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Abstract 
Background: We aimed to investigate the effect of low-intensity endurance training (LIET) and high-intensity inter-
val training (HIIT) on sperm parameters, chromatin status, and oxidative stress in a rat model of non-alcoholic fatty 
liver disease (NAFLD).

Materials and Methods: For this experimental study, we divided 40 male Wistar rats into four groups (control, sham, 
HIIT and LIET) according to diet treatment and exercise training protocol. Liver triglycerides, sperm parameters, 
sperm lipid peroxidation (BODIPY C11 probe) and chromatin status [chromomycin A3 (CMA3)], and acridine orange 
[AO] staining) were assessed in these groups at the end of the study.   

Results: The mean liver triglyceride values significantly improved in both the LIET and HIIT groups compared to 
the control and sham groups. The mean of testicular volume, sperm concentration, motility, intensity of sperm lipid 
peroxidation and DNA damage were similar within groups. While, the mean percentage of sperm lipid peroxidation 
and protamine deficiency were significantly higher in the LIET and HIIT groups compared to the control group.

Conclusion: Both LIET and HIIT in the rat NAFLD model had no adverse effects on testicular morphometric param-
eters, sperm concentration, motility, and DNA integrity. However, the mean sperm lipid peroxidation and protamine 
deficiency were significantly higher in both exercise groups. Our study suggests that exercise or antioxidant supple-
mentation could minimise the adverse effects of oxidant by-products of exercise.
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Introduction

Overweight and obesity are medical conditions defined 
as excessive amounts of fat in the body. Both have led to 
increases in health-related issues in developed countries. 
Obesity increases the risk for diabetes, high blood pres-
sure, heart disease, fatty liver and certain cancers. The 
results of numerous studies have shown a multifaceted 
relationship between obesity and low sperm quality and 
male infertility (1). In addition, obesity could lead to an 
increased time to pregnancy, reduced pregnancy rate, 
and loss of pregnancy in couples who undergo assisted 
reproductive technology (2). More importantly, Li et al. 
(3) demonstrated offspring of obese fathers were more 
likely to be at an increased risk for obesity. Therefore, 
weight reduction could possibly improve the health of 

the next generation. It has been reported that obesity is 
one of the most important reasons for liver steatosis, an 
accumulation of fat in the liver (4). Imbalances and dis-
turbances in any of the metabolic pathways can affect 
liver function and ultimately lead to non-alcoholic fatty 
liver disease (NAFLD). Different degrees of NAFLD are 
attributed to impairments of lipid synthesis mechanisms 
and oxidation pathways. Cell damage, oxidation of fatty 
acids in mitochondria, and prevention of triglyceride 
outflow all contribute to steatosis in NAFLD (5). The 
combination of diet and physical activity are the most 
effective NAFLD treatment strategies (6). Lifestyle 
changes can lead to reductions in abdominal fat, blood 
lipid levels and intracellular liver contents, which direct-
ly reduce glucose production in the liver and improve 
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insulin sensitivity (7). Exercise is a key component of 
weight management and may also play an important role 
in preventing infertility.

Studies have shown that the combination of an ap-
propriate diet and exercise in obese mice improved the 
basic parameters of sperm that included motility, mor-
phology, DNA fragmentation and mitochondrial reac-
tive oxygen species (ROS) (8). Moderate exercise can 
be beneficial for fertility, but there is also evidence that 
intensive physical activity, such as professional biking, 
can have a damaging effect on fertility (9). Exercise in-
tensity may have a destructive effect on hormonal and 
seminal fluid content, and may lead to oxidative con-
ditions (10). Sports protocols, depending on the exer-
cise method or intensity of physical activity, may have a 
positive or negative effect on semen quality. Data show 
that exercise and regular physical activity improve se-
men quality parameters and sperm DNA quality in both 
fertile and infertile populations. This effect may be due 
to the anti-inflammatory and antioxidant effects of exer-
cise (11, 12).

Evidence suggests that resistance exercise is associ-
ated with oxidative stress. During rest, the human body 
continuously produces ROS; however, in healthy people, 
ROS is produced at levels that are within the capacity of 
the antioxidant system of the body. During resistance ex-
ercise, there is an increase in body oxygen consumption 
of 10-20 times (13), and the intake of oxygen in active 
skeletal muscle increases 200-100 fold (14). This increase 
in oxygen consumption can lead to overproduction of 
ROS, which exceeds the body's detoxification capacity 
(15). However, in some studies, an association between 
exercise and oxidative stress was not observed (16). Ad-
ditional studies are required to confirm the effectiveness 
of exercise on sperm quality and fertility potential. This 
study, for the first time, aimed to assess the effects of both 
low-intensity endurance training (LIET) and high-inten-
sity interval training (HIIT) on testicular morphometric, 
sperm parameters, oxidative stress and chromatin integ-
rity in a rat model of NAFLD.

Materials and Methods

Ethical consideration
The Sport Science Research Institute of Iran (Trace 

Code 48010) approved this study. The research was car-
ried out at Royan Institute (Isfahan, Iran). All the experi-
ments were conducted in accordance with guidance from 
the Ethical Committee for Research on Laboratory Ani-
mals (Code: IR.SSRI.REC.1397.331). 

Animals
For this study, 40 male Wistar rats (5 weeks old) were 

used. The rats were housed in a room with five rats per cage, 
and allowed to acclimatise to a controlled 12-hour light/12-
hour dark schedule and room temperature of 20-23°C. Food 
and water were provided ad libitum. After one week in this 
environment, we randomly divided the rats into four groups 
according to their diet treatment for 16 weeks and exercise 
training protocol for 8 weeks [HIIT and LIET, Fig.1, Table 1 
(17-19)]. The rats had a mean weight of 156.4 ± 21.7 grams 
(150-200 grams) at the beginning of the study. The sham 
group had a diet comprised of 20 fat, 70% carbohydrates, 
and 10% protein, whereas the diets for the control, HIIT, 
and LIET groups were similar and consisted of 60 fat, 20% 
carbohydrates, and 20% protein. The control group did not 
undergo any training, whereas the HIIT and LIET groups un-
derwent their respective training protocols. 

Testicular evaluation and epididymal sperm extraction
We assessed testicular weight (g) and volume (ml) in 

the left and right testes of the rats. The epididymides were 
dissected from the testes, and the testes were washed and 
fixed in Bouin fixative to evaluate the seminiferous tube 
status of each testis. The blood vessels were removed 
from the epididymides, and we separated the caudal 
epididymides from the other parts of the epididymides, 
minced them, and placed them in a petri dish that con-
tained 3 ml of VitaSperm and 10% foetal serum albumin 
(Inoclon, Iran) for 20 minutes. The released sperm were 
used to assess the study parameters.

Fig. 1: Study design, diet, and time of exercise protocol within the control, sham, HIIT, and LIIT groups. HIIT; High-intensity interval training and LIET; Low-
intensity endurance training.
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Sperm parameters
We assessed sperm motility by placing 10 µl of the 

sperm sample obtained from the cauda epididymides on 
a slide. Motility was observed by using an optical mi-
croscope (CX31 Olympus, Dubai, UAE). For each ani-
mal, at least 200 sperm cells were evaluated from dif-
ferent fields and the mean percentage of motile sperm 
was recorded. Sperm concentrations were evaluated 
using a sperm counting chamber (Sperm meter, Sperm 
Processor Pvt. Ltd., Garkheda, India) and a Labomed 
CxL optical microscope (magnification: ×20). The re-
sults were reported and 106 per ml. For sperm morphol-
ogy, 30 µl of the sperm recovered from the cauda were 
stained with eosine/nigrosine according to a study of 
Afiyani et al. (21). 

Sperm lipid peroxidation and chromatin status
Lipid peroxidation, protamine deficiency, and 

DNA damage in the sperm were assessed with a 
BODIPY C11 probe, and chromomycin A3 [CMA3] 
(22), and acridine orange (AO) staining, respec-
tively, according to Afiyani et al. (21) with minor 
modifications. For assessment of sperm lipid per-
oxidation, we added BODIPY stain to 2×106 washed 
epididymal sperm for a final concentration of 5 mM 
BODIPY/dimethyl sulfoxide (DMSO) in the pres-
ence (positive tube) and absence (test tube) of H2O2 
for 30 minutes in the dark. Then, the samples were 
washed with phosphate-buffered saline (PBS) buffer 
at 500 g for 5 minutes. We calculated the percent-
age and intensity of sperm lipid peroxidation with 
a FACSCalibur flow cytometer (Becton Dickinson, 
San Jose, CA, USA).

For assessment of sperm protamine deficiency, the 
epididymal washed sperm were fixed with Carnoy’s so-
lution (3:1 ratio of methanol: acetic acid, 3:1) for 5 min-
utes at -4 °C. Then, for each sample, we prepared two 
smears and the slides were stained with 100 µl of CMA3 
solution (0.25 mg/ml). After one hour, the slides were 
washed with a PBS solution and air-dried. Then, the 
slides were covered with a coverslip and we counted 200 
spermatozoa on each slide using an Olympus fluores-
cent microscope (BX51, Japan) with the appropriate fil-
ters (460-470 nm). Sperm that had a bright yellow stain 
were considered to be protamine-deficient (CMA3 posi-
tive spermatozoa), while sperm that had a dark yellow 
stain were considered to have normal protamine content 
(CMA3 negative spermatozoa). Finally, we reported the 
percentage of sperm that were protamine deficient for 
each sample. 

Damage to the sperm DNA was assessed as follows. 
Aliquots of 20 µl of cauda-retrieved sperm cells were 
smeared onto the slides and fixed overnight with Car-
noy’s solution at 4°C. Then, the slides were stained us-
ing 150 µl of a freshly prepared AO solution (in 0.1 M 
citric acid, 0.3 M NaH2PO4, pH=2.5) in the dark at room 
temperature. The slides were washed twice with PBS 
and observed with an Olympus fluorescent microscope 
(BX51, Japan) and the appropriate filters (460-470 nm). 
We counted 200 sperm cells on each slide and calculated 
the percentage of DNA damaged cells (cells that had a 
red/orange nucleus).

Statistical analysis
We analysed the data with the Statistical Package for the 

Social Sciences (version 23.0, Chicago, IL, USA). The 

Table 1: Patients’ characteristics in the successful and unsuccessful delivery groups

Week Groups Number of practice 
sessions per week 
(day)

Intensity during 
exercise (max) (%)

Intensity at 
rest (max)

Speed
(m/minutes)

Number 
of exercise 
fields (HIIT)

Total 
time of 
LIET 
(minutes)

Total distance 
travelled in each 
session (work 
and rest) (meters)

1 HIIT 5 75 30 30 2 repetitions ------ 246 
LIET 5 45 ----- 18 ----- 17 246 

2 HIIT 5 80 30 32 4 repetitions ------- 445 
LIET 5 45 ------- 18 ------- 28 445 

3 HIIT 5 85 30 34 6 repetitions ------- 588 
LIET 5 45 ------- 18 ------- 36 588 

4 HIIT 5 90 20 36 8 repetitions ------- 748 
LIET 5 45 ------- 18 ------- 45 748 

5 HIIT 5 90 20 36 8 repetitions ------- 748 
LIET 5 45 ------- 18 ------- 45 748 

6 HIIT 5 90 20 36 8 repetitions ------- 748 
LIET 5 45 ------- 18 ------ 45 748 

7 HIIT 5 90 20 36 8 repetitions ------- 748 
LIET 5 45 ------- 18 ------- 45 748 

8 HIIT 5 90 20 36 8 repetitions ------- 748 
LIET 5 45 ------- 18 ------- 45 748 

LIET; Low-intensity endurance training and HIIT; High-intensity interval training.
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Shapiro-Wilk test was used to assess for normality of the 
distribution. One-way analysis of variance (ANOVA) was 
used to compare the parameters within the study groups. 
Data in the text and figures are presented as mean ± stand-
ard deviation of the mean (SDM). P<0.05 was considered 
to be statistically significant. 

Results
Animal weight, serum alanine transaminase and tri-
glyceride levels

The rats had the following mean weights: 414.8 ± 4.2 g 
(sham), 452.5 ± 8.7 g (control), 388.00 ± 9.37 g (LIET), 
and 405.5 ± 10.09 g (HIIT) at the end of the study. We 
observed a significant reduction in weight in the LIET 
and HIIT groups compared to the control group (P<0.05). 
The control group had a significantly higher mean weight 
compared to the sham group (P=0.01).

This study was a continuation of a study by Bagheri et 
al. (20). In order to confirm the presence of fatty liver 
disease in the control, HIIT, and LIET groups, we used 
the GOT/ALT kit (Pars Azmun, Iran) and spectropho-
tometry to assess alanine transaminase (ALT) levels after 
16 weeks. The mean ALT levels in the fatty liver groups 
(control, HIIT, and LIET) was significantly higher than 
the standard diet group (sham) (105.1 ± 9.6 vs. 60.7 ± 5.5 
U/L). After confirmation of NAFLD, the HIIT and LIET 
groups began their exercise training protocols. At the end 
of the study, the level of liver triglycerides was assessed 
by the GPO-PAP kit (Pars Azmun, Iran) and spectropho-
tometry. There was a significant reduction in this param-
eter in both the HIIT (184.34 ± 28.69) and LIET (246.22 
± 35.94) groups compared to the control group (328.2 ± 
27.74) (P<0.05).

Macroscopic findings
We evaluated testicular weight (g) and volume (ml) 

the left and right testicles in the study groups. The mean 
testicular weights in the control, sham, LIET, and HIIT 
groups were not significantly different between the right 
(1.45 ± 0.05 g [control], 1.38 ± 0.06 g [sham], 1.28 ± 0.11 

g [LIET] and 1.15 ± 0.19 g [HIIT]) and left (1.43 ± 0.05 g 
[control], 1.41 ± 0.04 g [sham], 1.32 ± 0.12 g [LIET] and 
1.19 ± 0.19 g [HIIT]) testes.  There were no significant 
differences in mean testis volume between the right (1.45 
± 0.05 ml [control], 1.45 ± 0.09 ml [sham], 1.24 ± 0.13 
ml [LIET] and 1.1 ± 0.18 ml [HIIT]) and left (1.46 ± 0.05 
ml [control], 1.41 ± 0.03 ml [sham], 1.3 ± 0.13 ml [LIET] 
and 1.21 ± 0.13 ml [HIIT]) testes. 

Microscopic findings
Sperm parameters

We assessed sperm parameters of concentration, mo-
tility and morphology and compared them between the 
study groups. The mean sperm concentrations were 53.4 
± 3.98 106 /ml (control), 52.11 ± 4.3 106 /ml (sham), 57.1 
± 6.82 106 /ml (LIET) and 54.7 ± 10.7 106 /ml (HIIT). 
There were no significant differences in mean sperm 
concentration between the groups. We also did not ob-
serve any significant differences in terms of percentage 
of sperm motility between the control (24.8 ± 4.58%), 
sham (32.4 ± 7.13%), LIET (35.7 ± 2.7%) and HIIT (35 
± 4.24%) groups. However, the mean percentage of ab-
normal morphology was significantly (P<0.05) lower in 
the control (15.25 ± 1.09%) and LIET (17.37 ± 1.61%) 
groups compared to the sham (24.74 ± 0.78%) and HIIT 
(25.1 ± 2.21%) groups. The mean percentage of abnormal 
morphology was significantly lower (P<0.05) in the LIET 
group compared to the HIIT group (Table 2).

Sperm lipid peroxidation 
Sperm lipid peroxidation was assessed by the BODIPY 

C11 probe and compared between the study groups 
(Fig.2). The mean percentages of sperm lipid peroxida-
tion were significantly higher (P<0.05) in the LIET (34.2 
± 4.17%) and HIIT (33.11 ± 5.7%) groups compared to 
the sham (17.45 ± 1.72%) and control (17.6 ± 2.06%) 
groups, whereas the mean intensity of sperm lipid peroxi-
dation did not significantly differ (P>0.05) between the 
sham (15.35 ± 0.3), control (19.83 ± 1.22), LIET (17.46 ± 
1.05) and HIIT (22.23 ± 3.83) groups.  

Table 2: Comparison of body weight and sperm parameters within the study groups

Parameters
Groups

Sham Control LIET HIIT

Body weight (g) 414.8 ± 4.2 452.5 ± 8.7 388.00 ± 9.37a 405.5 ± 10.09a

Sperm concentration (106×ml) 52.11 ± 4.3 53.4 ± 3.98 57.1 ± 6.82 54.7 ± 10.7

Sperm motility (%) 32.4 ± 7.13 24.8 ± 4.58 35.7 ± 2.7 35 ± 4.24

Sperm abnormal morphology (%) 24.74 ± 0.78 15.25 ± 1.09c 17.37 ± 1.61bc 25.1 ± 2.21

Data are presented as mean ± SD. a; Statistically significant difference between LIET and HIIT groups compared with the control and sham groups at P<0.05, b; Statistically significant 
difference between the LIET group with the HIIT (P=0.04) and sham (P=0.03) groups at P<0.05, c; Statistically significant difference between the LIET and control groups with the sham and 
HIIT groups at P<0.05, HIIT; High-intensity interval training, and LIET; Low-intensity endurance training.
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Fig.2: Comparison of the mean percentage of sperm lipid peroxidation (%) 
and intensity of sperm lipid peroxidation (IN) within the control, sham, 
HIIT and LIET groups. Common letters indicate significant differences be-
tween groups at P<0.05. HIIT; High-intensity interval training and LIET; 
Low-intensity endurance training.

Sperm chromatin status 
Sperm DNA damage and protamine deficiency were 

assessed by AO and CMA3 staining, respectively, and 
compared between the study groups (Fig.3). We did not 
observe any significant differences in terms of percentage 
of sperm DNA damage between the sham (9.83 ± 1.07), 
control (12.5 ± 1.74), LIET (10.81 ± 1.6) and HIIT (10.75 
± 1.59) groups. However, the mean protamine deficiency 
in sperm was significantly higher in the sham (67.98 ± 
2.7), LIET (62.04 ± 3.86) and HIIT (51.05 ± 5.48) groups 
compared to the control (31.44 ± 2.76) group. We also 
observed a significant difference between the sham and 
HIIT groups (P<0.05). 

Fig.3: Comparison of the mean percentages of sperm DNA damage and 
protamine deficiency within the control, sham, HIIT and LIET groups. Com-
mon letters indicate significant differences between groups at P<0.05. 
HIIT; High-intensity interval training and LIET; Low-intensity endurance 
training.

Discussion

Globalisation and changes in diet pattern have resulted 
in an increase in obesity, which appears to be a pandemic 
phenomenon. The impact of obesity on male reproductive 
function has been reported; in most cases, obesity 
could lead to reductions in the quality and quantity of 
sperm in men, oligozoospermia and azoospermia, and, 
subsequently, male infertility (23). Diet and/or exercise 
are introduced as an effective method for reducing 
obesity in humans and possibly improving semen quality 
parameters. Therefore, in this study we aimed to access the 
effects of LIET and HIIT exercise on sperm parameters 
and function in a male rat model of NAFLD.

The results of the current study showed that both LIET 

and HIIT exercise did not have any effect on the testicular 
weight and volume testicles in this NAFLD rat model. This 
result supported the findings of Edmonds et al. (24), who 
did not report any differences in the weights of the testicles 
of Zucker rats, which are a genetic model of obesity, 
compared to thin rats. Therefore, we concluded that diet-
induced obesity in mice was not associated with a change 
in the average weight of the testicle. Interestingly, Joseph 
et al. (25) reported a 30% reduction in testicular weight 
in old (24-month-old) rats compared to young (6-month-
old) rats, and treadmill exercise training significantly 
increased testicular weight in both young and old rats. 
Unlike the current study, Dominguez et al. (26) argued 
that endurance exercise training decreased testicular 
weight due to a reduction in relative oxygen pressure, and 
led to limited oxygen transport from the microvascular to 
testicle mitochondria and affected testicular function.

In the present study, both HIIT and LIET exercise 
had no effect on the main sperm parameters, including 
concentration and sperm motility, which differed from the 
results of other studies that suggested beneficial effects 
of exercise on gonadal fat, oxidative stress, adiposity 
index, sperm quality and fertility (27). In line with the 
latter study, Palmer et al. (28) demonstrated that both 
diet and exercise could improve sperm function in obese 
mice that were fed a high-fat diet. In addition, Yi et al. 
(29) reported that unlike both long-term moderate and 
high-volume exercises, only moderate-volume exercise 
improved the impacts of obesity on male reproductive 
function. Therefore, it could be concluded from these 
studies that the type and duration of exercise, as well as 
exercise with or without diet, could have different effects 
on sperm quality. In this regard, we previously showed 
that intervention of aerobic exercise and/or diet affected 
sperm concentration and motility in both obese and non-
obese groups. This difference between the two studies 
could be related to the animal model (fatty liver vs. obese 
and non-obese), Type of exercise protocol (endurance and 
interval exercise vs. endurance exercise), adaptation time 
to the created condition (four months vs. three months), 
study animal (rat vs. mouse) and age (30). Based on a 
previous study, exercise by activating adaptive stress 
response pathways can increase cell resistance to stress and 
increase the expression of cytopathic protective proteins 
(e.g., thermal shock proteins), phase 2 enzymes [e.g., 
heme oxygenase-1 (HO-1)], and antioxidant enzymes 
(e.g., superoxide dismutase and HSP-72) content in the 
myocardium and other parts of the body (31). Therefore, 
exercise can partly lead to the activation of compensatory 
or adaptive mechanisms in the body during obesity. 

Unlike sperm concentration and motility, we observed 
a similar mean value for abnormal sperm morphology 
between the control and LIET groups in rats with fatty 
liver, whereas a high percentage of sperm with abnormal 
morphology were observed in the HIIT and sham groups. 
We concluded that high intensity training might have 
an adverse effect on sperm morphology, but did not 
change the integrity of sperm DNA. The mean sperm 
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abnormal morphology was elevated in the control group. 
We first explained that the fatty liver model could affect 
spermatogenesis and increase the production of sperm 
with abnormal morphology. Unlike HIIT, LIET exercise 
could possibly improve the sperm morphology status. 

In this regard, Gomes et al. reported a decrease in 
activity of the enzyme sorbitol dehydrogenase (SDH) 
after HIIT. This enzyme converts sorbitol to fructose. 
Both spermatogonium and sperm use glucose and fructose 
as their main energy sources (32); therefore, we suggest 
that a deficiency in SDH could affect the spermatogenesis 
process following HIIT.

Unlike the means for sperm DNA damage, which 
were similar between the groups in the current study, 
the mean levels for sperm lipid peroxidation were 
significantly higher in both the LIET and HIIT groups 
compared to the control and sham groups. The intensity 
of lipid peroxidation in sperm were similar between the 
groups. This result supported the findings of Tartibian 
and Hajizadeh Maleki (33), who stated that long and 
intense periods of competitive sports like wrestling, 
boxing, judo, taekwondo and karate increase oxidative 
stress, cell damage, and disturb the balance of oxidants/
antioxidants. Nematollahi et al. (30) stated that unlike 
non-obese mice, aerobic exercise and/or diet (high or 
low fat) interventions increased the mean percentage 
of sperm lipid peroxidation in obese mice. According 
to the literature, exercise increases the consumption of 
oxygen in the skeletal muscles and leads to a significant 
increase in the production of oxidants (34). The plasma 
membrane of mammalian spermatozoa is rich in non-
saturated fatty acids and sperm is vulnerable to lipid 
peroxidation by oxidants. Based on the current study 
results, we suggest that the increase in lipid peroxidation 
in sperm from both exercise groups could not have a 
severe pathological effect on sperm parameters and 
DNA damage within the groups. In this regard, several 
studies have shown that exercise significantly decreased 
antioxidant activity such as superoxide dismutase and 
catalase in rat testis (35). Interestingly, Santos et al. 
reported impaired sperm function and oxidative stress 
in rat offspring of mothers fed an obesogenic diet. 
Exercise was effective in improving testicular oxidative 
stress, sperm antioxidant activity, sperm parameters and 
fertility in the rat offspring (27).

In this study, the mean value of sperm protamine 
deficiency was significantly higher in both exercise groups 
(LIET and HIIT) compared to the control group. This 
might account for an increased abnormality in the HIIT 
group and could be related to a high percentage of sperm 
lipid peroxidation in these groups (LIET and HIIT), which 
might hinder the histone/protamine exchange. Notably, 
despite the increased lipid peroxidation and protamine 
deficiency in both groups, there was only an increase 
in abnormal morphology in the HIIT group, and not in 
the LIET group. This was likely related to differences 
in exercise intensity. It is important to note that despite 

increased lipid peroxidation and protamine deficiency in 
both groups, the intensity of damage was not extensive 
enough to damage sperm DNA structiure which is always 
a time gap between oxidation and DNA fragmentation 
(36).

Subtle oxidative stress might not have a profound 
observable effect on semen parameters and chromatin 
integrity, but oxidants may target subtle regions of 
chromosomes. In this regard, a recent study has shown 
that promotors of genes involved in neurodevelopment 
related to behavioural characteristics like autism 
spectrum disorders, schizophrenia and bipolar disorder 
are more prone to oxidation and, thereby, DNA damage, 
which are not observable when assessing whole genomic 
integrity after exposure to oxidants. However, it may 
specifically target explicit regions of the genome (37). 
Thus, researchers believe that ageing and infertility 
increase the risk for Klinefelter syndrome (38). Any 
change in lifestyle that could lead to a subtle oxidative 
stress may have profound consequences on the health of 
the next generation. Therefore, measures should be taken 
when opting for fertility (37, 39). Considering the fact 
that we only observed subtle oxidative adverse effects of 
fatty liver and exercise, fertility care should be considered 
when planning for fertility.  López-Lemus et al. (40) have 
demonstrated that NAFLD is a strongly associated factor 
with the severity of testicular epithelial damage. They 
suggested that weight reduction through diet and exercise 
in individuals with fatty liver disease would have positive 
effects on male fertility. 

Conclusion

The results of this study showed that both LIET and 
HIIT in the rat NAFLD model had no adverse effects on 
testicular morphometric parameters, sperm concentration, 
motility, and DNA integrity. However, the mean sperm 
lipid peroxidation and protamine deficiency were 
significantly higher in both exercise groups. Our study 
suggests that obese individuals with fatty liver who like to 
undergo exercise for weight reduction and overcome their 
fatty liver may postpone their fertility until full testicular 
adaptation is achieved by exercise or they may undergo 
antioxidant supplementation to minimise the adverse 
effects of oxidant by-products of exercise.

Acknowledgements

We would like to express our appreciation to the staff 
members at Royan Institute for their full support. The authors 
of this study declare that they have no conflict of interest. 

Authors’ Contributions

M.H., S.V.A.H.; Assessment of sperm parameters and 
sperm functional tests in all the groups. M.H.B.; Creation 
of fatty liver model in rats and doing exercise. S.M.S., 
D.Z.; Data analysis and interpretion of data. H.N.-E., 
M.T.; Conception, design, collection and/or assembly of 
data, data analysis, interpretation, and manuscript writing. 

Effect of Training on Sperm Quality



Int J Fertil Steril, Vol 15, No 2, April-June 2021147

All authors read and approved the final manuscript.

References
1.	 Durairajanayagam D. Lifestyle causes of male infertility. Arab J 

Urol. 2018; 16(1): 10-20. 
2.	 Keltz J, Zapantis A, Jindal SK, Lieman HJ, Santoro N, Polotsky 

AJ.Overweight men: clinical pregnancy after ART is decreased in IVF 
but not ICSI cycles. J Assist Reprod Genet. 2010; 27(9-10): 539-544.

3.	 Li L, Law C, Lo Conte R, Power C. Intergenerational influences on 
childhood body mass index: the effect of parental body mass index 
trajectories. Am J Clin Nutr. 2009; 89(2): 551-557.

4.	 Bechmann LP, Hannivoort RA, Gerken G, Hotamisligil GS, 
Trauner M, Canbay A. The interaction of hepatic lipid and glucose 
metabolism in liver diseases. J Hepatol. 2012; 56(4): 952-964. 

5.	 Benhamed F, Denechaud Pd, Robichon C, Moldes M, Girard J, 
Lemoine M, et al.The lipogenic transcription factor ChREBP 
dissociates hepatic  steatosis from insulin resistance in mice and 
humans. J Clin Invest. 2012; 122(6): 2176-2194. 

6.	 van der Windt DJ, Sud V, Zhang H, Tsung A, Huang H. the effects 
of physical exercise on fatty liver disease. Gene Expr. 2018; 18(2): 
89-101. 

7.	 Kirk EP, Reeds DN, Finck BN, Mayurranjan MS, Patterson BW, 
Klein S. Dietary fat and carbohydrates differentially alter insulin 
sensitivity during caloric restriction. Gastroenterology. 2009; 
136(5): 1552-1560. 

8.	 MacDonald AA, Herbison GP, Showell M, Farquhar, CM. The 
impact of body mass index on semen parameters and reproductive 
hormones in human males: a systematic review with meta-analysis. 
Hum Reprod Update. 2010; 16(3): 293-311. 

9.	 La Vignera S, Condorelli RA, Vicari E, Calogero AE. Negative 
effect of increased body weight on sperm conventional and 
nonconventional flow cytometric sperm parameters. J Androl. 
2012; 33(1): 53-58.

10.	 Vaamonde D, Da Silva ME, Poblador MS, Lancho JL. Reproductive 
profile of physically active men after exhaustive endurance 
exercise. Int J Sports Med. 2006; 27(9): 680-689.

11.	 Hajizadeh Maleki B, Tartibian B. Moderate aerobic exercise 
training for improving reproductive function in infertile patients: a 
randomized controlled trial. Cytokine. 2017; 92: 55-67.

12.	 Maleki BH, Tartibian B. High-intensity exercise training for improving 
reproductive function in infertile patients: a randomized controlled 
trial. J Obstet Gynaecol Can. 2017; 39(7): 545-558. 

13.	 Halliwell B, Gutteridge JMC. Free radicals in biology and medicine. 3rd 
ed. Oxford: Oxford University Press; 1999; 1-25.

14.	 Alessio HM. Exercise-induced oxidative stress. Med Sci Sports 
Exerc. 1993; 25(2): 218-224.

15.	 Oztasan N, Taysi S, Gumustekin K, Altinkaynak K, Aktas O, Timur H, 
et al. Endurance training attenuates exercise induced oxidative stress 
in erythrocytes in rat. Eur J Appl Physiol. 2004; 91(5-6): 622-627. 

16.	 Poulsen HE, Loft S, Vistisen K. Extreme exercise and oxidative 
DNA modification. J Sports Sci. 1996; 14(4): 343-346. 

17.	 Cho J, Koh Y, Han J, Kim D, Kim T, Kang H. Adiponectin mediates 
the additive effects of combining daily exercise with caloric 
restriction for treatment of non-alcoholic fatty liver. Int J Obes 
(Lond). 2016; 40(11): 1760-1767. 

18.	 Leandro CG, Levada AC, Hirabara SM, Manhães-de-Castro 
R,  De-Castro CB, Curi R, et al. A program of moderate physical 
training for Wistar rats based on maximal oxygen consumption. J 
Strength Cond Res. 2007; 21(3): 751-756. 

19.	 Smith-Ryan AE, Melvin MN, Wingfield HL. High-intensity interval 
training: Modulating interval duration in overweight/obese men. 
Phys Sportsmed. 2015; 43(2): 107-113. 

20.	 Bagheri MH, Azamian Jazi A, Bani Talebi E,  Nasr-Esfahani MH. 
The effects of eight weeks of high intensity interval training on 
expression of PPARγ and liver TG in rats with fatty liver disease. 
Sport Physiology. 2020; 12 (47): 113-132.

21.	 Afiyani AA, Deemeh MR, Tavalaee M, Razi M, Bahadorani M, 
Shokrollahi B, et al. Evaluation of heat-shock protein A2 (HSPA2) 
in male rats before and after varicocele induction. Mol Reprod Dev. 
2014; 81(8): 766-776. 

22.	 Aitken RJ, Wingate JK, De Iuliis GN, McLaughlin EA. Analysis of 

lipid peroxidation in human spermatozoa using BODIPY C11. Mol 
Hum Reprod. 2007; 13(4): 203-211.

23.	 Sermondade N, Faure C, Fezeu L, Shayeb AG, Bonde JP, Jensen 
TK, et al. BMI in relation to sperm count: an updated systematic 
review and collaborative meta-analysis. Hum Reprod Update. 
2013; 19(3): 221-231.

24.	 Edmonds ES, Dallie SK,  Withyachumnarnkul B. Reproductive 
system of the obese male zucker rat. Reproductive capacity, 
artificial insemination and plasma testosterone levels. Biol Reprod. 
1982; 27(4): 891-897. 

25.	 Joseph AM, Nguyen LM, Welter AE, Dominguez JM, Behnke BJ, 
Adhihetty PJ. Mitochondrial adaptations evoked with exercise are 
associated with a reduction in age-induced testicular atrophy in 
Fischer-344 rats. Biogerontology. 2014; 15(5): 517-534. 

26.	 Dominguez JM, Davis RT, McCullough DJ, Stabley JN, Behnke BJ. 
Aging and exercise training reduce testes microvascular PO2 and 
alter vasoconstrictor responsiveness in testicular arterioles. Am J 
Physiol Regul Integr Comp Physiol. 2011; 301(3): R801-R810.

27.	 Santos M, Rodríguez-González GL, Ibáñez C, Vega CC, 
Nathanielsz PW, Zambrano E. Adult exercise effects on oxidative 
stress and reproductive programming in male offspring of obese 
rats. Am J Physiol Regul Integr Comp Physiol. 2015; 308(3): 
R219-R225. 

28.	 Palmer NO, Bakos HW, Owens JA, Setchell BP, Lane M. Diet and 
exercise in an obese mouse fed a high-fat diet improve metabolic 
health and reverse perturbed sperm function. Am J Physiol 
Endocrinol Metab. 2012; 302(7): E768-E780. 

29.	 Yi X, Gao H, Chen D, Tang D, Huang W, Li T, et al. Effects of 
obesity and exercise on testicular leptin signal transduction and 
testosterone biosynthesis in male mice. Am J Physiol Regul Integr 
Comp Physiol. 2017; 312(4): R501-R510. 

30.	 Nematollahi A,  Kazeminasab F, Tavalaee M, Marandi SM, Ghaedi 
K, Nazem MN, et al. Effect of aerobic exercise, low-fat and high-
fat diet on the testis tissue and sperm parameters in obese and 
nonobese mice model. Andrologia. 2019; 51(6): e13273.

31.	 Chigurupati S, Gen Son T, Hyun DH, Lathia JD, Mughal MR, Savell 
J, et al. Lifelong running reduces oxidative stress and degenerative 
changes in the testes of mice.  J Endocrinol. 2008; 199(2): 333-341. 

32.	 Gomes M, Freitas MJ, Fardilha M. Physical activity, exercise, and 
mammalian testis function: emerging preclinical protein biomarker 
and integrative biology insights. OMICS. 2015; 19(9): 499-511. 

33.	 Tartibian B, Hajizadeh Maleki B. Correlation between seminal 
oxidative stress biomarkers and antioxidants with sperm DNA 
damage in elite athletes and recreationally active men. Clin J Sport 
Med. 2012; 22(2): 132-139. 

34.	 Kawamura T, Muraoka I. Exercise-induced oxidative stress and 
the effects of antioxidant intake from a physiological viewpoint. 
Antioxidants (Basel). 2018; 7(9): E119. 

35.	 Aksoy Y, Yapanoğlu T, Aksoy H, Demircan B, Oztaşan N, Canakçi 
E, et al. Effects of endurance training on antioxidant defense 
mechanisms and lipid peroxidation in testis of rats. Arch Androl. 
2006; 52(4): 319-323. 

36.	 Aitken RJ, De Iuliis GN, Finnie JM, Hedges A, McLachlan RI. 
Analysis of the relationships between oxidative stress, DNA 
damage and sperm vitality in a patient population: development of 
diagnostic criteria. Hum Reprod. 2010; 25(10): 2415-2426

37.	 Xavier MJ, Nixon B, Roman SD, Scott RJ, Drevet JR, Aitken RJ. 
Paternal impacts on development: identification of genomic regions 
vulnerable to oxidative DNA damage in human spermatozoa. Hum 
Reprod. 2019; 34(10): 1876-1890. 

38.	 Kovac JR, Addai J, Smith RP, Coward RM, Lamb DJ, Lipshultz LI. 
The effects of advanced paternal age on fertility. Asian J Androl. 
2013; 15(6): 723-728. 

39.	 Rima D, Shiv BK, Bhavna Ch, Shilpa B, Saima Kh. Oxidative stress 
induced damage to paternal genome and impact of meditation and 
Yoga - can it reduce incidence of childhood cancer? Asian Pac J 
Cancer Prev. 2016; 17(9): 4517-4525.

40.	 López-Lemus UA, Garza-Guajardo R, Barboza-Quintana O, 
Rodríguez-Hernandez A, García-Rivera A, Madrigal-Pérez VM, 
et al. Association between nonalcoholic fatty liver disease and 
severe male reproductive organ impairment (germinal epithelial 
loss): study on a mouse model and on human patients. Am J Mens 
Health. 2018; 12(3): 639-648. 

Hosseini et al.




