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Abstract
Introduction: Osteoarthritis is a degenerative disease that has many public health problems. Interleukin 10
(IL-10) and tumor necrosis factor alfa (TNF-α) are considered as the main factors regulating inflammation
and pathology of knee osteoarthritis. This study was done to investigate the effects of mesenchymal stem
cells (MSCs) and aerobic training on inflammatory biomarkers (IL-10 and TNF- α) in the brain tissue of
osteoarthritic rats.
Materials and Methods: In this experimental study, 48 male Wistar rats were randomly divided into six
groups (n=8 in each group) as follows: 1. Naive (healthy control), 2. Osteoarthritis (Ost), 3. Osteoarthritis
+ saline (Sal), 4. Osteoarthritis + mesenchymal cells (Mes), 5. Osteoarthritis + training (Tra), and 6.
Osteoarthritis + training + mesenchymal cells (Tra + Mes). An essential aerobic exercise program was
performed for eight weeks as follows: Speed: 15-22 meters per minute; Slope: 0o for 25-64 minutes.
Inflammatory biomarkers, including TNF-α and IL-10 cytokines, in the brain tissue of rats, were measured
using enzyme-linked immunosorbent assay.
Results: The combination of training and treatment with MSCs in the brain of osteoarthritic rats
significantly increased the level of IL-10 in comparison with the use of MSCs or aerobic exercise alone.
Moreover, the combined use of exercise and MSCs caused a significant decrease in TNF-α concentration.
Conclusion: It seems that the combined use of MSCs and eight weeks of aerobic exercise improves the
concentration of inflammatory biomarkers in the brain of a rat model of osteoarthritis.
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Introduction
Osteoarthritis is the most prevalent chronic
joint disease and a frequent cause of joint
pain, function loss, and disability (1).
Osteoarthritis represents the second leading
cause of work disability in men aged beyond
50. Furthermore, osteoarthritis is responsible
for approximately 2% of all public health
expenses, and large indirect costs due to

decreased productivity. Many treatments
have been proposed for osteoarthritis;
however, poor clinical results without
cartilage repair have been reported (2).
Exercise remains an extremely popular
leisure-time activity in many countries
throughout the Western world and has
become a big part of modern lifestyle.
Exercise is widely suggested because of
various health benefits such as weight
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control,
disease
management
in
cardiovascular diseases and diabetes, as well
as for improving psychological well-being
(3). In addition to exercise, new
investigations have shown that using
multipotent cells can open new ways to treat
incurable diseases (4).
Mesenchymal stem cells (MSCs) are
multipotent cells that can differentiate into
osteoblasts, adipocytes, and chondrocytes.
MSCs can be obtained from different
sources, such as umbilical cord blood, bone
marrow, adipose tissue, and lung (5).
Exercise can affect MSCs. It may facilitate
MSC migration by increasing interleukins
and recruiting stem cells in the site of injury.
Additionally, the secretum of MSCs is
responsible for hematopoietic stem and
progenitor cell (HSPC) mobilization and
proliferation, and exercise induces homing of
HSPCs to extramedullary sites (6).
Moreover, MSCs are considered as a novel
strategy for treating a wide variety of
diseases, including autoimmune, bone and
cartilage diseases, inflammatory airway
disorders,
muscle
diseases,
neurodegenerative diseases, spinal cord
injuries, etc. (7). MSCs have been
demonstrated to secrete a broad range of
bioactive or trophic factors such as TNF-α
and interleukin-10 (IL-10) which are
essential in the cellular microenvironment for
survival, protection, immune modulation,
and differentiation (8-10).
Regardless of circulating cytokines sources,
TNF-α and IL-6 are the most frequent factors
among many markers of systemic
inflammation, (11). High levels of these
cytokines are strong predictors of mortality
(in middle-aged people and the elderly) (12),
and are also the risk factor for other diseases
such as diabetes and certain cancers (13, 14).
Although it has been reported that MSCs and
exercise separately could have beneficial
effects on the inflammatory indices in the
brain tissues (15-17), simultaneously effects
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of aerobic exercise and MSCs on the levels of
inflammatory biomarkers such as IL-10 and
TNF-α in the brain tissue have not yet been
investigated . This study examined whether
bone marrow MSC transplantation combined
with eight weeks of aerobic exercise could
affect IL-10 and TNF-α levels in brain tissue
of a rat model of osteoarthritis.
Materials and Methods
In this experimental study, male Wistar rats
(250-300 g) were obtained from the "
Laboratory of the Animal Research Center
from Islamic Azad University, Sari Branch,
Iran." One week before the start of the
experiment, the animals were familiarized
with laboratory environment. They were
maintained at the standard temperature (21 ±
2°C) under a 12/12 h light/dark cycle, with
food and water available ad libitum. The
study protocol was approved by the Ethics
Committee for Animal Research of Islamic
Azad University, Sari Branch, Iran (ethical
code: NO.19.33.2018), and also was in
accordance with the last update of the
Helsinki Declaration. The rats were
randomly divided into six groups (n=8) as
follows: 1. Naive (healthy control), 2.
osteoarthritis (Ost), 3. Osteoarthritis + saline
(Sal), 4. Osteoarthritis + mesenchymal cells
(Mes), 5. Osteoarthritis + training (Tra), and
6. Osteoarthritis + training + mesenchymal
(Tra + Mes).
Bone marrow MSCs were isolated and
cultured by the whole bone marrow
adherence method (18). Based on the rats’
body weight, 2% pentobarbital was
intraperitoneally injected at 35 mg/kg into the
rats, and they were anesthetized. The rats’
skin was disinfected with 75% ethanol and
the femur and tibia were removed aseptically.
Then, the femur and tibia were soaked in 75%
ethanol for 10 min. The sample was
transferred to a clean bench and dried in a
sterile petri dish. The ends of the two bones
were cut off, and the two bone marrow
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cavities were exposed. The marrow cavity
was washed by serum-free Dulbecco’s
modified Eagle’s medium (repeat 2-3 times),
and the solution was centrifuged at 1,000 rpm
for 5 minutes. After centrifugation, the
supernatant was discarded and the cells were
suspended in a DMEM medium containing
10% fetal bovine serum. The cells were
counted on the counting plate, and the cell
density was adjusted to 5,000 cells/mL in a
culture flask. The culture was incubated at
37°C (5% CO2, wet saturation). After 24
hours, the medium was changed. Then, the
medium was changed every 3 days. When
80% to 90% of the cells covered the wall of
the culture medium, cells were digested with
0.25% trypsin.
The animals were anesthetized through
intraperitoneal injection of a cocktail
containing both xylazine (5 mg/kg) and
ketamine (60 mg/kg). After shaving with
razors, a para-patellar skin incision (1 cm)
was made on the medial side of the right knee
joint and on the medial side of the patellar
tendon. The patella was then dislocated
laterally to provide access to the joint space
and the anterior cruciate ligament was
transected in the flexed knee. A positive
anterior drawer test confirmed the complete
transection of the ligament. The joint was
then irrigated with sterile saline to avoid
ancillary inflammation, and a purposefully
made suture was inserted (19).
Before performing the aerobic exercise
program, in order to acquaint the subjects
with the research environment and treadmill,
a light exercise program for 1 week,
including 5 sessions of walking and running
on a treadmill for 5 to 10 min at the speed of
5 to 8 m/ min on a zero percent slope was
considered. Then, the main exercise
including running on a treadmill with no
special slope for rodents with gradually
increasing speed and with observance of the
principle of overload from 25 min to 64 min
was performed.
34

J Bas Res Med Sci 2021; 8(3):32-39.
The exercise was performed in 5 sessions per
week at the speed of 15 to 22 m/ min for 8
weeks (20). To warm up, the subjects at the
beginning of each training session ran for 3
min at a speed of 7 m/ min, and to reach the
target speed, the speed was then increased by
2 m/min every one minute. To cool the body
at the end of each training session, the speed
of the turntable decreased to the initial speed.
Forty-eight hours after the last exercise
session, the rats were killed with an
intramuscular injection of ketamine (60
mg/kg) and xylazine (5 mg/kg). Then, the
brain tissue samples were obtained and
placed in a cold buffer (0.1 M phosphatebuffered saline, pH 7.4, containing the
protease inhibitor cocktail, Roche). They
were homogenized and centrifuged at 3500
rpm for 15 min, and supernatants were
collected. Finally, indices of inflammation
(TNF-α and IL-10) were recognized by
specific enzyme-linked immunosorbent
assay (ELISA) kits (ZellBio, Germany) (21,
22).
Statistical Analysis
The statistical comparison of the results was
carried out using one-way ANOVA,
followed by post-hoc Bonferroni's multiple
comparison test. The results are shown as
means ± S.E.M. A P<0.05 was used as the
indicator of statistical significance.
Results
According to Figure 1, a one-way ANOVA
results [F (5, 42) = 27.62, P < 0.0001] showed
that there were significant differences
between groups in terms of IL-10 levels.
Bonferroni's multiple comparison post-hoc
test revealed that there was a significant
difference between the Ost (P < 0.0001), Sal
(P < 0.0001), Mes (P < 0.01), and Tra (P <
0.05) groups in comparison with the Nav
group. Interestingly, the results showed that
there were significant differences between
the Mes (P < 0.001), Tra (P < 0.001), and Tra
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+ Mes (P < 0.0001) groups in comparison
with the Ost group. Besides, the IL-10 levels
in the Ost group did not indicate significant
differences compared with the Sal group (ns).
Furthermore, the data did not show a
significant difference between the Mes and
Tra groups (ns). According to Figure 2, a oneway ANOVA results showed that there were
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significant differences between groups [F (5,
42) = 40.18, P < 0.0001] in terms of TNF-α
levels. Bonferroni's multiple comparison
post-hoc test revealed that there was a
significant difference between the Ost and
Sal (P < 0.0001) groups in comparison with
the Nav group.
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Figure 1. Effects of exercise and bone marrow mesenchymal stem cells on IL-10 levels in the brain of male
osteoarthritis rats. Nav: nave or healthy control; Ost: osteoarthritis; Sal: slaine; Mes: mesenchymal cells; Tra: Training.
*P < 0.0001 as compared with the Nav. #P < 0.05, ##P < 0.01 as compared with the Tra + Mes. Data are expressed as
the mean ± S.E.M.

Figure 2. Effects of exercise and bone marrow mesenchymal stem cells on TNF-α levels in the brain of male
osteoarthritis rats. Nav: nave or healthy control; Ost: osteoarthritis; Sal: slaine; Mes: mesenchymal cells; Tra: Training.
*P < 0.0001 as compared with the Nav. ##P < 0.01 as compared with the Tra + Mes. Data are expressed as the mean
± S.E.M.
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Interestingly, the results showed that there
were significant differences between the
Mes, Tra, and Tra + Mes groups (P < 0.0001)
in comparison with the Ost group. Besides,
the IL-10 levels in the Mes group did not
indicate a significant difference compared
with the Tra group (ns).
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Discussion
The findings of this study indicated that eight
weeks of aerobic exercise combined with
treatment with bone marrow MSCs not only
could increase the levels of IL-10 but also
attenuated TNF-α levels in the brain of male
rats with osteoarthritis.
It has been advised to use musclestrengthening programs and functional
exercises to relieve pain in patients with knee
osteoarthritis. The long-term effects of
exercise and weight loss as first-line
treatments for osteoarthritis have been
reported. Moreover, therapeutic exercises
and physical activity are important for
patients with knee osteoarthritis in any stage
of the disease (23). In patients with medial
knee osteoarthritis, an 8-week hip-adductor
strengthening program as the home
exercising program improved the function of
the knee and reduced pain (24). In another
study by Lee et al. (2004), an 8-week Tai Chi
exercise program was found as a safe and
effective nursing program to improve the risk
factors for falls in older adults with
osteoarthritis (25). The present results
confirmed the previous investigations
because we showed that an 8-week exercise
can improve the release of inflammatory
biomarkers in osteoarthritis rats.
Several authors have studied the cytokine
response to physical exercise in recent years.
For example, one study reported that ten
weeks of moderate- to high-intensity
resistance training reduced the systemic
inflammatory milieu in sedentary elderly
women (26). In another investigation, 16
weeks of resistance training in middle-aged
36
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healthy men did not affect IL-10 and TNF-α
levels (27). This discrepancies may be
explained by the difference in intervention
duration and the ability to adapt to situations
that may influence inflammatory response,
subjects’ gender, and age. Particularly, due to
the effect of hormones, gender may result in
different cytokine responses to exercise and
age is associated with an increase in basal
TNF-α levels (28). It has been reported that
the anti-inflammatory effect of exercise
training can be dependent on the intensity and
duration of the exercise (29). In another
study, it is well-established that in healthy
rats, an 8-week moderate-intensity aerobic
training down-regulated skeletal muscle
production of cytokines involved in the onset,
maintenance,
and
regulation
of
inflammation, and the response was
heterogeneous
according
to
fiber
composition (30).
Stem cells are nonspecialized cells that can
differentiate into some or all major
specialized cell types of tissues or organs.
Predominantly, adult stem cells, such as
MSCs are responsible for daily tissue or cell
maintenance, remodeling, and regeneration
of multiple tissues (31). Exercise can play an
important role in the function and fate of
these adult stem cells by altering extracellular
matrix composition, reducing inflammation,
and promoting their migratory capacity
demonstrated that MSC-derived extracellular
vesicles ameliorate inflammation-induced
preterm brain injury (32). OUR results
confirmed their results because we have
shown that exercise can decrease TNF-α
levels in brain tissues.
Conclusion
Our findings indicated that the combination
of eight weeks of aerobic exercise and
treatment with bone marrow MSCs could
increase the levels of IL-10 and attenuated
TNF-α levels in the brain of male rats with
osteoarthritis. Probably, the combined use of
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eight weeks of aerobic exercise with bone
marrow MSCs in subjects with osteoarthritis
is more effective compared with the use of
exercise and/or bone marrow MSCs therapy
alone.
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