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of 5 rats each: 1. Osteoarthritis; 2. MSCs; 3. Ozone therapy; 4. ET; 5. Ozone therapy+MSCs,
6. ET+ozone therapy; 7. ET+MSCs, and 8. ET+MSCs+ozone therapy. Knee osteoarthritis was
induced through the partial cutting of internal meniscus. The endurance training program was
initiated with a 30-min run on a 0-degree slope treadmill at a speed of 16 m/min in the first week
that gradually reached to 50 minutes after the 8 weeks. Rats in the MSCs groups received an intra-
articular injection of 1x106 cells/kg into the right knee joints. Also, ozone therapy groups were
injected at a concentration of 20 pg/mL once a week for three weeks. Rats were then anesthetized
48 h after their last treatment. The Independent t test and 3-way ANOVA were used to analyze the
findings (P<0.05).

Results: ET, ozone therapy, and MSCs alone increased CB-1 and GABA gene expression in the
cartilage tissue of rats with knee osteoarthritis (P<0.05 for all). A combination of ozone therapy
and ET (P<0.05) and combination of ozone therapy and MSCs (P<0.05) were significant in
increasing CB-1 and GABA gene expression. However, the combination of ET and MSCs (P>0.05)
and combination of ET, MSCs, and ozone therapy (P<0.05) significantly increased CB-1 gene

expression.
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Introduction

steoarthritis (OA) is one of the most pain-

ful arthritic diseases that result in dis-

ability. Recent studies have shown that

overweight, aging, genetics, and diabe-

tes are risk factors for this disease [1, 2].
Increased inflammation following OA can disrupt the
sympathetic nervous system [3]. Pain is one of the main
symptoms of this disease. Increased inflammation and
free radicals pressurize the nerves of this area, induce
pain, and thereby reduce the motor ability and quality of
life in patients with OA [4, 5].

On the other hand, since the identification of endocan-
nabinoid receptors, many researchers have paid attention
to this anti-nociceptive pathway. The endocannabinoid
system includes cannabinoid receptors 1 and 2 (CB-1
and CB-2), binding to G proteins that are activated by
cannabinoid binding and inhibit adenylyl cyclase and
cyclic AMP production. As a result, it inhibits gamma-
aminobutyric acid (GABA) and glutamate transport that,
in turn, suppress the excitability of the nervous system
and pain sensation [4, 6].

Despite much research, no effective treatment has been
found for OA yet. However, recent studies have inves-
tigated the effect of mesenchymal stem/stromal cells
(MSCs) on experimental models of cartilage injury. It
has been reported that intra-articular injection of stem
cells can reduce pain and protect cartilage. MSCs appear
to express a variety of anti-inflammatory chemokines
and cytokines in the cartilage tissue and are effective in
the treatment of osteoarthritis by modulating cartilage
metabolism and coping with inflammation and apoptosis
[7]. Some studies have investigated the effect of MSCs
in the treatment of OA. For example, the researchers
in a study concluded that treatment with MSCs for 12
months reduced pain, inflammatory and anti-inflamma-
tory factors, and improved metabolic factors in the car-
tilage tissue in patients with knee OA. These researchers
also reported that the favorable effects were dependent
on the dose and duration of treatment such that short-
term treatment of fewer than 3 months had no significant
impact on these variables [8, 9].

Given that many patients are old age, the duration of
treatment and the economic costs will cause problems for
them. So using complementary therapies to achieve the
desired results is a worthwhile solution. In this regard,
out of various therapeutic approaches, ozone therapy is
shown to improve knee cartilage metabolism because of
its anti-inflammatory properties and increased tissue ox-
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ygenation. Studies have reported that ozone therapy help
improves inflammatory factors and reduce pain in pa-
tients with knee OA [10]. However, the results of a study
showed that ozone therapy had no significant effect on
pain in patients with OA for the first three months, and it
shows its effects after six months [11].

Patients with knee OA usually have a reduced ability
to perform their daily activities, and the most important
factor in improving their quality of life and improving
their condition is helping them to perform daily activities
and reducing pain. Therefore, health activities have been
considered as a non-invasive and low-cost treatment by
health researchers. Regular and aerobic exercise increas-
es joint metabolism and synovial fluid and has antioxi-
dant and anti-inflammatory effects [12].

According to studies, complementary therapies reduce
pain and improve the quality of life of these patients,
but the mechanisms of their effects are not fully evident.
Also, little information is known about the concurrent
use of ozone therapy, MSCs, and ET on anti-nociceptive
pathways. So, it seems necessary to conduct a study in
this regard. We to investigate the effect of concurrent
use of ET, ozone therapy, and MSCs on CB-1 and GABA
gene expression in the cartilage tissue of rats with knee
osteoarthritis.

Materials and Methods
Animals

In this experimental study, 45 rats, aged 40-45 weeks,
weighing 250-300 g, were purchased and transferred to
the animal house. During the research period, standard
food plates and water were provided ad libitum. All
rats were kept in the standard situation (temperature of
23+2°C, light/dark cycle of 12:12 h, and the humidity
of 45%-55%). After one week of adaptation to the labo-
ratory environment, OA was induced in all rats on the
eighth day. The researchers received introduction letters
from Islamic Azad University, Marvdasht Branch (IR.
MIAU.RECE.1396.132).

Study experiment

In the present study, OA was surgically induced, ac-
cording to Zhao et al. study [13]. In this method, rats
were first anesthetized by ketamine and xylazine, then
their right knee hairs were completely shaved, and a 1-cm
area was cut in the knee joint. After removing the skin,
the internal lateral ligament of the knee was removed to
observe the internal meniscus. An incomplete cutting
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ET+
Group P Ozone+ ET+ ET+
Intervention Osteoarthritis Msc Ozone ET MSCs Ozone MSCs MSCs+
Ozone
2 J
(8 weeks, 3 sessions per week) \/ \/ ‘/
MSCs
(1x10° cells/kg) T v, N v v
Ozone
(3 weeks, once perweek) \/ \/ ‘/ T \/

ET: Endurance Training; MSCs: Mesenchymal Stem Cells

then resulted in rupture and injury to the meniscus and
the area was. The rats were then fed with standard food
for three weeks and kept in a laboratory environment
for recovery. Then, they were divided into eight groups
of 5 rats each: 1. Osteoarthritis; 2. MSCs, 3. Ozone, 4.
ET, 5. Ozone+MSCs; 6. ET+ozone, 7. ET+MSCs, and
8. ET+MSCs+tozone. Also, 5 rats were assigned to the
healthy control group. Table 1 presents all procedures
done in the experimental groups of ET, MSCs, ozone,
and mix groups.

Study design

After grouping, MSC, ozone+tMSCs, ET+MSCs, and
ET+MSCs+ozone groups received intra- articular injec-
tion of 1x10° cells’kg MSCs into their right knee joint.
Ozone, ozone+MSC, ET+ozone, and ET+MSC+ozone
groups received 20 pg/mL ozone once weekly for
3 weeks. Besides, ET, ET+ozone, ET+MSCs, and
ET+MSCs+ozone groups performed ET for 8 weeks, 3
sessions per week and 30-50 minutes per session.

Endurance training protocol

Before the training program, the rats in the ET group
were adapted to a rodent treadmill for one week (three
times per week, 60%-70% of VO, _ ata speed of 16 m/
min at 0% inclination for 10 min/d). Briefly, the training
program was initiated with a 30-min run on a treadmill
without slope at a speed of 16 m/min in the first week,
which gradually reached 50 minutes in the eighth week.
Warm-up and cool-down were performed for 5 m/min at
the beginning and end of the training [14].

Mesenchymal stem cells therapy

On the other hand, in the MSCs groups, bone marrow-
derived MSCs were extracted from healthy male Wistar
rats after being anesthetized with ketamine (30-50 mg/
kg) and xylazine (3-5 mg/kg). Briefly, their femur and
tibia bones were cut off from the back limbs, remove
the skin and muscles. The femurs and tibias were trans-
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ferred to a 10-cm dish containing Dulbecco’s Modified
Eagle Medium (DMEM). Each bone was then held with
tweezers, and the two ends were cut open with a scis-
sor. A 22-G needle was attached to a 3-mL syringe and
filled with DMEM. Then the marrow was flushed into a
50-mL tube by inserting the needle to one open end of
the bone. The procedure is repeated 2~3 times for each
bone. When all marrows were obtained, the cells were
resuspended, and the suspension was passed through a
70-um cell strainer to remove the bone debris and blood
aggregates. The cells were spun down at 200g, 4°C for
5 min and the supernatant was removed by aspiration.
The cells were resuspended in 25-mL MSC medium
(DMEM containing 10% Fetal Bovine Serum [FBS]
and 1% Pen-Strep). An amount of 10 mL cell suspension
was seeded into each 10-cm culture dish for a total of
two dishes. The culture dishes were kept at 37°C and 5%
CO, incubator for 1~2 weeks. The medium was changed
every 2~3 days.

The isolated MSCs were cultured in DMEM medium
containing 20% FBS and incubated at 37°C overnight
to select the adherent cells. The culture medium in the
flasks was changed every 3 days, and MSCs were pas-
saged 3-4 times. After MSCs reached >90% conflu-
ency, they were selected for injection purposes. Rats in
the MSCs groups received an intraarticular injection of
1x10° cells/kg into their right knee joint [15].

Ozone therapy

A low-intensity electric discharge also produced ozone,
and its concentration was measured at 254 nm using
ultraviolet radiation. Ozone was injected into the knee
tibia-femoral articular line at a concentration of 20 pg/
mL once a week for 3 weeks starting at 21 days after the
OA induction [16].

Polymerase chain reaction

Forty-eight hours after the last treatment, the rats were
anesthetized with ketamine (30-50 mg/kg) and xylazine
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Primer Sequence Forward
Gene

Primer Sequence Reverse Melting temperature

5 eeseensesessssssnssnenees 3 5/, eessusssnsesessessssnnneen 3 (°c)
GABA GTGGAAGGGTGTTGGATGGA GGGCGTGATGTAGAAGAGGA 84

CB1 ACCACCTTCCGTACCATCACC TCCATAAAGTTCTCCCCACAC 83
Gapdh AAG TTC AAC GGC ACA GTC AAG G CAT ACT CAG CAC CAG CAT CACC 81

(3-5 mg/kg). Their cartilage tissues were isolated and ho-
mogenized in phosphate buffer saline (0.01 M; pH 7.0)
at 4°C with a homogenizer (Hielscher, UP100H). RNA
was extracted from cartilage tissues using the RNX-Plus
(SinaClon; RN7713C) kit. The quantity and quality of
extracted RNAs were examined with the NanoDrop ND-
1000 spectrophotometer (Thermo Sci., Newington, NH)
method. cDNA was synthesized from RNA samples us-
ing RevertAid Reverse Transcriptase (Thermo science,
Germany) at 42°C for 1 h and random hexamer primers
(Thermo science, Germany). A Rotor-Gene 6000 (Cor-
bett Research, Australia) thermocycler and Real gPCR
29 Master Mix Kit (Amplicon, Denmark) in 40 cycles
were applied for amplification. Each reaction included 5
pL master mix and 100 nm primers. Table 2 presents the
sequence of the primers used to measure the expression
level of the genes in the study.

Data analysis

The Shapiro-Wilk test was used to investigate the nor-
mality of the findings. Also, to examine the effect of OA

— cB1
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induction on research variables, we used the indepen-
dent samples t test to compare the difference between
the healthy control and OA group. Besides, 3-way ANO-
VA was employed to investigate the effect of training,
MSCs, ozone therapy, the combination of ET and MSCs,
the combination of ET and ozone therapy, the combina-
tion of MSCs and ozone therapy, as well as the combina-
tion of ET, ozone therapy, and MSCs (P<0.05).

Results

The levels of CB-1 and GABA gene expression are
reported in Figures 1 and 2, respectively. The results
showed that CB-1 (P=0.001) and GABA (P=0.001) levels
were significantly lower in the control group compared
with the healthy group.

ET (P=0.001), MSCs (P=0.003,) and ozone therapy
(P=0.001) had significant effect on the increase of CB-1
gene expression compared with OA group. ET with
ozone therapy (P=0.001), as well as MSCs with ozone
therapy (P=0.004), had a significant effect on the in-

GABA
0.04—
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@ 0.03- i * %
g I F 3 3 |
& 0.02- F * K /
2 F==—1
E 0.01 W'

Figure 1. CB1 levels in study groups

PBR
*Significant effect of osteoarthritis induction on decrease of
CB1.

**Significant effect of training, mesenchymal stem cells
(MSCs), ozone therapy, Endurance Training (ET) with ozone
therapy, ET with MSCs and, MSCs with ozone therapy on
the increase of CB1.
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Figure 2. GABA levels in study groups

*Significant effect of osteoarthritis induction on the decrease
of GABA.

**Significant effect of Endurance Training (ET), Mesenchy-
mal Stem Cells (MSCs), ozone therapy, ET with ozone thera-
py, and ozone therapy with MSCs on an increase of GABA.
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Table 3. Results of 3-way ANOVA test to examine the effect of Endurance Training (ET), mesenchymal stem cells (MSCs) and

ozone therapy on CB-1 and GABA level

Variables Factor F Sig. Effect Size
Endurance Training (ET) 77.18 * 0.001 0.65
Mesenchymal Stem Cells (MSCs) 9.769 ** 0.003 0.19
Ozone therapy 126.79 * 0.001 0.76
CB-1 Interaction of ET and MSCs 1.785 0.189 0.04
Interaction of Training and ozone therapy 52.25%* 0.001 0.56
Interaction of MSCs and ozone therapy 9.56 ** 0.004 0.19
Interaction of ET and MSCs and ozone therapy 4.15 ** 0.048 0.09
ET 27.46% 0.001 0.40
MSCs 14.66* 0.001 0.26
Ozone therapy 171.56* 0.001 0.81
GABA Combination of ET and MSCs 1.65 0.206 0.04
Combination of ET and ozone therapy 9.71%* 0.003 0.19
Combination of MSCs and ozone therapy 8.55 ** 0.006 0.17
Combination of ET and MSCs and ozone therapy 0.44 0.507 0.01
*Significant effect at P<0.001. PBR

**Significant effect at P<0.05.

crease of CB-1 gene expression compared with the OA
group. Nevertheless, ET with MSCs did not have a sig-
nificant effect on CB-1 gene expression (P=0.189). Also,
ET, MSCs with ozone therapy (P=0.048) had a signifi-
cant effect on the increase of CB-1 gene expression com-
pared with the OA group (Table 3).

ET (P=0.001), MSCs (P=0.001), and ozone therapy
(P=0.001) had a significant effect on the increase of
GABA gene expression compared with the OA group.
ET with ozone therapy (P=0.003), as well as MSCs with
ozone therapy (P=0.006), had a significant effect on the
increase of GABA gene expression compared with the
OA group. However, ET with MSCs (P=0.206) and
ET+MSCs+ozone therapy (P=0.507) did not have a sig-
nificant effect on the increase of GABA gene expression
compared with the OA group (Table 3).

Discussion

The results of this study showed that CB-/ and GABA
levels were significantly lower in the control group
than in the healthy group. In support of the findings of
the present study, Hammell et al. (2016), Burston et al.

PBR

(2013), and Yuan et al. (2018) stated that OA decreases
cannabinoid receptors and decreases GABA and sero-
tonin by increasing inflammation pathway [17-19]. On
the other hand, the results showed that aerobic train-
ing, ozone therapy, and MSCs alone increased CB-/ and
GABA gene expression in the cartilage tissue of rats
with knee OA. The anti-nociceptive signal pathway
of exercise training is dependent on the expression of
neurotransmitters in the nervous system, which include
increased expression of serotonin, opioids, increased ac-
tivity of micro-opioids, cannabinoid receptors, increased
N-methyl-D-aspartate and carriers of serotonin [20].

Consistent with the present study, regular and aerobic
exercise training reduced and alleviated pain by increas-
ing serotonergic and opioid activity following induction
of alloxan-induced neuropathy [21]. Also, voluntary
training with rotational wheel alleviated pain in rats
with the same mechanism [22]. On the other hand, the
researchers believe that the anti-nociceptive effects of
exercise training are dependent on the intensity of ex-
ercise and the induction of fatigue caused by exercise.
Therefore, vigorous exercise increases pain levels in ath-
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letes [23], and in individuals with OA that acts through a
reduced cannabinoid receptors pathway [24].

Vigorous exercise seems to be a factor in increasing
free radicals and inflammation that decrease cannabinoid
receptors and GABA. Besides, ozone therapy with the
mechanism of reducing arthritis inflammation enhances
oxygen delivery to the injured tissue and induces the an-
ti-nociceptive effects [10]. The precise mechanism of the
anti-nociceptive effects of ozone therapy has not been
fully understood. However, based on Cuadros study, two
months of ozone therapy had no significant effect on
pain in patients with knee OA [10].

The main reasons for inconsistency in these studies
appear to be the differences in the statistical population,
consumption rate, and duration of treatment. In another
study, longer treatment with ozone reduced joint dam-
age and inflammation [25]. Because of the simultaneous
anti-inflammatory effects of ET and ozone therapy in
this study, they were able to have synergistic effects on
CB-1 and GABA receptor elevation. No studies have been
found that investigated the concurrent effect of ozone
therapy and ET on the variables of the present study;
however, Asadi et al. reported that ET and ozone therapy
alone increased interleukin-10 levels as an anti-inflam-
matory cytokine and reduced tumor necrosis factor-o in
the cartilage tissue of rats with knee OA [2].

The researchers also suggested that MSCs could modu-
late bone growth and metabolic factors such as insulin-
like growth factor-1, morphological proteins of bone
growth by reducing the pro-inflammatory and inflamma-
tory cytokines, as well as increasing anti-inflammatory
cytokines, that result in modulation of serotonin and can-
nabinoid receptors in patients with osteoarthritis [26].
Also, the synergistic effects of MSCs and ozone therapy
with affecting the pathway of arthritis and regulating
metabolic factors and bone repair [2, 10] could increase
CB-1 and GABA receptors.

Regarding the contradictory results of exercise training
[20, 22, 23] on the similar molecular, cellular pathway as
well as the therapeutic effects of MSCs that depend on
the amount and duration of treatment [8, 9], a closer look
failed to find an investigation on the interactive effect of
training and stem cells simultaneously on cannabinoid
receptors and GABA. Thus, the interactive effect of these
two interventions is still unclear. However, Asadi et al.
reported that the combination of ET and MSCs on the
reduction of inflammatory factors in rats with OA was
not significant [2]. Nonetheless, the most important fac-
tor in the lack of significant synergistic effects between
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ET and MSCs, as well as between ET, MSCs, and ozone
therapy, can be attributed to the drug interference that
has received particular attention in medical science.

Interferences that cause a drug to lose its positive effect
and even exacerbate the drug’s adverse effects. In this re-
gard, it is suggested that these three interventions be investi-
gated in different time periods in future studies. Also, since
CB-1 and GABA receptors are related to the anti-nociceptive
pathway, one of the limitations of the present study is the
lack of evaluation of the pain tolerance threshold in rats.
Thus it is recommended that the test be measured along
with related physiological variables. Another limitation
of this study is the lack of measurement of physiological
variables related to pain induction pathways such as inflam-
mation and anti-nociceptive pathways such as serotonergic
and GABAergic pathways. Therefore, it is suggested that in
future studies, the mentioned signaling pathways be consid-
ered and evaluated.

Conclusion

ET, ozone therapy, and MSCs alone can have favor-
able effects on the CB-I1 and GABA gene expressions.
Also, the combination of ET and ozone therapy, as well
as the combination of ozone therapy and MSCs, have
favorable effects on the anti-nociceptive pathway in the
animal model of OA. However, further studies should be
conducted to investigate the combinatory effects of ET
and MSCs and those of ET, ozone therapy, and MSCs.
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