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1 | INTRODUCTION

Abstract

Semen quality and male fertility depend on numerous factors such as age, environ-
ment, lifestyle, physical activity, genetic background and occupation. We aimed to
access the effect of aerobic exercise, low- and high-fat diet on mice testis tissue, and
sperm function. Obese and nonobese male mice C57BL/6 were exposed to high fat
(Hf) or low fat (Lf) and/or activity (Exe: exercise or Sed: sedentary). Finally, testicular
morphometric characteristics, sperm concentration and motility (light microscopy),
sperm morphology (eosin/nigrosin dye), lipid peroxidation (BODIPY C11 Probe),
chromatin (acridine orange and chromomycin A3 staining) were compared within
obese groups (Hf/Exe, Lf/Exe, Lf/Sed, Hf/Sed) and nonobese groups (Hf/Exe, Lf/Exe,
Lf/Sed, Hf/Sed). Both exercise and diet interventions did not show any alteration in
testicular morphological characteristics, sperm morphology and DNA fragmentation
within both obese and nonobese groups (p > 0.05). Exercise and/or diet resulted in a
significant increase in sperm concentration and motility within both groups (p < 0.05).
Exercise in both groups leads to high percentage of lipid peroxidation (p < 0.05).
Exercise intervention significantly improved sperm protamine deficiency within
obese group (p < 0.05). We concluded that exercise intervention was more effective

than diet in improvement of sperm function within obese groups.
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can adversely affect various parameter of adipose tissue functions
(Cardoso et al., 2017). Most of these compositions are lipophilic and

can disrupt male reproductive function due to high lipid content of this

Reproductive health is highly jeopardised by obesity which has a ge-
netic, epigenetic and socio-environmental bases (Craig, Jenkins, Carrell,
& Hotaling, 2017). Among social-environmental bases or lifestyle hab-
its, overconsumption of high-energy diets that rich in sugars and satu-
rated fats along with low physical activity could have negative feedback

on male fertility potential. In addition, environmental pollutant

tissue which in turn affect testis physiology especially testicular metab-
olism and germ cell development, and ultimately reduces sperm quality
(Cardoso et al., 2017; Skakkebaek, Rajpert-De Meyts, & Main, 2001).
Previous studies showed that fatty acid composition of sperma-
tozoa is associated with semen quality and male fertility potential.
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Three types of natural fatty acids including saturated, monounsat-

urated and polyunsaturated are present in human body, and among
them, polyunsaturated fatty acids cannot be synthesised and are ob-
tained from diet. In this regard, it has been shown that mean of do-
cosahexaenoic acid (DHA), as a polyunsaturated omega-3 fatty acid,
was significantly lower in infertile men with astheno- and/or oli-
goasthenoteratozoospermia than normozoospermia (Khosrowbeygi
& Zarghami, 2007). In addition, positive significant correlation exists
between DHA and sperm parameters, and also a positive significant
correlation has been reported between DHA and sperm DNA frag-
mentation (Andersen et al., 2016). Recently, Gonzalez-Ravina et al.,
(2018) showed that DHA supplementation can improve sperm qual-
ity in asthenozoospermic men . Several studies demonstrated that
high-energy diets are related to high production of reactive oxygen
species (ROS), and consequently oxidation of lipid, DNA and pro-
teins. Sperm cell due to low amount of cytoplasm and high level of
unsaturated lipids is prone to ROS-induced DNA damage. Indeed,
it has been shown saturated fatty acids (SFAs) play an important
role in activation of Toll-like receptors (TLRs) involved in inducing
inflammation, while polyunsaturated fatty acids (PUFAs) inhibit such
an activation (Hwang, Kim, & Lee, 2016). Therefore, change in ratio
of PUFA: SFA can induce activation of TLR4 receptor and induces
a state of inflammation. In this regard, decreased PUFA: SFA ratio
was associated with asthenozoospermia (Tavilani, Doosti, Abdi,
Vaisiraygani, & Joshaghani, 2006) likely due to excessive ROS pro-
duction. Excessive production of ROS is accounted as one of the
main aetiologies of infertility (Keltz et al., 2010; Oliveira, Sousa,
Silva, Monteiro, & Alves, 2017).

Energy control in testis is essential to promote normal spermato-
genesis while obesity disrupts glucose and energy metabolism in this
tissue (Oliveira et al., 2017). In addition to increase in white adipose
tissue by exposure to obesogens, these compositions can enhance
oestrogenic and adipogenic pathways. In this regard, Cardoso et al.,
(2017) stated that aromatase enzyme in the adipocytes increases
and converts testosterone (T) to 17f-oestradiol (E2). Increased E2
stimulates a negative feedback at the hypothalamus-pituitary-testis
axis and decreases secretion level of luteinising hormone (LH) and
follicle-stimulating hormone (FSH). Low concentration of testoster-
one can disrupt normal spermatogenesis (Cardoso et al., 2017). In
this regard, aromatase inhibitor which reduces adipocyte oestradiol
production can improve semen parameters and fertility rate in obese
infertile individuals (Schlegel, 2012).

Health promotion through exercise and physical activity, as an
important lifestyle factor, has been recognised to delay some patho-
logical situations such as stroke, myocardial infarction, diabetes and
cancers (Gomes, Freitas, & Fardilha, 2015). An increasing number of
research studies demonstrated the effect of exercise training in male
reproductive system and suggested that moderate exercise has a
beneficial effect on fertility potential, while acute (strenuous) physi-
cal activity such as professional cycling can have a deleterious effect
on fertility potential (Hajizadeh Maleki & Tartibian, 2015; Vaamonde
et al., 2009). In this regard, Palmer, Bakos, Owens, Setchell, & Lane,
(2012) showed that diet and exercise could improve abnormal sperm

physiology in mice with high-fat diet. In addition, unlike sperm con-
centration and morphology, a significant correlation was observed
between prudent dietary patterns and sperm motility, while this cor-
relation was not found between sperm parameters and a Western
dietary pattern (Gaskins, Colaci, Mendiola, Swan, & Chavarro, 2012).
According to the aforementioned literature, the aim of this study
was to assess the impact of lifestyle (diet and exercise) on sperm
quality, testicle morphometric characteristics and testis tissue in
male mice C57BL/6.

2 | MATERIALS AND METHODS

This study received approval of the Institutional Review Board from
the Royan Institute (NO: 95000212), and all the use and care of
animals were in accordance with the Animal Ethics Committee of
Royan Institute. All the mice were kept in a temperature-controlled
(20-23°C) room, moisture of 50 + 3% in special cages and a 12-hr
light/12-hr dark photocycle. Food and water were provided ad li-
bitum. In this study, in continuation of Kazeminasab et al., (2018)
study, testis of 48 mice (male C57BL/6) belonging to eight groups
was used. A protocol with two interventions (long-term high-fat diet
and exercise and diet) were used according to Kazeminasab et al.
(2018).

2.1 | Firstintervention

Initially, 48 mice were randomly assigned to one of the two diets
for a period of 12 weeks: (a) low-fat diet (LF) (10% kcals from fat,
70% kcal from carbohydrate and 20% kcal from protein with 23%
saturated, 30% monounsaturated and 47% polyunsaturated); (b)
high-fat diet (HF) (45% kcals from fat, 35% kcal from carbohydrate,
the 20% kcal from protein with 32% saturated, 35% monounsatu-
rated and 33% polyunsaturated). Mice with high-fat diet displayed
extreme states of obesity-based weighed gain (high fat vs. low fat:
32.22 £0.62 gvs.23.1 £0.39 g, p < 0.01). The mean ratio of visceral
fat to body weight was also significantly higher in HF compared to LF
groups (5.32 £ 0.77% vs. 4.51 + 0.75%) (Bagnol, Al-Shamma, Behan,
Whelan, & Grottick, 2012). Therefore, mice in the first and second
groups were termed nonobese (LF) and obese (HF) respectively. All
animals had free access to water and food during the whole length
of the protocol (Figure 1).

2.2 | Second intervention

After 12 weeks (at the beginning of the week 13), nonobese mice
were randomly assigned to four groups with six mice in each group:
(a) high-fat diet, exercise-trained (HF-E); (b) high-fat diet, seden-
tary (HF-S); (c) low-fat, exercise-trained (LF-E); and (d) low-fat diet,
sedentary (LF-S). Also, obese mice were randomly divided into four
groups with six mice in each group: (a) high-fat diet, exercise-trained
(HF-E); (b) high-fat diet, sedentary (HF-S); (c) low-fat diet, exercise-
trained (LF-E); and (d) low-fat diet, sedentary (LF-S) (Figure 1).



NEMATOLLAHI ET AL.

Journal of Andrology

3of11

ANDROLOGIagill B

Low-fat diet/Sedentary (N = 6)

0 month 3 months S months
1 l
I 1 >
High-fat diet/Exercise (N = 6)
=
2
-
=
Low -fat diet/Exercise (N = 6) 3.
—
Obese g
2
Low -fat diet/Sedentary (N = 6) = '.:1
o
S 3
a ©
En-)
High-fat diet/ Sedentary (N = 6) & 3 >
=2 8
¥s £
2 5
@ v
2 2 ®
High-fat diet/ Exercise (N = 6) = &
o %
= 2
o,
=3
= 2
Low -fat diet/Exercise (N = 6) — @
=
Nonobese =
3
£
o
e
=3
3

FIGURE 1 Experiment design of this
study

The exercise training was as follows

Week 13: adaptation of mice, in exercise groups, began with by plac-
ing mice on the motor-driven treadmill beginning with 17 m/min for
15 min on day 1. This was increased daily to 17 m/min for 45 min.

Week 14-15: the mice in the motor-driven treadmill were subjected
to exercise at a speed of 17 m/min for 45 min/day, 5 days/week,
one session/day.

Week 16-17: the mice in the motor-driven treadmill were subjected
to exercise at a speed of 19 m/min for 45 min/day, 5 days/week,
one session/day.

Week 18-19: the mice in the motor-driven treadmill were subjected
to exercise at a speed of 21 m/min for 45 min/day, 5 days/week,
one session/day.

Week 20-21: the mice in the motor-driven treadmill were subjected
to exercise at a speed of 23m/min for 45 min/day, 5 days/week,

one session/day.

The angle of inclination was 0% gradient during the whole period
of the study. This condition corresponded to the moderate intensity of
about 65% of the maximal oxygen consumption (Powers et al., 1993).
Untrained mice were not exposed to exercise session and stayed in
their cages during the protocol. Untrained mice were not exposed to
exercise session and stayed in their cages during the protocol.

For the current study, 24 hr after the last exercise session (at
the end of 21 weeks), mice were intraperitoneally anaesthetised

High-fat diet/ Sedentary (N = 6)

with a mixture of ketamine and xylazine, and then, left-side testi-
cles and epididymides were dissected out. After dissection of testis
and epididymides, testis was fixed in Bouin's fixative for haematox-
ylin staining and used for evaluation of testicular parameters such
as Johnson's score, seminiferous tube diameter, spermatogenesis
percentage, meiotic index, and seminiferous epithelium height. The
left epididymides were divided into three distinct segments: caput,
corpus and cauda. Cauda sections were placed in a Petri dish that
contained 2 ml of sperm washing media (VitaSperm, Inoclon, Iran) +
10% albumin for 30 min. Then, the spermatozoa retrieved from the
caudal epididymis were used for assessment of sperm parameters.
Then, spermatozoa were washed with PBS for assessment of sperm
lipid peroxidation, protamine deficiency and DNA fragmentation.

2.3 | Assessment of sperm parameters

Sperm concentration was assessed with a sperm counting chamber
(Sperm meter; Sperm Processor, Aurangabad, India), and percent-
age of sperm motility was evaluated by light microscopy. For as-
sessment of sperm concentration, 20 pl of sample was diluted with
20 pl distilled water, and then, 10 pl of this solution was transferred
into a sperm counting chamber (Sperm meter; Sperm Processor,
Aurangabad, India). Concentration of spermatozoa per ml was cal-
culated. For assessment of sperm motility, 5 pl of sample was placed
on a pre-warmed slide and percentage of motile spermatozoa was
defined and reported.
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Eosin/nigrosin staining was used for assessment of sperm mor-

phology. Briefly, 20 ul of washed spermatozoa in phosphate-buff-
ered saline (PBS) was mixed with 40 ul of eosin (Merck, Darmstadt,
Germany) for 5min. Then, 60 ul of nigrosin (Merck, Darmstadt,
Germany) was added to this mixture. Then, two smears for each
sample were prepared and 200 spermatozoa were counted under a
light microscope. Percentage of abnormalities in head, neck and tail
of spermatozoa were assessed, and data were reported as percent-

age of sperm abnormal morphology (Afiyani et al., 2014).

2.4 | Assessment of sperm lipid peroxidation

Percentage and intensity of sperm lipid peroxidation were as-
sessed by BODIPY C11 Probe according to Aitken, Wingate, luliis, &
McLaughlin, (2007). Briefly, BODIPY stain with a final concentration
of 5 mMM/DMSO was prepared and added to 2 x 10° washed sper-
matozoa with PBS buffer for 30 min. In addition, a positive control
was considered for each sample by adding H,O, to 2 x 10° washed
spermatozoa in PBS buffer. Then, samples were centrifuged in PBS
(500 g for 5 min) and percentage of lipid peroxidation were evalu-
ated using a FACSCalibur flow cytometer (Becton Dickinson, San
Jose, CA, USA) (Aitken et al., 2007).

2.5 | Assessment of sperm protamine deficiency

Percentage of protamine deficiency in spermatozoa was assessed
by chromomycin A3 staining according to Mohammadi, Hassani-
Bafrani, Tavalaee, Dattilo, & Nasr-Esfahani, (2018). with minor
modifications. Briefly, washed spermatozoon with PBS buffer from
each sample was fixed with methanol: acid acetic (v/v) (Merck,
Darmstadt, Germany) for 5 min at -4°C temperature. Then, slides
were stained with 100 pl of 0.25 mg/ml chromomycin A3 solution
(Sigma Chemical Co., St Louis, USA) for 1 hr, then were centrifuged
in PBS (500 g for 5 min), air-dried and covered with coverslip. On
each slide, 200 spermatozoa were counted using an Olympus fluo-
rescent microscope (BX51, Tokyo, Japan) with the appropriate filters
(460-470 nm). Spermatozoa with bright yellow staining (CMA3 posi-
tive or protamine-deficient spermatozoa) were distinguished from
spermatozoa with dull yellow staining (CMA3 negative or normal
protamine content), and percentage of protamine deficiency was re-
ported for each sample (Mohammadi et al., 2018).

2.6 | Assessment of sperm DNA damage

Sperm DNA damage was assessed by acridine orange (AO) stain-
ing (Afiyani et al., 2014) with minor modifications. Two smears for
each washed sperm sample were prepared and fixed with Carnoy's
solution (methanol/acetic acid, 3:1) at -4°C temperature for 2 hr.
After washing slides with PBS (1600 rpm for 5 min), slides were
stained with 20 ul freshly prepared acridine orange stain 1% in dis-
tilled water, and then were added to a mixture of citrate phosphate
buffer (80 ml citric acid 0.1 M + 5 ml NaH,PO, 0.3 M, pH = 2.5) for
90 min. Then, slides were washed with PBS (1600 rpm for 5 min) and

evaluated by fluorescent microscope with 460-nm filter. For each
sample, percentage of orange/red spermatozoa as sperm denatured

DNA or damaged DNA were reported.

2.7 | Statistical analysis

All the collected data in the present study were analysed using
the Statistical Package for the Social Sciences for Windows, ver-
sion 23.0 (SPSS, Inc., Chicago, IL, USA). All the studied parameters
showed normal distribution. Comparison of sperm parameters,
lipid peroxidation and chromatin status was performed by two-way
analysis of variance (ANOVA). Collected data were presented as
mean + standard error of mean (SEM), and p < 0.05 was considered

to be significant.

3 | RESULTS

In this study, body weight, testicular morphometric characteristics,
sperm parameters (concentration, motility and morphology), lipid
peroxidation, DNA damage, and protamine deficiency were assessed
and compared within obese groups (Hf/Exe, Lf/Exe, Lf/Sed, Hf/Sed)
and nonobese groups (Hf/Exe, Lf/Exe, Lf/Sed, Hf/Sed).

3.1 | Effect of diet and/or exercise on body
weight and testicular morphometric characteristics

In regard to body weight of the mice, there was no difference at the
beginning of the first intervention (12-week HF and LF), while a sig-
nificant difference was observed between LF-fed and HF-fed mice
after five weeks of intervention (Kazeminasab et al., 2018).

The mean of testicular morphometric characteristics such as
weight, length, width, thickness and volume of each testis was not
significant within obese groups and nonobese groups (p > 0.05). In
this study, Johnson's score, seminiferous tube diameter, percent-
age of spermatogenesis, meiotic index and seminiferous epithelium
height were also evaluated, and any significant differences were not
observed within both obese or nonobese groups (data not shown).
Overall exercise and diet interventions had not significantly altered

morphometric characteristics of both testes.

3.2 | Effect of diet and/or exercise on
sperm parameters

In this study, exercise and/or diet interventions on sperm parameters
such as sperm concentration, motility and morphology within obese
and nonobese groups were assessed. As shown in Figure 2, means of
sperm concentration were 36.33 £ 2.27, 37.17 £+ 1.97, 33.00 + 1.55
and 32.00 + 1.41 within obese group (Hf/Exe, Lf/Exe, Lf/Sed, Hf/
Sed) respectively. The exercise intervention with or without diet
programme was significantly effective on sperm concentration
within this group (p = 0.036). The means of sperm concentration
were 37.00 = 1.65, 41.80+1.68, 33.40+1.29 and 34.17 +1.60
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FIGURE 2 Comparison of the effect of exercise and diet on sperm concentration within obese and nonobese groups. Analysis of data by
two-way ANOVA shows that intervention of exercise alone was significantly effective on sperm concentration within both obese (p = 0.036)

and nonobese (p = 0.002) groups

within nonobese groups (Hf/Exe, Lf/Exe, Lf/Sed, Hf/Sed) respec-
tively. Similar to obese group, exercise intervention was significantly
effective on sperm concentration along with low-fat diet (p = 0.002).
Collectively, two-way ANOVA shows that only exercise intervention
was significantly effective in increase of sperm concentration within
both obese and nonobese groups.

In regard to sperm motility, means of this parameter were
57.50 £ 4.14, 65.17 £ 2.72, 50.67 +2.70 and 44.40 = 1.36 within
(Hf/Exe, Lf/Exe, Lf/Sed, Hf/Sed) respectively.
Intervention of exercise (p < 0.001) and diet (p = 0.033) independent
of each other were significantly effective on sperm motility in this
group. Means of sperm motility were 58.00 + 2.21, 64.60 * 6.26,
62.60 £2.09 and 39.33 + 3.17 within nonobese groups (Hf/Exe,
Lf/Exe, Lf/Sed, Hf/Sed) respectively. In this group, both exercise
(p =0.011) and diet (p=0.001) independently and dependently
(p = 0.035, Figure 3) affect sperm motility. Therefore, both interven-
tions are acting in paralleled and antagonistically. Collectively, two-
way ANOVA shows that both exercise and diet interventions were

obese group

significantly effective on sperm motility within both groups.

In this study, sperm abnormal morphology was assessed by eosin
and nigrosin staining and results show that means of this parame-
ter were 52.30 + 2.26, 55.32 £ 2.52, 46.70 + 2.06 and 55.85 + 4.48

within obese group (Hf/Exe, Lf/Exe, Lf/Sed, Hf/Sed), and also
53.17 £2.90, 50.99 +2.69, 46.65 +1.58 and 50.88 + 2.49 within
nonobese groups (Hf/Exe, Lf/Exe, Lf/Sed, Hf/Sed) respectively.
Two-way ANOVA shows that intervention of exercise and/or diet
on sperm morphology within both groups was not statistically sig-
nificant (p > 0.05).

3.3 | Effect of diet and/or exercise on sperm lipid
peroxidation

In this study, level of sperm lipid peroxidation was assessed by
BODIPY probe. The results of flow cytometry show that mean
percentage of lipid peroxidation were 80.17 + 3.37, 85.67 + 2.52,
58.17 £ 4.61, and 57.40 + 6.68 within obese group (Hf/Exe, Lf/Exe,
Lf/Sed, Hf/Sed) respectively. The intervention of exercise (depend-
ently and independently) significantly leads to high percentage of
lipid peroxidation in this group (p < 0.001).

Mean percentage of sperm lipid peroxidation were 79.50 + 6.81,
86.00+£4.23, 97.20+0.86 and 92.50 +1.48 within nonobese
groups (Hf/Exe, Lf/Exe, Lf/Sed, Hf/Sed) respectively, and unlike
obese group, the intervention of exercise significantly leads to re-
duced level of lipid peroxidation within nonobese group (p = 0.004).
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FIGURE 3 Comparison of the effect of exercise and diet on sperm motility within obese and nonobese groups. Analysis of data by
two-way ANOVA shows that intervention of exercise (p = 0.00) and diet (p = 0.033) alone was significantly effective on sperm motility
within obese group, while intervention of exercise (p = 0.011) and diet (p = 0.001) alone, and also combined intervention of exercise and
diet (p = 0.035) were significantly effective on sperm motility in nonobese groups

Collectively, two-way ANOVA and reciprocal position exercise and
sedentary show that only intervention of physical activity (exercise
vs. sedentary) had a contradictory effect on lipid peroxidation be-
tween obese vs. nonobese groups (Figure 4).

3.4 | Effect of diet and/or exercise on sperm
protamine deficiency

In this study, protamine deficiency in spermatozoa was assessed
by CMAZ staining, and results show that means of protamine-defi-
cient spermatozoa were 12.79 + 1.68 (Hf/Exe), 12.77 + 1.22 (Lf/Exe),
27.37 + 3.28 (Lf/Sed) and 29.83 + 2.95 (Hf/Sed) within obese groups.
Analysis of data shows that exercise intervention alone was signifi-
cantly (p < 0.001) effective on reduction of percentage protamine-
deficient spermatozoa within obese groups. When this parameter was
assessed within nonobese groups, 7.65 + 1.30 (Hf/Exe), 9.69 + 1.34
(Lf/Exe), 8.49 + 1.34 (Lf/Sed), and 9.65 + 1.50 (Hf/Sed), none of the
interventions were not efficient in reduction of protamine deficiency,
as values of this parameter were low in these groups. Collectively,
these data show that exercise intervention alone can improve per-

centage of protamine deficiency within obese groups (Figure 5).

3.5 | Effect of diet and/or exercise on sperm
DNA damage

In this study, DNA damage in spermatozoa was assessed by acridine
orange staining, and results show that mean percentage of DNA-
damaged spermatozoa were 11.81 + 0.99 (Hf/Exe), 17.31 £ 2.48 (Lf/
Exe), 16.81 + 4.14 (Lf/Sed) and 18.72 + 2.83 (Hf/Sed) within obese
groups. Intervention of diet and exercise on mean percentage of
sperm DNA damage was not significant within obese group.

Mean percentage of DNA damage within nonobese groups were
11.25+ 1.61 (Hf/Exe), 15.22 + 1.65 (Lf/Exe), 3.02 + 0.60 (Lf/Sed)
and 6.96 + 0.38 (Hf/Sed). In this group, exercise alone (p < 0.001),
and along with diet (p = 0.006) had an adverse effect on mean per-

centage of sperm DNA damage (Figure 6).

4 | DISCUSSION
In this study, we assessed the effect of aerobic exercise, low-fat and
high-fat diet on the testis tissue and sperm parameters in obese and

nonobese mice model. The results of the current study showed that
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FIGURE 4 Comparison of the effect of exercise and diet on sperm lipid peroxidation within obese and nonobese groups. Analysis of
data by two-way ANOVA shows that unlike nonobese group (p = 0.004), in obese group (p < 0.001) exercise with or without diet interval
significantly leads to high percentage of lipid peroxidation in spermatozoa

diet and/or exercise interventions did not significantly alter body
weight and testicular morphometric characteristics in both obese
and nonobese groups. Only, diet was significantly effective on gain-
ing body weight within nonobese groups, as previously they were on
a low-fat diet. Our result is in of keeping with previous studies that
have demonstrated obesity condition did not have harmful effect
on testicular tissue and seminiferous tubules according to Johnson's
score (Edmonds, Dallie, & Withyachumnarnkul, 1982; Vigueras-
Villasefor et al., 2011) but it has been shown that intake of high-
fat diet for 120 days in rabbit could increase testicular fatty acids,
cholesterol content, and change the composition and structure of
sperm membrane (Diaz-Fontdevila & Bustos-Obregon, 1993), which
alter the acrosome reaction kinetics. It is important to note previous
studies have observed testicular tissue changes in super-obese rats
(Yang et al., 2016).

Many studies demonstrating the negative impact of overweight
and obesity on sperm parameters but conflicting results can be ob-
served in literature. In this regard, some studies suggest a negative
relationship between BMI and sperm parameters (Eisenberg et al.,
2014; Keltz et al., 2010), while other studies have reported contra-
dictory results (Gaskins et al., 2012; Kazeminasab et al., 2018; Yang
et al., 2016). These contradictions are often contributed to multifac-

tor nature of these phenotypes, which are difficult to account for in

human studies due to the diverse genetic and social and environmen-
tal background. The result of the current study shows that exercise
alone could significantly improve sperm concentration within both
obese and nonobese groups. In relation to sperm motility, in obese
groups, both diet and exercise independently while in nonobese
groups, independently and dependently both interventions signifi-
cantly improved sperm motility. Current data and previous studies
clearly indicate the importance of diet and/or exercise for mainte-
nance of sperm motility and concentration that are considered as the
essential parameters for successful fertilisation and fertility. In this
regard, Rosety et al., (2017) reported that short-term intervention
of aerobic exercise could improve sperm quality in obese sedentary
subjects.

Unlike sperm motility and concentration, intervention of diet
and/or exercise had no effect on sperm morphology in both obese
and nonobese model. In contrary to previous studies that showed
high-fat diet can reduce seminiferous epithelium height, seminifer-
ous tubule diameter and also the percentage of sperm normal mor-
phology (Campos-Silva, Furriel, Costa, Sampaio, & Gregorio, (2015);
Ibanez et al., 2017), we did not observe such changes. The difference
between these studies to a certain extent can be contributed du-
ration of study interventions and type of exercise. Also unlike our
result, Palmer et al. (2012) demonstrated that diet and/or exercise
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FIGURE 5 Comparison of the effect of exercise and diet on sperm protamine deficiency within obese and nonobese groups. Analysis of
data by two-way ANOVA shows that exercise alone was significantly (p < 0.001) effective on reduction of percentage of protamine-deficient
spermatozoa within obese groups, while diet and exercise were not efficient within nonobese groups

can improve the adverse morphology in obese mouse spermatozoa
(Palmer et al., 2012). We concluded that although diet and/or exer-
cise interventions have no effect on testicular morphometric char-
acteristics (Dutra Gongalves et al., 2017; Ghanayem, Bai, Kissling,
Travlos, & Hoffler, 2010) in the obese and nonobese model, these
interventions had effective impacts on sperm concentration and
motility.

Oxidative stress is an important contributor to male infertility.
Due to high level of cell division and mitochondrial oxygen con-
sumption in testis and also relatively high level of unsaturated fatty
acids in this tissue compared to other tissues, this tissue is more
prone to oxidative stress (Asadi, Bahmani, Kheradmand, & Rafieian-
Kopaei, 2017). On the other hand, oxygen pressure is low in sem-
iniferous tube due to the presence of blood-testis barrier. In this
regard, the result of the current study shows that the intervention of
exercise significantly leads to the high percentage of lipid peroxida-
tion within obese groups and DNA fragmentation within nonobese
group. Indeed, muscle contractions during exercise lead to ele-
vated levels of ROS production in skeletal muscle and other tissue
(Powers & Jackson, 2008; Steinbacher & Eckl, 2015) and by-product
of peripheral ROS may prone spermatozoa to higher level of lipid
peroxidation (Zhao, Zhai, Liu, Wu, & Xu, 2014). But, if we consider

exercise as a causative factor in inducing sperm lipid peroxidation,
we could not explain why in nonobese group, in sedentary condi-
tion, the lipid peroxidation is not significantly different compared
to mice that forced to exercise. Whether previous exposure to high
fat level accounts for the difference remains to be clarified. But it
is also important to note the exercise improved sperm count, mo-
tility and protamine content of spermatozoa but did not alter DNA
fragmentation; therefore, the increased level of lipid peroxidation
might not be considered to be pathological. In agreement with our
conclusion, Palmer et al., (2012) demonstrated that intervention
of exercise and/or diet could significantly improve fertilisation,
blastocyst development and pregnancy rates in obese model by
improving sperm motility, morphology, levels of sperm DNA dam-
age and sperm mitochondrial ROS. One explanation for increased
lipid peroxidation in obese mice and increased DNA fragmentation
in nonobese mice with exercise could be due to a reduced oxygen
tension in seminiferous tubule resulting in a state of hypoxia. In hy-
poxic condition, HIF-1a and then TNF-« increased which result in
increased ROS production which upon reperfusion post-exercise
could lead to increase sperm lipid peroxidation, which is within the
normal limits as it does not affect sperm motility and other afore-

mentioned sperm parameters (Ban, Ruthenborg, Cho, & Kim, 2014;
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percentage of sperm DNA damage

Ghandehari-Alavijeh, Zohrabi, Tavalaee, & Nasr-Esfahani, 2019).
Indeed, it has been stated that in severe hypoxia concomitant phos-
phorylation of HIF-1a and P-53 together results in apoptosis, while
in mild hypoxia, only HIF-1a is phosphorylated and results in cellu-
lar survival. Therefore, similar trend or mild hypoxia may take place
during exercise and improved sperm parameters may be accounted
by a similar phenomenon which requires future verification.

It is of note that in varicocele condition, reduced blood flow and
increased haemolysis occurred, both of which result in iron depo-
sition in testicular tissue. The consequence of this phenomenon is
increased lipid peroxidation and DNA damage (Gholirad, Razi, &
Hassani- Bafrani, 2017). It is possible that excessive exercise and
obesity, similar to varicocele condition, lead to reduction in testic-
ular blood flow and increase DNA damage. These possibilities need
further verification.

The results of this study clearly show that both endurance
exercise and diet interventions had no detrimental effect on his-
tological parameters and sperm function within obese and non-
obese groups. One of the advantages of the current study was

the simultaneous assessment of both interventions of diet and/or

exercise on obese and nonobese model; according to the two-way
ANOVA, the exercise intervention was more effective than diet
in improvement of sperm parameters and functional tests within

obese groups.
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