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ORIGINAL ARTICLE / OZGUN ARASTIRMA

Ameliorating effects of exercise on disrupted epididymal sperm
parameters in high fat diet-induced obese rats

Yiiksek yagl diyetle indiiklenmis obez siganlarin bozulmus epididimal sperm parametreleri

lizerine egzersizin iyilestirici etkisi
Merve ACIKEL ELMAS, Serap ARBAK, Feriha ERCAN

ABSTRACT

Objective: Obesity causes male infertility problems and affects
the sperm quality. Recent studies have shown that exercise has
positive effects on male fertility. The present study aimed to show
the effects of swimming exercise on the epididymal sperm number,
motility and morphology in hight fat diet (HFD)-induced obese
rats.

Materials and Methods: Four experimental groups (n=8 in
each group) were formed. Standard (STD) and STD-+Exercise
(STD+EXC) groups were fed with standard rat diet (6% of calories
as fat); HFD and HFD+Exercise (HFD+EXC) groups were fed
with high fat diet (45% of calories as fat) for 18 weeks. The rats
in STD+EXC and HFD+EXC groups were trained by swimming
sessions (1 h per day for 5 days a week) during the last 6 weeks of
the experiment. The left caudal epididymis was prepared to evaluate
the number, motility and morphology of the spermatozoa. The right
epididymal samples were processed for histological evaluation.

Results: Normospermic parameters were seen in STD and
STD+EXC groups. Sperm number and motility decreased and
spermatozoa with abnormal morphology increased significantly in
HFD group when compared with STD group. A large number of
spermatozoa in the epididymal duct lumen and regular morphology
of the fibromuscular connective tissue were observed in STD
and STD+EXC groups. Most of the epididymal ducts consisted
of decreased amount of spermatozoal accumulation in the HFD
group. Degenerated pseudostratified columnar epithelium with
vacuole formation were additional findings in this group. On the
other hand, swimming exercise had an enhancement effect on
sperm parameters with prominent spermatozoal accumulation in
the ducts of epididymis in HFD induced obese rats.

Conclusion: This study shows that HFD-induced obesity
decreased the number and motility of spermatozoa, increased
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abnormal spermatozoa and caused disrupted epididymal
morphology. We hypothesize that exercise enhanced HFD-induced
spermatogenic and epididymal damages by the regulation of scrotal
heat and possible inhibition of oxidative damage in the epididymis.
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oz

Amag: Obezite erkek infertilite problemlerine neden olur ve sperm
kalitesini etkiler. Egzersizin erkek fertilitesi lizerine olumlu etkileri
oldugu cesitli ¢alismalar ile gosterilmigtir. Bu ¢alismanin amact,
yiiksek yagl diyetle (YYD) indiiklenmis obez sicanlarda yiizme
egzersizinin epididimal sperm sayisi, motilitesi ve epididimis
morfolojisi lizerine etkilerini gostermektir.

Gerecler ve Yontemler: Bu calismada dort deney grubu
(her grupta n=8) olusturuldu. Standart (STD) ve STD+Egzersiz
(STD+EGZ) gruplarindaki sicanlar standart sican diyeti ile
(kalorisinde %6 yag igeren); YYD ve YYD+Egzersiz (YYD+EGZ)
grubundaki si¢anlar da yiiksek yaglh diyet ile (kalorisinde %45 yag
iceren) 18 hafta beslendiler. STD+EGZ ve YYD+EGZ grubundaki
sicanlara deneyin son 6 haftasinda haftada 5 giin, giinde 1 saat ylizme
egzersizi yaptirildi. Deney sonunda sol kaudal epididimis sperm
sayis1, motilitesi ve morfolojisinin incelenmesi igin hazirlandi. Sag
epididimis dokusu da histolojik inceleme i¢in hazirlandi.

Bulgular: STD ve STD+EGZ gruplarinda normospermik
parametreler gozlendi. STD grubu ile kiyaslandiginda YYD
grubunda sperm sayist ve motilitesinin anlamli olarak azaldig:
ve morfolojik anomaliye sahip sperm sayisinin arttigr gézlendi.
STD ve STD+EGZ gruplarinda epididimal kanal spermatozoa
ile doluydu ve fibromuskiiler bag dokusu diizenli morfolojide
gozlendi. YYD grubunda epididimal kanallarin ¢ogu azalmis
sayida spermatozoa kiimesinden olusuyordu. Ayrica, epididimisin
stereosilyali yalanci ¢ok katl silindirik epitelinde yer yer vakuol
olusumlart goézlendi. Egzersizin ise YYD ile indiiklenmis obez
sicanlarda sperm parametrelerini ve epididimis kanalindaki sperm
kiimesini arttirdig1 gozlendi.

Sonug¢: Bu calisma, obezitenin sperm sayisint ve motilitesini
azalttigini, anomalili sperm sayisini arttirdigint ve epididimis
morfolojisini bozdugunu gostermektedir. Egzersizin ise, skrotal
1sty1  dengeleyerek ve epididimisteki olast oksidan hasari
engelleyerek YYD ile indiiklenmis spermatogenik ve epididimal
hasart iyilestirdigi diistiniilmektedir.

Anahtar kelimeler: Yiiksek yagh diyet, Egzersiz, Sperm parametreleri
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Introduction

Obesity is an important health problem that is defined as
having a body mass index (BMI) greater than 30 kg/m?,
causing type 2 diabetes, cardiovascular diseases, endocrine
and respiratory disorders, immunodeficiency, various
types of cancer, psychological problems and infertility in
both sexes [1]. Even only paternally-induced obesity leads
couples to consult assisted reproductive techniques. Recent
studies showed that probable effects of paternal obesity in
the formation of newborns were prone to chronic diseases

such as obesity and diabetes [2,3].

Obesity changes sperm morphology, motility and
function, causing deterioration of testis structure [4]. In
recent years, it has been shown that obesity reduces fertility
and affects embryonic health [3,5]. According to studies in
obese animal models, high fat diet (HFD) had a decreasing
effect on sperm capacitation and sperm binding ability when
compared to control diet [4,6]. Furthermore, feeding with
HFD caused impaired morphology of sperms and decreased
levels of testosterone and sperm motility [2,4,6,7].

The spermatogenesis process is very sensitive to
temperature. The optimal temperature is 34-35 °C in humans
[4,8,9]. Increased testicular temperature leads to a decrease
in sperm motility and an increase in sperm DNA damage
[10,11]. Obesity increases scrotal temperature thus changes
sperm production by increasing gonadal temperature [12].
Epididymal cells produce different proteins, glycoproteins,
glycolipids and phospholipids which are released in the
lumen, necessary for maturation and survival of sperms
[13]. In obese males, a large amount of fat deposited in
the scrotum may be a relevant cause for the formation of
oxidative stress [14] and alters epididymal morphology
and function. This situation can also cause the alteration of
sperm parameters which are stored in the epididymal lumen.

Diet and exercise can prevent or even reverse the
effects of obesity-induced damage on sperm function
[4]. Experimental studies showed that diet and exercise
ameliorated sperm parameters such as motility, morphology,
and sperm DNA damage and increased both fertilization and
development of blastocyst [2,15-17]. The aim of this study
is to investigate the effects of swimming exercise both on
epididymal morphology and epididymal sperm parameters
such as sperm number, motility and morphology in HFD —
induced obese rats.

Material and Methods
Animals

Sprague Dawley albino male rats (7 weeks old, 250-300
gr) taken from the Experimental Animal Implementation
and Research Centre of Acibadem University were used
in this study. The experimental study was approved by
Acibadem University, Animal Care and Ethical Committee
for Experimental Animals (2018-36).

Experimental Design

The rats were maintained at 22 + 2 °C during the
experimental period in a laboratory environment with a
standard light/dark (12/12 h) cycle. Four experimental
groups (n = 8 in each group) were formed for the
study. Standard (STD) and STD+Exercise (STD+EXC)
groups were fed with standard rat diet (6% of calories
as fat). HFD and HFD+Exercise (HFD+EXC) groups
were fed with high fat diet (45% of calories as fat)
for 18 weeks [18,19]. The animals in STD+EXC and
HFD+EXC groups were trained by daily swimming
sessions for 1 h per day for 5 days/week in the last 6
weeks of the experimental period. At the end of the
experimental procedure, animals were fasted for 6
h, weighted and then anesthetized by intraperitoneal
injection of ketamine (0.9 cc/kg) and xylazine (0.7 cc/
kg). Epididymis of left testis was removed for sperm
analysis, and the epididymal samples of the right testis
were obtained for histological analyses.

Histological Preparation

Sperm counting, motility rate and morphological
evaluation

Left caudal epididymis were dissected and cut into the
small pieces in all groups, then epididymal samples
were placed in 5 ml Earle’s Balanced Salts Solution
(Sigma, USA). Following centrifugation, supernatant
was removed. Routine density gradient method was
applied for sperm evaluation. Following the removal of
the supernatant, the pellet was diluted with 2 ml sperm
washing medium (SAGE, UK) and centrifuged at 2000
rpm for 10 min. Then, supernatant was seperated and pellet
was diluted with 0.3 ml fertilization medium (SAGE, UK).
Sperm counting and motility rate were analyzed from
one drop of pellet sample and examined by using Macler
Counting Chamber (Sefi Medical Instruments, Haifa,
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Israel) at photomicroscope. Smear samples were fixed
and dehydrated with 96% ethanol and stained with Diff-
Quick kit (Medion Diagnostics, Grafelfing, Germany) for
the morphological evaluation. One hundred spermatozoa
were evaluated for head, neck and tail morphology of the
spermatozoa under 100x immersion oil objective of the
photomicroscope.

Light Microscopical Preparation

Right caudal epididymal samples were fixed for 72 hours
with 10% neutral buffered formalin solution. After fixation,
tissues were dehydrated through ascending alcohol series
(70%, 90%, 96%, 100%) and cleared with xylene. Then,
tissue samples were embedded in paraffin. Sections
of approximately 5 pum of thickness were stained with
hematoxylin and eosin (H&E).

All of the histological slides were examined and
photographed with a digital camera (Olympus C-5060,
Tokyo, Japan) attached to a photomicroscope (Olympus
BXS51, Tokyo, Japan).

Statistical Analysis

Data were analysed by using one-way analysis of variance
(ANOVA). Differences between groups were determined
with Tukey’s multiple comparisons test. Significance of
differences was taken at the level of P< 0.05. Calculations
were done using Prism 6.0 (GraphPad Software, San Diego,
CA, USA).

Results

The total body weight measurements revealed that rats
of HFD and HFD+EXC groups (315.8 + 12.73, 319.6 +
10.83 respectively) were heavier than the rats of STD and
STD+EXC group (303.6 +9.48, 306.0 + 9.66 respectively).
Compared with the STD group, a significant increase in rat
weight was observed in the HFD (P<0.05) and HFD+EXC
(P<0.01) groups.

The number of spermatozoa in HFD (P < 0.001) and
HFD+EXC (P< 0.01) groups were significantly reduced
compared to the STD group. Moreover, the number of
spermatozoa were increased in the HFD+EXC group (P <
0.01) compared to the HFD group (Figure 1A).

The progressive motile spermatozoa were significantly
reduced in the HFD group (P< 0.001) compared to the STD
group, while progressive spermatozoa were significantly
increased in the HFD+EXC group (P< 0.001) compared to
the HFD group (Figure 1B).
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Figure 1. Evaluation of sperm count (A), sperm motility (B) and
morphological defects (C), in the experimental groups. *P < 0.05, **P <
0.01, ***P < 0.001 compared to STD group; “P <0.01, **"P <0.001 com-
pared to HFD group.
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Figure 2. Representative light micrographs of experimental groups. Nor-
mal spermatozoa (arrow) and abnormal spermatozoa with mix (*) and neck
(arrowhead) defects are seen in STD (A), STD+EXC (B), HFD (C) and
HFD+EXC (D) groups. Regular epididymal duct morphology with accu-
mulation of spermatozoa in luminal region of STD (E) and STD+ EXC (F)
groups; decrease of sperm accumulation (*), epithelial degeneration with
large vaculoles (arrow) in HED group (G); quite regular epididymal ducts
with sperm accumulation in HFD+EXC group (H) are seen in epididymis.
A-D: Diff-Quick staining, E-H: H&E staining. Scale bar: A — D: 10 pm;
E-H: 50 pum, inset: 20 pm.

The spermatozoa with normal morphology and
abnormal spermatozoa presenting head, midpiece and
tail defects were observed in STD and STD+EXC
groups. However, normal spermatozoa (P< 0.001) were
significantly decreased and abnormal spermatoza with
midpiece (P< 0.01) and tail (P< 0.05) defects were
significantly increased in the HFD group compared to
STD group. Additionally, normal spermatozoa (P<0.01)
were significantly increased and abnormal spermatozoa
with midpiece (P< 0.01) and tail (P < 0.01) defects were
significantly decreased in the HFD+EXC group compared
to the HFD group (Figure 1C and 2A-D).

Normal epididymal duct morphology, all together
with luminal area, large numbers of spermatozoal
accumulation were noticed in STD and STD+EXC
groups. Decreased level of spermatozoal accumulation,
immature spermatozoa in the luminal area, degenaration
of sterociliated pseudostratified columnar epithelium
with large vacuoles were observed in the HFD group.
These morphological alterations were ameliorated in the
HFD+EXC group (Figure 2 E-H).

Discussion

The present study reveals that HFD-induced obesity
decreases the number, and motility of spermatozoa, and
increases the incidence of degenerated spermatozoa.
Furthermore, HFD disrupts the epididymal duct morphology.
Moderate swimming exercise has been found to ameliorate
HFD-induced sperm parameters and epididymal damages.

Body mass index is one of the important factors
affecting fertility. As, BMI increases, the rate of infertility
in men increases 3-fold [20]. Individuals with a BMI greater
than 25 kg/m? have a lower total sperm count than those
of normal weight, and the measured volume of ejaculate is
decreased steadily with an increase in BMI [21].

Obesity results in harmful effects on the sperm parameters
in males [15,16]. Similar adverse effects are also shown
in rodent obesity models [22,23]. Obesity changes the
environment crucial for spermatogenesis in testis and has
an adverse effect on the sperm maturation in epididymis.
Obesity impairs the physical and molecular structure of
sperm during spermatogenesis and has an adverse effect
on sperm maturation in epididymis. As a result, decreased
sperm quality is associated with an increased risk in male
infertility [24].

Hyperinsulinemia and hyperglycaemia, seen in obesity
models of rats [2,7,25], change the number of sperm, impair
sperm quality and cause decrease in fertility [26,27]. In addition,
low testosterone level may cause clinical metabolic syndrome
formation and so obesity may be a symptom of low testosterone
level, although not directly causes low sperm count [28-30].

Obesity leads to an increase in adipocyte number/
size and causes both physical and hormonal changes [24].
Physical changes cause an increase in scrotal temperature
[12], On the other hand, hormonal changes might induce
decrease of testosterone level [6]. These changes result in
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oligozoospermia and azoospermia [31], a decrease in semen
volume and contribute to obesity-related male infertility [32].

Diet and/or exercise interventions enhance basic sperm
parameters such as motility and morphology in obese males.
Limited number of studies showed the reversibility of the
harmful effects of obesity [4]. Exercise increases sperm
motility and morphology, reduces sperm DNA and oxidative
damages [4]. Our study showed the ameliorating effects of
exercise on sperm count, motility and morphology in HFD
induced obese rats. This might be due to inhibition of oxidative
and DNA damages in epididymal spermatozoa. Studies on
obese mice have shown that exercise enhanced impaired sperm
physiology [4]. An experimental study showed that FSH, LH,
testosterone levels and semen quality increased in physically
active individuals when compared to sedentary people
[33]. Yet, in another study it has been shown that the semen
parameters deteriorate in long-term heavy cycling people [34].
Although, moderate exercise increases testosterone/estrogen
ratio and sperm quality, high-intensity exercise might have a
negative or nonsignificant effect. Moderate swimming exercise
enhanced sperm parameters in HFD-induced obese rats in this
study. It can be concluded that the effects of exercise on the
reproductive function of obese male rats might be related to the
duration and intensity of exercise.

Testicular spermatozoa have no progressive motility and
cannot fertilize oocytes, yet they acquire fertilization ability
when they reach epididymis [13]. Therefore, epididymal
tissue morphology and function are important for
maturation of spermatozoa. For this reason, morphological
and functional changes in the epididymis of obese animals
may also change spermatozoal maturation. A large amount
of adipose tissue accumulated in obese rats, probably
causes oxidative stress in the epididymis [13]. In this study,
it was observed that, epididymal ducts had degenerated
epididymal epithelium with decreased amount of luminal
sperm accumulation and increased immature spermatozoa
in HFD-induced obese rats. Also, it was observed that
sperm motility was reduced in this group. This data could
be related with the altered epididymal secretion which has
a role for acquiring sperm motility. Swimming exercise
enhanced sperm motility in HFD-induced obese rats.

In conclusion, HFD-induced obesity in rats reduced
the sperm number and progressive motility, increased the
number of abnormal spermatozoa. Additionally, epididymal
morphology was distrupted in this group which has a role
for the maturation of spermatozoa. Swimming exercise
amelioriated sperm parameters and epididymal morphology

by the regulation of scrotal heat and possible inhibition of
oxidative damage in the epididymis.
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