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Abstract

Adult males are considered the main causes of infertility defects in the world; therefore, scientists are searching
for factors that play a role in male fertility, such as kisspeptin, which acts as one of the master controllers and
regulators of gonadotropin secretion from the hypothalamus in mammalian species. Furthermore, it has been
shown that the kisspeptin receptor is mainly localized in the interstitial and germ cells of the testicles and has a
role in the regulation of gonadal development and function. This study aimed to investigate the effect of
kisspeptin on testicular degeneration syndrome induced by cadmium chloride in male Wistar rats and identify
the best concentration of Kisspeptin to cure this syndrome. A total of 40 male rats were divided into four equal
groups of negative control (n=10) that was injected subcutaneously (SC) with normal saline solution twice a
week for 42 days; positive control (n=10) that was intraperitoneally injected with cadmium chloride (1 mg/kg
B.W., once a week for two weeks); T that was intraperitoneally injected with cadmium chloride (1 mg/kg
B.W., once a week for two weeks), and after 14 days, 20 nmol/rat of kisspeptins were injected SC twice a week
for 42 days in all animals; and T that was intraperitoneally injected with cadmium chloride (1 mg/kg B.W. once
a week for two weeks), and after 14 days, 40 nmol/rat of kisspeptins were injected SC twice a week for 42 days
in all animals. All animals were then euthanized after 42 days, and their testes were dissected for a histological
study. The results of the present study confirmed that cadmium chloride affected the male testes and sperm
parameters, while the administration of kisspeptin at doses of 20 and 40 nmol/rat (twice a week) by SC injection
showed a significant effect in restoring the reproduction feature and histology of the rats' testicular tissue.
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1. Introduction

Infertility is a worldwide problem, in which
reproductive vigor is deteriorating and has an effect on
the physical and social wellbeing of an infertile double
couple (1). Nowadays, scientists are searching for
factors that play a role in adult male fertility, such as
Kisspeptin (2). The kisspeptins are peptide hormones
(3) and neuromodulator peptides that regulate
gonadotropin-releasing hormone (GnRH) secretion and
mediate endocrine function to control reproduction (4).

Kisspeptin initially was called Metastin since it has the
ability to suppress metastasis of melanomas (5).
Accordingly, kisspeptin pathways lead to a better
prognosis in patients with malignant disease (6).
Researchers during the last two decades have indicated
the role of kisspeptin in the central nervous system and
reproduction organs (7). Kisspeptin receptor GPR54
was shown of high expression in the pancreas,
particularly in the hypothalamus, midbrain, medulla,
thalamus, pons, hippocampus, pituitary amygdala,
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cortex, frontal cortex, brain regions, and striatum, as
well as spinal cord and placenta (8).

Hypogonadotropic  hypogonadism (HH) due to
problems with either the hypothalamus or pituitary
gland, affect the hypothalamic-pituitary-gonadal axis
(HPG axis). HH may occur due to the mutations of
KISS1 or GPR54. The kisspeptin may be used as a
treatment to cure HH infertility (9). Moreover, it exerts
its effect through the stimulation of the GnRH secretion
from the hypothalamus; thereafter, due to the activation
of the HPG axis, steroidogenesis is increased, and
consequently, it may lead to an increase in the secretion
of the luteinizing hormone and testosterone that causes
either pubertal activation of senescence in testis (10).
Infertility is a predominant illness affecting a valued 70
million people worldwide. The World Health
Organization estimates that the male factor contributes to
50% of infertility (11). Testicular degeneration is
regarded as a major problem of infertility and sperm
production in which the overall sperms are damaged and
defected in their functions, such as general motility,
viability, and concentration in the eventual loss of
capitation on fertility (12). In fact, kisspeptin reinforces
and enhances spermatogenesis cell generation in testis
and has a positive potential role as a pharmacological
target in the treatment of human spermatogenesis
abnormalities (2). Given the potential indication for
reproductive health and an unconventional strategy for
the treatment of infertility (13), as well as the pivotal role
the Leydig cells play in peripheral and neuroendocrine
modulation of male reproduction (14), this study aimed
to find the effect of kisspeptin as a treatment for
testicular degeneration syndrome in male rats induced by
cadmium chloride (CdCl2) and identify the best
concentration of treatment for this syndrome.

2. Materials and Methods

2.1. Animals

A total of 40 adult male Wistar rats were used in this
study (body weight: 250-350 gr). The animals were
housed in clean cages kept in the animal house at the
Faculty of Veterinary Medicine, University of Kufa,

Kufa, Irag. Animals had ad-libitum access to food and
water during the experiments. The animals were
maintained at about two weeks for adaptation before
starting the experiment.
2.2. Experiment Design

A total of 40 male rats were divided into four equal
groups of negative control (n=10) that was injected
subcutaneously (SC) with normal saline solution twice
a week for 42 days; positive control (n=10) that was
intraperitoneally injected with cadmium chloride (1
mg/kg B.W., once a week for two weeks); T that was
intraperitoneally injected with cadmium chloride (1
mg/kg B.W., once a week for two weeks), and after 14
days, 20 nmol/rat of kisspeptins were injected SC twice
a week for 42 days in all the animals; and T that was
intraperitoneally injected with cadmium chloride (1
mg/kg B.W., once a week for two weeks), and after 14
days, 40 nmol/rat of kisspeptins were injected SC twice
a week for 42 days in all animals. All animals were
euthanized after 42 days, and the testes were dissected
for a histological study (15).
2.3. Histopathological Study

The testes were excised and opened longitudinally
and preserved in 10% formalin solution until the
preparation of the histological sections. Several tissue
sections were prepared according to Lee and Luna (16).
The tissue samples taken from organs and specimens
were fixed in 10% formalin-buffered for 48 h at room
temperature. After the procedures of fixation, the
tissues were dehydrated in alcohol, cleared at two
stages of xylene, and implanted in liquid paraffin for 2
h at 56°C. The tissues were then cut at 5 micrometers
by a microtome for sectioning. In the end, they were
dewaxed and stained with Eosin and Harris
Haematoxylin (H&E), and the sections were studied
using 4x, 10%, and 40x objectives of light microscopy.
2.4. Statistical Analysis

Statistical analysis of the experimental results was
conducted according to Prism (17). Moreover, t-test
and one-way ANOVA were used to assess the
significance of differences among groups and within
times. The data were expressed as meanzstandard
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errors (SE), and a P-value less than 0.05 was
considered statistically significant. It is worth
mentioning that LSD was carried out to test the
significant level among the means of treatment (17).

3. Results

The results of the histopathology study showed that
the testicular differentiation occurred during the study.
Figure 1 illustrates the normal section of the control
group, while figure 2 depicts the induction of testicular
degeneration by the injection of CdCI2 (1 mg/kg B.W.,
intraperitoneally, once a week for two weeks), which
caused clear blood vessel congestion and a significant
decrease in the wall thickness leading to testicular
degeneration, compared to figure 1 which showed no

significant occupied lesion in the histological section of
the testis in the control group.

On the other hand, figures 3 and 4 depict that the
testicular germinal layers come back to the normal state
through the regeneration activities after treatment with 20
and 40 umol of kisspeptin in which testicular tissue gets
back to the normal texture (regenerative process) after 42
days. On the other hand, the histopathological section of
the positive control group in figure 1 shows that the losing
of germinal epithelial and blood vessels is congested with
dilation of its wall and an increase in thickness.

Figures 3 and 4 illustrate the completely reaped normal
lesion of the testicular tissue treatment with 20 and 40
umol of kisspeptin, compared to the positive control group
in figure 1 and the negative control group in figure 2.

Figure 1. Histological section of testis in the negative control group shows no significant occupied lesion. The rats in this group were
injected with normal saline. The section is stained with H&E stain and is captured with a 20x magnifier scale.

Figure 2. Histopathological section of the testis in the positive control group (induction of tes

ticular degeneration). The histopathological

section of the testis shows clear blood vessel congestion and decreased wall thickness. Moreover, it shows damages in the testicular
septa, clear sloughing of germinal epithelium, and interstitial cells of Leydig. The section is stained with H&E stain and is captured with

a 20x magnifier.
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Figure 3. Histopathological section of the testis shows that
the testicular tissue gets back to the normal texture
(regenerative process) after treatment with 20 mg of
kisspeptin for 42 days. The section is stained with H&E stain
and is captured with a 20x magnifier scale.
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Figure 4. Histopathological section of the testis shows that
the testicular tissue gets back to the normal texture
(regenerative process) after treatment with 40 mg of
kisspeptin for 42 days. The section is stained with H&E stain
and is captured with a 20x magnifier scale.

4. Discussion

An initial objective of this study was to identify the
effects of kisspeptin on the testicular degeneration
syndrome treatment and find the effective dose of
kisspeptin administration. This is the first detailed
study to evaluate and investigate the effectiveness of
different concentrations of kisspeptin in the rats' testis
tissues. Our data suggest that the administration of

kisspeptin-54 can relieve testicular degeneration and
target the Kisspeptin system to treat diseases. The
beneficial effects of kisspeptin to cure induced
testicular degeneration in male rats were previously
mentioned in the literature (18).

According to Mahmoud, Al-Dhalimy (19), CdCI2 at a
dose of 1 mg/kg B.W. intraperitoneally injected once a
week for two weeks can induce testicular degeneration
in male rats. Several studies have revealed that CdCI2
causes histological changes in the testis (20). These
histological damages occurred via the production of
reactive oxygen species (ROS), known as oxidative
stress, which plays a key role in apoptosis and cell
damages. Among the mechanisms of the toxicity of
CdCI2 on testes, a failure in blood circulation is
considered another damaging mechanism. This is
because of vascular damage and a drop in zinc
utilization by spermatogenic cells due to the
competitive sorption of cadmium and zinc (20). Due to
this competition between Cd and Zn, lipid flexibility
and sperm membrane stabilization are reduced (21).

Overall, in the present study, the results in figures 1
and 2 indicate that cadmium chloride causes reversible
testicular degeneration after 14 days. All these results
are in line with the findings of previous studies (22)
which found that cadmium significantly destroyed the
sperms, as well as Leydig and Sertoli cells. Moreover,
it caused an increase in the death of cells and a
reduction in the germinal layer, which decreased the
thickness in the seminiferous tubules (23).

In general, the protective effect of kisspeptin on the
hypothalamic-pituitary-testicular axis and the testicles
was clearly demonstrated in this study. Kisspeptin can
decrease apoptosis and cellular damage due to
oxidative stress in the Leydig and spermatogenic cells
in the seminiferous tubules. Accordingly, the kisspeptin
administration leads to a significant increase in
testosterone concentration, and it can improve the
activities of antioxidants and inhibits the generation of
ROS (24).

Kisspeptin helps to reduce the damage to the DNA,
the testicular tissue, and sperm membrane lipids which
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reduce the lipid peroxidation (LPO) and enhance
antioxidant levels in rats (25). The degeneration of
testicles following CdCI2 exposure due to the
reinforcement of ROS action and LPO in the present
study was treated with the function of antioxidant effect
and regulatory effect of kisspeptin to decrease the
oxidative stress. Oxidative stress and lipid peroxidation
are decreased by kisspeptin. Therefore, it prevents
induced damages on the DNA of spermatozoa and
seminiferous tubules (13, 24).

The result of the pathological examination showed
that CdCI2 caused hemorrhage in the capillaries of
testes, degeneration of the seminiferous tubules, as well
as testicular infarction and degeneration. The testis is
extremely sensitive to CdCI2 toxicity, and researchers
showed that it led to testicular edema, germ cell loss,
hemorrhage, interstitial fibrosis, and sterility in a few
mammalian species (26). Histological examination of
our pilot test indicated that the administration of 1
mg/kg B.W of CdCI2 caused reversible histological
changes, which is in line with the results of previously
published studies showing that the CdCI2 led to
testicular toxicity and degeneration at a dose of 1
mg/kg B.W in the male rats (25).

Several studies have revealed that Kkisspeptin
improved spermatogenic cell proliferation (27). In our
study, spermatogonia within the seminiferous tubules
were increased by using Kisspeptin in two
concentrations as shown in figures 3 and 4. These
findings are in agreement with the results of previously
published studies (28, 29). In general, it is confirmed
that CdCl2 affects the male testes and sperm
parameters, while the administration of the kisspeptin
at the doses of 20 and 40 nmol/rat (twice a week) by
SC injection showed a significant effect in restoring the
reproduction features and histology of the rats'
testicular tissue.
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