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Abstract

A total of forty adult Sprague-Dawley male rats were used to study the ameliorative effects of
moderate exercise on reproductive function in male rats doped with a high dose of anabolic
steroids. Rats were randomly assigned into 4 groups; sedentary, sedentary doped (I/M 25 mg/kg
BW per week), moderately exercised (20 minutes/day for five days every week along one
month) and moderately exercised doped groups. The results clarified that the moderate exercise
significantly increased sperm motility (91.67%=1.67); live sperm and sperm count percentages
(93.33%+1.67 & 115.33%=7.51 respectively) and lowered sperm abnormalities (11.0+£3.61). On
contrary, doping induced via testosterone administrations in both sedentary and moderately
exercised rats significantly decreased the previously mentioned sperm parameters (63.33%z=3.33,
53.33%+3.33 & 65.33%+9.45 respectively) while increasing sperm abnormalities (53.33+£11.50);
although amelioration via exercise was noticed in these parameters. Serum free testosterone
levels were significantly increased with both sedentary doped or moderately exercised doped
groups. Moreover, superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase
(CAT) activities were significantly elevated with moderate exercise (52.05+6.67, 39.25+7.09 and
69.17+7.69 respectively). While, malondialdehyde (MDA) levels were increased with doping of
male rats (86.5+9.99). Furthermore, StAr gene expression was significantly (P<0.01) up-
regulated with moderate exercise and significantly (P<0.01) down-regulated with doping of male
rats. In addition, HSD17B3 gene expression was significantly (P<0.01) up-regulated in both
moderately exercise and moderately exercise doped groups. On contrary, HSD17B3 gene
expression was significantly (P<0.01) down-regulated in sedentary doped group Overall, these
results suggest a beneficial and protective effect of moderate treadmill exercise on male fertility
especially in steroid abuse models.

Keywords: Testosterone enanthate; Doping; StAr; HSD17B3; Moderate exercise

Introduction

these drugs are regularly self-administered by
power lifters and bodybuilders to augment
their performance. Anabolic Androgenic
steroids abuse has been reported to be
associated with different side effects including
both endocrine and metabolic [1]. Yet, their
potent effect in the male reproductive function

Various synthetic derivatives of
testosterone have been developed, Anabolic
Androgenic steroids (AAS), mainly to promote
skeletal muscle growth (anabolic effect) and to
potentiate the development of male sexual
characteristics (androgenic effects). lllegally,
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remains not fully understood. Exercise refers
to any planned moderate activity which can be
aerobic exercise, resistance training or
combination [2]. Moderate exercise is also a
proper approach for promoting good health
[3]. The need to design appropriate exercise
program to attain maximal benefit at the
lowest levels of risk has been recommended
[4]. Several exercise regimen parameters
including the type and intensity of moderate
activity governs its final beneficial or
detrimental effects [5]. Yet, the full extent of
these effects remains understudied. In males, a
moderate exercise regime possesses a potential
positive effect on our bodily physiological

systems, particularly, the gonads and
eventually fertility [6].
Androgens are essential for a proper

development of male reproductive organs,
puberty, fertility and sexual function in males.
They have been implicated as having an
important role in many vital processes other
than regulating the reproductive function [7-9].
Testosterone (T) and S5a-dihydrotestosterone
(DHT) are considered the main androgens,
testosterone is synthesized primarily by the
Leydig cells in the testes and can be converted
into DHT in a reaction catalyzed by5-alpha-
reductase enzyme [10, 11] are vital for
accurate spermatogenesis [12]. 50-
dihydrotestosterone is considered the most
active form of endogenous androgens,
although less abundant; it is more biologically
active than testosterone [13, 14]. Androgens
mediate their different actions via binding to
the androgen receptor (AR), a single nuclear
receptor [15]. The AR is a member of the
steroid hormone group including the estrogen
receptor (ER), glucocorticoid receptor (GR),
progesterone receptor (PR) and
mineralocorticoid receptor (MR) [15, 16].
Other types of androgens can be synthesized
locally in the zona reticulata and zona
fasciculata of the adrenal cortex including
dehydroepiandrosterone (DHEA) and
androstenedione [17].

The synthesis of testosterone in Leydig’s
cell is controlled by stimulation of the release
of the luteinizing hormone (LH) from the
pituitary gland in response to gonadotropin-
releasing hormone (GnRH) release from the
hypothalamus [18]. The LH initiates the

process of steroidogenesis by promoting the
steroidogenic acute regulatory protein (StAR)
expression  that enhances the inner
mitochondrial uptake of cholesterol [18, 19].
This cholesterol is wused to produce
pregnenolone that is converted to DHEA, that
produces androstenediol and androstenedione
that produces testosterone via reaction
catalyzed by cholesterol side chain cleavage
P450 (CYP11A1), 3-B-hydroxysteroid
dehydrogenase, 17-a-hydroxylase/17, 20-lyase
P450 (CYP17Al), and 17-p hydroxysteroid
dehydrogenase type Ill (HSD17-3) [20-23].
Once produced, circulating testosterone is
mostly bounded to serum sex hormone-
binding globulin (SHBG) and albumin [24].

The main objective of the current work was
to study the effect of doping with anabolic
steroids such as high dose of testosterone
enanthate on reproductive performance in
adult male rat and the ameliorative effect of
moderate exercise on such model through
assessment of semen parameters, testosterone
level in serum, the activity of antioxidant and
lipid peroxidation markers and gene
expression of StAr and HSD3B2 in testicular
tissue of male rats.

Materials and Methods
Experimental animals and design

A total of forty adult Sprague-Dawley male
rats weighing about 300£20 g were used. All
experimental procedures were approved by the
institutional Animal Care and Use Committee
of Zagazig University under approval number
(ZU-IACUC/2/F/119/2019). The rats were
adapted for two weeks before initiating the
experiment. During this period the rats were
adapted for the treadmill training. They were
housed at 24 oC and were fed on standard
pelleted feed ad-libitum with free access to
water.

Experimental design

After acclimatization period, rats were
randomly assigned into four groups (10
rats/group); Sedentary group; rats were treated
with 1 mL vehicle /kg BW per week for one
month and kept in a stationary treadmill for 20
minutes/day for five days/week for one month.
sedentary doped group, rats were treated with
an intramuscular injection of 25 mg
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testosterone enanthate (sigma Aldrich)/ kg BW
per week for a month as [25], moderately
exercised group, rats received a training
session using a treadmill lasted for 20
minutes/day for five days/week for one month
[26]. The treadmill speed was maintained at 14
m/min with no inclination [27] and moderately
exercised doped group, the rats were treated
with testosterone enanthate as described in the
sedentary doped group and receive moderate
exercise as described in the moderately
exercised group. The exercise protocol was
initiated daily at 9:30 am.

Sampling

Rats were sacrificed via cervical dislocation
twenty-four hours following the last exercise
session. The collected blood samples were left
to clot then centrifuged at 3000 rpm for 15
min. Serum was separated and immediately
stored at -20 oC until further biochemical
analysis. Testes were immediately excised and
approximately 30 mg of testicular tissue from
each rat were immersed into liquid nitrogen
before transferring to be stored at -80 oC for
subsequent gene expression analysis. Another
0.5 gm of testicular tissue was homogenized,
centrifuged at 4000 rpm for 15 min and the
supernatants were separated in dry falcon
tubes and stored at -20 oC for determination of
antioxidant enzyme activities.

Semen evaluation and sperm parameters

The caudal part of epididymis was removed
and transferred into a clean Petri dish
containing normal saline maintained at 37 °C.
The epididymis was cut to allow diffusion of
its content into warm saline. The individual
sperm motility was subjectively evaluated
using the high power of a light microscope.
The live/dead ratio was evaluated using eosin
nigrosine stain. The sperm cell concentration
was evaluated using a hemocytometer. The
aforementioned stained smears were examined
under oil emersion lens for estimating the
percentage of sperm abnormalities in 100

spermatozoa. All procedures were applied
according to the previously described methods
[28-30].

Biochemical and hormonal measurement

The activities of Superoxide dismutase
(SOD), Glutathione peroxidase (GPx) and
Catalase (CAT) activity, lipid peroxidation
marker (Malondialdehyde; MDA)
concentration and the concentration of serum
free testosterone were measured as previously
reported in [31-34] using the commercially
available ELISA kit from MyBioSource (San
Diego, CA, United States) according to the
manufacturer’s instructions.

Real time PCR

The real time analysis has been applied
according to the methods previously reported
[31, 33]. Briefly, total RNA was extracted
from 30 mg of rat testis with Trizol reagent
(ThermoFisher Scientific, Waltham, MA,
United States) according to manufacturer's
instructions. Two-step real-time PCR was used
to evaluate gene expression. In brief, cDNA
synthesis using a HiSenScript™ RH (-) cDNA
Synthesis Kit (iNtRON Biotechnology Co.,
South Korea) was carried out in a Veriti 96-
well thermal cycler (Applied Biosystems,
Foster City, CA) and then followed by Real
time PCR using 5x HOT FIRE Pol EvaGreen
gPCR Mix Plus (Solis BioDyne, Tartu,
Estonia). All primers were synthesized by
Sangon Biotech (Beijing, China) as shown in
Table 1. The real time PCR cycling conditions
were consisted of initial denaturation at 95 °C
for 12 min, followed by 40 cycles of
denaturation at 95 °C for 30 sec, annealing at
60 °C for 30 sec, and extension at 72 °C for 30
sec. The relative expression level of the target
genes was normalized to that of the
housekeeping Gapdh, and the relative fold
changes in gene expression were calculated
based on the 2-AACT comparative method
[35].
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Table 1: Oligonucleotide primers sequences used for real time PCR

Forward primer (5'-3") Reverse primer (5'-3") Accession No

StAr CCCAAATGTCAAGGAAATCA AGGCATCTCCCCAAAGTG NM_031558.3
HSD17B3 AGTGTGTGAGGTTCTCCCGGTACCT TACAACATTGAGTCCATGTCTGGCCAG NM_054007.1
Gapdh GGCACAGTCAAGGCTGAGAATG ATGGTGGTGAAGACGCCAGTA NM_017008.4

StAr; the steroidogenic acute regulatory protein, HSD17B3; 17p-Hydroxysteroid dehydrogenase 3 and Gapdh;

Glyceraldehyde 3-phosphate dehydrogenase

Statistical analysis

The data was presented as mean + standard
error of the mean (SEM). The statistical
significance was evaluated by one-way
ANOVA and a post hoc Duncan’s multiple
range test using statistical package of SPSS
(version 18.0 for Windows). P < 0.05 was
considered statistically significant. Figures
were generated using GraphPad Prism 8
software (San Diego, CA, United States).

Results

Effect of doping and/or moderate exercise on
semen parameters

Doping in sedentary rats was associated
with significant (P< 0.01) reduction in sperm
motility percent (63.33+3.33), live ratio
percent (53.33+3.33) and sperm count
(65.33£9.45) as well as a significant elevation
in  abnormality  percent  (53.33+11.50)

compared to sedentary rats (86.67%1.67,
88.33+1.67, 108.33+6.03 and 13.33+2.08) or
moderately  exercised rats (91.67%1.67,
93.33+1.67, 115.33+7.51 and 11.0+3.61)
correspondingly. Moreover, application of
moderate exercise in doped rats improved the
semen parameter (78.33£1.67, 66.67+4.41,
80.33+5.13 and 32.67+3.51) compared to
doped sedentary group, but it failed to restore
the control level (Table 2).

Effect of doping and/or moderate exercise on
serum free testosterone level

A significant (P< 0.01) increase in the
serum level of free testosterone (ng/ml) was
recorded in doped rats either with (18.38 +
1.36) or without (17.23 + 2.08) moderate
exercise compared to sedentary rats (7.18 *
0.34) or moderately exercised rats (8.68 *
1.01) (Table 3).

Table 2: Effect of doping and/or moderate exercises on semen parameters

Treatment Sperm Live ratio%  Sperm Count (sperm cell Sperm
motility% concentration x 125 x 104)  abnormalities%

Sedentary 86.67+1.67° 88.33+1.67° 108.33+6.03% 13.33+2.08°
Sedentary + Doping 63.33+3.33° 53.33+3.33° 65.33+9.45° 53.33+11.50%
Moderate exercise 91.67+1.67°  93.33+1.67° 115.33+7.51% 11.0+3.61°
Moderate exercise + 78.33+1.67°  66.67+4.41° 80.335.13° 32.67+3.51°
Doping
P-value <0.001 <0.001 <0.001 <0.001

Mean values with different superscript letters in the same column are statistically significant from each other at level (p<0.05).

Table 3: Effect of doping and/or moderate exercises on free testosterone level.

Treatment Testosterone free (ng/ml)
Sedentary 7.18 +0.34°

Sedentary + Doping 17.23 +2.08°

Moderate exercise 8.68 +1.01°

Moderate exercise + Doping 18.38 + 1.36°

P-value <0.01

Mean values with different superscript letters in the same column are statistically significant from each other at level (p<0.05).
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Effect of doping and/or moderate exercise on
antioxidant activity and lipid peroxidation
markers in testicular tissue

moderate exercise was associated with a
significant (P< 0.01) increase in the
concentrations of SOD (U/g tissue), GPx
(umol NADPH/g tissue) and CAT (umol
H,0,decomposed/g tissue) and a significant
decrease in MDA (nmol/g tissue) (52.05+6.67,

39.25+7.09, 69.17+7.69and  31.67+5.86)
compared to sedentary -non doped rats
(30.37£2.67, 29.62+2.43  56.77+5.58and

41.0£15.09). On contrary, doping significantly
(P< 0.01) decreased the concentrations of
SOD, GPx and CAT and significantly
increased the MDA (13.35%+2.89, 15.45+3.38,
35.33+8.69 and 86.5+9.99) compared to
sedentary rats. Moderate exercise of doped rats
significantly (P< 0.01) increased the level of
SOD and GPx but not CAT as well as
significantly decreased the MDA (21.30£3.96,
24.33£3.66, 34.65+5.05and  59.17+20.05)
compared to sedentary doped rats (Table 4).

Table 4: Effect of doping and/or moderate exercises on antioxidant and lipid peroxidation markers in

testicular tissues

Treatment Antioxidant Lipid
peroxidation
SOD GPx CAT MDA
(U/g tissue) (umol NADPH/g  (umol H,O,decomposed/g (nmol/g
tissue) tissue) tissue)
Sedentary 30.37+2.67" 29.62+2.43" 56.77+5.58" 41.0+15.09°
Sedentary + Doping 13.35+2.89" 15.45+3.38" 35.33+8.69" 86.5+9.99°
Moderate exercise 52.05+6.67° 39.25+7.09° 69.17+7.69% 31.67+5.86°
Moderate exercise + Doping ~ 21.30+3.96° 24.33+3.66° 34.65+5.05" 59.17+20.05"
P-value <0.001 <0.001 <0.001 <0.001

Mean values with different superscript letters in the same column are statistically significant from each other at level (p<0.05).

Effect of doping and/or moderate exercise on
the relative expression of StAr and HSD17f3
in testicular tissues of male rats

Figure 1 shows that the relative expression
of StAr and HSDI7B3 was significantly
(P<0.01) up-regulated in moderately exercised
rats compared to the sedentary group. On

A ' StAr
2.57
a I scdentary
2.01 =] Sedentary + Doping
= Moderate exercise
v b B Moderate exercise + Doping

Fold change in gene expression
(% control)

contrary, doping significantly (P<0.01) down-
regulated their expression level compared to
sedentary rats. Application of moderate
exercise in doped rats significantly up-
regulated the relative expression of HSD17B3
(P<0.01) but not StAr compared to the doped
rats without exercise.

HSD17B3

a | Sedentary
2.04 Il Sedentary + Doping
b B Moderate exercise
v b B Moderate exercise + Doping

(% control)

Fold change in gene expression

Figure 1: Effect of doping and/or moderate exercises on mRNA expression of (A) StAr and (B) HSD17B3 in

testicular tissues of male rats.
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Discussion

The results obtained have clearly
demonstrated that moderately exercised groups
had a highly significant increase in sperm
motility, sperm live and sperm count
percentages. On contrary, doping induced by
testosterone  administrations  significantly
reduced the sperm motility, sperm viability
and sperm cell concentration and increased the
sperm cell abnormalities. Based on the
contraception of the oxidative indicators in
doped rats, the underlined mechanism may
include overproduction of free radicals and
oxidative stress. Aziz et al. [36] have reported
a negative correlation between reactive oxygen
species production and sperm morphology.

Contradictory to our results, the findings of
Arisha and Moustafa [32] observed that
following intensive exercised in rodents, major
reductions in sperm count, motility and
viability (p < 0.05). This might be due to the
prolonged duration exercise protocol, non the
less, swimming exercise is more stressful than
treadmill  training. Moreover,  sperm
abnormalities percentages were significantly
elevated with steroid abuse in male rats.
Overall, several sperm parameters were clearly
impacted by the level of oxidative stress [37].
Also, the levels of ROS correlate with sperm
motility negatively [38]. The free radical-
induced  oxidative  stress  contributes
significantly in producing and increasing
abnormal sperm and decreasing sperm count
and transformation and fragmenting sperm
DNA [39]. These changes in sperm DNA
result in infertility. In this regard, incubation
of spermatozoa under high oxygen pressure
reduces the rate and motility of sperm;
however, adding catalase to the culture
medium prevents this effect [40]. The results
obtained showed that testosterone free levels
were significantly increased in sedentary
doped or moderately exercised doped groups.
On the other hand, moderate exercise itself,

although a tendency present, did not
significantly increased the level of free
testosterone.

The results obtained may be attributed to a
significant increase in the level of leptin.
Isidori et al. [41] reported, in men, a

correlation between the circulating levels of
leptin with total and free testosterone, however
still there is a need for further investigation.

Kraemer et al. [42] reported a marked
increase in testosterone levels in men before,
during, and after heavy exercise. Interestingly,
the mechanisms underlying the exercise-
induced increase in testosterone levels are not
fully understood, although the intensity of
exercise might be a contributing factor. In
male rats, Lu et al. [43] referred to a partial
role of direct simulation and LH-independent
effect of lactate on testosterone secretion in the
testis, which can markedly improve
testosterone levels during exercise.

The results obtained, in this study, clarified
that CAT, SOD and GPx activities were
significantly elevated in moderately exercised
male rats. On contrary, the lower levels of
these antioxidant markers were present with
doping in male rats. This oxidative status was
associated with an increased production of
ROS or decreased antioxidant activities and
elevated lipid peroxidation in leydig cells and
germ cells [44].

Lipid peroxidation via oxidation of
polyunsaturated fatty acids is induced by ROS
[45]. Measurement of the MDA level, an end
product of lipid peroxidation, indicates the
extent of oxidative damage. Moreover, our
results revealed that malondialdehyde levels
were significantly increased with doping of
male rats and decreased in moderately
exercised groups of male rats. Interestingly,
intensive swimming in rats increased lipid
peroxidation and reduced the SOD, CAT and
GPx activity [32, 46].

Testicular leydig cells are responsible for
the biosynthesis of androgens. Several
endocrine disruptors can potentially impact
biosynthesis and metabolic activation of
testosterone and results in sexual dysfunction,
infertility or even sterility. The aforementioned
endocrine disruptors directly suppressthe
enzymatic activities of CYP11A1, CYP17A1,
HSD3B and HSD17B3 in leydig cells resulting
in a reduction in testosterone production [47].
Regarding StAr gene expression, it was
significantly up-regulated (P < 0.01) in
moderately exercised group of rats. On
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contrary, StAr gene  expression  was
significantly down-regulated (P < 0.01) in
doped male rats. In addition, HSD17B3 gene
expression was significantly up-regulated (P <
0.01) in moderately exercised rats. On
contrary, HSD17B3 gene expression was
significantly down-regulated (P<0.01) with
doping of male rats. These changes in gene
expression levels might be associated with a
free radical associated damage of essential
cellular elements, receptor activity
disturbance, proliferation inhibition, cell death
or immunity perturbation [48] following
steroid abuse. On the other hand, moderate

exercise could increase the antioxidant
enzymes  activity and  catalyze the
decomposition of ROS [49].

Conclusions

Following an appropriate moderate exercise
regime can be helpful for maintaining fertility
even under conditions of individual abuse of
steroids.

Conflict of Interest

The authors declare no conflicts of interest,
financial or otherwise.

References

[1] Emer, E.; Yildiz, O.; Kayaalti, Z. and
Sayal, A. (2010). Cardiotoxic Effects Of
Anabolic-Androgenic  Steroids General
Specifications Of Algae And Their
Importance On Pharmacy. J Fac Pharm
Ankara, 39 (3) , 211-236 .

[2] Yang, Y.J. (2019): An Overview of
Current Physical Activity
Recommendations in  Primary Care.
Korean J Fam Med, 40(3): 135-142 .

[3] Tuso, P. (2015): Strategies to Increase
Physical ~ Activity. The Permanente
journal, 19(4): 84-8 .

[4] Mann, S.; Beedie, C. and Jimenez, A.
(2014): Differential effects of aerobic
exercise, resistance training and combined
exercise modalities on cholesterol and the
lipid profile: review, synthesis and
recommendations.  Sports  Medicine
(Auckland, NZ), 44(2): 211-221 .

[5] Mandolesi, L.; Polverino, A.; Montuori,

S.; Foti, F.; Ferraioli, G.; Sorrentino, P.
and  Sorrentino, G (2018): Effects of

Physical Exercise  on Cognitive
Functioning and Wellbeing: Biological
and Psychological Benefits. Frontiers in
psychology, 9: 509 .

[6] Nacqua, A.; Izzo, G.; Emerenziani, G.P.;
Baldari, C. and Aversa, A. (2018):
Lifestyle and fertility: the influence of
stress and quality of life on male fertility.
Reproductive biology and endocrinology.
Rep Biol Endocrinol, 16(1): 115 .-

[7] Navarro, G.; Allard, C.; Xu, W. and
Mauvais-Jarvis, F. (2015): The role of
androgens in metabolism, obesity, and
diabetes in males and females. Obesity,
23(4): 713-9 .

[8] Shen, M. and Shi, H. (2015): Sex
Hormones and Their Receptors Regulate
Liver Energy Homeostasis. Int J
Endocrinol, 2015: 294278 .

[9] Wilson, J.D. (1999): The role of
androgens in male gender role behavior.
Endocr Rev, 20(5): 726-37 .

[10] Martini, L.; Melcangi, R.C. and Maggi, R.
(1993): Androgen and progesterone
metabolism in the central and peripheral
nervous system. J Steroid Biochem Mol
Biol, 47(1-6): 195-205 .

[11]Puri, P. and Walker, W.H. (2016): The
regulation of male fertility by the PTPN11
tyrosine phosphatase. Semin Cell Dev
Biol., 59: pp. 27-34, Academic Press

[12] Sultan, C.; Gobinet, J.; Terouanne, B.;
Paris, F.; Belon, C.; Jalaguier, S.; Georget,
V.; Poujol, N.; Auzou, G. and Lumbroso,
S.  (2002): The androgen receptor:
molecular pathology. J Soc Biol, 196(3):
223-40 .

[13]Mitchell, F. (2012):  Reproductive
endocrinology: Testosterone metabolite
nonessential for androgen effects. Nat Rev
Endocrinol, 8(5): 256 .

[14] Matsumoto, T.; Sakari, M.; Okada,M.;
Yokoyama, A, Takahashi, S,;
Kouzmenko, A. and Kato, S. (2013): The
androgen receptor in health and disease.
Annu Rev Physiol, 75: 201-24 .

[15] Mangelsdorf, D.J.; Thummel, C.; Beato,
M.; Herrlich, P.; Schutz, G.; Umesono,
K.; Blumberg, B.; Kastner ,P.; Mark, M.;
Chambon, P. and Evans, R.M. (1995):

195



Zag Vet J, Volume 48, Number 2, p. 189-198, June 2020

Shehata et al., (2020)

The nuclear receptor superfamily: the
second decade. Cell, 83(6): 835-9 .

[16]Nuclear Receptors Nomenclature, C.
(1999): A unified nomenclature system
for the nuclear receptor superfamily. Cell,
97(2): 161-163.

[17]Lasley, B.L., Crawford, S. and
McConnell, D.S. (2011): Adrenal
androgens and the menopausal transition.
Obstet Gynecol Clin North Am, 38(3):
467-75 .

[18] Stocco, D.M. (2001): StAR protein and
the regulation of steroid hormone
biosynthesis. Annu Rev Physiol, 63: 193-
213.

[19]Shima, Y.; Miyabayashi, K.; Haraguchi,
S.; Arakawa, T.; Otake, H.; Baba, T.;
Matsuzaki, S.; Shishido, Y.; Akiyama, H.;
Tachibana, T.; Tsutsui, K. and
Morohashi, K. (2013): Contribution of
Leydig and Sertoli cells to testosterone
production in mouse fetal testes. Mol
Endocrinol, 27(1): 63-73 .

[20]Miller, W.L. and Auchus, R.J. (2011):
The molecular biology, biochemistry, and
physiology of human steroidogenesis and
its disorders. Endocr Rev, 32(1): 81-151 .

[21]Scott ,H.M.; Mason, J.I. and  Sharpe,
R.M. (2009): Steroidogenesis in the fetal
testis and its susceptibility to disruption by
exogenous compounds. Endocr Rey,
30(7): 883-925 .

[22]Habert, R.; Lejeune, H. and Saez, J.M.
(2001):  Origin, differentiation  and
regulation of fetal and adult Leydig cells.
Mol Cell Endocrinol, 179(1-2): 47-74 .

[23]O'Shaughnessy, P.J.; Baker, P.J. and
Johnston, H. (2006): The foetal Leydig
cell--  differentiation,  function and
regulation. Int J Androl, 29(1): 90-5.

[24] Thaler, M.A.; Seifert-Klauss, V. and
Luppa, P.B. (2015): The biomarker sex
hormone-binding  globulin - from
established applications to emerging
trends in clinical medicine. Best Pract Res
Clin Endocrinol Metab, 29(5): 749-60 .

[25]Bjelic, M.M.; Stojkov, N.J.; Radovic,
S.M.; Baburski, A.Z.; Janjic, M.M.;
Kostic, T.S. and Andric, S.A. (2015):
Prolonged in vivo administration of
testosterone-enanthate, the widely used

and abused anabolic androgenic steroid,
disturbs prolactin and cAMP signaling in
Leydig cells of adult rats. J Steroid
Biochem, 149: 58-69 .

[26]Chu, T.-F.; Huang, T.-Y.; Jen, CJ. and
Chen, H.-l. (2000): Effects of chronic
exercise on calcium signaling in rat
vascular endothelium. AM J Physiol-
Heart C, 279(4): H1441-H6 .

[27]Scopel, D.; Fochesatto, C.; Cimarosti, H.;
Rabbo, M.; Bellé-Klein, A.; Salbego, C.;
Netto, C.A. and Siqueira, I.R. (2006):
Exercise intensity influences cell injury in
rat hippocampal slices exposed to oxygen
and glucose deprivation. Brain Res Bulin,
71(1-3): 155-9..

[28]Hafez, E. (1970):  Rabbits: In
Reproduction and breeding techniques for
laboratory animals. Lea and Fabiger,
Philadelphia, PA: 273-298. .

[29]Robb, G.W.; Amann, R.P .and Killian,
G.J. (1978): Daily sperm production and
epididymal sperm reserves of pubertal and
adult rats. J Reprod Fertil, 54(1): 103-7 .

[30]Filler, R. (1993): Methods for evaluation
of rat epididymal sperm morphology.
Methods in Toxicology, 3 (part A)(Male
Reproductive Toxicology. Chapin RE,
Heindel JJ. ): 334-43 .

[31] Arisha, A.H.; Ahmed, M.M.; Kamel,
M.A.; Attia, Y.A. and Hussein, M.M.
(2019): Morin ameliorates the testicular
apoptosis, oxidative stress, and impact on
blood-testis barrier induced by photo-
extracellularly synthesized silver
nanoparticles. Environ Sci Pollut Res,
26(28): 28749-28762 .

[32] Arisha, A.H. and Moustafa, A. (2019):
Potential inhibitory effect of swimming
exercise on the Kisspeptin—-GnRH
signaling pathway in male rats.
Theriogenology, 133: 87-96 .

[33]Khamis, T.; Abdelalim, A.F.; Abdallah,
S.H.; Saeed, A.A.; Edress, N.M. and
Arisha, A.H. (2020): Early intervention
with breast milk mesenchymal stem cells
attenuates the development of diabetic-
induced  testicular  dysfunction via
hypothalamic  Kisspeptin/Kisslr-GnRH/
GnIH system in male rats. Biochim

196



Zag Vet J, Volume 48, Number 2, p. 189-198, June 2020

Shehata et al., (2020)

Biophys Acta (BBA) - Molecular Basis of
Disease, 1866(1): 165577 .

[34]Hussein, M.M.A.; Gad, E.; Ahmed, M.M.;
Arisha, A.H.; Mahdy, H.F.; Swelum,
AA.; Tukur, HA. and Saadeldin, .M.
(2019): Amelioration of titanium dioxide
nanoparticle  reprotoxicity by  the
antioxidants morin and rutin. Environ Sci
Pollut Res, 26(28): 29074-84 .

[35]Livak, K.J. and Schmittgen, T.D. (2001):
Analysis of relative gene expression data
using real-time quantitative PCR and the
2— AACT method. Methods, 25(4): 402-8 .

[36]Aziz, N.; Saleh, R.A.; Sharma, R.K;
Lewis-Jones, I.; Esfandiari, N.; Thomas,
AJ., Jr. and Agarwal, A. (2004): Novel
association  between sperm reactive
oxygen  species  production,  sperm
morphological defects, and the sperm
deformity index. Fertil Steril, 81(2): 349-
54 .

[37]Manna, I.; Jana, K. and Samanta, P.K.
(2004): Effect of different intensities of
swimming exercise on testicular oxidative
stress and reproductive dysfunction in
mature male albino Wistar rats. Indian J
Exp Biol, 42(8): 816-22 .

[38]lwasaki, A. and Gagnon, C. (1992):
Formation of reactive oxygen species in
spermatozoa of infertile patients. Fertil
Steril, 57(2): 409-16 .

[39]Wright, C.; Milne, S. and Leeson, H.
(2014): Sperm DNA damage caused by
oxidative stress: modifiable clinical,
lifestyle and nutritional factors in male
infertility. Reprod Biomed Online, 28(6):
684-703 .

[40] Aitken, R.J. and Clarkson, J.S. (1987):
Cellular basis of defective sperm function
and its association with the genesis of
reactive oxygen species by human
spermatozoa. J Reprod Fertil, 81(2): 459-
69 .

[41]Isidori, A.M.; Caprio, M.; Strollo, F,;
Moretti, C.; Frajese, G.; Isidori, A. and
Fabbri, A. (1999): Leptin and androgens
in male obesity: evidence for leptin
contribution to reduced androgen levels. J
Clin Endocrinol Metab, 84(10): 3673-80 .

[42] Kraemer, W.J.; Gordon, S.E.; Fleck, S.J.;
Marchitelli, L.J.; Mello, R.; Dziados, J.E.;
Friedl, K.; Harman, E.; Maresh, C .and
Fry, A.C. (1991): Endogenous anabolic
hormonal and growth factor responses to
heavy resistance exercise in males and
females. Int J Sports Med, 12(2): 228-235.

[43]Lu, S.S.; Lau, C.P.; Tung, Y.F.; Huang,
S.W.; Chen, Y.H.; Shih, H.C.; Tsai, S.C.;
Lu,C.C.; Wang, S.W.; Chen, J.J.; Chien,
E.J.; Chien, C.H. and Wang, P.S. (1997):
Lactate and the effects of exercise on
testosterone secretion: evidence for the
involvement of a cAMP-mediated
mechanism. Med Sci Sports Exerc, 29(8):
1048-54 .

[44]Sharma ,R.; Biedenharn, K.R.; Fedor,
J.M. and Agarwal, A. (2013): Lifestyle
factors and reproductive health: taking
control of your fertility. Reproductive
biology and endocrinology. Reprod Biol
Endocrin, 11:66.

[45]Valko, M.; Leibfritz, D.; Moncol, J;
Cronin, M.T.; Mazur ,M. and Telser, J.
(2007): Free radicals and antioxidants in
normal physiological functions and human
disease. Int J Biochem Cell Biol, 39(1):
44-84

[46]Hara, M.; ligo, M.; Ohtani-Kaneko, R.;
Nakamura, N.; Suzuki, T.; Reiter, R.J. and
Hirata, K. (19 :(%YAdministration of
melatonin and related indoles prevents
exercise-induced cellular  oxidative
changes in rats. NeuroSignals, 6(2): 90-
100 .

[47]Ye, L.; Su, ZJ. and Ge, R.S. (2011):
Inhibitors of testosterone biosynthetic and
metabolic activation enzymes. Molecules,
16(12): 9983-10001 .

[48]Favier, A. (2006). Oxidative stress in
human diseases. Ann Pharm Fr, 64(6):
390-6 .

[49]Moreno, S.G.; Dutrillaux, B. and
Coffigny, H. (2001): Status of p53, p21,
mdm2, pRb proteins, and DNA
methylation in gonocytes of control and
gamma-irradiated rats during testicular
development. Biol Reprod, 64(5): 1422-
31.

197



Zag Vet J, Volume 48, Number 2, p. 189-198, June 2020 Shehata et al., (2020)
BgSAI e p (alaii Al () idl) jeSd B Judiil) e Jaiaall cu paill 4B o) <l il
Tady e dela deal’ alall ol ol ala )bl clia ) ilad Gau gy
££019 jeme 335 33N dnala g kel alall 44IS 4y gl o LSl il
Ll 400 ynm A3y dasla (gl calall 4K
££019 yime (33850 33 5 Anals (g lanl) alall 40 L ol gl o’

gl () 9 e giaatl) Jie cladiall gl il A jal (uadld) o) sl 5685 (e €0 (e A S A same aladinl a3
O habati ) o) a5 o€ Ll leall ela) cpaad e Sl JaLaal) 5 508 (e Al jal SIS dlle de jan
il 1 jelal 85 4 ) lalaiall 54y el 5 Aglalaiall 5o isall (I Ae gena ) () S a3 5 s giasl
i) 5 Apall) & giall ) gaal) Ao 5 ¢(91.67%+1.67 )4 sial) il ol A8 ja e S IS8 35 8 gl oy padl)
L gl il 55 () ool W3S (93.33%21.67 & 115.33%:+7.51)4 siall il guall el A sial)
O JS (8 05 sl (e Alladl e jall e il e oo ¢ @13 e (uSall e (11.043.61)4 sl
(63.339%23.33, LS S oy siall Ul gaald) o lalas aledd) ) Javiee JS daly 11 s leall 5 jiasall () sl
O Gl (g a2 ) e €(53.33+£11.50) 4 siall il goall il 555800 3 00 53.33%2:3.33 & 65.33%:+9.45)
S /s il (e IS ga (g s siadi (5 sa ot L sinse o sale JSG Cinaat SISy Jas 51 (o) daly ) A jlae J3A
(SOD) xSy Gl 35 pasn ey 330 Adaiisl B gale (S a8 ¢ @l e 50 Aaies doaly ) 4 jlas
(52.0546.67, 5S¢ ) ad Jadiadll o yaill A e (CAT) YLK 5 (GPX) 0 5y & sl slall
& (86.5+9.99)claiall e 1Al (513 (G sllall il fine (835 a8 )69.17£7.69  39.25£7.09&
(P<0.01) sl LS ¢ Jainall o yaill A& (P<0.01) 4 82k o5 288 ¢ STAr d ) aeil) ) dsilly ) oS30 o) sl
Gl e JS 8 (P<0.01) HSD17B3 2 (il el 2l 31 el ) ZiLaYl 5 S0 e cillaidiall  Jalas e
& (P<0.01) HSD17B3 (il pousill (addiil ¢ I (e (el o lhadiall de sana y Jainall (g jaill 5 Jainal)
Alndiall )yl 55 jfiall Gl il de sana (0 JS

198



