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ABSTRACT

EERC e ERERNOIEMYEE The underlying molecular mechanisms and the effects of
physical exercise on azoospermia are not well understood. The purpose of this research

is to investigate the effect of cell therapy, laser, and activity on the expression of genes
involved in mitochondrial biogenesis in azoospermia model rats.

Forty 8-week-old rats were randomly selected, and then the
azoospermia model was induced using the drug busulfan at a dose of 40 mg, and after
one month, the rats were divided into 8 groups. One month after the creation of a one-
time model, stem cells were transplanted in the vas deferens, equaling one million cells
for each rat. After a week of cell transplantation, a laser with a wavelength of 632.8 nm,
a power of 10 milliwatts, and energy level of 3 joules was applied three times during the
entire study period with an interval of one week. After healing of the wound in the cell
transplant area on the abdomen, they performed swimming exercises daily for 30
minutes, 5 days per week, continued for 8 weeks.

Induction of azoospermia model decreased the expression of PGCla gene and
increased the expression of OPA1l gene, and the implementation of each of the
interventional methods of laser, exercise, laser-activity and cell-activity reversed these
changes.

It can be argued that in azoospermia model rats, the simultaneous use of
interventional methods of activity and laser therapy has the best effectiveness.
Azoospermia, Mitochondrial dynamics, Cell therapy, Laser therapy, Swimming
training
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Introduction

on-obstructive azoospermia (NOA) is a type of

male infertility caused by spermatogenic

dysfunction in testicular tissue. Patients with

NOA cannot produce sperm or can produce only
a very small amount of sperm. In patients with NOA, the
structure of the spermatogenic tubules in the testis is
disordered, while the maturation of spermatogenic cells is
blocked, and the meiosis of spermatogenic cells is stopped (2).
It is known that genetic and environmental factors have an
effective role in the level of spermatogenesis. Exercise is one
of the effective factors in improving the performance of
parameters related to sperm, testicular tissue damage, and the
process of spermatogenesis in laboratory animals. Some
researchers have reported that exercise has a positive effect on
these parameters and the signaling related to spermatogenesis
(8, 9). However, some results have reported the negative effect
of sports training on spermatogenesis performance (10). This
highlights the need for the investigation of the effect of
exercise training on the molecular pathways affecting
spermatogenesis in order to determine the mechanisms
underlying the effect of sports training on spermatogenesis.
Another non-invasive treatment method is laser therapy. Low-
power laser therapy uses light radiation with low intensity in
the light range of 540-830 nm. The therapeutic effects of this
method are achieved by photochemical reactions that change
the permeability of the cell membrane, followed by an
increase in the production of mRNA and cell proliferation
(division) (14). Low-power laser therapy with low-intensity
light radiation causes a change in the permeability of the cell
membrane, and then it causes the production of mRNA and
cell division. Research results show that ultrasound waves
with a mechanical index of 0.40 have a greater effect on the
proliferation and colonization of spermatogonial stem cells
(14, 15). According to the literature, exercise training can have
a potential role in the treatment of infertility. However, the
underlying mechanisms are not well defined, which indicates
the need for more research in this regard. It has also been
stated that (OPA1l) OPAl (22) and PGC-la (peroxisome
proliferator-activated receptor y coactivators la) (23) are
important mitochondrial factors involved in spermatogenesis.
Therefore, these genes can be considered as effective factors
in infertility. The aim of this study was to investigate the effect
of regular aerobic exercises along with laser and cell therapy
on the expression of genes involved in the mitochondrial
dynamics of testicular tissue (OPAl and PGC-la) in
azoospermia model rats.

Methods

In this experimental research, 40 8-week-old rats were
randomly selected, and then the azoospermia model was
induced with busulfan at a dose of 40 mg. One month later,
the rats were divided into 8 groups: 1) healthy control, 2)
azoospermia, 3) sham, 4) azoospermia + laser therapy, 5)
azoospermia + activity, 6) azoospermia + cell therapy, 7)
azoospermia + laser therapy + activity and 8) azoospermia +

cell therapy + exercise. One month after the creation of a one-
time model, stem cells were transplanted in the vas deferens
region, equaling one million cells for each rat. One week after
cell transplantation, a laser with a wavelength of 632.8
nanometers, a power of 10 mW, and energy level of 3 joules
was applied in three repetitions during the entire study period
with an interval of one week. After healing of the wound in
the cell transplant area on the abdomen, they performed
swimming exercises daily for 30 minutes, 5 days per week,
continued for 8 weeks. Tissue sampling was done from
testicular tissue of the rats under completely similar conditions
and in basic conditions (two days after the end of the training
period). In order to eliminate the acute effect of training,
sampling of animals was done 48 hours after the last
swimming training program. For this purpose, the animals
were first anesthetized by intraperitoneal injection of ketamine
(30-50 mg/kg) and xylazine (3-5 mg/kg) and then sacrificed.
Then, the transplanted tissues were evaluated for genetic
studies. To check the expression of the studied genes in each
group, real time PCR technique was used to examine the
tissues. To analyze the findings of this research, Kolmogorov-
Smirnov test, one-way analysis of variance, and Tukey's test
were used to compare different groups. All calculations were
done using SPSS ver.22 and at a significant level of P<0.05.

Results

The results of our research showed that induction of
azoospermia model decreased the expression of PGC-1a gene
in testicular tissue of rats. The implementation of each of the
intervention methods of laser therapy, exercise, laser
therapy+exercise, and cell therapy+exercise significantly
increased the expression of this gene in testicular tissue
compared to the patient group. Also, the induction of the
azoospermia model caused a significant increase in the
expression of the OPAL1 gene in the testicular tissue of rats,
and only the combination of laser therapy+exercise and cell
therapy+exercise intervention methods caused a significant
decrease of this gene in the testicular tissue compared to the
azoospermia group.

Conclusion

In line with this research, Kochaki et al. showed that
induction of azoospermia model reduced the expression level
of PGC-1a, and performing 8 weeks of low-intensity aerobic
training increased these indicators (21). Exercise training can
improve fertility through mechanisms related to improving
mitochondrial function (24). PGC-1a regulates the genetic
program that adapts cells to respond to energy needs (3). In
this study, swimming training alone and in combination with
cell therapy and laser therapy significantly increased the levels
of PGC-1a gene in testicular tissue of azoospermic model rats,
which may be used in the treatment of infertility in these rats.
Regarding the expression levels of the OPA1 gene in the
testicular tissue of azoospermic rats, swimming exercise alone
could not cause significant changes, but in combination with
cell therapy and laser therapy, the expression of this gene
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decreased significantly, which can be another mechanism to
increase fertility in rats. Since OPAl is involved in
maintaining the structure of the middle plates inside the
mitochondria, mutations of the OPAL gene and incomplete
protein production lead to the destruction of the structure of
these plates. This structural defect in the mitochondria does
not allow correct attachment of the mitochondrial DNA to
these blades, and their replication is not correct, finally leading
to the destruction of the oxidative phosphorylation reactions
and energetic deficiency (28, 29). Another function attributed
to the OPAL protein in the cell is the anti-apoptotic effect,
which actually prevents the release of cytochrome C and the
occurrence of apoptosis by controlling the coherent structure
of the inner membrane of the mitochondria and the middle
plates (30). Another result of this research was the increase in
the expression of the PGC-1a gene in the testicular tissue of
azoospermic rats in the laser therapy and laser
therapy+exercise groups and the decrease in the expression of
the OPA1 gene in the laser therapy+exercise group. Due to the
effects of quality stimulation, laser radiation strengthens
sperm motility (31). According to the results of the research,
each of the interventional methods of swimming training, cell
therapy and laser therapy had a significant effect on the
expression of the PGC-1o gene in the testicular tissue of
azoospermic rats, while in case of the expression of the OPA1
gene, only the combined use of exercise intervention with cell
therapy and laser therapy made a significant change.
Therefore, it is possible that the combination of swimming
exercise with cell therapy and laser therapy can make the rats
fertile by making a change in the mitochondrial dynamics of
the testicular tissue of experimental azoospermia rats, but a
definitive statement requires more research in this regard.
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