.
The limitations of these treatments are known
toxicity and diversity in clinical effect.
Therefore, in recent years, the effect of a
variety of natural products (antioxidant
compounds) and non-pharmacological
strategies such as exercise training against
inflammation and osteoarthritis has been
emphasized ", In RA, unregulated oxidative
metabolism plays an important role in the
pathophysiology of the disease. It has been
suggested that ROS produced within the joints
may contribute significantly to the
pathogenesis of osteoarthritis, as these
inorganic oxidants are able to destroy matrix
components by direct action or by indirect
activation of latent collagenases . The aim
of this study was to investigate the behavioral
activity of systemic oxidants and antioxidants
over a period of swimming training using a
model of adjuvant-induced rheumatoid
arthritis.  Lipid peroxidation has been
suggested as a key mechanism of degradation
and damage during RA. In this regard,
Mousavian et al. showed that in patients with
RA with a significant increase in plasma MDA
content, the level of antioxidant defense is
weak ™. Other similar studies have reported
high levels of oxidative stress in patients with
RA . Consistent with this evidence, the
present study also found that serum MDA
levels in rats with RA were significantly higher
than healthy rats. It has been suggested that
defects in the antioxidant defense system of
glutathione play a key role in oxidative stress
and pathogenesis of RA ® According to these
evidences, in the present study, it was also
observed that RA rats had lower levels of
glutathione peroxidase activity compared to
healthy rats. Similarly, previous studies have
reported that in the RA state, plasma lipid
peroxidation levels increase but the activity of
antioxidant enzymes decreases (9),
Glutathione plays an important role in
protecting cells and tissue structures. Its role
includes detoxifying xenobiotics, free radicals,
peroxides and regulating the function of the
immune system. The enzyme glutathione
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peroxidase plays a key role in glutathione
metabolism and a large part of the increase in
oxidative stress in RA patients has been
attributed to dysfunction of this enzyme .
Glutathione peroxidase in the aqueous phase
of cell membranes destroys highly reactive
lipid hydroperoxide. Decreased activity of
these enzymatic antioxidants may be due to
the accumulation of H202, which in turn
inhibits these enzymes “Y. In the present
study, it was also observed that there was no
significant difference in glutathione reductase
activity between the healthy control group
and the rheumatoid arthritis groups. In fact,
our finding is consistent with some studies
that have reported that glutathione reductase
levels are less affected by RA ©. Therefore, in
the present study, it seems that at least part
of the increase in MDA in RA rats is related to
the decrease in glutathione peroxidase
activity. Taken together, the above data
suggest antioxidant therapy strategies for the
prevention and treatment of RA.

Studies have also shown that acute intense
physical exercise can increase the production
of reactive oxygen species, which in turn
causes muscle damage and increased levels of
oxidative stress in several systems. In
contrast, much evidence has shown that
regular exercise is associated with decreased
ROS production and increased activity of
antioxidant enzymes. However, the effect of
acute and long-term exercise is still not well
understood in terms of its oxidative effects
and mechanisms in rheumatoid arthritis 2.
According to a study by Garrado et al.,
swimming exercise can significantly reduce
the formation of TBARS (oxidative stress
index) in rats 23 Nonato et al. also reported
that 8 weeks of swimming training reduced
lipid peroxidation and increased the activity of
glutathione peroxidase and superoxide
dismutase enzymes in rats @ In fact, these
findings are conclusive. In another study 25,
moderate physical activity was found to be
beneficial and safe for patients with
rheumatoid arthritis and to increase
antioxidant activity for at least 24 hours. In
the present study, we found that a 4-week
period of swimming exercise was able to
improve antioxidant defense, even in an
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experimental model of adjuvant-induced
rheumatoid arthritis rats. Our results suggest
that swimming training is associated with a
reduction in lipid peroxidation as well as an
increase in GPx activity. This finding is
consistent with other studies that have
reported decreased lipid peroxidation and
increased antioxidant activity following
aerobic exercise ?* 2> 2 | addition, in the
present study, it was observed that after 4
weeks of swimming training, no significant
change in glutathione reductase activity
occurs, and this is in agreement with the
results of some studies that have suggested a
longer training period to affect the activity of
this enzyme 25 Therefore, if the training
period was longer in the present study, there
was a possibility of an increase in glutathione
reductase activity. However, in our study, the
animals had a high lipid peroxidation index
before exercise due to the induced
rheumatoid arthritis process. This
improvement supports the idea that
moderate-intensity aerobic exercise promotes
adaptive responses by enhancing the
antioxidant defense system and combating
excess oxygen species that improve tissue
resistance to oxidative stress %°.

However, this study was not without
limitations: Among other things, the present
study, in addition to being cross-sectional
with small number of samples, subgroup
analyzes was not performed. Recording and
controlling the food intake of subjects was not
done. Because RA disease has long-term
effects, the short period of this research
cannot accurately investigate the effects of
exercise on the disease. Therefore, it is
recommended to use longer courses in future
studies. Of course, the present study also has
several strengths, including the fact that all
biochemical tests were performed twice and
that all subjects in the study were identical in
terms of possible interfering factors such as
age, sex and weight.

Conclus

Overall, our study suggests that swimming
exercise, , may reduce clinical symptoms and
oxidative stress and improve glutathione
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antioxidant defense status in rats with RA.
However, more evidence is needed to support
the antioxidant effects of swimming at the
molecular level in RA patients.
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