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ABSTRACT
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Objective(s): This research was designed to demonstrate the impact of voluntary exercise on sperm
parameters including sperm count, morphology, motility, viability, testicular apoptosis, oxidative
stress, and the mir-34a/SIRT1/p53 pathway in type 2 diabetic rats.
Materials and Methods: 32 Wistar male rats were separated into four groups: control (C), voluntary
exercise (VE), diabetic (D), and diabetic rats that performed voluntary exercise (VED). To induce
diabetes, animals were injected with streptozotocin (35 mg/kg) after receiving a high-fat diet. The
testicular protein levels of SIRT1 and P53, miR-34a expression, MDA, GPx, SOD, catalase, and sperm
parameters were evaluated.
Results: Diabetes caused increased testicular MDA content, miR-34a expression, acetylated p53 protein
expression, and the percent of immotile sperm (P<0.01 to P<0.001) as well as reduced testicular GPx,
SOD and catalase activities, SIRT1 protein expression, and sperm parameters (P<0.05 to P<0.001).
Voluntary exercise reduced testicular MDA content, miR-34a, and acetylated p53 protein expression
compared with the D group (P<0.001), however, GPx, SOD, catalase activities, and sperm parameters
in voluntarily exercised rats were elevated compared with diabetic rats (P<0.05 to P<0.001).
Conclusion: It seems that voluntary exercise has significant positive impacts that can be employed to
reduce the complications of type 2 diabetes in the testis of male rats.
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Introduction

One of the major universal metabolic disorders
worldwide is diabetes, which causes reduced fertility (1,
2). Nowadays diabetes-related reproductive disorder
is a new and urgent challenge because of its high
prevalence in younger people (3). At several levels,
diabetes may affect reproductive functions in the testis
including changes in sperm quality, spermatogenesis,
and testosterone depletion (3). In diabetic males,
numerous studies have shown changes in sperm
motility, count, and morphology (4-6), but the results
are inconsistent and some studies have failed to identify
such spermogram pathologies (4, 7, 8). Diabetes also
reduces spermatogenic cells and causes seminiferous
tubular atrophy. These changes reflect morphological
abnormalities in spermatogenesis (9, 10). Diabetes
mellitus can cause reproductive complications through
various mechanisms, including oxidative stress and
apoptosis.
An important risk factor for developing diabetic
complications is oxidative stress (11, 12). Increased free
radical levels and simultaneous reduction of antioxidant
defense mechanisms lead to elevated lipid peroxidation,
insulin resistance, and damaged enzymes and cellular

organelles. These outcomes of oxidative stress may
cause an increase in diabetic complications (13). Silent
information regulator 1 (SIRT1) is a potential target of
miR-34a (14) which has a crucial function in regulating
the cell cycle, metabolism, and oxidative stressinduced apoptosis (15). Growing data have shown the
importance of miRNAs as a new aspect in the regulation
of spermatogenesis and finally male fertility (16). One
of the miR-34 family members is miRNA-34a and it is
extremely expressed in the testicles (17). MiR-34a is
an oxidative stress-responsive RNA that deals with
deleterious conditions (16). High oxidative stress can
trigger the apoptosis of testicular tissue, eventually
resulting in infertility (18). A study showed that mir34a performs a crucial part in spermatogenesis and
spermatozoa function (16). SIRT1 may be negatively
regulated by miR-34a; it can directly bind to SIRT1
mRNA and control cell apoptosis in a cell culture model
by repressing SIRT1 (19). Chang et al. (20) suggested
that miR-34a is crucial in the p53 tumor repressor
system; the activation of miR-34a-dependent on p53
is broadly confirmed and its up-regulation leads to cell
cycle arrest and apoptosis. The relation between miR34a and p53 is complex; the major commonly diagnosed
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pathway is the SIRT1-dependent pathway (14, 21-23).
The researchers confirmed that miR-34a is elevated in
diabetes and miR-34a knockdown inhibits pancreatic β
cell apoptosis and thus preserves the number of β cells
(24, 25).
Currently, several medications for lowering blood
glucose levels are utilized to manage and treat diabetes,
which can have negative impacts on different organs. An
investigation showed that using sulfonylureas can lead
to beta-cell apoptosis and long-term treatment failure
(26). Moreover, researchers reported that glibenclamide
and metformin can reduce the antioxidant status of
testicles, which leads to testicular impairment and
diminished sperm count and motility (27).
To reduce these side effects, researchers have
tried to employ alternative treatments for controlling
diabetic complications. Several studies on physical
exercise training, firmly support its effectiveness to
prevent and manage diabetes (28). Exercise improves
insulin sensitivity in individuals and reduces the risk of
developing type 2 diabetes mellitus in animals (29, 30).
Since forced-exercise models are stressful, they may be
problematic, which implies that voluntary exercise can
be a more useful model (31). So, this research is proposed
to investigate the impact of voluntary exercise in male
type 2 diabetic rats on sperm parameters, testicular
tissue oxidative stress, apoptosis, and expression levels
of SIRT1, P53, and mir-34a.

Materials and Methods

Animals and study design
Thirty-two Wistar male rats (200–220 g) were
acquired from the Laboratory Animal House of Tabriz
University of Medical Sciences. Rats were kept in
standard circumstances (lights on from 8.00 am to
8.00 pm , 22±2 °C) and had open access to food and
fresh water for 15 weeks. All of the procedures were
authorized by the Animal Care Committee of Tabriz
University of Medical Sciences (IR.TBZMED.VCR.
REC.1397.127). Rats were randomly separated into four
groups (n=8): healthy control (C), voluntary exercise
(VE), diabetic (D), and diabetic rats treated by voluntary
exercise (VED).
Induction of type 2 diabetes
Rats in D and VED groups received a high-fat diet (HFD)
regimen containing 48% carbohydrates, 20% protein,
and 22% fat for 4 weeks (31). After the dietary regime,
a low dose of streptozotocin (35 mg/kg, Sigma-Aldrich,
St. Louis, MO, USA) was injected intraperitoneally (32).
Five days later, rats with fasting glucose of greater than
250 mg/dl were regarded as diabetic (33).
Voluntary exercise
In the voluntary exercise group, animals were
separately kept in a stainless-steel cage (Tajhiz Gostar,
Tehran, Iran) and permitted to have open access to the
wheel 24 hr a day for 10 weeks. Animals were exercised
based on their physiological threshold for normal
activity. This voluntary exercise was acknowledged as
a mild-to-moderate exercise (34). The running distance
was monitored daily by a sensor placed on each running
wheel. Animals with running intervals less than ~2000
meters per 24 hr were omitted before statistical analysis
(28). Furthermore, daily running distances of rats in
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the VED group were assessed separately for 10 weeks
after diabetes confirmation. The sedentary animals
were maintained in regular cages for equal time without
running wheels.
Anesthesia method and tissue sampling
All rats were anesthetized after 15 weeks by
intraperitoneal injection of ketamine (50 mg/kg)
and xylazine (5 mg/kg). After sacrificing the rats, left
testicles and epididymis were immediately removed
and washed with cold saline normal and kept at -80 °C
for determination of SIRT1 and P53 protein levels, miR34a expression level, and oxidative stress. The right
testicles were fixed in a neutral formalin buffer (10%)
for apoptosis analysis. Finally, animals were euthanized
by decapitation.

Western blotting
The upper part of the frozen left testis was
homogenized in ice-cold RIPA lysis buffer and centrifuged
at 14,000rpm for 10 min at 4 °C. Supernatants were
assembled, kept at −80 °C, and finally, the concentration
of proteins was calculated via Bradford’s procedure. The
cell lysates (50 µg protein/lane), isolated via sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) were loaded and transferred on the
polyvinylidenedifluoride (PVDF) membranes (Millipore,
Billerica, MA, USA). The membranes were incubated via
primitive antibodies overnight at 4 °C with Goat AntiRabbit IgG (H+L) Cross-Adsorbed Secondary Antibody,
Alexa Fluor 594 (R37117) and immersed in ECL Plus
Western Blotting detection reagent and displayed on
Hyperfilm ECL (both from Amersham, Piscataway, NJ,
USA). The band’s intensity was calculated using Lab
Works 4.5 software (UVP, Upland, CA, USA). The primary
antibodies used for Western blotting were β-actin (sc47778), Sirt1 (sc-74465) (Santa Cruz Biotechnology,
Inc.), and Acetyl-p53 (Lys382) Antibody (Cell Signaling
Technology, #2525) (35).

Quantitative real-time PCR analysis
The TRIzol Reagent (Invitrogen, Paisley, UK) was
utilized to extract total RNA. Total RNA concentrations
of samples were quantified using spectrophotometry
and after that carefully modified to a concentration of
0.5 μg/ml. Finally, cDNAs were reverse-transcribed from
total RNA in a total amount of 20 μl comprising 5 μg total
extracted RNA via a commercial kit (Thermo Scientific,
Waltham, MA, USA). The sequences of the primers used
are shown in Table1.
The β-actin was employed as inner control.
Quantitative real-time PCRs were performed in 48-well
plates within capacities of 20 μl comprising 1 μl cDNA,
2 μl of the mix of reverse and forward primers, 7 μl
deionized water, and 10 μl SYBER GREEN PCR master
mix. One-step RT-PCR was performed in the Applied
Biosystems 7500 Fast Real-Time PCR System (Applied
Biosystems Deutschland GmbH, Darmstadt, Germany).
We processed terms of cycling and melting in the
following ways: one cycle for 10 min at 95 °C, followed
by 40 cycles for 15 sec at 95 °C, for 30 sec at 58 °C, and
30 sec at 72 °C, and a last extension step (melt curve
step) for 15 sec at 95 °C, for 60 sec at 60 °C, and 15 sec
at 95 °C. Finally, quantitation was assessed through the
Pfaffl procedure expressed as ratios (2–∆∆Ct target:2– ∆∆Ct
reference) (36).
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Table 1. The sequences of primers utilized for the expressions of genes
Gene

β-Actin
SIRT1
P53

Forward primer

5՛-AAATCTGGCACCACACCTTC -3´

5´-GTGAGAAAATGCTGGCCTAA -3´
5´-TGCTGAGTATCTGGACGACA -3´

Testicular oxidative stress
The lower part of the frozen left testis was used
for evaluation of testicular oxidative stress. The lipid
peroxidation levels were measured and shown by
the amount of malondialdehyde (MDA). To provide a
solution of TBA-TCA-HCL, 375 mg of thiobarbituric acid
(TBA) was solved in 2 ml of hydrochloric acid (HCL) and
added to 100 ml of 15% TCA. 50 °C water bathing was
utilized for the complete dissolution of sediment. The
weight of tissue was measured, then it was homogenized
with a potassium chloride 5.1% solution to get a 10%
homogenized mix. Afterward, 1 ml of the homogenized
mixture was mixed in 2 ml of the TBA-TCA-HCL solution
and heated for 45 min in boiling water. After it cooled
down, it was centrifuged for 10 min at 3500 rpm. The
absorption was read using a spectrophotometer at 535
nm and finally, MDA content was presented as nmol/mg
tissue protein. Superoxide dismutase (SOD), catalase
(CAT) and Glutathione peroxidase (GPx) activities in the
testis were assayed in accordance with the protocols of
the kits used (Zellbio GmbH kits, Germany) (37).

Apoptosis assay
Five-micrometer slides were deparaffinized and
rehydrated. After that, they was rinsed three times
by a nuclease-free phosphate buffer. POD in situ cell
death detection kit (Roche, Germany) was used for
identification of apoptotic cells in seminiferous tubules.
All testicular tissue slides were pretreated via 0.3% H2O2
in methanol for 30 min at 25 °C. Before the enzymatic
labeling, the slides were incubated in PBS with 20 μg/
ml proteinase K (Roche, Germany) at 37 °C for 15 min.
The sections were treated in a damp and dark chamber
by 50 μl of TUNEL reaction mixture at 37 °C for 60 min,
then the sections were hybridized in POD for 30 min and
dyed by 3-3’-diaminobenzidine (DAB) for 15 min. In the
final step, slides were counterstained by hematoxylin.
Apoptotic cells were identified under a light microscope
filtered by blue light as dark brown nucleus. Tagged germ
cells were investigated for each rat in 20 tubules and
cellular apoptotic index was demonstrated as the percent
of tubules that had at least a TUNEL-positive cell. Also,
the percent of TUNEL‐positive cells in 100 tubules was
demonstrated as tubular apoptotic index (38).

Evaluation of sperm parameters
The epididymis of each rat was removed from the
right testis and minced in 5 ml Ham’s F10 medium and
then put in the incubator at 37 °C with 5% CO2 for 30
min and removed 100 μl of this solution and dissolved
in 900 μl Ham’s F10. A drop of the new solution
was blended completely and added to the Neubauer
chamber. We conducted the sperm count based on the
standard protocol in 5 squares of 0.1 cm2 each, excluding
the central zone. The total count was multiplied via a
correction factor, 5×106 (39-40).
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Reverse primer

5՛-CCATCTCTTGCTCGAAGTCC -3´

5´-CTGCCACAGGAACTAGAGGA -3´
5´-AAACACGAACCTCAAAGCTG -3´

Statistical analysis
Data were analyzed via the SPSS version 20 statistical
software package (IBM Company, SPSS Inc.). All findings
were displayed as Mean±SEM. One-way ANOVA followed
by Tukey’s post hoc analysis was conducted for all
variables. A P-value of lower than 0.05 was considered
significant.

Results

Testicular oxidative stress
The findings indicated that MDA concentration was
increased in D and VED groups compared with controls
(P<0.001 to P<0.05). Voluntary exercise in the VED group
significantly reduced the MDA levels in comparison with
the D group (P<0.001, Figure 1a).
The findings revealed that the levels of testicular GPx,
SOD, and catalase activities in the D group were notably
lesser than controls (P<0.001 to P<0.01). The levels
of GPx, SOD, and catalase activities in the VED group
increased considerably compared with the D group
(P<0.001 to P<0.05), however, the levels of GPx and SOD
activities in the VED group were notably lower than
controls (P<0.001, Figures 1b, c, and d).
miR-34a/SIRT1/p53 signaling pathway
The findings indicated that testicular miR-34a

Figure 1. Testicular (a) malondialdehyde (MDA) content (nmol/mg
protein), (b) Glutathione peroxidase (GPX) activity (U/mg protein),
(c) Superoxide dismutase (SOD) activity (U/mg protein) and (d)
catalase activity (IU/mg protein) of control (C), voluntary exercise
(VE), diabetic (D) and voluntary exercise diabetic (VED) groups. Data
are presented as Mean±SEM (n=8). Comparisons were done by oneway ANOVA followed by Tukey’s post hoc test. Statistical differences
between control and different groups: *; P<0.05, **; P<0.01, ***;
P<0.001, statistical differences between diabetic and different groups:
#; P<0.05, ###; P<0.001
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Figure 2. Testicular expression of miR-34a (a) and protein levels of
Silent information regulator 1 (SIRT1) (b) and Ac-p53 (c) and their
immunoblotting in control (C), voluntary exercise (VE), diabetic (D),
and voluntary exercise diabetic (VED) groups. Data are presented
as Mean±SEM (n= 8). Comparisons were done by one-way ANOVA
followed by Tukey’s post hoc test. Statistical differences between
control and different groups: *; P<0.05, **; P<0.01, ***; P<0.001,
statistical differences between diabetic and different groups: ##;
P<0.01, ###; P<0.001

expression raised in D and VED groups compared with
controls (P<0.001), and voluntary exercise could reduce
the expression of miR-34a in the VED group compared
with diabetic rats (P<0.001, Figure 2a). SIRT1 protein
expression in the testis of rats in the VE group as well
as diabetic animals in D and VED groups remarkably
reduced in comparison with controls (P<0.001 to
P<0.05). There was no remarkable difference between
testicular SIRT1 protein expression of D and VED
groups (Figure 2b). There was significant elevation of
acetylated p53 protein expression in diabetic rats in D
and VED groups compared with controls (P<0.001 to
P<0.01), however, voluntary exercise in the VE group
could diminish the acetylated p53 protein expression
in comparison with controls (P<0.001). The acetylated
p53 protein expression in the VED group was notably
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Figure 3. Photomicrographs of TUNEL test in the testicles of control
(C), voluntary exercise (VE), diabetic (D), and voluntary exercise
diabetic (VED) groups. The TUNEL-positive cells (apoptotic) display
dark nuclei and TUNEL-negative cells (normal) display blue nuclei.
(TUNEL immunohistochemistry staining, ×400)

lower than the D group (P<0.01, Figure 2c).
Apoptosis assay
As shown in Figures 3 and 4, the cellular apoptotic
index, the percent of tubules that have at least one
TUNEL-positive cell, was increased in D and VED groups
in comparison with controls (P<0.001). There was
remarkable decline in the VED group compared with the
D group (P<0.001). Moreover, tubular apoptotic index,
the percent of TUNEL‐positive cells per one hundred
tubules, was remarkably enhanced in D and VED groups
in comparison with controls (P<0.001). Voluntary
exercise in the VED group caused a notable decrease
against the D group (P<0.001).

The sperm parameters
The findings showed that diabetes could reduce the
total count, normal morphology, and viability of sperms
compared with controls (P<0.001). Voluntary exercise
in the VED group notably enhanced all parameters
in comparison with the D group (P<0.001), however,
sperm viability and normal morphology in this group
were considerably lower than in the C group (P<0.001).

Figure 4. (A) cellular apoptosis index (%) and (B) tubular apoptosis index (%) in control (C), voluntary exercise (VE), diabetic (D) and voluntary
exercise diabetic (VED) groups. Data are presented as Mean±SEM (n= 8). Comparisons were done by one-way ANOVA followed by Tukey’s post
hoc test. Statistical differences between control and different groups: ***; P<0.001, statistical differences between diabetic and different groups:
###; P<0.001
Iran J Basic Med Sci, Vol. 24, No. 1, Jan 2021
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Table 2. Sperm parameters in control (C), voluntary exercise (VE), diabetic (D), and voluntary exercise diabetic (VED) groups
C

VE

D

VED

Total count (×106)

44.80±3.421

44.80±2.775

24.40±3.362***

39.60±1.673###

Motility (%)

73.20±3.033

75.20±2.168

33.20±1.924***

53.60±1.517***###

Viability (%)

Normal morphology (%)

80.20±2.387
71.40±2.608

81.60±1.517
74.40±2.608

41.00±2.121***
34.40±2.966***

61.60±2.408***###
55.60±3.782***###

Data are presented as Mean±SEM (n=8). Comparisons were done by one-way ANOVA followed by Tukey’s post hoc test. Statistical differences
between control and different groups: ***; P<0.001, statistical differences between diabetic and different groups: ###; P<0.001
Table 3. The sperm motility grade (%) in control (C), voluntary exercise (VE), diabetic (D), and voluntary exercise diabetic (VED) groups
C

VE

D

VED

A (fast progressive)

42.60±2.510

42.60±4.219

21.80±3.347***

32.20±2.775***###

C (non-progressive)

13.60±3.130

14.00±1.581

3.400±1.140***

6.000±2.000***

B (slow progressive)
D (motile in curved line)
B+D

E (immotile)

11.20±2.588
5.800±1.304
17.00±2.915
26.80±3.033

11.60±1.673
7.000±1.225
18.60±2.074
24.80±2.168

4.400±1.342***
3.600±1.517

8.000±1.732***
66.80±1.924***

11.00±1.581###
5.500±0.5774

15.40±2.702###

46.40±1.517***###

Data are presented as Mean±SEM (n=8). Comparisons were done by one-way ANOVA followed by Tukey’s post hoc test. Statistical differences
between control and different groups: ***; P<0.001, statistical differences between diabetic and different groups: ###; P<0.001

The sperm motility in D and VED groups decreased
remarkably compared with controls (P<0.001),
however, the voluntary exercise caused an increment
in this parameter compared with the diabetic group
(P<0.001). Moreover, diabetes considerably enhanced
the percentage of immotile sperm and diminished the
percentage of fast, slow, and non-progressive sperms
in the D group in comparison with controls (P<0.001).
All sperm motility grades improved in the VED group
compared with the D group, however, the fast, nonprogressive, and immotile sperms in the VED group
were remarkably different from those of controls
(P<0.001, Tables 2 and 3).

Discussion

This study explored whether voluntary exercise
could improve reproductive complications of diabetes
in the rat testicles. Male fertility deficiency and sexual
dysfunction caused by diabetes are two important
clinical complications with inadequate treatment
options (41).
We found that a high-fat diet-induced diabetes
caused notable reduction in sperm parameters such as
total count, normal morphology, motility, and viability.
In the diabetic group, the number of fast, slow, and nonprogressive sperms significantly decreased, although
the number of immotile sperm significantly increased.
These results are in line with early reports (42-44).
Voluntary exercise improves sperm parameters in
male diabetic rats probably through up‐regulating the
seminal antioxidant system and attenuating apoptotic
factors (28, 45).
The seminal plasma fructose is the main energy
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source for sperm motility and viability (46). In diabetic
rats, seminal plasma fructose is increased because of
sperm count reduction, which may prevent the use of
fructose due to oxidative stress (46). A study in 2012
suggested that moderate exercise can cause a more
appropriate environment for spermatogenesis (43),
although a study in 2006 showed that exhaustive
endurance exercise could reduce sperm concentration
(47). As the voluntary exercise facility was prepared for
rats in this study, this protocol is considered moderate
intensity physical activity (48).
Our biochemical findings indicated that high-fat dietinduced diabetes caused a reduction in antioxidant
enzyme activities. Previous research demonstrated the
altered antioxidant pool and increased oxidative stress
in the testicles of diabetic animals (49, 50). Performing
exercises can selectively activate antioxidant enzymes
based on the oxidative stress applied to particular
tissues and the intrinsic antioxidant defense capacity
(51). There is contradictory information on the
correlation between variations in antioxidant enzyme
activities and exercise (51). Previous studies have
reported that the testes have the greatest cellular
level of SOD (52, 53), which may be associated with
the catalytic dismutation of superoxide anion (O2−) to
hydrogen peroxide (H2O2) (54). Superoxide is the main
reactive oxygen species (ROS) produced by spermatozoa
(55). In normal physiological conditions, spermatozoa
produce O2− in smaller quantities for acrosomal reaction
and capacitation (56). During disease states, this
physiological production of ROS is declined which leads
to an increment in testicular O2− levels with an adverse
effect on men fertility (49, 55).
In this investigation, the biochemical results
Iran J Basic Med Sci, Vol. 24, No. 1, Jan 2021
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demonstrated that voluntary exercise diminished
oxidative stress but increased the levels of GPx, CAT,
and SOD enzymes in the testes of HFD-induced diabetic
rats. Many investigations have reported that prolonged
exercise positively changes oxidative homeostasis in
cells and tissues by reducing the basal oxidative injury
levels and enhancing resistance against oxidative stress
(56-60). Also, regular exercise can lead to antioxidant
capacity adaptation and protect cells from the adverse
impacts of oxidative stress, which inhibits cellular
damage (57).
MiRNAs can control the expression of genes through
binding and modulating the translation of particular
mRNAs (61). Many miRNAs in mammals are still
waiting to be identified, and only a little is identified
about the levels of miRNA expression or patterns in
spermatogenesis. Therefore, it is necessary to study
miRNA relating to spermatogenesis such as miR-34a.
SIRT1 was proven to attach miR-34a back to p53. SIRT1
is an NAD+-dependent deacetylase, which suppresses
the activity of p53 through post-transcriptional
deacetylation of p53 protein (62). MiR-34a targets Sirt1
mRNA, resulting in a decline of SIRT1 protein (14),
the impact of which reduces the deacetylase activity
of SIRT1’s histone and elevated acetylated P53, as an
activated form of the P53 protein (14, 63). The activation
of P53 increases the transcription of the miR-34a gene,
providing more miR-34a that reduces SIRT1 protein in
testicles (24). Apoptosis is a physiological mechanism
whereby unwanted or damaged cells are removed from
the organism. Recent investigations revealed that miR34a ectopic expression can induce apoptosis in cell lines
of neuroblastoma (64). The pro-apoptotic roles of miR34a were confirmed by a lot of studies in different cancer
entities and some anti-apoptotic genes verified as miR34 targets (20, 65, 66). MiR-34a inhibition protects cells
in wild-type p53-expressing cells from the DNA damage
that induces apoptosis, showing that miR-34a is needed
for p53 induced apoptosis (65).
In this study, our data revealed that testicular miR34a and Ac-p53 expression increased in testes of diabetic
rats. Our results were in line with Jiao et al. study which
showed miR-34a increased in the testis of diabetic
mice (24). Another study indicated that p53 activation
was augmented in the testicles of diabetic mice (67).
Moreover, reduced SIRT1 protein was detected in the
testicles of diabetic rats (68). Supporting these results,
the present study showed reduced testicular SIRT1
expression in diabetic rats. This elevated miR-34a level
might be responsible for the reduced expression of
SIRT1 protein under the diabetic condition. Moreover,
the TUNEL method findings indicated the great number
of TUNEL-positive apoptotic cells as well as the elevated
cellular and tubular apoptotic indexes in testicles of
diabetic animals. These results were in line with former
research (69). Treatment with voluntary exercise
increased SIRT1 expression in testicular tissue and
reduced miR-34a and Ac-p53 expression in diabetic rats.
Voluntary exercise also reduced the number of TUNELpositive apoptotic cells in testicles of diabetic animals
and could reduce the cellular and tubular apoptotic
indexes in VED animals.

Conclusion

The findings disclosed that voluntary exercise can
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be an effective method for improving spermatogenesis
and reducing apoptosis in testicles of diabetics by
reducing oxidative stress and alteration in the miR-34a/
SIRT1/p53 pathway. However, many investigations are
necessary to clarify these results.

Acknowledgment

All authors read the manuscript and confirm the
data. We cordially appreciate the personnel of the Drug
Applied Research Center of Tabriz University of Medical
Sciences for guidance and help.

Funding

This manuscript is part of an MSc research project
and is supported by a grant (No: 59715) from Drug
Applied Research Center, Tabriz University of Medical
Sciences, Tabriz, Iran.

Conflicts of Interest

Authors have no conflicts of interest to declare.

References

1. Shokri F, Shokoohi M, Niazkar HR, Abadi ARR, Kalarestaghi H,
Ahin M. Investigation the spermatogenesis and testis structure
in diabetic rats after treatment with Galega officinalis Extract.
Crescent J Med Biol Sci 2019; 6:31-36.
2. Bhattacharya SM, Ghosh M, Nandi N. Diabetes mellitus and
abnormalities in semen analysis. J Obstet Gynaecol Res 2014;
40:167-171.
3. Jain GC, Jangir RN. Modulation of diabetes-mellitus-induced
male reproductive dysfunctions in experimental animal models
with medicinal plants. Pharmacogn Rev 2014; 8:113-121.
4. Roessner C, Paasch U, Kratzsch J, Glander H-J, Grunewald S.
Sperm apoptosis signalling in diabetic men. Reprod Biomed
Online 2012; 25:292-299.
5.de Lamirande E, O’Flaherty C. Sperm activation: role of
reactive oxygen species and kinases. Biochim Biophys Acta
2008; 1784:106-115.
6. La Vignera S, Condorelli R, Vicari E, D’agata R, Salemi M,
Calogero A. High levels of lipid peroxidation in semen of
diabetic patients. Andrologia 2012; 44:565-570.
7. Agbaje I, Rogers D, McVicar C, McClure N, Atkinson A, Mallidis
C, et al. Insulin dependant diabetes mellitus: implications for
male reproductive function. Hum Reprod 2007; 22:1871-1877.
8. Delfino M, Imbrogno N, Elia J, Capogreco F, Mazzilli F.
Prevalence of diabetes mellitus in male partners of infertile
couples. Minerva Urol Nefrol 2007; 59:131-135.
9.Khaneshi F, Nasrolahi O, Azizi S, Nejati V. Sesame effects on
testicular damage in streptozotocin-induced diabetes rats.
Avicenna J Phytomed 2013; 3:347-355.
10. Zavvari Oskuye Z, Mirzaei Bavil F, Hamidian GR, Mehri K,
Qadiri A, Ahmadi M, et al. The effect of troxerutin on male
fertility in prepubertal type 1 diabetic male rats. Iran J Basic
Med Sci 2019; 22:197-205.
11. Rains JL, Jain SK. Oxidative stress, insulin signaling, and
diabetes. Free Radic Biol Med 2011; 50:567-575.
12. Heydari H, Ghiasi R, Ghaderpour S, Keyhanmanesh R. The
mechanisms involved in obesity-induced male infertility. Curr
Diabetes Rev 2020; Online ahead of print.
13. Maritim A, Sanders a, Watkins Iii J. Diabetes, oxidative
stress, and antioxidants: a review. J Biochem Mol Toxicol 2003;
17:24-38.
14. Yamakuchi M, Ferlito M, Lowenstein CJ. miR-34a repression
of SIRT1 regulates apoptosis. Proc Natl Acad Sci U S A 2008;
105:13421-13426.
63

Gaderpour et al.

15. Zhang F, Cui J, Liu X, Lv B, Liu X, Xie Z, et al. Roles of
microRNA-34a targeting SIRT1 in mesenchymal stem cells.
Stem Cell Res Ther 2015; 6:195-207.
16. Ghazipour AM, Shirpoor A, Ghiasi R, Pourheydar B, Khalaji
N, Naderi R. Cyclosporine A induces testicular injury via
mitochondrial apoptotic pathway by regulation of mir-34a
and sirt-1 in male rats: The rescue effect of curcumin. Chem
Biol Interact 2020; 327:109180.
17. Fatemi N, Sanati MH, Shamsara M, Moayer F, Zavarehei
MJ, Pouya A, et al. TBHP-induced oxidative stress alters
microRNAs expression in mouse testis. J Assist Reprod Genet
2014; 31:1287-1293.
18. Türk G, Sönmez M, Çeribaşı AO, Yüce A, Ateşşahin
A. Attenuation of cyclosporine A-induced testicular and
spermatozoal damages associated with oxidative stress by
ellagic acid. Int Immunopharmacol 2010; 10:177-182.
19. Tabuchi T, Satoh M, Itoh T, Nakamura M. MicroRNA-34a
regulates the longevity-associated protein SIRT1 in coronary
artery disease: effect of statins on SIRT1 and microRNA-34a
expression. Clin Sci 2012; 123:161-171.
20. Chang T-C, Wentzel EA, Kent OA, Ramachandran K,
Mullendore M, Lee KH, et al. Transactivation of miR-34a by p53
broadly influences gene expression and promotes apoptosis.
Mol Cell 2007; 26:745-752.
21. Ito T, Yagi S, Yamakuchi M. MicroRNA-34a regulation of
endothelial senescence. Biochem Biophys Res Commun 2010;
398:735-740.
22. Zhao T, Li J, Chen AF. MicroRNA-34a induces endothelial
progenitor cell senescence and impedes its angiogenesis
via suppressing silent information regulator 1. Am J Physiol
Endocrinol Metab 2010; 299:E110-E116.
23. Lee J, Padhye A, Sharma A, Song G, Miao J, Mo Y-Y, et al. A
pathway involving farnesoid X receptor and small heterodimer
partner positively regulates hepatic sirtuin 1 levels via
microRNA-34a inhibition. J Biol Chem 2010; 285:1260412611.
24. Jiao D, Zhang H, Jiang Z, Huang W, Liu Z, Wang Z, et al.
MicroRNA-34a targets sirtuin 1 and leads to diabetes-induced
testicular apoptotic cell death. J Mol Med 2018; 96:939-949.
25. Backe MB, Novotny GW, Christensen DP, Grunnet LG,
Mandrup-Poulsen T. Altering β-cell number through stable
alteration of miR-21 and miR-34a expression. Islets 2014;
6:e27754-8.
26. Maedler K, Carr RD, Bosco D, Zuellig RA, Berney T, Donath
MY. Sulfonylurea induced β-cell apoptosis in cultured human
islets. J Clin Endocrinol Metab 2005; 90:501-506.
27. Adaramoye O, Akanni O, Adesanoye O, Labo-Popoola
O, Olaremi O. Evaluation of toxic effects of metformin
hydrochloride and glibenclamide on some organs of male rats.
Niger J Physiol Sci 2012; 27:137-144.
28. Ghorbanzadeh V, Mohammadi M, Mohaddes G, Darishnejad
H, Chodari L. Effect of crocin and voluntary exercise on P53
protein in pancreas of type2 diabetic rats. Pharm Sci 2017;
23:182-188.
29. Duclos M, Corcuff J, Pehourcq F, Tabarin A. Decreased
pituitary sensitivity to glucocorticoids in endurance-trained
men. Eur J Endocrinol 2001; 144:363-368.
30. Campbell JE, Király MA, Atkinson DJ, D’souza AM, Vranic
M, Riddell MC. Regular exercise prevents the development
of hyperglucocorticoidemia via adaptations in the brain and
adrenal glands in male Zucker diabetic fatty rats. Am J Physiol
Regul Integr Comp Physiol 2010; 299:R168-R176.
31. Bradley RL, Jeon JY, Liu F-F, Maratos-Flier E. Voluntary
exercise improves insulin sensitivity and adipose tissue
inflammation in diet-induced obese mice. Am J Physiol
Endocrinol Metab 2008; 295:E586-E594.
32. Ghiasi R, Naderi R, Mozaffar A, Alihemmati A. The effect of
64

Voluntary exercise improves testicular apoptosis

swimming training on oxidative stress, SIRT1 gene expression,
and histopathology of hepatic tissue in type 2 diabetic rats.
Biologia Futura 2019; 70:167-174.
33. Ghorbanzadeh V, Mohammadi M, Dariushnejad H, Chodari
L, Mohaddes G. Effects of crocin and voluntary exercise,
alone or combined, on heart VEGF-A and HOMA-IR of HFD/
STZ induced type 2 diabetic rats. J Endocrinol Invest 2016;
39:1179-1186.
34. Chodari L, Mohammadi M, Ghorbanzadeh V, Dariushnejad
H, Mohaddes G. Testosterone and voluntary exercise promote
angiogenesis in hearts of rats with diabetes by enhancing
expression of VEGF-A and SDF-1a. Can J Diabetes 2016;
40:436-441.
35. Ren Y, Du C, Shi Y, Wei J, Wu H, Cui H. The Sirt1 activator,
SRT1720, attenuates renal fibrosis by inhibiting CTGF and
oxidative stress. Int J Mol Med 2017; 39:1317-1324.
36. Shokoohi M, Shoorei H, Khaki A, Khaki A, Moghimian M,
Abtahi‐Eivary SH. Hesperidin attenuated apoptotic‐related
genes in testicle of a male rat model of varicocoele. Andrology
2019; 8: 249-258.
37. Qadiri A, Bavil FM, Hamidian G, Oskuye ZZ, Ahmadi M,
Oghbaei H, et al. Administration of troxerutin improves
testicular function and structure in type-1 diabetic adult rats
by reduction of apoptosis. Avicenna J Phytomed 2019; 9:374385.
38. Keyhanmanesh R, Hamidian G, Alipour MR, Oghbaei H.
Beneficial treatment effects of dietary nitrate supplementation
on testicular injury in streptozotocin-induced diabetic male
rats. Reprod Biomed Online 2019; 39:357-371.
39. Oghbaei H, Alipour MR, Hamidian G, Ahmadi M,
Ghorbanzadeh V, Keyhanmanesh R. Two months sodium
nitrate supplementation alleviates testicular injury in
streptozotocin‐induced diabetic male rats. Exp Physiol 2018;
103:1603-1617.
40. Keyhanmanesh R, Hamidian G, Alipour MR, Ranjbar
M, Oghbaei H. Protective effects of sodium nitrate against
testicular apoptosis and spermatogenesis impairments in
streptozotocin-induced diabetic male rats. Life Sci 2018;
211:63-73.
41. Shi G-J, Zheng J, Wu J, Qiao H-Q, Chang Q, Niu Y, et al.
Protective effects of Lycium barbarum polysaccharide on male
sexual dysfunction and fertility impairments by activating
hypothalamic pituitary gonadal axis in streptozotocin-induced
type-1 diabetic male mice. Endocr J 2017:EJ16-0430.
42. Oridupa OA, Folasire OF, Owolabi AJ, Aina O. Effect of
traditional treatment of diabetes mellitus with Xanthosoma
sagittifolium on the male reproductive system of Alloxaninduced diabetic Wistar rats. Drug Res 2017; 67:337-342.
43. Vaamonde D, Da Silva-Grigoletto ME, García-Manso JM,
Barrera N, Vaamonde-Lemos R. Physically active men show
better semen parameters and hormone values than sedentary
men. Eur J Appl Physiol 2012; 112:3267-3273.
44. Mangoli E, Talebi AR, Anvari M, Pourentezari M. Effects of
experimentally-induced diabetes on sperm parameters and
chromatin quality in mice. Iran J Reprod Med 2013; 11:53-60.
45. Samadian Z, Tofighi A, Razi M, Tolouei Azar J, Ghaderi
Pakdel F. Moderate‐intensity exercise training ameliorates the
diabetes‐suppressed spermatogenesis and improves sperm
parameters: Insole and simultaneous with insulin. Andrologia
2019; 51:e13457.
46. Maiti R, Karak P, Misra DS, Ghosh D. Diabetes-induced
testicular dysfunction correction by hydromethanolic extract
of Tamarindus indica Linn. seed in male albino rat. Int J Green
Pharm 2018; 11: S789-S796.
47.Vaamonde D, Da Silva M, Poblador M, Lancho J. Reproductive
profile of physically active men after exhaustive endurance
exercise. Int J Sports Med 2006; 27:680-689.
Iran J Basic Med Sci, Vol. 24, No. 1, Jan 2021

Voluntary exercise improves testicular apoptosis

48. Ghorbanzadeh V, Mohammadi M, Mohaddes G, Dariushnejad
H, Chodari L, Mohammadi S. Protective effect of crocin and
voluntary exercise against oxidative stress in the heart of highfat diet-induced type 2 diabetic rats. Physiol Int 2016; 103:459468.
49. Erukainure OL, Reddy R, Islam MS. Raffia palm
(Raphia hookeri) wine extenuates redox imbalance and
modulates activities of glycolytic and cholinergic enzymes in
hyperglycemia‐induced testicular injury in type 2 diabetic
rats. J Food Biochem 2019; 43:e12764.
50. Kanter M, Aktas C, Erboga M. Protective effects of quercetin
against apoptosis and oxidative stress in streptozotocininduced diabetic rat testis. Food Chem Toxicol 2012; 50:719725.
51. Naderi R, Mohaddes G, Mohammadi M, Ghaznavi R, Ghyasi R,
Vatankhah AM. Voluntary exercise protects heart from oxidative
stress in diabetic rats. Adv Pharm Bull 2015; 5: 231–236.
52. Aitken RJ, Roman SD. Antioxidant systems and oxidative
stress in the testes. Oxid Med Cell Longev 2008; 1:15-24.
53. Mruk DD, Silvestrini B, Mo MY, Cheng CY. Antioxidant
superoxide dismutase - a review: its function, regulation in the
testis, and role in male fertility. Contraception 2002; 65:305-311.
54. Abreu IA, Cabelli DE. Superoxide dismutases-a review of
the metal-associated mechanistic variations. Biochim Biophys
Acta 2010; 1804:263-274.
55. Hsieh YY, Sun YL, Chang CC, Lee YS, Tsai HD, Lin CS.
Superoxide dismutase activities of spermatozoa and seminal
plasma are not correlated with male infertility. J Clin Lab Anal
2002; 16:127-131.
56. Agarwal A, Prabakaran SA. Oxidative stress and
antioxidants in male infertility: a difficult balance. Int J Reprod
Med 2005; 3:1-8.
57. Teixeira de Lemos E, Oliveira J, Páscoa Pinheiro J, Reis F.
Regular physical exercise as a strategy to improve antioxidant
and anti-inflammatory status: benefits in type 2 diabetes
mellitus. Oxid Med Cell Longev 2012; 2012:1-15.
58. Cooper C, Vollaard NB, Choueiri T, Wilson M. Exercise,
free radicals and oxidative stress. Biochem Soc Trans 2002;
30:280–285.

Iran J Basic Med Sci, Vol. 24, No. 1, Jan 2021

Gaderpour et al.

59. Urso ML, Clarkson PM. Oxidative stress, exercise, and
antioxidant supplementation. Toxicology 2003; 189:41-54.
60. Roberts CK, Won D, Pruthi S, Barnard RJ. Effect of a diet and
exercise intervention on oxidative stress, inflammation and
monocyte adhesion in diabetic men. Diabetes Res Clin Pract
2006; 73:249-259.
61. Yan N, Lu Y, Sun H, Tao D, Zhang S, Liu W, et al. A microarray
for microRNA profiling in mouse testis tissues. Reproduction
2007; 134:73-79.
62. Rokavec M, Li H, Jiang L, Hermeking H. The p53/miR-34
axis in development and disease. J Mol Cell Biol 2014; 6:214230.
63. Lize M, Pilarski S, Dobbelstein M. E2F1-inducible microRNA
449a/b suppresses cell proliferation and promotes apoptosis.
CDD 2010; 17:452-458.
64. Welch C, Chen Y, Stallings R. MicroRNA-34a functions
as a potential tumor suppressor by inducing apoptosis in
neuroblastoma cells. Oncogene 2007; 26:5017-5022.
65. Raver-Shapira N, Marciano E, Meiri E, Spector Y, Rosenfeld
N, Moskovits N, et al. Transcriptional activation of miR-34a
contributes to p53-mediated apoptosis. Mol cell 2007; 26:731743.
66. Cao W, Fan R, Wang L, Cheng S, Li H, Jiang J, et al. Expression
and regulatory function of miRNA-34a in targeting survivin in
gastric cancer cells. Tumour Biol 2013; 34:963-971.
67. Zhao Y, Tan Y, Dai J, Li B, Guo L, Cui J, et al. Exacerbation
of diabetes-induced testicular apoptosis by zinc deficiency
is most likely associated with oxidative stress, p38 MAPK
activation, and p53 activation in mice. Toxicol Lett 2011;
200:100-106.
68. Al-Bader M, Kilarkaje N. Effects of Trans-Resveratrol on
hyperglycemia-induced abnormal spermatogenesis, DNA
damage and alterations in poly (ADP-ribose) polymerase
signaling in rat testis. Toxicol Appl Pharmacol 2016; 311:6173.
69. Cai L, Chen S, Evans T, Deng DX, Mukherjee K, Chakrabarti
S. Apoptotic germ-cell death and testicular damage in
experimental diabetes: prevention by endothelin antagonism.
Urol Res 2000; 28:342-347.

65

