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Abstract:

Many drugs and regular exercise may have effect on male fertility. Therefore in the
present study we investigated the effect of Atorvastatin and Endurance training on serum
levels of testosterone,Leydig ,spermatogonia, Spermatocyte cells numbers and testicular
morphology and  morphometric evaluation in rats. 30Wistar rats(230+10g)were
randomly divided into 6 groups:control, endurance training,atorvastatin(5 mg/kg and 10
mg/kg),the endurance training + atorvastatin (5 mg/kg and 10 mg/kg),5 rats per group.
Drug intervention groups received atorvastatin for 4 weeks using gavage.Training
groups also run a rodent treadmill 5 days a week for 4 weeks(speed of 10 m/min for 10
min in first week and other week: 16 m/min for 50 min) Serum testosterone level was
measured by ELISA Kit.The results showed in the endurance training+atorvastatin 10
mg/kg, morphological disruption of testicular was observed.The number of Leydig,
spermatogonia and Spermatocyte as well as blood testosterone level and germinal
epithelium thickness were significantly decreased in the endurance training-+atorvastatin
10 mg/kg compared to the control group(p< 0.05). In conclusion,the results of this study
showed the negative effect of the combination of endurance training and high dose
atorvastatin (10 mg/kg ) on testicular tissue and male reproductive system due to
decreased levels of testosterone in rats.

Keywords: Endurance Training; Atorvastatin; Testosterone; Leydig; Spermatogonia;
Spermatocyte.
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1. Introduction

Today, due to the prevalence of cardiovascular disease

of special therapeutic importance [5]. Statins have side-
effects on the male reproductive system [6].
The 3-hydroxy-3-methyl glutaryl coenzyme (HMG-

and diabetes in developing countries, the use of statins is
increasing. Studies have reported the beneficial effects of
these drugs in preventing the progression of many
cardiovascular diseases [1, 2]. Statins have special
effects on various tissues of the body in pathological
conditions [3, 4]. In addition to blood lipids lowering
effects, these drugs have antioxidant, anti-inflammatory,
anti-apoptotic, and protective effects, therefore, they are

CoA) reductase is the most important enzyme in
cholesterol synthesis. This liver enzyme is responsible
for the synthesis of mevalonate, which is a regulatory
enzyme in cholesterol synthesis. Atorvastatin binds to
this enzyme as a competitive inhibitor and replaces its
substrate, and inhibits the cholesterol biosynthesis in the
liver [7]. Ultimately, inhibition of intracellular
cholesterol production leads to an increase in cholesterol
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excretion by low-density lipoprotein (LDL) receptors
and a decrease in plasma cholesterol [8].

Cholesterol is an essential substance for the synthesis of
steroid hormones, especially testosterone. One of the
most important side effects of atorvastatin is a decrease
in testosterone levels. The effect of statins on sex
hormone levels has been studied in several studies, but
the results of these studies are different and equivocal. A
study by Kant et al. (2009) found that taking atorvastatin
in people with type 2 diabetes reduced sex steroids.
Another study found that high doses of atorvastatin did
not affect the production of sex hormones [9].
Atorvastatin  may also inhibit the production of
testosterone in the body [10]. Studies have also shown
that atorvastatin significantly reduces sperm count and
their survival [11].

Regular exercise is a key program in the prevention and
treatment of cardiovascular disease and leading to a
reduction of complications of this disease [12]. One of
the most important physiological adaptations after
physical activity is hormonal adaptation. Hormonal
response to physical activity depends on the intensity,
duration, type of exercise program, and level of physical
fitness [13]. Researchers have shown that endurance
training has an acute effect on hormonal response and
chronic changes in basal hormonal concentration [14].
The results of studies show that endurance exercise
lowers plasma cholesterol levels [15]. Endurance
training has also been shown to reduce testosterone
levels and lower testosterone to cortisol ratios [12, 16].
Various exercise training can have a significant impact
on reproductive markers [17]. High-intensity exercise
can adversely affect testicular function [18], moderate-
intensity exercise improves diabetes-induced suppressed
spermatogenesis and improves sperm parameters. [19].

In recent years, alongside pharmacological treatment,
one of the recommendations of physicians for
cardiovascular and hyperlipidemia patients is the use of
exercise training, especially endurance exercise training.
According to studies, concomitant use of statin drugs
and endurance training may be more effective in treating
and preventing cardiovascular disorders such as
myocardial infarction. The combination of statin drugs
and regular endurance training in cardiovascular patients
has been reported to reduce arterial wall stiffness by
reducing circulating basophils [20]. In this regard,
Guazzi et al. (2007) reported that endurance training
after myocardial infarction may double the beneficial
effects of statin therapy [21]. On the other hand, due to
the effect of atorvastatin on inhibiting cholesterol
synthesis and the role of endurance training in reducing
plasma cholesterol concentration and the need for
cholesterol to synthesize sex hormones, it seems that the
simultaneous use of endurance training and statin drugs
can cause disorders in the production of sex hormones
by lowering cholesterol and ultimately reduce
reproductive function. Therefore, in the present study,

the effect of atorvastatin and endurance training on
serum testosterone levels, testicular morphology and
morphometry in male rats has been investigated.

2. Materials & Methods
2.1. Animals

This study was a part of Ph.D dissertation of Hadi Abdi
with number (2282058) and all of experimental
procedures involving animals were approved by the
ethics institute Committee of the Animal Care of llam
University .30 adult male wistar rats (weighting 230 + 10 g)
were prepared and placed in standard cages and
controlled environments (22-25° C, 45-50% humidity,
and 12-h light/dark cycle).

2.2. Study design

The rats were randomly divided into 6 groups: control
(Group A), endurance training (Group B), atorvastatin (5
mg/kg(Group C) and 10 mg/kg(Group D)) , the
endurance training + atorvastatin (5 mg/kg(Group E) and
10 mg/kg(Group F)) 5 rats per group.

Animals in pharmacological intervention groups
(C,D,E,F) received atorvastatin dissolved in normal
saline orally by gavage for 4 weeks daily and fed with
high cholesterol diet (Normal diet mixed with 2%
cholesterol + 0.5% cholic acid ) The rats in the control
group received Normal diet [22].

The rats in the endurance training intervention groups
were trained to run on a treadmill (5-Lane rodents
treadmill; Technic Azma Company, Iran) 5 days a week
for 4 weeks. Initially, the rats were acclimatized to run
for 5 min at 5 m/min, 5° slope for 5 days before the
formal training sessions. Initially, electrical shock (0.5
mA) was used to force the animals to run forward. After
acclimation sessions, the rats started formal training. The
training program consisted of 5 sessions per week of
progressive running on the treadmill at a speed of 10-16
meters per minute (m/min) for 10-50 minutes and 5°
slope. The rats started the formal training program with a
speed of 10 m/min for 10 min and 5° slope for 5 days per
week in first week. The speed and duration of the training
and slope of treadmill were increased progressively, so
that animals were running at speed of: with 5° slope in the
fourth week of the training [23, 24]. This exercise training
program is a moderate intensity program with about 55%
VO2max. Sedentary animals daily run on the treadmill at
a speed of 5 m/min for 5min.

2.3. Specimen collections

Forty-eight hours after the last training session, all rats in
different groups anesthetized using chloroform. Under
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complete anesthesia, 5 cc of blood was collected directly
from their hearts and poured into tubes containing EDTA
anticoagulants. After the blood collection, the animals
abdominal cavity were opened and their testicles were
carefully removed and placed in 10% formalin fixative
for histological examination and then were passaged for
study with a light microscope.

2.4. Testosterone assay

30 minutes after collecting blood samples, by using a
centrifuge apparatus, their serum was separated and
stored at -20. C. A special ELISA kit (DiaPlus, made in
the United States, measuring 0.30 nanograms per
milliliter) was used to measure serum testosterone levels
and expressed as ng/ml.

2.5. Histological and Morphometric Analysis

After preparing the paraffin blocks, coronal sections at
Sum thicknesses were cut (with a microtome) and placed
on the slide. Testicular tissue sections were stained with
H&E staining by standard method [25]. For the counting
of Spermatogonia and Spermatocytes, seminephros tubes
with relatively equal size in each testicle was selected
then 8 sections per sample were examined by using 100_
objective lens. Also, the number of Leydig cells was
counted in the interstitial tissue the cross-sections of the
most circular seminiferous tubules were photographed
and the diameters of the seminiferous tubule were
measured across the minor and major axes, and the mean
diameter was determined. The length and width of the
seminiferous tubule are the minor and major axes. For
each group, 110-130 tubules were measured. To

estimate the epithelial thickness was subtracted the mean
diameter of lumen from the mean diameter of the
seminiferous tubule [26] Figure 1(C).

2.6. Statistical analysis

All data were analyzed using SPSS software (SPSS for
Windows; SPSS Inc., Chicago, IL, USA; Version 21.00).
The Colmogrov-Smirnov test was used to verify the
normality of data distribution. One way analysis of
variance (ANOVA) and Scheffe's post hoc tests were
used to compare the differences between the groups. The
significance level was set at p<0.05.

3. Results and Discussion

In the control group (A) the testis tissue structure was
normal. Also the different categories of Spermatogonia
cells and Leydig cells in interstitial areas were observed.
The mean number of Spermatogonia, Spermatocyte,
Leydig cells, Seminiferous tubules diameter and
Epithelial thickness in Group B ,Group C, Group D and
Group E were not significantly different (p>0.05), versus
the control group. (Table 1) Also Normal histological
structures of the testis were observed in them (Figure 1).
The number of Spermatogonia (25.46 = .944),
Spermatocyte (23.61 =+ .622 ),and Leydig cells(6.18 +
.258) in the Group (F) decreased significantly compared
to the control group (p<0.05). We found that the
thickness of the seminiferous tubule in the Group (F)
significantly reduced (p < 0.05), whereas the diameters
of the seminiferous tubule in that was non-significant.
(Table 1).

Table 1. Comparison of the count of spermatogonia, spermatocyte, Leydig cells Seminiferous tubules diameter (um) and Epithelial thickness (um) in

different groups of rats. VValues are means + SEM.

Group B

(endurance
training)

Group A

(control)

Group C
(atorvastatin
5 mg/kg)

Group E (the

Spermatogonia 30.06 +.814 27.14+ .834 28.96 +1.08
spermatocyte 31.38 +.666 28.72 £ .744 30.98+ .875
Leydig cells 8.9 +.208 7.5+ .287 7.84 +.249
b 206.62+4.95 194,5142.15 202.60+ 2.66
diameter (um)
Epithelial thickness (um) 114.26+1.36 110.85+1.30 109.2 £ 2.09

Group D L Group F
. endurance training -

(atorvastatin RS (the endurance training +

10 mg/kg) ) atorvastatin 10 mg/kg)
28.8+1.11 28.38 +.997 25.46 +.944*
28.48 + .465 28.18+ .545 23.61 + .622*

7.22 +.309 7.58+ .278 6.18 + .258*
191.26+2.13 190.56 * 2 184.72+ 1.77
112.52+ 2.25 112.89+2.79 99.68 + 2.22*

* Significant difference compared to the control group (p<0.05)
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Figure 1. Tissue sections of testicular seminiferous tubules in different groups (hematoxylin-eosin staining, magnification 400X)(A) Normal
histological structures of the testis in control group(A),(B) undisturbed pattern in the arrangement of seminiferous tubules in Group B(endurance
training ). (C) Normal germinal epithelium in Group C(atorvastatin 5 mg/kg ). (D) Normal germinal epithelium arrangement in Group D (atorvastatin

10 mg/kg).

In the Group (F) severe testicular damages were found.
These included: rupture of the primary layer of cells in
the tubules , disruption and irregularity of the germinal
epithelium , edema between the seminiferous tubule,
congestion in the blood vessels. (Figure 2).

The results of serum testosterone levels (ng/ml) in
different groups, Control group (4.01+0.37), Group B (
2.76 £1.14), Group C,(3.21+ 1.71), Group D (3.42+.68)
Group E( 2.48+£1.67) Group F(1.95+0.26) showed that
serum testosterone levels in the Group (F), were
significantly lower than in the control group. (Figure 3).
The results showed that the combination of endurance
exercise and atorvastatin (10 mg/kg ) caused rupture of
the primary layer of cells in the tubules and disruption
and irregularity of the germinal epithelium in the
testicular tissue of the male rats. Also in this group the
thickness of the germinal epithelium and the density of
the leydig cells have decreased significantly. The
number of Leydig and spermatogonia cells, as well as .In
the present work serum testosterone levels in the Group
(F), decreased significantly.

The synthesis of steroid hormones depends on the supply
of cholesterol, which may be obtained through the
extraction of plasma lipoproteins or through external
synthesis [27]. It has been shown that moderate to severe
aerobic exercise reduced the levels of low-density
lipoprotein (LDL), cholesterol, and triglycerides in adult
men and women [28]. On the other hand, statin drugs
inhibit the synthesis of the precursor of steroids by
blocking the formation of mevalonate [29]. Kanat et al.
(2009) reported that the hormonal effects of statins are
related to their cholesterol-lowering effects [30].
Decreased levels of sex hormones have been reported in
male athletes, therefore, possible impairment in male
fertility is related to volume, intensity, and type of
activity [31]. Intense exercise can lead to dysfunction of
the male reproductive system. Some research has shown
that long-term exercise lowers testosterone levels [32],
which is consistent with the results of the present study.
Evidence suggests that decreased gonadal function
(gonads) is seen in men who are chronically or long-term
involved in endurance training [33].
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Figure 2. (E) Group E(the endurance training + atorvastatin5 mg/kg ) (E),SG :Spermatogonia cell PS:Spermatocyte cell. LC: Leydig cells.(F) In
Group F(the endurance training + atorvastatin1l0 mg/kg ). (F) seminiferous tubules and interstitial tissue showed pathological changes. These
included: disruption of the germinal epithelium(green arrows), rupture of the primary layer (black arrows), edema (white arrow). (F1)Group F

congestion in the blood vessels (green arrows).
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Figure 3. Blood testosterone (ng/ml) levels in different groups.

* Significant difference compared to the control group (p < 0.05)

Decreased serum testosterone levels have been reported
during and after long-term activities and up to a few
hours after intense short-term activities. Several
mechanisms,  including  reducing  gonadotropins,
increasing cortisol, increasing catecholamine or prolactin
levels, and even the accumulation of metabolic wastes,
can affect testosterone synthesis [34].

Studies on the relationship between statins and
testosterone production show conflicting results [27, 35].
Haipa et al. (2003) reported that 12 weeks of taking
simvastatin reduced serum testosterone levels in men
with high blood cholesterol [35]. Stanworth et al. (2009)
also reported that total testosterone levels in men taking
statin drugs decreased significantly compared with the
control group [36]. The results of the above research are
consistent with the results of the present study. However,
Jay et al. (1991) reported that 12 weeks of pravastatin
use did not alter serum testosterone levels [27]. The
contradiction between the results of Jay study and the

present study is probably related to the type of statin
drug used. Atorvastatin has been used in the present
study, while pravastatin has been used in the study of Jay
et al. It has been shown that statins such as pravastatin
have hydrophilic properties and their function is focused
on the liver and are eliminated by other tissues, but
lipophilic statins, such as atorvastatin, affect both the
liver and areas outside the liver. It has also been shown
that lowering cholesterol and blood lipids is better done
by atorvastatin than other statins [37]. Atorvastatin is
also a very potent statin that further lowers total
cholesterol and thus reduces total testosterone levels.
Studies show that atorvastatin has significant biological
effects on testosterone [36].

Under normal physiological conditions, luteinizing
hormone (LH) increases cholesterol taking by the testicls
testosterone  production  stimulation.  Decreased
testosterone is perceived by the hypothalamic-pituitary
axis and leads to further release of luteinizing hormone,
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which maintains testosterone levels through a negative
feedback loop. Factors such as TNF-o and interleukin-6
have been reported to inhibit the release of the
luteinizing hormone from the pituitary gland, leading to
decreased blood testosterone levels [36]. Safarinejad et
al. (2009) reported that high-intensity exercise reduced
free testosterone, LH, and FSH levels. They suggested
that  the hypothalamic-pituitary-testicular ~ axis
suppression, probably as a result of reducing the
production of the gonadotropin-releasing hormone
(GnRH), may reduced LH and FSH response to exercise
[38].Testosterone is a cholesterol-derived hormone that
has a steroid chemical structure. This hormone is
produced by biochemical pathways in Leydig cells.
About 95% of the testosterone in the bloodstream is
produced in the testicles and the rest in the adrenal
glands. Most circulating testosterone (about 98%) is
bound to carrier proteins. The other two percent are
freely circulating in the bloodstream, indicating the
active biological form of the hormone [39]. Our findings
show that the number of Spermatogonia and
Spermatocyte decreased significantly in the Group (F).
Testosterone plays an important role in development and
proliferation germminal cells [40]. A further decrease in
testosterone levels in the Group (F), as mentioned
earlier, disrupts the spermatogenesis process, resulting in
a greater decrease in the number of spermatogonia and
Spermatocyte cells than in the other groups. These
results were in agreement with a study done by Akdeniz
et al that reported atorvastatin reduced the number of
Sertoli, spermatogonia and Spermatocyte cells [41]. The
study showed that the thickness of the seminiferous
tubule in the Group (F) significantly reduced. The effect
was probably the result of the decrease in the number of
spermatogonia and  Spermatocyte cells. Various
testicular damages in the Group (F) were observed
during this histological study, These damages included:
rupture of the primary layer of cells in the
tubules,disruption and irregularity of the germinal
epithelium, edema between the seminiferous tubule,
congestion in the blood vessels.

Leite et al. (2014) found that statin consumption was
associated  with  histopathological ~ changes in
seminiferous tubule and the death of germ cells in the
testicles of rats [42]. Das and Indira (2015) also reported
that taking atorvastatin caused histopathological changes
(interstitial cells edema) in rats testicles. They attributed
these histopathological changes to the reducing effects of
androgen (testosterone) of atorvastatin [43]. These
results are consistent with the results of the present
study. Ouf et al. (2015) also showed in a study that the
use of atorvastatin in rats causes congestion and
vasodilatation in the blood vessels of the testes [44].
Moreover the study showed that the number of Leydig
cells decreased significantly in the Group (F). An
increase in oxygen consumption and subsequent increase
in the production of free radicals and reactive oxygen

species as a result of aerobic exercise, as well as an
increase in oxidative damage due to atorvastatin use that
Pal et al. (2015) reported in the investigation [45], may
causes histopathological changes in the present study
and as a result reducing the number of Leydig cells and
disruption of the spermatogenesis process, followed by a
decrease in the number of spermatogonia and
Spermatocyte cells in the endurance exersice
+ atorvastatin(10 mg/kg) group(Group (F)).

It seems that the possible double effects of endurance
exercise and atorvastatin (10 mg/kg) leads to a further
decrease in testosterone levels and testosterone has the
the basic role on the function Sertoli cells. In the
seminiferous tubules only Sertoli cells express receptors
for testosterone thus these cells are the main targets
signals that regulate spermatogenesis [46]. In addition
Sertoli cells form tight junctions with other cell in result
to the organization of testicullar structure [47]. Thus
This is a possibility that decrease in testosterone levels
has negative effects on the function Sertoli cells that,
leads to a reduce the number of spermatogonia and
Spermatocyte cells, as well as morphological disruption
of testicular tissue in the Group (F).

4. Conclusion

The results of the present study showed that the
combination of endurance training and atorvastatin (10
mg/kg) causes degeneration of testicular morphology,
followed by a decrease in the number of Leydig,
spermatogonia,  Spermatocyte cells and  serum
testosterone levels in male rats. These changes can lead
to reduced reproductive activity in males. Therefore, in
cases where there is a fear of infertility and reduced
reproductive function, in order to reduce lipid profile and
reduce the risk of cardiovascular disease, it is
recommended that avoid simultaneous use of high dose
statin drugs and endurance training.
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