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Abstract
Purpose Diabetes mellitus type 2 with damaging effects on reproductive hormones and sperm quality parameters can often cause
infertility in men. The aim of this study was to evaluate the effects of endurance, resistance and concurrent training on repro-
ductive hormones, sperm parameter in the diabetic type 2 male rats.
Methods In this experimental study 60Wistar rats (200 ± 50 g) were randomly assigned into 5 groups: control; diabetic; diabetic
endurance training; diabetic resistance training and diabetic concurrent training. For inducing diabetes, after 12 hours of food
starvation nicotinamide (120 mg/kg) and STZ (65 mg/kg) were intraperitoneally injected. Twenty-four hours after the last
training session, left epididymis of the rats was examined for studying sperm parameters and blood serum samples were
examined for evaluating reproductive hormones. Data were analyzed using one-way ANOVA and Turkey’s Post Hoc test.
Results Ten weeks of endurance and concurrent training induced significant decrease in the blood glucose in comparison to the
diabetic group (P < 0.05). In addition, endurance, resistance and concurrent training induced significant increases in serum
testosterone and LH levels in the comparison to the diabetic group (P < 0.005). In addition, sperm parameters revealed significant
improvements in compared to the diabetic group (P = 0.002).
Conclusion Endurance, resistance and combined training might improve sperm parameters, including viability and motility of
sperms through increasing the serum testosterone and LH levels in rat model of diabetes mellitus type 2.
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Introduction

Type 2 diabetes is one of the most common and developing
metabolic disorder [1]. Due to uncontrolled high blood glu-
cose, it can cause pathophysiological consequences [2].
Previous research studies in animal models and diabetic pa-
tient had been shown deficiency to the reproductive system
[3–5]. Type 2 diabetes is a notable cause of cardiovascular,
kidney and nerve diseases [6]. Data from animal studies

strongly suggest that type 2 diabetesmay impairs male fertility
at multiple levels as a result of its impacts on endocrine control
of spermatogenesis, spermatogenesis itself or by damaging
penile erection and ejaculation [7, 8]. Recent studies also have
indicated a significantly higher level of sperm nuclear DNA
fragmentation in diabetic men [5, 9].

Exercise training is believed as important elements of the
treatment strategy in adults with type 2 diabetes. Proper use of
exercise could improve insulin sensitivity and decrease the
need for insulin [10]. In addition, beneficial effects of exercise
training on male reproductive system deficiency have been
reported [11]. Although regular physical activity may hinder
or delay diabetes, most people with type 2 diabetes are not
active [12]. Exercise increases glucose disposal into the
contracting muscles, leading to significant decrease in blood
glucose concentrations [13]. The aim of this study was to
investigate the effectiveness of endurance, resistance and
combined training on reproductive hormones and sperm pa-
rameter of male rats with type 2 diabetes.
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Materials and methods

Experimental animals and protocols

60 eight weeks old Sprague Dawley rats (200-250 g)
were kept at controlled temperature (22 ± 2°c) and
light/dark conditions (12/12 h) with free access to water
and food. Rats were randomly assigned into five groups
(1) control with normal blood glucose (2) diabetic ani-
mal (3) diabetic animal with endurance training (4) di-
abetic animal with resistance training (5) diabetic animal
with combined training. For all groups n = 12. All re-
search and animal care procedures were performed ac-
cording to the Guide for the Care and Use of
Laboratory Animals (8th edition; National Academies
Press; 2011) and approved by the Review Board and
Ethics Committee of Arak University of Medical
Sciences (Agreement number of the ethics committee
for this study is “IR.ARAKMU.REC.1394.329”).

Diabetic induction

Diabetes was induced after 12 h fasting. The rats were injected
with nicotine amid (Sigma, USA) dissolved in normal sa-
line at a dose of 120 mg/kg, and after 15 min streptozocin
(STZ, Sigma, USA) dissolved in 0.1 M citrate buffer at a
dose of 65 mg/kg was given in a single i.p. injection. 72 h
after the injection, blood glucose was evaluated. Animals
with blood glucose higher than 250 mg/dl were considered
as diabetic [14].

Endurance training program

The endurance exercise was performed on a rodent
motor-driven treadmill at a 0° slope. The rats exercised
for 10 weeks and 5 days per week. The exercise train-
ing protocol was divided into 3 stages of familiarization,
overload, and finally preservation and stabilization of
exercise intensity. In the familiarity stage (first week),
the rats walked on treadmill at a speed of 8 m/min for
10-15 min every day. In the overload stage (second to
fourth weeks), the rats initially ran on treadmill at a
speed of 27 m/min for 20 min, and then during 3 weeks
the time of exercise increased (2 min in each session)
gradually until reached 60 min. Finally, in the preserva-
tion and stabilization stage of exercise intensity, the rats
did the endurance exercise for 3 weeks with a speed of
27 m/min for 60 min. In every exercise session, 5 min
was allocated to warming up (16 m/min) and 5 min was
allocated to cooling down (16 m/min and gradual de-
crease of intensity to the least amount) [15].

Resistance training program

The resistance training program consisted of climbing a 1 m
long ladder, set at a 90-degree angle with a weight (resistance)
attached to the animals’ tails. The length of the ladder required
the animals to make 26 dynamic movements per climb. Each
exercise session included 3 sets of 4 repetitions, at 2 min rest
between sets and about 10s rest between repetitions. At the
start of the program, the rats were familiarized how to climb
the ladder for 1 week. Resistance applied to the rats was 30%
of their total weights in the second week. Each week, some
weights were added gradually so that in final week of the
training, the total resistance applied to each animal was
200% of its total weight (Table 1) [16].

Combined training program

The combined training program consisted of the aforemen-
tioned resistance and endurance training programs. Each train-
ing program was performed on alternate days. The whole
program included 5 sessions per week with 2 days of rest in
the middle and end of the week.

24 h after the last exercise session, all of the rats were anaes-
thetized by the injection of chloroform and sacrificed. Blood
samples were collected by cardiac puncture and centrifuged at
3500 rpm for 10 min, and the serum samples were stored at
−70°c for future analysis. Serum hormone levels of testoster-
one, LH, FSHwere assayed using ELISA kits according to their
manufacturer’s instructions. Testosterone (Rat ELISA Kit,
Eastbiopharm, China); LH (Rat ELISA Kit, Eastbiopharm,
China); FSH (Rat ELISA Kit, Eastbiopharm, China).

Sperm count

The excised left testis was weighed and the dissected epidid-
ymis was transferred into 5 cc (DMEM) medium and cut into
small slices, in order to swim out the sperm into the medium.
After 10 min of diffusion in 27°c temperature, 1 ml of the
solution was diluted with 9 ml formaldehyde fixative. The
diluted solution was transferred into each chamber of
Neubauer hemocytometer (Fig. 1a) and sperm heads were
manually counted under a microscope. Sperm count was car-
ried out according toWHO guidelines and data was explained
as the number of sperm per ml [17].

Sperm motility

Measurement of sperm motility was performed according to
WHO protocol. 10 μl of the sperm suspension was located on
a microscope slide and coversliped. A minimum of five mi-
croscope fields were investigated to evaluate sperm motility
on at least 200 sperm for each animal, then the percentage of
sperm motility was computed [17].
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Sperm viability

Eosin-nigrosin staining was used to evaluate sperm viability
according to WHO protocol (Fig. 1). In this protocol, eosin
(1%, Merk, Germany) and nigrosin (10%, Merk, Germany)
were prepared in distilled water. At first, one volume of
sperm suspension was blended with two volume of 1%
eosin, then after 30 s, an equal volume of nigrosin was
added to this prepared mixture. Finally, thin smears were
assembled and observed under a light microscope with a
magnification of 100X and the ratio of the live sperms per-
centage in different groups was computed. In this method,
viable sperms appeared white while nonviable sperms
stained red inclined to violet [17].

Sperm morphology

Before morphologic investigation of the sperm of each group,
smears prepared from sperm suspension stained by the way of
payanicolao (Fig. 1c), and then air dried and were utilized
according to WHO. In each sample, 100 sperms with a mag-
nification of 100X were investigated and existing abnormali-
ties were stated as a percentage [17].

Statistical analysis

A Shapiro-Wilk test was applied to determine the normality of
distribution of measures which were found to be normally
distributed, and then a Leven test indicated that the variances
were homogeneous. A one-way analysis of variance
(ANOVA) was performed to determine the statistical differ-
ences among the groups. Significant differences were identi-
fied using a (Tukey) post hoc test. Data were expressed as
means ±SD and significance was set as p < 0.05.

Findings

Body and testis weight

For each animal, body weight and left testis weight were re-
corded at the end of the period. No significant differences
were found in the mean weight of all groups. But there were
significant differences in the mean left testis weight of rats in
control group compared to those in diabetic control group and
diabetic endurance training group p = 0.046 (Table 2).

Blood glucose

In investigating blood glucose levels of different groups, the
results of the research indicated that there was no significant
difference in fasting blood glucose levels of diabetic control
group and diabetic endurance training group in the beginning
of the period (p = 0.311), but after 10 weeks of endurance
training, the results showed that there was a significant de-
crease in fasting blood glucose of diabetic endurance training
group compared to diabetic control group (p = 0.13) (Fig. 2).

Sperm count

The results showed a highly significant decrease in epididy-
mal sperm number of diabetic control group compared to
healthy control group (p < 0.000). The results also showed
that the average sperm number of diabetic endurance training
group (26 ± 13.2) was higher than that of diabetic control
group (11.75 ± 5.7), but this difference was not statistically
significant. In other words endurance training could not sta-
tistically compensate destructive effect of type 2 diabetes on
the sperm number.

(a)     (b)                   (c)    

Fig. 1 a. Sperms were counted
through hemocytometer; b.
Sperm viability were investigated
through Eosin-Nigrosin staining;
c. Sperm morphology were
investigated through the
papanicolao staining

Table 1 Resistance training in 3
sets of 4 repetitions Load (percent
of body weight)

Week First Second Third Fourth Fifth Sixth Seventh Eighth Ninth Tenth

Load Familiarity 30% 80% 100% 120% 140% 160% 180% 190% 200%
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Sperm viability

The mean percentage of viable sperms in diabetic control
group was significantly lower than healthy control group
(p = 0.000). On the other hand, there was a significant de-
crease in sperm viability in diabetic endurance training group
compared to diabetic control group (p = 0.000). In other
words, endurance training could significantly compensate de-
structive effect of type 2 diabetes on the sperm viability.

Sperm morphology

There was a significant difference in the mean percentage of
morphologic natural sperms between the rats of healthy con-
trol group and diabetic control group (p < 0.000), but the dif-
ference between diabetic control group and diabetic endur-
ance training group was not significant (p = 0.067) indicating
the endurance training was not able to have positive impact in
reducing morphologic effects of type 2 diabetes.

Sperm motility

The mean percentage of sperm motility in diabetic control
group was significantly lower than that in control healthy
group (p = 0.000), while there was a significant increase in

sperm motility in diabetic endurance training group compared
to diabetic control group (p = 0.000). In other words, endur-
ance training was able to significantly compensate destructive
effects of diabetes type 2 on sperm motility (Table 3).

One-way ANOVA and Tukey post-test were used for data
analysis. asignificant difference between control and diabetic
groups (p < 0.05); bsignificant difference between control and
diabetic endurance training group (p < 0.05); csignificant dif-
ference between diabetic group and diabetic endurance train-
ing group (p < 0.05).

Hormonal levels

The results of the study showed that the means of serum tes-
tosterone and LH concentrations decreased significantly in
diabetic control group when compared with healthy control
group (p = 0.006) & (p = 0.000). The data also revealed that
the means of serum testosterone and LH concentrations of
diabetic endurance training group were significantly greater
than those of diabetic control group (p = 0.000) & (p = 0.002).
In the other words, it is thought that endurance training was
able to compensate the destructive effects of diabetes on
sperm parameters through increases in serum levels of testos-
terone and LH (Table 4).

Table 2 Body and left testis
weight (Mean ± SD) Group Body Weight (g) Testis Weight (g)

Pre test Post test

Control 219.4 ± 71 279.4 ± 38 1.58 ± 0.19

Diabetic 223.6 ± 36 250.6 ± 48 1.37 ± 0.25

Diabetic Endurance Exercise 224.3 ± 20 227.4 ± 38 1.26 ± 0.15 *

Diabetic Resistance Exercise 219.2 ± 8 261.7 ± 37 1.40 ± 0.32

Diabetic Combined Exercise 215.2 ± 19 213.9 ± 33 * 1.26 ± 0.23 *

*Significant difference in comparision with control group (p < 0.05); Tukey post-test following the one-way
ANOVA

Fig. 2 Fasting blood glucose of the training groups in the first week of
training period (pre test) and after 10 weeks of the training (post test).
£Significant difference when compared with pre test of control group;

†significant difference when compared with post test of control group;
¥significant difference when compared with post test of diabetic group.
Data reported as Mean ± SD (p < 0.05)

J Diabetes Metab Disord (2019) 18:273–279276



One-way ANOVA and Tukey post-test were used for data
analysis. asignificant difference between control and diabetic
groups (p < 0.05), bsignificant difference between control
group and diabetic endurance training group (p < 0.05).

Discussion

In the present study we examined the effects of 10 weeks of
endurance, resistance and combined training on sperm param-
eters, serum levels of sex hormones in rats model of type 2
diabetes induced by streptozocin-nicotinamid. Our data re-
vealed significant decrease in sperm parameters and serum
level of sex hormones of diabetic rats. While training proto-
cols were able to repair these negative effects.

Previous reports indicating negative consequences of diabet-
ic situation on reproductive hormones in different animal
models of diabetes [18, 19]. In accordance with the previous
studies, our data confirmed decreased level of testosterone, LH
and FSH following streptozotocin-nicotinamide induced dia-
betic conditions [20, 21]. In addition and probably as conse-
quences of this hormonal deficiency, sperm count, their motility
and morphology negatively were affected in diabetic animals.

We investigated the effects of endurance, resistance and
combined training on serum levels of sex hormones in diabetic
rats and our data indicates that endurance, resistance and con-
current training in diabetic animals induced significant in-
creases in serum level of testosterone and LH in the comparison
with the non-trained diabetic animals. This finding is in agree-
ment with those studies which had been shown the increase in
sexual hormones in response to exercise and training [22].

The results also revealed that the serum levels of testoster-
one and LH in diabetic rats decreased significantly, but it was
not significant for FSH levels. The decrease has caused a
significant reduction in all cases of sperm parameters (count,
motility, morphology, and viability) in diabetic group. Also,
10 weeks of endurance exercise caused a significant reduction
in blood glucose of experimental group. This resulted in the
return of testosterone and LH hormones to natural levels and
no significant difference between healthy control group and
experimental group was observed. There was also no differ-
ence between two groups in respect of sperm parameters
(sperm count and sperm morphology). This shows that endur-
ance, resistance and combined training improves these factors
of fertility.

Diabetes causes oxidative stress and free radicals that re-
duce different cells of testis and serum testosterone levels [4].
Further, the increase of oxidative stress damage to sperm
DNA and causes the death of sperm cells, which is responsible
for poor reproductive outcomes in diabetic men, While it has
been clearly shown that regular endurance exercise reduces
the effects of oxidative stress resulted from diabetes [11].
Additionally, Gordon et al. (2008) examined the effects of
exercise therapy on oxidative stress in patients with type 2
diabetes in trained group compared to untrained one, they
found that 24 weeks of endurance exercise (4 sessions per
week and 2 h per session) reduces MDA and oxidative stress
index of lipids, but increases SOD, which is an antioxidant
capacity index [23]. In addition, Botezelli et al. (2011) exam-
ined the effect of concurrent training on the antioxidant status
in rats and found that concurrent training significantly reduced
lipid peroxidation markers (TBARS) and increased serum su-
peroxide dismutase activity (SOD) [24].

Table 3 Data for epididymal
sperm number, motility, viability
and morphology demonstrated in
the experimental groups. (Means
±SD)

Group Sperm Count
(106)

Sperm Viability
(%)

Sperm Motility
(%)

Sperm Morphology
(%)

Control 39.3 ± 13 77.5 ± 4.6 60.8 ± 6.5 95.4 ± 1.3

Diabetic 11.7 ± 5.7 a 29.7 ± 16.2 a 32.5 ± 1.1 a 85.2 ± 7.5 a

Diabetic Endurance
Exercise

26 ± 13.2 41.7 ± 7.2 a 40 ± 6.5 a 88 ± 8.8

Diabetic Resistance
Exercise

31.7 ± 10 b 60.6 ± 8 abc 41.4 ± 4.5 ab 89.1 ± 6.9

Diabetic Combined
Exercise

31 ± 5.7 b 59.2 ± 8.5 abc 34.4 ± 2.6 ab 93.4 ± 2.7

Table 4 Measured level of
luteinizing hormone (LH; mIU/
ml), follicle stimulating hormone
(FSH; mIU/ml), testosterone
(nmol/l), adiponectin (mg/l) and
Insulin (mIU/L) in experimental
groups

Group LH (mIU/ml) FSH (mIU/ml) Testosterone (nmol/L)

Control 5.6 ± 1.6 4.1 ± 1.5 4.5 ± 0.9

Diabetic 3.3 ± 0.4 a 2.7 ± 0.33 3.3 ± 0.2 a

Diabetic Endurance Exercise 6.7 ± 1.9 b 5.8 ± 4.01 b 4.8 ± 0.9 b

Diabetic Resistance Exercise 6.3 ± 1.6 b 4.4 ± 0.75 5.2 ± 1.5 b

Diabetic Combined Exercise 6.3 ± 1.8 b 5 ± 4.27 5 ± 1.8 b
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Therefore, one of the suggested mechanisms in improving
fertility in diabetic people following a regular endurance exercise
is: reducing oxidative stress, increasing antioxidant capacity, and
protecting different types of testicular cells, which are responsible
for spermatogenesis and secreting testosterone [10, 25].

Endurance, resistance and concurrent training can also influ-
ence sexual hormones of testosterone, LH, and FSH indepen-
dently. In a study, Tremblay et al. (2005) found that after endur-
ance training for 40 min and 80min, serum levels of testosterone
increase and serum levels of LH decrease [26]. Also Cadore et al.
(2012) had been reported that resistance training resulted in in-
creased levels of total testosterone and free testosterone [27]. In
contrast, some studies indicate different findings, Hackney et al.
(2008), for example, found that long distance endurance training
causes the reduction of rest testosterone concentrations, while LH
remains unchanged [25]. Whereas it seems that few studies have
been conducted concerning the effects of endurance and resis-
tance exercise on serum levels of sexual hormones and sexual
hormones of testosterone, LH, FSH, and sperm parameters in
diabetic men. Therefore, it is suggested that this research be
conducted on diabetic men and other kinds of exercises, which
decline diabetes effects following changes in serum levels of
sexual hormones, in order to find suitable strategies in improving
fertility in diabetic men.

Conclusion

The results demonstrated that diabetes is associated with dys-
function in sperm parameters in the rat model. These dysfunc-
tions might be due to the high blood glucose and also low levels
of sex hormones. On the other hand, it seems that endurance,
resistance and combined training could be able to improve this
fertility status of diabetic rats through reducing the blood glucose,
increasing the serum concentrations of testosterone and LH, and
also its positive effects on sperm parameters.
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