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ABSTRACT
Background and objective:  Osteoarthritis (0A) and
cardiovascular disease (CVD) are highly prevalent. The purpose
of the present study was to investigate the effect of regular
aerobic training and hyaluronic acid on cardiac tissue Wnt
signaling pathway in experimental model of knee O0A.
Methods: 42 male rats were divided into 6 groups (7 in each
group): 1) control, 2) patient, 3) salin, 4) HA, 5) exercise, and
6) exercise + HA. In the training groups, the 04 model was
first induced, followed by 5 days of running on the treadmill
for 5 weeks. Hyaluronic acid was injected intra-articularly.
After 12 to 14 hours of fasting and 72 hours after the last
training session, cardiac tissue sampling was performed for B-
catenin and glycogen synthase kinase-3 (GSK-3B) analysis.
The expression of the B-catenin and GSK-3B genes in the
cardiac tissue was analyzed by RT-PCR. Data analysis was
performed using one-way ANOVA if a significant difference
was observed by Tukey's post hoc test (P <0.05).

Results: Induction of 0A in rats led to a significant increase in
B-catenin gene and a significant decrease in cardiac tissue
GSK3 gene compared to healthy control group. The results
also showed that regular aerobic training, hyaluronic acid
injection, and a combination of both treatments reduced the
cateninf gene and increased the cardiac tissue GSK3 gene
compared to the rats of 04 group.

Conclusion: Regular aerobic training in combination with
hyaluronic acid may exert its protective effect by reducing the
expression of P-catenin and increasing the expression of
cardiac tissue GSK-3f gene; this may be caused by the heart
disease in the model, empirically preventing osteoarthritis.
Key words: Osteoarthritis, Cardiovascular disease, Exercise,
Hyaluronic acid, beta catenin
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INTRODUCTION

OA is an advanced degenerative process that
causes the irreversible loss of articular
cartilage and is characterized by pain and
dysfunction of the joint. It is the most common
arthritic disease and one of the most prevalent
chronic diseases (1). CVD is also the most
common cause of death in developed countries
(2). OA and CVD increase with age, so they
are commonly co-occurring diseases(1). There
are studies showing a strong independent
relationship between OA and CVD (3).
Recently, new meta-analyses have shown that
OA is an important risk factor for CVD (4).
Wnt/B-catenin, which is inactive in many adult
organs, is activated in response to injury (5).
Its role in the recovery and regeneration of
complex and incomplete tissue is understood
although a growing number of data indicate
that its activation results in increased fibrotic
healing (6). Recent studies have shown that the
short-term inhibition of Wnt therapy after
ischemic  heart injury improves the
regeneration associated with less fibrosis (7).
In the pathogenesis of OA, activation of focal
Whnt signaling was observed in both the
synovial and cartilage after injury with the
increase in the expression of Wnt ligands and
target genes (8).

The focal Wnt signaling pathway is involved
in the B-catenin multifunctional protein. B-
catenin is known for its function in cell
adhesion through interaction with the cadherin
family membrane transport proteins, but here,
it acts as a signaling mediator. In the absence
of Wnt, the cytosolic B-catenin interacts with a
degraded complex consisting of Axin, APC,
and GSK3pB, thereby phosphorylated and
subsequently degraded by the proteasome. In
the presence of a Wnt ligand, the degradation
complex is cleaved and f-catenin is stabilized,
enters the nucleus, and regulates the
transcription of target genes through
interaction with TCF/LEF transcription factors
9).

Today, physical activity is  widely
recommended by health care professionals for
the prevention and management of chronic
health conditions, including cardiovascular
diseases, mental illnesses, and obesity (10).
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However, the effect of walking on the
development or progression of osteoarthritis is
inconsistent. On the other hand, some studies
have shown that walking has protective effects
on the loss of articular space. In contrast, older
adults who performed high levels of heavy
physical activity had an increased risk of
radiographic knee OA (10).

A meta-analysis of 33 studies found that
people who did 150 minutes of weekly
moderate-intensity physical activity had a
lower risk (14%) of developing CVD similar to
those who did 300 minutes of moderate-
intensity exercise per week. Moderate-to-
moderate physical activity is 20% less likely to
lead to CVD (11). Even light-to-moderate
activity (at least one hour of walking per
week) is associated with lower rates of CVD
(12, 13).

There are very few studies regarding the
effects of aerobic and endurance training on
Whnt signaling pathway and its proteins such as
B-catenin and GSK3p, for which conflicting
results have often been reported. Fuji Maki et
al. observed that 4 weeks of voluntary, slow
rotation cycling induced the over-regulation of
the Wnt pathway and increased B-catenin in
the exercise group; this caused the activation
of satellite cells and increased the transcription
of myogenic genes in the training group (14,
15, 16, 17). However, Amin et al. found no
change in the expression of B-catenin protein
following exercise in rats (18).

Hyaluronic acid, as a polymer, comprises a
major part of the extra-cellular matrix in the
connective tissue. This polysaccharide is an
important extracellular matrix
glycosaminoglycan with myriad properties,
such as binding to water molecules, stores for
growth factors, receptor binding, angiogenesis,
proliferation, cell migration, and repair of
damaged areas (19). Intra-articular injection of
hyaluronic acid is one of the most common
treatments for osteoarthritis, particularly in
patients who have failed other treatments due
to toxicity or ineffectiveness. Many studies
have shown the beneficial effects associated
with the intra-articular injection of hyaluronic
acid on pain management and patient activity
(19).

Given the advantageous effects of aerobic
training and hyaluronic acid, this study aimed
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to compare the responses of cardiac tissue f-
catenin and GSK-3f to aerobic training and
hyaluronic acid in knee OA model rats.

MATERIALS AND METHODS

In the present experimental study, the subjects
(mice) were in control of many variables in the
laboratory.

Ethical code: NO.19.33.2018

The statistical samples were 42 male Wistar
rats with a mean weight of 300-250 g. These
animals were divided into 6 groups (7 in each
group): 1) control, 2) patient, 3) salin, 4) HA,
5) exercise, and 6) HA + exercise.

After transferring the animals to the
laboratory, the subjects were housed in
transparent polycarbonate cages measuring
15*15*30 cm (Razi Rad Company) with an
ambient temperature of 20+2° C, 50+5%
humidity, and proper ventilation. The feed
was made from pellet obtained from Karaj
Animal Feed Company and was supplied ad
libitum in a 500 ml bottle for laboratory
animals.

OA: In order to induce the osteoarthritis
model, mice were first anesthetized with
ketamine and xylazine, and a vertical incision
was then made in the inner part of the right
knee on the pre-shaved skin. After removing
the skin, the inner lateral ligament of the knee
was removed to allow for internal meniscus;
next, incision was performed, incompletely
resulting in rupture and injury to the meniscus.
The OA model was induced and again sutured
by sterile method. AIl procedures were
performed in the least amount of pain to the
animal and in accordance with the principles
of working with laboratory animals. After
induction, a recovery period of three weeks
was considered. During this period, the rats
were operated on the treadmill for 4 daysfor 5
to 10 minutes at a speed of 6 to 8 m/min and a
slope of zero percent. The training program
consisted of 25-29 minutes of running on a
treadmill with no slope at 15 m/min for the
first week, progressively overloading the
following weeks for a period of 34-44 minutes.
The intensity reached 16-18 m/min in the
fourth week. Five minutes before and after
training were also allocated to warming up
and cooling down the animals. In the
hyaluronic acid receiving groups, two
successive intra-articular injections were
administeredwith a one-week interval. Intra-
articular injections of 25 pL of HA (Hyalgan®
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sodium hyaluronate; Fidia Farmaceutici
S.p.A., AbanoTerme, Italy) was administered
using a 27 gauge, 0.5 inch needle (20).

After performing the research to eliminate the
acute effects of exercise, all animals were
sampled in completely similar conditions,
followed by 12 to 14 hours of fasting and 72
hours after the last training session. Mice were
anesthetized by the intraperitoneal injection of
a combination of ketamine (70 mg/kg) and
xylazine (3-5 mg/kg). According to the
predetermined timing, cardiac tissue sampling
was done on the control and exercise groups,
which were washed with saline in special
tubes and then frozen in liquid nitrogen.

The expression of the p-catenin and glycogen
synthase kinase-3 genes in the cardiac tissue
was analyzed by RT-PCR. First, the tissue
samples were homogenized in phosphate
buffer (pH 7.0) at 4 °C with a homogenizer.
Total RNA was extracted from the samples
using the RNX-Plus kit (SinaClon; RN7713C).
Nanodrop ND-1000 spectrophotometer
(Thermo Sci., Newington, NH) was used to
estimate the quantity and quality of the
extracted RNA. Synthesis of cDNA was done
using the Revert Aid Reverse Transcriptase
(Thermo science, Germany) at 42 °C for 1
hour (Thermo science, Germany). For
amplifications, a Rotor Gene 6000 (Corbett
Research, Australia) thermocycler and Real Q-
PCR 29 Master Mix Kit (Amplicon, Denmark)
in 40 cycles were applied. Primer sequences
were as follows: beta-catenin, forward: 5'-
ATGCTGAGGAAGAAGATGTGGA-3',

reverse: 5'-
ATGAAACTGCGTGGATGGGA-3";glycogen
synthase kinase-3, forward: 5'-
CAAAGCAGCTGGTCCGAGG-3',
reverse:5'-

TCCACCAACTGATCCACACCAC-3’ ;
glyceraldehyde 3-phosphate dehydrogenase
(GAPDH),forward: 5'-
GGATAGTGAGAGCAAGAGAGAGG-
3'reverse:5’'-
ATGGTATTGGAGAGAAGGGAGGG  -3'.
The level of mMRNA was normalized to the
amount of GAPDH mRNA.

Descriptive statistics were used to classify the
data. Shapirovilk test was used to specify the
normality of the data distribution. One-way
analysis of variance determined the
significance of the differences between the
variables and their interaction. Tukey post hoc



test was used to determine the significance of
the data. The results were analyzed at 95%
confidence level (P<0.05) and IBM SPSS
statistics version 20 was employed for
statistical analysis. All data were presented as
mean+SD.

RESULTS

GSK3: Results of ANOVA test for the
expression of heart tissue GSK3 in the study
groups and the calculated F value (5.489) and
its significance at P = 0.000 level indicated a
significant difference in the expression of
GSK3 heart tissue among different study
groups. Based on these findings, the mean
expression of GSK3 gene on cardiac tissue in
OA mice was significantly reduced compared
to the controls. Meanwhile, there was an
increase in the expression of heart tissue

GSK3 gene in the exercise, HA, and exercise +
HA groups, compared to the patient group; this
increase was especially significant in the HA +
exercise group (P = 0.020).
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There was also a significant difference
between HA and exercise + HA groups (P =
0.017)(Table 1 and Figure 1).

p-Catenin: The results of ANOVA test for -
Catenin expression of cardiac tissue in
different research groups and the calculated F
value (5.531) and its significance at P = 0.000
showed a significant difference in cardiac
tissue B-Catenin gene expression among the
study groups. Based on Tukey's post hoc test,
there was a significant increase in the
expression of cardiac tissue 3-Catenin gene in
OA rats compared to the control group.
However, in the exercise, HA, and exercise +
HA groups, there was a reduction compared to
the patients; this decrease was significant in
the HA + exercise group (P = 0.042). There
was also a significant difference between HA
and exercise + HA groups (P = 0.032), (Table
2 and Figure 2).

Table 1: Mean and standard deviation of relative expression of GSK

Groups mean + Standard deviation
Control 0.109837678+.0701679164
Patient 0.002812940+.0050248646
Salin 0.001391520+0.0009376190
HA 0.001656296+0.0022045680

Exercise training

HA + Exercise training

0.038627606+0.0273052638

0.078940273+0.0522345671

Figure 1. Relative expression of GSK for research groups
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Table 2: Mean and standard deviation of relative expression of B-catenin

Groups mean + Standard deviation
Control 0.002294344+0.0012000633
Patient 0.041181219+0.0108733745
Salin 0.046539896+0.0255876530
HA 0.042465583+0.0336801149

Exercise training
HA + Exercise training

0.013968579+0.0094115355
0.003632002+0.0030377625

Figure 2. Relative expression of cateninin the study groups
*: Significant sign relative to the patient group &: Significant sign relative to the
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DISCUSSION

Induction of OA in rats led to a significant
catenin gene as well as a -increase in f
significant decrease in cardiac tissue GSK3
gene compared to the healthy controls,
-indicating that the activation of the Wnt/ [
catenin is in the heart. Previous studies have
shown that activation of the Wnt signaling
pathway is common between OA and
cardiovascular diseases (21). In a study by
Lietman et al.,, Wnt signaling inhibition
improved OA in the experimental model (22).
Yue Zhao et al. reported that Wnt signaling
played a key role in hypertension, cardiac
hypertrophy, and cardiac fibrosis (23). In
Zhao’s study, it was also shown that the
induction of osteoarthritis activated the Wnt
signaling pathway through enhancing p-
catenin and depletion of GSK3 in heart tissue,
possibly increasing the risk of CVD in
experimental models of knee OA. The results
also showed that regular aerobic training,
hyaluronic acid injection, and a combination
catenin gene -of both treatments reduced the
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and increased the cardiac tissue GSK3 gene
compared to the patient group. These changes
were significant in the combination treatment
group.

The results of Habibi et al. showed that the
expression level of B-catenin gene in the
aerobic training group was insignificant and
approximately 30% lower than the control
group (24). In agreement with the results of
the present study, Amin et al. reported that
there was no significant change in the
expression of [-catenin protein following
exercise in rats (18). Vissing et al. reported
that 10 weeks of exercise training did not
significantly change the baseline levels of
messenger proteins such as Akt-mTORCI, -
catenin, and glycogen synthase kinase-3f (25).
Habibi et al. also found that the expression
level of glycogen synthase kinase-3f was
significantly higher in the aerobic exercise
group than in the control group (24).

These findings are inconsistent with the results
of the present study, which may be attributed
to the differences in the type of subjects and



the tested tissues; they examined Wnt
signaling in healthy subjects while the present
study evaluated cardiac tissue Wnt signaling in
an experimental model of osteoarthritis. Also,
differences in duration, intensity, and type of
exercise can contribute  to  these
inconsistencies. In the current study, through
increasing GSK-3 and reducing beta-catenin
aerobic training, depletion GSK3 led to the
inactivation of the Wnt signaling pathway,
which may prevent heart disease.

Several studies have suggested that GSK-3p
acts as a negative regulator of hypertrophy in
C2C12 muscle cells (26). However, decreased
expression of GSK-3p and its phosphorylation
are associated with B-catenin  nuclear
accumulation. B-catenin nuclear accumulation
results in the increased formation of
complexes with the LEF and TCF transcription
factor families (27). These processes are
related to the activation of the transcription of
target genes to stimulate the synthesis and
repair and regenerate the muscle cells (17, 27).
However, in addition to reducing the
accumulation of B-catenin, the GSK-3f protein
plays a complex role via different messenger
proteins in the cell.

In this regard, Fuji Maki et al. proposed that
vigorous endurance activities such as intense
and prolonged dosing may increase the risk of
muscle atrophy and sarcopenia, particularly in
the elderly (17). Shin Fujimaki et al. reported
that chronic running activated the satellite cells
in the diabetic mice, improving the Wnt
signaling pathway (28). Pourrazi et al. showed
that by affecting Wnt signaling, exercise
activity improved the process of muscle mass
loss due to dietary restriction (29). In this
regard, some reports have suggested that GSK-
38 can either directly activate the
phosphorylation of pre-apoptotic proteins such
as Bax or increase the expression of Bim (30,
31). In other words, by stimulating apoptosis,
GSK-3B can pave the way for accelerated
muscle atrophy and sarcopenia. Sadeghipour et
al. found that 6 weeks of endurance training
significantly =~ decreased  GSK-3  gene
expression in rats with diabetes neuropathy
probably due to adaptation to endurance
training (32). Based on the results of different
studies, a significant relationship exists
between exercise and the changes in GSK-3p
expression in skeletal muscle and cardiac
muscle of diabetic rats. Some studies have
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shown an exercise-induced decrease in this
kinase in the rats’ twin muscles; they have also
suggested that this decrease is likely caused by
the increase in the activity of Akt / mTOR
signaling pathways, which are GSK-3
phosphorylation and inactivation pathways
(32).

In a study by Young Kim et al, treadmill
training increased Wnt3 expression and
suppressed GSK-3 expression in diabetic rats.
This indicates that treadmill training activates
the Wnt signaling pathway, inhibiting GSK-3
expression in diabetic mice. In a Wnt3
activity-dependent  behavior, GSK-3 is
released from the hippocampal neurons and
control hippocampal neurogenesis (33).

Lo et al. observed that intra-articular injection
of hyaluronic acid had no effect compared to
placebo, which is inconsistent with our study
(34). Some studies have suggested that
hyaluronic acid not only restores the fluid
viscosity but also affects the pathologic factors
associated with OA (35). Numerous animal
studies corroborate the effect of hyaluronic
acid on reducing joint cartilage destruction and
improving tissue repair (36). In a study by
Listrat et al. articular cartilage destruction was
lower in patients with OA compared with
hyaluronic acid injection (37). Nowadays,
intra-articular injection of hyaluronic acid is
widely used in the treatment of OA and pain
relief (23). Hyaluronic acid exerts its effects
via increasing the number of living
chondrocytes, inducing thickening and repair
on cartilage surface, preventing nitric oxide
production in synovial fluid and miniscule
fluid, inhibiting canthropocyte apoptosis, and
reducing matrix metalloproteinase-3 and
interleukin-1f in synovial fluid (38- 40). In the
present study, the combination of hyaluronic
acid with regular aerobic exercise had a better
effect on the inhibition of Wnt signaling in the
heart tissues of the subjects; this may be
attributable to the same mechanisms and
changes in hyaluronic acid in the knee
structure and pain reduction in the subjects.
However, definitive results require further
studies. Wnt signaling plays different roles in
healthy and patient subjects. The activation of
the pathway in healthy tissues in order to
influence exercise activity in the target tissue
seems to have beneficial effects. On the other
hand, the findings of this study suggested that

the activation of the Wnt signaling pathway in
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the heart tissue of OA mice might indicate the
increased risk of heart disease in osteoarthritic
subjects.

CONCLUSION

In the present study, induction of the
experimental model of OA increased the
expression of B-catenin gene and decreased the
expression of cardiac tissue GSK-3p; activated
Whnt signaling increased the risk of CVD.
Regular exercise training, hyaluronic acid
injection, and combination of both therapies
reduced the cardiac tissue p-catenin
expression, increased GSK-33  gene
expression, and inhibited Wnt signaling in the
heart, preventing CVD in the experimental
model of OA.
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