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Introduction

Obesity is defined as the excessive accumulation of fat 
in the body, mainly because of the deterioration in the bal-
ance between energy intake and spending (1). Deteriora-
tion in the balance between energy intake and consump-
tion is based on over-consumption of calorie-rich foods, 
physical inactivity and a sedentary lifestyle (2). Obesity is 
a multisystemic health problem that causes the develop-
ment of many diseases such as diabetes, hypertension, car-
diovascular diseases, including infertility and reproductive 
system pathologies (3, 4). The dramatic increase in the 
probability especially in young adults of reproductive age 
also highlighted the problem of infertility, which is one of 
the major complications of obesity (5, 6). Obesity is one 
of the first reasons when considering the causes of male in-
fertility in the last two decades (7). For these reasons, new 
approaches were developed in recent years to treat obe-
sity-related infertility. Although there are many treatment 
approaches for infertility treatment, studies are showing 

that physical exercise, which is one of them, has positive 
effects, especially in male infertile individuals.  Although 
there are also several other studies arguing against this, 
the conviction that exercise has positive effects, especial-
ly in the treatment of male infertility, is more dominant 
(8, 9). Although the reproductive system has a complex 
physio-pathological mechanism, there are still many un-
known aspects; however, efforts to illuminate dark spots 
are continuing in a fast manner. Also, while trying to illu-
minate the physiological mechanisms of the reproductive 
system in recent years, kisspeptin came to the forefront as 
an important way of revealing the physiological mecha-
nisms of the reproductive system with the discovery of 
the hormone. Kisspeptin is a peptide with key roles in the 
regulation of reproduction by binding to G protein-bound 
receptor GPR54, which is also known as Kiss 1-Receptor 
(10). Kisspeptin was first discovered in 1996, and its ef-
fects on the reproductive system were discovered in 2003 
(11, 12). The main physiological function of Kisspeptin is 
to provide GnRH release from hypothalamic GnRH neu-
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rons. This is how it shows its effect on the reproductive 
system (13, 14).

Considering the current data, obesity-related infertil-
ity is a major health problem. Considering that the main 
reason for obesity is the imbalance between energy intake 
and spending, we believe that exercise, which has had 
positive effects in the treatment of infertility in previous 
studies, may be an effective treatment method in the treat-
ment of obesity-related infertility. For this, we aimed to 
examine the possible change in many parameters of sexual 
behavior, which are almost impossible to measure in hu-
man beings by applying a High Fat Diet (HFD), by ap-
plying treadmill exercise in male rats with obesity. Also, 
to illuminate the physio-pathological mechanism under 
the possible healing role of treadmill exercise on infertil-
ity because of obesity in male rats, to detect the change 
in Gpr54 gene expression, kisspeptin and Kisspeptin re-
ceptor in the brain regions associated with reproduction in 
rats with Real Time Polymerase Chain Reaction (RT-PCR) 
method. As a result of the present study, we aimed to re-
veal the possible healing role of treadmill exercise, and 
the role of kisspeptin in obesity-induced sexual behavior 
impairments.

Materials and Methods

Animals and Experimental Design
Prepubertal Sprague-Dawley male rats, aged 21 days 

and weighing 40±2 g, were obtained from the University 
of Firat Experimental Research Unit (Elazig, Turkey). The 
experimental protocols were approved by Firat University 
Ethical Committee, and the rats were treated in accordance 
with the national and international laws and policies on 
the care and use of laboratory animals. The animals were 
weaned at day 21 postpartum and were housed under a 
reversed light/darkness schedule (12 h light: 12 h dark-
ness from 0700 h), at constant temperature (21±1oC) and 
humidity (55±5%) with free access to pelleted food and 
tap water.

After the rats were separated from their mothers at 
the age of 3 weeks, they were randomly divided into two 
groups with different diets: (i) normal rat laboratory chow, 
ND (total 2.65 kcal g− 1 carbohydrate 67.3 %, fat 4.33 % 
and protein 24.17 %; Korkutelim Yem Gıda San. Tic. AŞ., 
Korkuteli, Antalya, Turkey); (ii) obesity-inducing high-fat 
diet, HFD (total 5.24 kcal g− 1— carbohydrate 26%, fat 
35% and protein 26%; diet #D12492, Research Diet, New 
Brunswick, NJ, USA).

The rats were kept undisturbed until they reached 16 
weeks of age, and only the HFD rats that were obese (ac-
cording to the Lee Index) after 16 weeks of feeding were 
selected. Because  obesity generally starts in childhood 
and continues into adulthood, rats in the prepubertal pe-
riod were included in our study. The HFD model reliably 
produced obesity in rats, as indicated by Lee index (15), 
which we used to determine obesity in the rats. The Lee 
index for assessing obesity in rats is similar to BMI in 
humans. It was defined by Lee in 1929 (16) as the cube 
root of body weight (g) divided by the naso–anal length 
(cm) and multiplied by 1000. Values greater than 310 were 
considered an indicator of obesity (17). Thereafter, each 
group (ND and HFD) was further randomly sub-divided 
into two groups, one control (C) and one exposed to exer-
cise (E). Thus, all the rats were classified into four groups 

which were the control (C): normal diet-sedentary group, 
exercise (E): normal diet-exercise group, obese (O): high-
fat diet-sedentary group, obese + exercise (O+E): high-fat 
diet-exercise grouThese four groups were bred for nine-
teen weeks. The sample size for all the experiments was of 
n = 10 for each grouThe body weights (individual rats) of 
all animals were measured weekly over the course of the 
experiment. The sexual behavior test was performed on 
the 20th day after starting the exercise.

Exercise Protocol
After obesity was induced by a 16-week high-fat diet, 

treadmill exercise was performed for 6 weeks. Rats in ex-
ercise groups were subjected to moderate-intensity exer-
cise on a motor-driven treadmill (May TME 0805 Tread-
mill Exerciser) continuously for a period of 6 weeks be-
tween 09.00 am and 10.00 am. The E rats exposed to ND 
and HFD ran at a speed of 15 m/min and 25 m/min at the 
beginning and end, respectively. The speed was periodi-
cally increased throughout the experiment. The duration 
of exercise was also periodically increased from 15 min at 
the beginning to 50 min at the end of the experiment. We 
preferred to increase the speed and duration of the exercise 
periodically in order that the exercise that continues at the 
same level will cause habitation. In order to encourage the 
rats to run continuously, the metal bar grid at the beginning 
of the running lanes constantly delivered a mild foot shock 
(intensity=0.5 mA).

Sexual Behavior Test (SBT)
All sexual behavioral tests were performed during the 

dark phase between 13:00 h and 16.00 h in a room with a 
night vision camera system. Each rat was placed in a rect-
angular observation cage (40x50x65) made from Plexi-
glas. The rat was allowed to habituate for 15 min and then 
a receptive female was placed in the arena. Each test lasted 
30 min. Rats that did not ejaculate within 30 min were ex-
cluded from the analysis. Video tape-recordings were later 
replayed and analyzed in slow motion. The following pa-
rameters for the first two ejaculation series were measured: 
(ML) mount latency (time between the introduction of the 
female into the cage and the first mount); (IL) intromis-
sion latency (time between the introduction of the female 
into the cage and the first intromission); (EL) ejaculation 
latency (time between the first intromission and ejacula-
tion); (EF) ejaculation frequency (number of ejaculations 
in each copulatory series); (PEI) post-ejaculatory interval 
(interval between each ejaculation and the next copulatory 
act); (MF) mount frequency (number of mounts prior to 
the first ejaculation); (IF) intromission frequency (number 
of intromissions prior to the first ejaculation); (III) interval 
between intromissions in first mating series; (MFT) total 
mount frequency for the 30-minute test; (IFT) total intro-
mission frequency for the 30-minute test; IR1 (IF1 / IF1 + 
MF1); (IRT) copulatory efficiency (intromission frequen-
cy/intromission + mount frequency).

Gene Expression Analysis by Real-Time-Polymerase 
Chain Reaction (RT-PCR) 

At the end of the experiment, the brains of decapitated 
animals were quickly removed. The brain parts such as the 
hypothalamus, hippocampus, corpus striatum and prefron-
tal cortex areas were isolated and frozen in liquid nitrogen. 
Brain sections were stored at -80°C until analyzed. Gene 
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groups. The obese rats exposed to exercise had higher 
mount frequency than the E group while they had higher 
IF than all the groups. The duration of the intervals be-
tween intromissions (III) in the C, E and O+E groups was 
lower than the O (p<0.01) grouIFT; for the 30-min test 
were higher in the O+E group than the C (p<0.01) and the 
E and O groups (p<0.01).

Gene Expression Analysis by RT-PCR Method
The effects of high fat diet and exercise on gene expres-

sion in different brain regions are shown in Figure 1  as 
fold increase. In the gene expression analysis, kiss 1 and 
kiss 1R (kisspeptin and kisspeptin receptor), levels were 
reduced in all brain regions in O group compared to con-

expression analysis of neuropeptides and neurotransmit-
ters and their receptors related to obesity, exercise and 
behavioral changes in the brain regions was performed us-
ing the Real Time Polymerase Chain Reaction (RT-PCR) 
method. The 2-ΔΔCT method was used to calculate differenc-
es between gene expressions. Gene expression levels were 
determined using the Applied Biosystems 7500 Real Time 
PCR system (Applied Biosystem, Foster City, CA, USA). 
GAPDH was used as a control gene (housekeeping) in the 
study. The heat conditions were set to 1 time at 95°C for 
15 min and 40 times at 95°C for 15 s, at 60°C for 30 s, and 
at 72°C for 30 s. The genes analyzed are shown in Table 1.

Statistical Analyses
Values were expressed as mean±S.E.M. One-way anal-

ysis of variance (ANOVA) and Post-Hoc Tukey test were 
used to assess the data and differences between groups. 
For all analyses, p<0.05 was considered statistically sig-
nificant.

Results

Effects of exercise and obesity on the sexual behavior 
test (SBT). 

As seen in Table 2, obesity decreased ejaculation fre-
quency (EF) (0.1±0.1) significantly compared to all other 
groups (p<0.001). The average numbers of ejaculation 
were statistically similar in the C, E and O+E groups, be-
ing 2.0±0.0, 2.4±0.17 and 1.5±0.4, respectively. The aver-
age values of ML and IL significantly were higher in the 
O group compared to all other groups. ML and IL did not 
show significant differences between the C, E and O+E 

Figure 1. Demonstration of Gene Expression by RT-PCR as a fold 
increase in brain regions.

Symbol  Genes
Kiss1 Kisspeptin                                  

Kiss1R Gpr54, Kisspeptin receptor

Table 1.  List of genes analyzed by RT-PCR method.

Parameter Control Exercise Obese Obese+Exercise
EF (#)    2±0a* 2.4±0.17 a* 0.1±0.1 1.5±0.4 a*

ML (s)  38.4±10.1 a** 59.8±13.6 a** 483±166.3 65.1±43.1 a**

IL (s)   43.8±11.7 a** 31.3±7.7 a** 257±89.1 39.5±18.06 a**

MF (#)   8.5±1.01 6.6±1.9 b* 8.8±2.6 15.2±2.6
IF (#)  13.5±1.1b* 9.5±1.7b* 11.3±4.1b* 28.3±6.3
III (s) 23.1±0.9 a** 25.2±2.2 a** 78.9±22.6 18.8±4.9 a**

EL (s) 619±51.6 a** 456±67.3 a** 1460 845.7±172.6 a**

PEI (s) 416.1±23 a** 402.8±18.9 a** 0 258.6±66.5 a**, c*

IR1 0.61±0.02 a* 0.61±0.04 0.39±0.1 0.62±0.04 a*

MFT (#) 15.1±1.7 16.3±3.9 8.87±2.6 24.1±3.6 a*

IFT (#) 23.3±1.2 b* 19±1.9 b* 11.3±4.1b* 41.9±5.8
IRT 0.61±0.02 a* 0.56±0.03 0.39±0.1 0.63±0.04 a*

Table 2. Sexual Behavior Test Results.

Data are presented as mean ± S.E.M. ML = Mount latency. IL = intromission latency. MF = mount frequency. IF = intromission 
frequency. III = interval between intromissions in first mating series. EL = ejaculation latency. PEI = post ejaculatory interval. 
EF = ejaculation frequency. MFT = total mount frequency for the 30 minute test. IFT = total intromission frequency for the 30 
minute test. IR1: IF1 / IF1 + MF1. IRT: IFT / (IFT + MFT).
a Compared with obese grou
b Compared with obese+exercise group.
c Compared with control group (* p<0,05. ** p<0,001).
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trol and O+E grou.

Discussion

There are many studies conducted on the effects of obe-
sity and exercise on reproductive performance in humans 
and animals.  However, so far, there are no studies on the 
effects of exercise on obesity-related sexual behavior dis-
order induced by HFD in rats. For this reason, our study is 
one of the first studies in this field in this sense.  

According to the results obtained in this study, tread-
mill exercise improves sexual behavior disorder in male 
rats with obesity-induced with HFD. Also, the increase of 
kisspeptin and Gpr54 expression in the brain regions asso-
ciated with reproduction in male rats that did exercise sug-
gests that kisspeptin and treadmill exercise plays roles in 
the healing of sexual behavior disorder in obese male rats.

Approximately 15% of couples are infertile world-
wide. Male infertility is the cause of primary infertility 
in approximately 20% of couples, and 30-40% of them 
is among the reasons that contribute (18, 19). When the 
causes of male infertility are considered in the last two 
decades, it is seen that obesity is one of the most impor-
tant causes (20, 21). For this reason, efforts are spent de-
velop new treatment approaches in obesity-related infertil-
ity, like in other pathologies related to obesity. When the 
major causes of obesity were examined, there are dete-
rioration of the balance between energy intake and con-
sumption, over-consumption of calorie-rich foods, physi-
cal inactivity and sedentary life (2). For this reason, it is 
possible that exercise may be a treatment option to treat 
infertility because of obesity. Studies that investigated the 
effect of exercise on obesity-related infertility are limited 
so far (22). In one previous study, after healthy eating in 
43 men with unexplained infertility and weight loss with 
daily exercise for 14 weeks, it was found that weight loss 
was associated with increases in total sperm counts (193 
million; 95% CI 45 to 341) and morphology (4%; 95% CI 
1 to 7%) (23). Also, a recent prospective study (n = 23) 
evaluated the effects of excessive weight loss on sperm 
quality in six months following bariatric surgery (24). Al-
though it was not significant in sperm counts and mobility, 
a positive trend was found with a significant increase in 
semen volume (difference: +0.6 mL, p = 0.04) and vitality 
(difference: +10%, p = 0.03). These and similar studies 
did not evaluate the effectiveness of exercise in obesity-
related infertility and sexual behavior disorders beyond 
examining the change in sperm morphology, which is the 
only parameter that can only be measured in this respect.

The limited data obtained here are not sufficient, and 
precise data and need further examination. It is almost 
impossible to determine the change in sexual behavior 
parameters (EF, ML, IL, MF, IF, III, EL, PEI, IR1, MFT, 
IFT and IRT, etc.) that are the most important measures in 
terms of reproductive performance. Studies are carried out 
in this field only as surveys because of limited reliability 
and correctness. In this sense, our study is the first one that 
examines the change in sexual behaviors because of obe-
sity in male rats and the effectiveness of exercise on this 
change. When our findings were examined, it was found 
that EF, MF, IF, PEI, IR1, MFT, IFT, IRT (Table 2), which 
show positive sexual performance (25), were lower at 
statistically significant levels in obese male rats (p<0.05) 
when compared to the control group, and ML, IL, III, EL 

(Table 2), which show negative sexual behavior (25), were 
higher in obese animals statistically (p<0.05). However, 
obese male rats that did exercises had close values to the 
Control Group, in which the same parameters were found 
to improve when compared to those of the obese. EF, MF, 
IF, PEI, IR1, MFT, IFT, IRT parameters (Table 2), which 
are positive sexual behavior indicators in the group that 
did exercise were lower (p<0.05) when compared to the 
controls, and ML, IL, III, EL (Table 2) values were higher 
(p<0.05) when compared to controls. Although the current 
finding is that exercise improves obesity-related sexual 
behavior disorder in male rats, it can be seen to be quite 
confusing to see that exercise negatively affects sexual be-
havior parameters in normal-weight male rats at the same 
level. However, a similar study showed that involuntary 
exercise negatively affects semen parameters in normal-
weighted males (8). In this respect, it supports the data 
obtained by us. Also, the positive change in the sexual be-
havior parameters, there was a correlated with the increase 
in kisspeptin levels.

The expression of Kisspeptin and its receptor, (Figure 
1) in the hippocampus, prefrontal cortex, corpus stria-
tum, and hypothalamus, which are brain regions associ-
ated with reproduction and behavior, were found to be low 
(p<0.05) in obese rats compared to controls, high and close 
to controls (p<0.05) in the obese + exercise group; and in 
contrast, it was low (p<0.05) compared to controls in the 
group who did exercises only. It was seen that the EF, MF, 
IF, PEI, IR1, MFT, IFT, IRT, which are positive sexual be-
havior parameters, values (Table 2) and ML, IL, III, EL, 
negative sexual behavior parameters, (Table 2), were di-
rectly proportional to the changes between the groups. In 
light of these findings, it is concluded that the increase in 
kisspeptin in brain regions may be associated with positive 
sexual behavior. In other words, we are of the opinion that 
treadmill exercises caused increases in kisspeptin levels 
and also plays role in the healing effect of sexual behav-
ior disorder in obese rats. In our study, it was found that 
exercise negatively affects sexual behavior parameters, 
decreasing kisspeptin and kisspeptin 1R expression in the 
associated brain regions, which supports our findings that 
support with Arisha and collaborates (26), a study which 
found that forced swimming in normal weight male rats 
reduced hypothalamic kisspeptin and kiss1R expression, 
lowering sex steroids in these rats. It also reported that 
forced exercise reduced kisspeptin and kisspeptin 1R ex-
pression in normal-weight male rats, which resulted in a 
decrease in sex steroid levels. The findings of this study 
support our findings.

In a conclusion, based on the findings obtained in our 
study, treadmill exercise improves the sexual behavior dis-
order caused by obesity in obese male rats. In the light of 
our findings, we believe that Treadmil exercise provides 
the ameliorating effect of obesity-related sexual behavior 
disorder by increasing the expression of kisspeptin and 
kiss1R in the reproductive brain regions of the hypothala-
mus, hippocampus, prefrontal cortex and corpus striatum. 
We think that increased kisspeptin secretion may increase 
GnRH secretion and cause hypothalamo-pituitary gonadal 
axis activation and ameliorative effect on deteriorated sex-
ual function.
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Abbreviation List
HFD: High fat diet; GPR54: G protein-bound receptor; 
RT-PCR: Real Time Polymerase Chain Reaction
C: Control group; E: Exercise group; O: Obese group; 
O+E: Obese+exercise group; ML: Mount latency
IL: Intromission latency; EL: Ejaculation latency; EF: 
Ejaculation frequency; PEI: Post-ejaculatory interval; 
MF: Mount frequency; IF: Intromission frequency; MFT: 
Total mount frequency; IFT: Total intromission frequen-
cy; GADPH: Gliseraldehid 3-Fosfat Dehidrogenaz; Kiss 
1: Kisspeptin; Kiss 1R: Kisspeptin receptor.
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