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ABSTRACT

[XTSE One of the causes of infertility in men is the azoospermia disease, which is attributed to the lack of
sperm in each sperm. The primary function of spermatogenesis is the maintenance, proliferation, and

Available Online:010ct2020 :  differentiation of spermatogonial cells. Thus, the present study aimed to investigate the changes in Pro-
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myelocytic Leukemia Zinc Finger (PLZF) and spermatid Transition Nuclear Protein (TNP) gene expression
levels in an azoospermic rat model after 8 weeks of low-intensity aerobic training.

In this experimental study, 15 adult male Wistar rats were randomly divided into
three groups of healthy control, with azoospermia, and exercise plus azoospermia after creating an azo-
ospermia model. The patient plus exercise group performed a low-intensity swimming exercise 30 min-
utes a day, five days a week for 8 weeks, after the creation of the azoospermic rats. A One-way ANOVA
test was used for data analysis.

[FITE The results showed that a period of swimming exercise program in the exercise plus azoospermia
group significantly reduced PLZF gene expression compared to the healthy control groups (P=0.001) and
no significant increase to the azoospermia group (P=0.06). There was also a significant decrease in TNP
gene expression levels in the exercise plus azoospermia group compared to the healthy control group
(P=0.001) and a significant increase in the azoospermia group (P=0.057).

[T Based on these Findings, it can be stated that the alteration of key molecules or signaling
pathways and expression of the PLZF and TNP genes in the spermatogenesis process may increase infer-

Protein (TNP), Azo- tility, but regular aerobic exercise, such as low-intensity swimming, helps to control the effects of infertil-
ospermia ity by increasing the maintenance and development of spermatogonial stem cells.

English Version located on the basement membrane of the seminiferous tu-

bules and are surrounded by Sertoli cells [2]. This complex

1. Introduction provides an environment that promotes sperm function and

survival [3]. Any change in this environment disrupts sper-

permatogenesis is a process that occurs by the matogenesis, which in turn can lead to temporary or perma-

proliferation and differentiation of Spermato- nent infertility [4]. SSCs form the basis of the process of

gonial Stem Cells (SSCs) [1]. These cells are spermatogenesis and male fertility [5].
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Among the various types of stem cells found in a living
organism, SSCs are important because of their ability to
pass on genetic information to the next generation; there-
fore, these cells can be used as a valuable resource for
various research studies [4, 5]. Proliferation and differen-
tiation of spermatogonia cells are the main and primary
key in the process of spermatogenesis and maintenance
of male fertility [6].

Promyelocytic leukemia zinc finger (PLZF) protein
is one of the known markers of SSCs that is essential for
the maintenance and development of SSCs in culture [7].
PLZF is produced and secreted by Sertoli cells and sub-
sets of spermatogonia express its receptor [8]. This factor
preserves and proliferates spermatogonia stem cells in vitro
[9]. In the testes, PLZF is limited to SSC spermatogonia.
Studies have shown that after SSC transplantation in rats
without PLZF, spermatogenesis does not resume in recipi-
ent rats [10]; therefore, one of the possible functions for
PLZF could be to maintain a non-differential position [11].
PLZF is considered the basic surface marker of progenitor
cells/spermatogonia stem [12].

Another type of sperm nucleoprotein is a protein called
spermatid transition nuclear protein (TNP) [13]. These
transient proteins make up about 90% of the major chroma-
tin proteins during the histone deletion and transient protein
replacement steps [4]. Laboratory studies have reported that
the potential function of TNP protein is to release DNA into
nucleosome particles, to reduce the melting point of DNA,
and to stimulate topoisomerases-1 activity [ 14]. In infertile
men, spermatozoa have shown many nuclear changes, in-
cluding abnormal chromatin $tructure, small chromosomal
deletions, aneuploidy, and DNA strand breaks [15].

The results of studies indicate that increasing the expres-
sion and signaling of PLZF and TNP is a promising thera-
peutic strategy for the treatment of azoospermia [16]. In
this regard, there are modifiable factors such as a physical
activity that help prevent and treat this disease by regulat-
ing and modulating genes that are effective in fertility [17],
because infertility caused by inactivity has been observed in
people with azoospermia, which is a significant concern in
medical practice [18]. But the most effective exercise and
cellular and molecular mechanisms involved in the exer-
cise are not yet fully clear. Studies show that low-intensity
aerobic exercise can reduce the expression of inflammatory
cytokines, oxidative stress in testicular tissue, systemic in-
flammation, and thus improve immune responses by creat-
ing a protective mechanism [19].

Among aerobic exercises, low-intensity aerobic
swimming exercise is one of the exercises that are safe
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and usable in various physiological conditions. Also,
because of its weight intolerance in water compared to
non-water sports, it is used in most physiological, bio-
chemical, and molecular reactions studies [20]. Slow to
moderate exercise gradually improves metabolic activ-
ity due to increased blood flow, but strenuous activity
decreases blood flow due to the change in the direction
of blood flow to active muscles [20]. Decreased physi-
cal activity can reduce the amount of sex hormones,
sperm production, and fertility, as well as shrink the
testicles and reduce the amount of sperm [21].

A study by Ferenc et al. (2014) reported that after 12
weeks of moderate-intensity aerobic exercise, spermato-
genesis markers such as PGC-1a (peroxisome proliferator-
activated receptor-gamma coactivator-1) and PLZF were
improved in rats [22]. In a review study by Vaamonde et
al. (2017), it was reported that after a period of low- and
moderate-intensity acrobic exercise, the level of azoosper-
mia decreases by modulating the genes involved in the
disease and reducing the level of oxidative stress and in-
flammation in these patients, and the quality of sperm and
fertility increase [23]. In this regard, the results of studies
showed that high-intensity exercise can lead to negative and
positive changes in genes that affect sperm fertility such as
PLZF and TNP [24]. Although possible mechanisms have
been suggested, the results of studies on the relationship
between physical activity and the rate of azoospermia are
not conclusive. Therefore, because of the importance of
preventing the causes of azoospermia, the lack of necessary
and sufficient information about the effect of exercise on
the expression of PLZF and TNP gene in azoospermia, the
present study aimed to investigate the effect of 8 weeks of
low-intensity swimming exercise on PLZF and TNP gene
expression in azoospermic rats.

2. Materials and Methods

In this experimental study, 15 adult male Wistar rats
aged 6-8 weeks with a MeantSD weight of 202.85+15.62
g were purchased from the Pasteur Institute. The animals
were kept in special polycarbonate cages in an environment
with an average temperature of 22+1.4°C, the humidity of
55%, and a light-dark cycle of 12:12 hours. The animals
were cared for following the guidelines of the International
Institute of Health and the protocols of this study, follow-
ing the principles of the Helsinki Declaration and the rules
of medical ethics [25]. The animals were treated with free
pellet food and water. The food consumed by the animals
was given to the animal at the rate of 10 g per 100 g of body
weight according to the weekly weight gain.
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To create the azoospermia model, busulfan (40 mg/kg body
weight) was first injected intraperitoneally into each rat. One
month after induction of the model in the rats, they were
randomly divided into 3 groups: Healthy control (5 heads),
azoospermia (5 heads), and exercise plus azoospermia (5
heads) [4, 5]. The azoospermic group remained one month
after modeling until the end of the study (8 weeks) and the
healthy control group was kept for 8 weeks, and the exercise
plus azoospermia group swam for 8 weeks, one month after
the development of azoospermia.

Before the start of the main protocol, the rats in the exercise
plus azoospermia group got acquainted with the water and
swimming and adapted to exercise conditions for 20 min-
utes per day for 5 days. Then, 5 days a week until the end
of the research period, they swam in a water tank measur-
ing 50x50x100 cm with a temperature of 30°C-32°C for §
weeks. The duration of exercise in water was 30 minutes
daily until the end of the exercise period.

To eliminate the acute effect of exercise, the animals were
sampled 48 hours after the last swimming exercise program.
For this purpose, the animals were first anesthetized using an
intraperitoneal injection of ketamine (50-30 mg/kg) and xy-
lazine (3-5 mg/kg) and then were killed. Afterward, their tis-
sues around the testicular area were evaluated for histology
and genetic studies. For this purpose, tissue samples were
transferred to 10% formalin and samples related to gene ex-
pression were transferred to a nitrogen tank.

Areal-time PCR technique was used to evaluate the expres-
sion of PLZF and TNP genes in each tissue analysis group.
First, primer design was performed and then total RNA was
extracted from tissues and converted to cDNA. Then cDNA
was amplified by PCR and RT-qPCR technique was used to
confirm quantitatively the expression of the $tudied genes.
To this end, first, whole-cell RNA was extracted using Ki-
azol solution according to CinnaGen protocol and exposed
to DNase | Fermentas to ensure contamination with genomic
DNA. Besides, gel electrophoresis was used to evaluate the
integrity of the extracted RNA.

To extract RNA, the first 200-300 Landa Chiazol was add-
ed to the testicular tissue and it was maintained at -80°C for
24 hours. Then, the plaque in the Cryotube was crushed in
a semi-frozen state by a sampler and then slightly pipetted.
About 100 landa chloroforms were then added to the sample
to lyse the cells. This solution should be in contact with the
cell for about 1 minute. Afterward, the solution was centri-
fuged at 12000 rpm for 10 minutes. Next, the solution was
divided into three parts: the upper part of the tube, which was
clear and contained RNA; the middle part of the tube, which
was white and had the lysed texture; and the lower part of
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the tube which was pink and contained Chiazol. The clear
liquid at the top of the tube containing the RNA was gently
removed and placed in a DEPC microtube. Then 1 mL of
isopropanol was poured on clear RNA and stirred by hand
for 1 minute. Isopropanol is clear and RNA is clear, but when
the two are mixed, they form a turbid liquid. After adding
isopropanol, the samples were centrifuged at 12000 rpm for
10 minutes. After removing from the centrifuge, the superna-
tant was drained and 1 mL of 70% alcohol was added. After
vortexing, the mixture was centrifuged at 7500 rpm for 10
minutes. The supernatant was then drained with a sampler
and then the plaque was dried inside a microtube. To dis-
solve RNA, 20 landa 60° distilled water was poured on the
plate inside the microtube. It was then pipetted slightly with
a sampler and placed on a 60° plate for 5 minutes.

Also, for the preparation of single-stranded cDNA, Oligo
(dt) (MWG-Biotech primer, Germany) and reverse tran-
scription enzyme (Fermentas company) were used and per-
formed according to the manufacturer’s instructions. Each
PCR reaction used PCR Master Mix (Applied Biosystems)
and SYBR Green (Applied Biosystems), and Sequences
Detection Systems. Foster City, CA (ABI Step One) was
done according to the manufacturer’s protocol. Forty cycles
were considered for each cycle of real-time PCR, and the
temperatures of each cycle were set at 94°C for 20 seconds,
58°C-60°C for 30 seconds, and 72°C for 30 seconds. A melt-
ing diagram was drawn to evaluate the accuracy of PCR re-
actions and was evaluated specifically for each gene and in
each reaction with a negative control diagram to check for
contamination in each reaction.

The expression ratio of the genes $tudied in this study
was evaluated by the threshold cycle comparison method
(Threshold Cycle: TC) using the data in the Formula 1:

1. R=20

AACT=(CTareer_Cliekence) Ty X(CTiareet_(CTiefnce )Time ,

The specific standard curve of each gene was plotted us-
ing at least 5 logarithmic concentrations in diluting order of
positive control of each gene. The expression level of the
target gene was normalized with the reference gene and the
expression of genes in the healthy group was considered as a
calibrator (Formula 2).

: . (E target ) et target
(E u e.fe ren Ce) reference
(A Ctm frence = C[contml_ ttmatmen[ > A Cttalget = Ctmmm[_ ttreatment)
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In the above formula, E represents efficiency and is ob-
tained by drawing a standard curve for the gene [26].

After in vitro analysis of tissue samples, descriptive statis-
tics including mean and standard deviation and inferential
statistics were used to quantitatively describe the data. First,
the Shapiro-Wilk test was done to determine the normality
of the data distribution, and then Levene’s test was used to
determine the homogeneity of variance. Because of the nor-
mal distribution of data, parametric tests, including 1-way
analysis of variance and Tukey post hoc test at a significance
level of P<0.05 were used to examine changes in PLZF and
TNP gene expression. SPSS version 23 was used to perform
all statistical tasks and Excel software was used to draw the
chart.

3. Results

Table 1 presents the mean weight of rats in the different
studied groups. The results of the 1-way analysis of variance
showed no significant difference in the weight of rats in dif-
ferent groups (P>0.05).

The results of the Tukey post hoc test showed that 8 weeks
of low-intensity aerobic swimming exercise significantly re-
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duced the level of PLZF gene expression in the exercise plus
azoospermia group compared to the healthy control group
(125.42%) and a non-significant increase compared to the
azoospermia group (42.47%) (P=0.001, P=0.06, respective-
ly) (Figure 1).

The results of the Tukey post hoc test indicate that 8 weeks
of low-intensity aerobic swimming exercise significantly
reduced the expression level of the TNP gene in the exer-
cise plus azoospermia group compared to the healthy control
group (104.93%) and no significant increase compared to the
azoospermia group (265.76%) (P=0.001, P=0.057, respec-
tively) (Figure 2).

4. Discussion

In the present study, the effect of 8 weeks of low-intensity
swimming exercise on PLZF and TNP gene expression in
azoospermia rats was investigated. One of the important re-
sults of the present study is a significant decrease in PLZF
and TNP gene expression levels in azoospermia rats com-
pared to the healthy group. The results of the present study
are consistent with the results of the studies of some re-
searchers who stated that azoospermia alters the expression
of genes involved in fertility such as PLZF and TNP [22-24].

Table 1. The Mean and Standard Deviation of rats’ weight in the studied groups

MeantSD
Indicator Group
Control Azoospermia Exercise Plus Azoospermia
Weight (g) 205.5+20.16 215.845.25 208.1+20.16
uarterly of
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PLZF gene expression in the testicular tissue

0.0674
0.07

0.06
0.05
0.04
0.03
0.02
0.01

Normalised Gene Expression
o
control

0.0299*
0.0172*

azoospermic l

exercise+azoospermic

Study groups

uarterly of
he Horizon of Medical Sciences

Figure 1. Comparison of mean mRNA levels for PLZF gene expression between different studied groups

* Significant change compared to the control group (P<0.05).
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TNP gene expression in the testicular tissue

0.000832
0.0009

0.0008
0.0007
0.0006
0.0005
0.0004
0.0003
0.0002
0.0001

0

Normalised Gene Expression
control

azoospermic

0.000406*

0.000111*

exercise+azoospermic

Study Group
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Figure 2. Comparison of mean mRNA levels for TNP gene expression between different study groups

* Significant change compared to the control group (P<0.05).

PLZF and TNP have been identified as key markers in
the maintenance and development of spermatogonia stem
cells [27]. The results showed that in infertile sperms there
are many nuclear changes, including the abnormal structure
of chromatin and DNA strand breaks that lead to changes
in the expression level of this gene [13]. This gene, which
plays a role in the proliferation and differentiation of sper-
matogenesis stem cells, has different receptors in most tis-
sues of the body, such as the testes, and is important for the
maintenance and development of stem cells [28].

Chen et al. in their study acknowledged that azoosper-
mia leads to decreased growth and development and even
the proliferation and differentiation of stem cells, and de-
creased sperm production quality leads to decreased ex-
pression levels of PLZF and TNP genes [18]. Decreased
levels of SSCs receptors inhibit the production and expres-
sion of spermatogonia stem cells [29]. Therefore, it seems
that reducing the receptor and increasing inflammation in
azoospermic patients can reduce the expression level of
PLZF and TNP genes [28].

The results of the present study also showed that 8 weeks
of low-intensity swimming exercise caused no significant
increase in PLZF and TNP gene expression in rats in the
swimming exercise group compared with the azoospermia
group. Because a clear mechanism for the effect of physi-
cal activity on PLZF and TNP gene expression has not
yet been properly elucidated, it is impossible to properly
explain the research Findings. The results of some similar
studies showed the improving effect of acrobic exercise on
the expression of spermatogonia stem cells [21-24]. Fran-
ces et al. in their study acknowledged that aerobic exercise,
especially moderate-intensity aerobic exercise could affect,

modulate, and improve spermatogenesis markers such as
PLZF and TNP and reduce the level of inflammation in in-
fertile patients [22].

In line with the results of this study, it was shown that
aerobic exercise increases the level of sexual quality and
fertility due to the reduction in the expression of inflam-
matory genes and the improvement of spermatogonia stem
cells [23]. Physical activity can release nitric oxide that
activates the enzyme guanyl cyclase, resulting in increased
levels of cGMP (cyclic guanosine monophosphate). This
increase leads to the dilation of the arteries of the reproduc-
tive system and increases its blood flow, which in turn leads
to increased sperm production [30]. These changes reduce
the risk of infertility in men who have become infertile due
to a lack of sperm [31]. In other words, physical activity
leads to increased sperm production and treatment of infer-
tility due to spermatogenesis by dilating blood vessels and
increasing the blood flow cycle in organs such as the repro-
ductive system [32]. Also, increasing capillary density in
response to exercise leads to adequate oxygen supply to the
tissue, which in turn activates and alters cell membrane per-
meability, thereby increasing mRNA production and cell
division, and the expression level of spermatogonia stem
cell genes increases [33].

In their study, Faustino-Rocha et al. (2017) acknowledged
that increasing capillary density and blood flow improves
stem cell surface area, motility, differentiation of fertile
cells [23]. Also, research on the effect of physical activity
on spermatogonial stem cells shows that following physi-
cal activity, especially aerobic, the cellular response begins
with the activation of photoreceptors in the respiratory
chain located in the mitochondria, resulting in altered cel-
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lular redox. It modifies and together with changes in cell
membrane state with calcium transfer and pH changes and
activation of CAMP (cyclic adenosine monophosphate)
and DNA duplication leads to the formation of new proteins
and cell proliferation [34]. In this way, cellular responses
are drawn from the cellular surface to the surface of tissue
and organs and effects such as cell proliferation, neovas-
cularization, aerobic metabolism shift, and fertility balance
and infertility reduction are achieved [35, 36].

5. Conclusion

In general, the results of the present study indicate that
alteration of key molecules or signal pathways and expres-
sion of PLZF and TNP genes in the process of spermato-
genesis can reduce fertility and increase infertility, but regu-
lar aerobic exercise, such as low-intensity swimming, treats
infertility by increasing the maintenance and development
of spermatogonia stem cells.
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