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Abstract

Background: Anabolic Androgenic Steroids (AAS) are
widely used among youth and athletes for improving their
physical appearance and performance. However, its use has
adverse effects on sexual health and metabolism. Glucagon
Like Peptide-1 (GLP-1) is a gut hormone that participates in
the neuroendocrine control of hypothalamic-pituitary axis
(HPG), and may play an important role in the reproductive
functions as a component of GIT-brain axis. Also, the hypoth-
alamic neuropeptide kisspeptin stimulates the Hypothalamic
Pituitary Gonadal (HPG) axis and controls gonadotropin
secretion. Few researches were performed to study the rela-
tionship between each of GLP-1 and kisspeptin with HPG
axis.

Aim: To evaluate the potential protective role of (GLP-
1) against some altered sexual, metabolic, and histopathologic
changes induced by the use of AAS in adult male albino rats.

Material and Methods: 40 adult male albino rats were
divided into 4 groups; Group I (control or vehicle treated),
Group II (GLP-1 + vehicle treated), Group III (AAS-treated)
and Group IV (GLP-1 + AAS). In all groups, Body Weight
(BW) was measured and Body Mass Index (BMI) was calcu-
lated. Serum testosterone, Luteinizing Hormone (LH), Follicle-
Stimulating Hormone (FSH), kisspeptin, glucose and insulin
levels were measured, homeostasis Model Assessment of
Insulin Resistance (HOMA-IR) was calculated, and lipid
profile was estimated. The changes in the histopathological
aspects of testis were examined. The testicular weight, testicular
coefticient, epidydimal sperm count and motility were inves-
tigated.

Results: The study revealed that peripheral injection of
GLP-1 for 5 weeks to androgen treated-rats in Group IV
(GLP-1 + AAS) significantly increased levels of serum kisspep-
tin, LH, FSH, testosterone and consequently epidydimal sperm
count and motility compared with rats in Group III (AAS-
treated). In addition, GLP-1 treatment induced significant
reductions in the values of fasting serum glucose and HOMA-
IR, serum total cholesterol and LDL levels with no significant
changes in serum insulin, HDL and TG levels in Group IV
compared with Group III.
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Conclusion: The administered GLP-1 may attenuate some
altered sexual, metabolic and histopathological adverse effects
induced by AAS use in adult male rats. Therefore, it may be
a novel approach for managing AAS abuse.

Key Words: GLP-1 — Kisspeptin — AAS — Testosterone — Sperm
— Rats.

Introduction

AAS are synthetic and natural substances analogues
to male androgen. They are used with caution in
hypogonadism, anaemia of renal failure, osteoporo-
sis and poor growth [1].

Nowadays, AAS are excessively used all over
the world. Male gender, younger age and low body
confidence all are factors contributing to the use
of AAS. Body builders and athletes excessively
use AAS. However, AAS abuse has negative and
bad adverse effects on general health, sexuality
and metabolism [2].

The hypothalamic neuropeptide kisspeptin stim-
ulates the Hypothalamic Pituitary Gonadal (HPG)
axis [3]. It controls gonadotropin secretion, fertility
and onset of puberty [4]. As it stimulates the release
of Gonadotrophin-Releasing Hormone (GnRH)
and LH in mammals [5].

The GIT hormone, GLP-1, is mainly produced
by the enteroendocrine L cells in the distal ileum
and colon, and released by food intake [6] . GLP-
1 receptors are widely expressed and induced
effects on peripheral tissues, including the heart,
the pancreas and the liver as well as the central
nervous system [7].

Moreover, it was found that, peripheral admin-
istration of GLP-1in humans, resulting in inducing
satiety and body weight reduction as it crossed the
blood brain barrier [8].
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The link between GLP-1 and HPG axis has not
been illustrated yet. However, Mac Lusky NJI et
al., [9) observed that intracerebroventricular admin-
istration of GLP-1 in rats stimulates the LH release
and this may indicate arole of GLP-1 in the neu-
roendocrine control of HPG axis.

S0, thiswork was performed to study the effect
of peripheral administration of GLP-1 on serum
kisspeptin level, testicular functions and some
metabolic parameters and to find the relevance
between GLP-1, serum kisspeptin level, and HPG
axisin adult male albino rats treated by supraphys-
iological dosesof AAS.

Material and M ethods

This study was performed on atotal number of
40 healthy adult male local strain albino rats,
weighing 180-200gm, obtained from the Animal
House of Faculty of Veterinary Medicine, Zagazig
University. Animals were kept in steel wire cages,
(40 X 28 X 18cm), 5 rats per cage, under hygienic
conditionsin Animal House of Faculty of Medicine,
Zagazig University. This study was performed
from September 2017 to November 2017. All ani-
mals received care in accordance with the guide
to the care and use of experimental animals of
Institute of Laboratory Animal Resources [10]. All
rats had free access to water and commercial rat
standard chow that consisted of 25.8% protein,
62.8% carbohydrates and 11.4% fat [11]. Rats were
kept at comfortable temperature (20-24°C) and
were maintained on a normal light/dark cycle [12].

Groups. The rats were divided into four equal
groups: Each group contains 10 healthy adult male
albino rats:

Group I: (Control group): Vehicle-treated group.
In which this group, received a vehicle composed
of peanut oil with benzyl alcohol (90: 10, V/V) at
a dose of 5mg/kg body weight intra-muscular twice
aweek over acourse of 5weeks [13].

Group II: (GLP-1 + Vehicle-treated) group. In
which this group, received the same vehicle of
peanut oil with benzyl acohol at a dose of 5mg/kg
body weight intra-muscular and at the same time
received intravenous injection of GLP-1 in the
tail vein at a dose of 100nmol/kg body weight
twice aweek for 5 weeks. GLP-1 (7-36) amide
(human, rat) Cat. No. 2082 was purchased from
(Tocris Bioscience, Burlington, Ontario, Canada)
[14].

Group I11: (AAS) group: In which the anabolic
androgenic steroid, nandrolonedecanoate (Deca-

durabolin) was purchased from (Organon, Rose-

land, USA), was administered intramuscul arly

twice aweek, at adose of 5mg/kg body weight
over acourse of 5weeks [13,15]. Thisdoseis
comparable to that is frequently used by athletes

and those who desire to gain weight [16].

Group IV: (GLP-1+ AAS) group. In this group,
GLP-1 was administrated i.v. at a dose of 100
nmol/kg, and at the same time AAS was adminis-
tered intramuscularly, at a dose of 5mg/kg, twice
aweek over acourse of 5weeks [14,15].

Measurement of anthropometric parameters:

Measuring body weight (gm): By using adigital
scale, the animal was weighed day before the
experiment, twice aweek and at the last day. The
results were written in arecord for each labeled
rat.

Calculation of Body Mass Index (BMI) (gm/
cm?): The weights and lengths were measured at
the end of their experiment, and immediately before
they were sacrificed for calculation of the BMI. It
can be calculated by dividing body weight (gm)/
length? (cm?).

Weights were measured by using adigital scale
in grams according to Nascimento et al., [17] and
lengths (nose to anus length) were measured in
cm. according to Novelli et al., [18].

Measuring Abdominal Circumference (AC) and
Thoracic Circumference (TC): By holding the
measuring tape around the abdomen just in front
of the hind limbs for AC recording and around the
chest just behind the forelimbs for TC recording.
Then data were plotted in records of each labelled
rat [18].

Collection of blood samples: Blood samples
were obtained at the time of scarification and were
allowed to clot for 2 hours at room temperature
and were centrifuged for 20min. at approximately
500rpm. The separated serums were stored at —20°C
[19], until used for:

- Estimation of serum testosterone, LH, and FSH
levels: According to Tietz [20] . By using rat Kits:
BC-1115, BC-1031, and BC-1029 respectively,
Bio Check Inc. 323 Vintage Park Dr. Foster City,
CA-94404.

- Estimation of serum glucose levels (mg/dl) ac-
cording to Tietz [20].

- Estimation of serum insulin levels ( glU/mal) by
Enzyme-Linked Immuno-Sorbent Assay (ELISA)
according to Reaven [21].
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- Calculation of HOMA-IR: Insulin Resistance
(IR) of individual rats was evaluated using the
Homeostasis Model Assessment (HOMA-IR)
index according to Bonora et al., [22] as follows:

Fasting serum glucose (mg/dL) X
Fasting serum insulin ( gLlanL)

405

HOMA-IR =

- Estimation of lipid profile as follows: Total serum
cholesterol levels: According to Tietz [20] serum
TG levels: According to Fossati and Prencipe
[23], serum HDL levels according to Nauck et al.,
[24] and serum LDL levels was calculated accord-
ing to Friedewald et al., [25] as follows:

TC-HDL -TG
LDL:—5

(Kits used for estimation of serum glucose,
insulin, cholesterol, TG and HDL levels were
purchased from Biosource Europe S.A. Belgium).

- Estimation of serum kisspeptin level: Serum
kisspeptin level (ng/ml) was measured according
to Ahn JM et al., [26] by using an Enzyme-Linked
Immunosorbent Assay (ELISA). Rat Kisspeptin
1 (KISS 1) ELISA Kit. Code: CSB-E13434r
Range of detection (0.156-10 ng/ml). Sensitivity:
0.039ng/ml. The kits were obtained from (CUS-
ABIO Life science 8400 Baltimore Avenue, Col-
lege Park, MD 20740, Maryland, USA).

Post mortem examination:

1- Extraction of gonadal tissue: All animals
were examined postmortem to determine the
weights of the testes. The abdominal wall was
opened then the testes were extracted and dissected
carefully [27]. Testicular coefficient calculated
according to Yan W] et al., [28] by using the fol-
lowing formula:

Testicular coefficient (gm/Kg) =

The weight of the testes (the mean of
the weight of the two testes in gm)

Final body weight (kg)

2- Spermatic parameters analysis: The epidi-
dymis of each rat was dissected, removed and
minced in 2ml of Hank's Buffer Salt Solution
(HBSS) at 37°C [29]. After 5min incubation at 37°C,
the cauda epididymis sperm was analyzed using
the standard hemocytometric method. The epidi-
dymal fluid was drawn up to the 0.5 mark of WBC
pipette (White Blood Cell pipette) and the semen
diluting fluid (sodium bicarbonate Sg, formalin
Iml, distilled water 99.0ml) was drawn up to '11'
mark, and subsequently mixed well. One drop was
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added to the haemocytometer chamber and allowed
the sperms to settle by keeping haemocytometer
in humid place (wet chamber) for 1h. After incu-
bation the number of spermatozoa in the appropriate
squares of the haemocytometer was counted under
the light microscope at 400X. The sperm concen-
tration refers to the number of spermatozoa/ml
fluid, and calculated using the following formula.
Sperm count=No. of spermatozoa counted X dilu-
tion factor X volume factor/No. of areas counted
[30] . The percentage of sperm motility was calcu-
lated using the number of live sperm cells over the
total number of sperm cells, both motile and non-
motile. The sperm cells that were not moving at
all were considered to be non-motile, while the
rest, which displayed some movement were con-
sidered to be motile [31].

3- Gonadal histopathological examination: On
the stipulated day after the collection of blood for
hormonal assay, laparotomy was performed, and
testis were removed and weighed followed by
histopathological examination as follow: The testis
were dissected out and cleaned with cold physio-
logical saline to remove blood and the adhering
tissues. The samples were then fixed in 10% for-
maldehyde in fresh alcoholic bouin's fluid for 8
hours, and then processed and embedded in paraffin
wax, sectioned at 5 - tMickness and stained in
hematoxylin-eoisin. The sections were examined
or observed under a light microscope and the
general histological appearance was assessed. The
testis histology was performed according to the
method used by [32,33].

Statistical analysis:

The data obtained in the present study were
expressed as mean T SD for quantitative variables
and statistically analyzed according to the methods
described by Kirkwood [34] . The statistical analysis
is done by using SPSS program (19) (SPSS Inc.
Chicago, IL, USA).

ANOVA [Post hoc (LSD)] test was used to
compare means among more than two groups.

p-value <0.05 was considered statistically sig-
nificant.

Corrélation coefficient (r): Pearson's correlation
analysis was performed to illustrate the relation-
ships between serum kispeptin and all studied
parameters among different groups. Pearson's cor-
relation was considered significant at p-values
<0.05.
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Results

Histopathol ogical findings:

Normal testicular tissue from Group | and Group
I showing normal seminiferous tubules with central
cavity lined by stratified germinal epithelium sep-
arated by interstitial cells of leydig. The normal
germinal epithelium composed of spermatogonia,
secondary spermatocyte, spermatid, and spermato-
zoa. (H & E X400) Figs. (1A,B).

On the other hand, testicular tissue from Group
I11 showing seminiferous tubules of an adult male

Fig. (1A): A photomicrograph of a section of seminifer-
ous tubules of a control adult male albino rat Group (I)
showing circular to oval seminiferous tubules with central
cavity (C) lined by stratified germinal epithelium separated
by interstitial cells of leyding (L). The normal germinal
epithelium (brace) composed of spermatogonia (large arrow),
secondary spermatocyte (short arrow), spermatid (arrow
head), spermatozoa (empty arrow). (H & E X400).

Fig. (1C): A photomicrograph of a section of seminiferous
tubules of an adult male abino rat treated by AAS Group (I11)
showing disarrangement of germinal epithelium (G) with
vacuoles (V) spermatogonia (large arrows), primary sperma-
tocyte (small arrows). (H & E X400).
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albino rat treated by AAS. There was disarrange-
ment of germinal epithelium with vacuoles, sper-
matogonia, primary spermatocyte. (H & E X400)
Fig. (1C).

In addition, testicular tissue from Group 1V
from an adult male albino rat treated by GLP-1 &
AAS showing normal seminiferous tubules lined
by stratified germinal epithelium. The normal
germinal epithelium composed of spermatogonia,
primary spermatocyte, spermatids, and spermatozoa
with absent secondary spermatocyte. (H & E X400)
Fig. (1D).

Fig. (1B): A photomicrograph of a section of seminiferous
tubules of an adult male albino rat group treated by GLP-1 (11)
showing circular to oval seminiferous tubules with central
cavity (C) lined by stratified germinal epithelium. The normal
germinal epithelium (brace) composed of spermatogonia (Large
arrow), primary spermatocyte (small arrow), secondary sper-
matocyte (crossed arrow), spermatids (arrow head), spermatozoa
(empty arrow) and Sertoli cells (striped arrow). (H & E X400).

Fig. (1D): A photomicrograph of a section of seminiferous
tubules of an adult male albino rat received GLP-1 & AAS
Group (V) showing normal seminiferous tubules lined by
stratified germinal epithelium (G). The normal germinal
epithelium (brace) composed of spermatogonia (large arrow),
primary spermatocyte (small arrow), spermatids (arrow head),
and spermatozoa (empty arrow) with absent secondary sper-
matocyte. (H & E X400).
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The present study showed that, serum kisspeptin
level (ng/ml) was significantly reduced in in Group
11 (1.94+0.09) when compared to both Group |
(2.31+0.11) and Group Il (2.29+0.16) (p<0.001, p
<0.001 respectively), and significant elevation in
its level was detected in Group IV (2.33+0.14)
when compared to Group I11 (p<0.001). However,
the level of serum kisspeptin was not significantly
changed in Group 1V when compared to both Group
I and Group Il (p>0.05, p>0.05 respectively). No

significant change in serum kisspeptin level was
recorded in Group |1 when compared to Group |
(p>0.05). Fig. (2A).

Moreover, serum LH level (1U/ml) was signif-
icantly reduced in Group 111 (1.33+0.05) when
compared to both Group | (1.41 +0.07) and Group
Il (1.43+0.05) (p<0.05, p<0.05 respectively), and
significant elevation in itslevel was recorded in
Group 1V (1.45£0.07) when compared to Group
Il (p<0.01). However, the level of LH hormone
was significantly unchanged in Group 1V when
compared to both Group | and Group Il (p>0.05,
p>0.05 respectively). No significant changein LH
level was observed in Group Il when compared to
Group | (p>0.05).

Also, serum level of FSH hormone (1U/ml) was
significantly decreased in Group I11 (0.362 £0.013)
when compared to both Group | (0.378+0.008) and
Group Il (0.380£0.01) (p<0.05, p<0.01 respective-
ly), and significant increase in its level wasre-
corded in Group IV (0.376+0.005) when compared
to Group Il (p<0.05). However, no significant
change in FSH level in Group IV when compared
to both Group | and Group 11 (p>0.05, p>0.05
respectively). No significant change in FSH level
was observed in Group |1 when compared to Group
| (p>0.05). Also, it was noticed that, serum level
of testosterone hormone (pg/ml) was significantly
decreased in Group 111 (2.67+0.13) when compared
to both Group | (3.1+0.15) and Group Il (3.3+0.2)
(p<0.01, p<0.01 respectively), and significant
elevation in itslevel was recorded in Group 1V
(3.321£0.1) when compared to Group |11 (p<0.01).
However, the level of testosterone hormone was
significantly unchanged in Group 1V when com-
pared to both Group | and Group Il (p>0.05, p>0.05
respectively). No significant change in testosterone
level was observed in Group Il when compared to
Group | (p>0.05) Fig. (2B).

The present study recorded a significant reduc-
tion in Final Testicular Weight (FTW) (gm) in
Group I11 (1.51+0.11) when compared to both
Group | (1.77+0.12) and Group Il (1.78+0.08) (p
<0.01, p<0.01 respectively), and significant increase
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in its value was recorded in Group 1V (1.75+0.12)
when compared to Group |11 (p<0.01). However,
no significant change in FTW value in Group 1V
when compared to both Group | and Group Il (p
>0.05, p>0.05 respectively). No significant change
in FTW value was observed in Group Il when
compared to Group | (p>0.05).

In addition, it was found that testicular coeffi-
cient (gm/kg) was significantly reduced in in Group
11 (6.59+£0.57) when compared to both Group |
(8.63+0.66) and Group |1 (9.17+0.54) (p<0.001,
p<0.001 respectively), and significant elevation in
its value was reported in Group IV (7.93 £0.6)
when compared to Group |11 (p<0.01). Also, tes-
ticular coefficient value in Group IV remained
significantly lowered when compared to Group ||
(p<0.01), and significantly unchanged when com-
pared to Group | (p>0.05). No significant change
in testicular coefficient value was observed in
Group Il when compared to Group | (p>0.05) Fig.
(2C).

Moreover, epidydimal sperm count (millions/
ml) was decreased in Group 11 (41.9+0.74) when
compared to both Group | (45.2%1.9) and Group
Il (45%1.58) (p<0.01, p<0.01 respectively), and
significant increase in its value was recorded in
Group 1V (44.9% 1.75) when compared to Group
Il (p<0.01). However, no significant change in
sperm count in Group 1V was observed when
compared to both Group | and Group Il (p>0.05,
p>0.05 respectively). No significant change in
sperm count was detected in Group |1 when com-
pared to Group | (p>0.05).

Also, epidydimal sperm motility (%) wasre-
duced in Group |11 (58.45 +8.15) when compared
to both Group | (68.45+7.14) and Group |1 (69.33
18.12) (p<0.05, p<0.05 respectively), and signifi-
cant increase in its percentage was recorded in
Group IV (68.5+6.83) when compared to Group
Il (p<0.05). However, no significant change in
sperm motility in Group 1V was observed when
compared to both Group | and Group Il (p>0.05,
p>0.05 respectively). No significant change in
sperm motility was detected in Group 11 when
compared to Group | (p>0.05). (Table 1).

The present study showed no significant change
in Initial Body Weight (IBW) (gm) in Group |11
(200.75% 15.34) when compared to both Group |
(190.12+11.4) and Group Il (188.3+12.78) (p>
0.05, p>0.05 respectively), and no significant
changeinitsvaluein Group IV (191.5 £ 14.78)
when compared to Group |11 (p>0.05). However,
the value of IBW was significantly unchanged in
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Group 1V when compared to both Group | and
Group Il (p>0.05, p>0.05 respectively). Also, no
significant change in IBW was observed in Group
I1 when compared to Group | (p>0.05).

However, this study revealed significant in-
creasein Final Body Weight (FBW) (gm) in Group
111 (228.8+3.89) when compared to both Group |
(205.18+3.32) and Group 11 (194.2%6.53) (p<0.001,
p<0.001 respectively), and significant reduction
initsvaluein Group IV (220.6+ 14.36) when com-
pared to Group |11 (p<0.05). However, the value
of FBW was still significantly higher in Group 1V
when compared to both Group | and Group 11
(p<0.001, p<0.001 respectively). Also, asignificant
reduction in FBW was observed in Group I when
compared to Group | (p<0.01).

At the same time, there was a significant in-
creasein Final Body Mass Index (FBMI) (gm/cm?)
in Group I11 (0.84+0.07) when compared to both
Group | (0.59£0.04) and Group 11 (0.46+0.05) (p
<0.001, p<0.001 respectively), and significant
reduction initsvalue in Group IV (0.7+0.06) when
compared to Group I11 (p<0.01). However, the
value of FBMI was still significantly higher in
Group IV when compared to both Group | and
Group |1 (p<0.001, p<0.001 respectively). Also, a
significant reduction in FBMI was observed in
Group |1 when compared to Group | (p<0.01).

In addition, the research showed significant
increasein AC/TC ratio in Group |11 (1.42+0.05)
when compared to both Group | (1.18+0.03) and
Group 11 (1.15+£0.07) (p<0.001, p<0.001 respec-
tively), and significant reduction initsvaluein
Group 1V (1.33£0.08) when compared to Group
Il (p<0.05). However, the value of AC/TC ratio
was still significantly higher in Group IV when
compared to both Group | and Group Il (p<0.01,
p<0.01 respectively). No significant changein
AC/TC ratio was observed in Group Il when com-
pared to Group | (p>0.05).

Also, the present study showed significant
elevation in fasting serum glucose level (mg/dl)
in Group Il (115+7.9) when compared to both
Group | (87.8+1.92) and Group Il (86.4%1.14) (p
<0.001, p<0.001 respectively), and significant
reduction initslevel in Group 1V (90.5 £5.26) when
compared to Group 111 (p<0.001). However, the
level of serum glucose was still mild significantly
higher in Group IV when compared to both Group
I and Group Il (p<0.05, p<0.05 respectively). No
significant change in serum glucose level was
observed in Group Il when compared to Group |
(p>0.05).

In addition, the research recorded significant
increase in fasting serum insulin level ( §Q4ml) in
Group 111 (17.3£ 1.86) when compared to both
Group | (12+1.58) and Group I (12.4%1.14) (p<
0.001, p<0.001 respectively), and no significant
changeinitslevel in Group IV (17%1.3) when
compared to Group |11 (p>0.05). However, the
level of serum insulin was still significantly ele-
vated in Group IV when compared to both Group
I and Group 11 (p<0.001, p<0.001 respectively).
No significant change in serum insulin level was
observed in Group Il when compared to Group |
(p>0.05).

A significant increase in HOMA-IR was record-
ed in Group Il (4.89+0.34) when compared to
both Group | (2.6+0.18) and Group Il (2.65+0.13)
(p<0.001, p<0.001 respectively), and significant
decreaseinitslevel in Group IV (3.79 £0.2) when
compared to Group |11 (p<0.01). However, the
value of HOMA-IR was still significantly higher
in Group 1V when compared to both Group | and
Group Il (p<0.01, p<0.01 respectively). No signif-
icant change in HOMA-IR value was observed in
Group Il when compared to Group | (p>0.05). Fig.
(2D).

The study showed significant elevation in
serum cholesterol level (mg/dl) in Group I11 (112.8 +
7.6) when compared to both Group | (75.74 £3.18)
and Group Il (75.9+2.75) (p<0.001, p<0.001 re-
spectively), and significant reduction in its level
in Group 1V (104.8+6.98) when compared to Group
11 (p<0.05). However, the level of serum choles-
terol was still significantly higher in Group IV
when compared to both Group | and Group Il (p
<0.001, p<0.001 respectively). No significant
change in serum cholesterol level was reported in
Group Il when compared to Group | (p>0.05).

The present study reported a significant reduc-
tion in serum High Density Lipoprotein (HDL)
level (mg/dl) in Group Il (37 £2.55) when com-
pared to both Group | (50.2+3.96) and Group |1
(50.6+3.05) (p<0.001, p<0.001 respectively). How-
ever, no significant changein itslevel was recorded
in Group 1V (40+ 1.58) when compared to Group
Il (p>0.05). And, the level of serum HDL was till
significantly reduced in Group IV when compared
to both Group | and Group Il (p<0.001, p<0.001
respectively). No significant change in serum HDL
level was observed in Group Il when compared to
Group | (p>0.05).

No significant change in serum Triglyceride
level (TG) (mg/dl) was detected in Group 111 (90.1
18.08) when compared to both Group | (86.8 £2.39)
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and Group 11 (85.2+3.03) (p>0.05, p>0.05 respec-
tively), and no significant change initslevel in
Group 1V (88.6+4.16) when compared to Group
[l (p>0.05). However, the level of serum TG was
not changed in Group 1V when compared to both
Group | and Group Il (p>0.05, p>0.05 respectively).
No significant change in serum TG level was
reported in Group |1 when compared to Group |
(p>0.05).

In addition, asignificant increase in Low Den-
sity Lipoprotein level (LDL) (mg/dl) was observed
in Group I11 (76.4+4.04) when compared to both
Group | (47.3+2.44) and Group |1 (45.5+1.94) (p
<0.001, p<0.001 respectively), and significant
decreaseinitsleve in Group IV (61.6+£2.7) when
compared to Group Il (p<0.01). However, the
level of LDL was still significantly higher in Group
IV when compared to both Group | and Group 11
(p<0.001, p<0.001 respectively). No significant
changein LDL level wasfound in Group 11 when
compared to Group | (p>0.05) (Table 2).

The present study illustrated a significant pos-
itive correlation in Group 111 and Group IV between
serum kisspeptin level and each of serum testoster-
onelevel [r=0.873* * (p<0.01), r=0.845* * (p<0.01)
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respectively], serum LH level [ r=0.885** (p<0.01),
r=0.854** (p<0.01) respectively], serum FSH level
[r=0.893*** (p<0.01), r=0.896*** (p<0.01) re-
spectively], final testicular weight [ r=0.846*** (p
<0.001), r=0.951*** (p<0.001) respectively], tes-
ticular coefficient [ r=0.695** (p<0.01), r=0.587*
(p<0.05) respectively], epidydimal sperm count
[r=0.909* * * (p<0.001), r=0.891* * (p<0.01) re-
spectively], and epidydimal sperm motility [ r=
0.889** (p<0.01), r=0.874** (p<0.01) respective-
ly]. However no correlation between serum kisspep-
tin level and any of the previous studied parameters
was reported in Group | and Group I1.

Moreover, asignificant negative correlation
was recorded in Group 111 and Group IV between
serum kispeptin level and each of fasting serum
glucose level [r=-0.963* * *, (p<0.00 1), r=0.970* * *
(p<0.001) respectively], and HOMA-IR [ r=
0.981*** (p<0.001), r=0.966*** (p<0.001) respec-
tively]. No significant correlation in any of the
four studied group was reported between serum
kisspeptin level and serum insulin, cholesterol,
TG, HDL or LDL levels. Also, there was no sig-
nificant correlation between serum kisspeptin level
and IBW, FBW, FBMI nor AC/TC ratio in any of
the four groups (Table 3).

Table (1): Serum levels of kisspeptin, sex hormones and testicular functions expressed as (mean * SD).

Groups Group | Group I Group 111 Group 1V

Parameters (control or vehicle- (GLP-1- (AAS (GLP-1+ AAS
treated group) treated group) treated group) treated group)

Serum kispeptin level (ng/ml) 2.31+0.11 2.29+0.16 NSa  1.94+0.09, ab 2.33+0.14. " cNS@b
Serum LH (1U/ml) 1.41+0.07 143t005NSa 133005 @b~ 145+0,07""% NSab
Serum FSH (1U/ml) 0.378+0.008 0.380+0.01 NSa  0.362+0.013*& **b 0.376+0.005 NSab
Serum testosterone (pg/ml) 3.140.15 3.3£0.2NSa 2.67£0.13 *a’b 3.32+01 ¢ Nsab
Final testicular Wt (gm) 1.77£0.12 1.78+0.08 NSa  151+0.11%]ab 1.75+0.12. ¢ NSab
Testicular coefficient (gm/Kg) 8.63+0.66 9.17+054NSa  6.59+0.57,. &b 7.93:t06 PCNSa
Epidydimal sperm count (millions/ml) 45.2+19 45+1.58 NSa 41.9+0.74 ab 44.9+1.75*" c NSab
Epidydimal sperm motility (%) 68.45+7.14 69.33+8.12 NSa  58.45+8.15"ab 68.5+6.83 °NSab
*: p<0.05. **: p<0.0L. ***. p<0.00L.

a Versus Group . b: Versus Group 1. ¢: Versus Group Il1.

Table (2): The anthropometric and metabolic parametersin males of all studied groups): Expressed as (mean * SD).

Groups Group | Group |1 Group 111 Group IV

Parameters (control or vehicle- (GLP-1- (AAS (GLP-1+ AAS
treated group) treated group) treated group) treated group)

Initial body wt (gm) 190.12+11.4 188.3+12.78NSa  200.75+ 15.34NSaP 1915+ 14.78 NSabc
Final body wt (gm) 205.18+3.32 194.2+6,53, @ 228.8+3.89.. ab 220.6+14.36"""ab*c
Final body mass index (gm/cm?) 0.59+0.04 0.46£0.05 2 0.84£0.07....2b 0.7+0.06";;ab%*c
(AC/TC ratio) 1.18+0.03 115+0.07NSa  1.42+0.05. @b 1.33+0.08, 2b,,¢
Fasting serum glucose level (mg/dl) 87.8+1.92 86.4+ 1.14 NSa 115¢7.9 &b 90.5£526 ab ¢
Fasting serum insulin level ( glUml) 12+1.58 12.4+1.14 NSa 17.3+1.86.... 2D 17+13 .abNsc
(HOMA-IR) 2.6+0.18 2.65+0.13NSa  4.89+0.34,..ab 3.79+0.2 abc
Serum cholesterol level (mg/dl) 75.74+3.18 75.9+2.75NSa  1128+76, @b 104.8+6.98"**ab, *c
Serum HDL level (mg/dl) 50.2+3.96 50.6+3.05NSa  37+255 @b 40+158 @b NSc
Serum triglyceride level (mg/dl) 86.8+2.39 85.2+3.03NSa  90.1+8.08.NSab 88.6+4.16 NSab.c
Serum LDL level (mg/dl) 47.3+2.44 455+194NSa  76.4+404 ab 61.6+2.7"**ab **c
*: p<0.05. **: 9<0.01. ¥ p<0.00L.

a Versus Group . b: Versus Group 1. c¢: Versus Group I11.
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Table (3): Correlations between serum Kisspeptin (ng/ml) level and all studied parameters in all groups.

Groups Group I Group II Group III Group IV
Parameters (control or vehicle- (GLP-1- (AAS- (GLP-1 + AAS
treated group) treated group) treated group) treated group)
IBW (gm) r=0311 7=0.466 =0.333 =0.284
p>0.05 p>0.05 p>0.05 p>0.05
FBW (gm) =0.219 7=0.320 7=0.286 =0.165
. p>0.05 p>0.05 p>0.05 p>0.05
FBMI (gmlem”) r=0.512 r=0.451 =0.336 r=0.327
p>0.05 p>0.05 p>0.05 p>0.05
AC/TC ratio =0.173 7=0.103 =0.155 7=0.148
p>0.05 p>0.05 p>0.05 p>0.05
Serum testosterone (pg/ml) 7=0.193 =0.175 7=0.873%* 7=0.845%*
p>0.05 p>0.05 p<0.01 p<0.01
Serum LH (IU/ml) =0.211 =0.192 7=0.885%* 7=0.854%%*
p>0.05 p>0.05 p<0.01 p<0.01
Serum FSH (IU/ml) =0.327 7=0.338 7=0.893%** r=0.896***
p>0.05 p>0.05 p<0.001 p<0.001
Final testicular Wt (gm) 7=0.135 7=0.028 7=0.685%* 7=0.692%*
p>0.05 p>0.05 p<0.01 p<0.01
Testicular coefficient (gm/Kg) 7=0.142 7=0.171 7=0.695%* 7=0.587*
p>0.05 p>0.05 p<0.01 p<0.05
Epidydimal sperm count (millions/ml) 7=0.148 r=0.111 7=0.909*** 7=0.891%*
p>0.05 p>0.05 p<0.001 p<0.01
Epidydimal sperm motility (%) r=0.235 7=0.349 7=0.889 r=0.874%**
p>0.05 p>0.05 p<0.01** p<0.01
Serum glucose (mg/dl) 7=0.533 7=0.510 r=0.963 ** * r=—0.970***
p>0.05 p>0.05 p<0.001 p<0.001
Serum insulin ( gUanl) r=0.229 7=0.015 7=0.103 r=0.178
>0.05 p>0.05 p>0.05 p>0.05
HOMA-IR =0.201 r=0.048 r=0.981 *#* r=0.975%**
p>0.05 p>0.05 p<0.001 p<0.001
Serum cholesterol (mg/dl) r=0.127 7=0.133 7=0.048 =0.078
p>0.05 p>0.05 p>0.05 >0.05
Serum triglycerides (mg/dl) =0.341 1=0.424 r=0.036 =0.411
p>0.05 p>0.05 p>0.05 p>0.05
LDL (mg/dl) =0.101 r=0.008 =0.383 =0.491
p>0.05 p>0.05 p>0.05 p>0.05
Serum HDL (mg/dl) r=0.177 7=0.281 7=0.169 7=0.141
p>0.05 p>0.05 p>0.05 p>0.05
*: p<0.05. #%: p<0.01. *HE p<0.001.
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Fig. (2A): Serum Kisspeptin level (ng/ml) expressed as (mean
£ SD) among the four studied groups.
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Fig. (2B): Serum testosterone level (pg/ml) expressed as (mean
£ SD) among the four studied groups.

**: p<0.01. b: Versus Group II.
a: Versus Group L. c: Versus Group III.
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Fig. (2C): Testicular coefficient (gm/kg) expressed as (mean
£ SD) among the four studied groups.

*E p<0.001.
b: Versus Group II.

** p<0.01.

a: Versus Group 1. c: Versus Group II1.

Discussion

AAS are steroidal androgens that are similar
in their structure and function to testosterone mainly
in increasing protein within cells, especially skeletal
muscles and also in developing and maintenance
of masculine secondary sexual characteristics [35].

Recently, AAS abuse becomes a worldwide
problem spreading among young adult males es-
pecially athletes to improve their physical appear-
ance and performance [36].

Kisspeptin is a hypothalamic neuropeptide that
is considered a powerful stimulator of the release
of gonadotrophin releasing hormone (GnRH) [37].
It was found that, kisspeptin neurons synapse on
GnRH neurons stimulating the release of hypoth-
alamic GnRH, that trigger the release of pituitary
LH and FSH [38,39] . Testosterone is a strong regu-
lator of Kiss1 expression [40]. Androgen receptors
are expressed in hypothalamic Kisspeptin neurons
not in GnRH neurons [41].

GLP-1 is an anorexigenic hormone, which is
released in response to meal intake by the intestinal
epithelial endocrine L-cells, and is considered as
a physiological regulator of food intake and appe-
tite, and also stimulates insulin release [6].

The relationship between GLP-1 and the HPG
axis is still unclear. It was found that GLP- 1 par-
ticipate in the neuroendocrine control of hypotha-
lamic-pituitary axis, food intake, and stress response
where intracerebroventricular GLP-1 administration
stimulated the secretion of LH, TSH, corticosterone
and vasopressin in rats [9].

Therefore, we made a model of an adult male
albino rat treated by supraphysiological dose of
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Fig. (2D): HOMA-IR expressed as (mean * SD) among the
four studied groups.

**k: p<0.001.
a: Versus Group 1. b: Versus Group II.

AAS for 5 weeks. Then, we investigated some
impacts of AAS use on pituitary-gonadal axis,
serum kisspeptin level, testicular functions, insulin
sensitivity and lipid profile.

For the first time, we assessed if GLP-1 has a
potential protective effect against some altered
testicular and metabolic functions induced by the
use of AAS for 5 weeks in adult male rats looking
for an approach for managing AAS abuse.

The present study demonstrated that the serum
levels of kisspeptin (ng/ml), LH (IU/ml), FSH
(IU/ml) and testosterone (pg/ml) were significantly
reduced in Group III (AAS-treated) compared to
Group I (vehicle-treated) and Group II (GLP- 1
treated). This may be explained by the effect ex-
ogenous androgen injection in suppressing the
release of GnRH, LH, FSH and subsequently tes-
ticular testosterone [35,36] . These findings were in
agreement with that of El-Hanbuli et al., [42].
However, in contrast to our findings regarding
FSH level; Al-Alwany et al., [43] reported that
testosterone injection for six weeks significantly
increased the FSH serum level in rats.

This current study showed that peripheral in-
j ection of GLP- 1 to rats in Group IV (GLP- 1 +
AAS treated) significantly increased the levels of
serum kisspeptin, LH, FSH and consequently tes-
tosterone compared to rats in Group III.

Therefore, the administered GLP-1 might cor-
rect the changes in kisspeptin, LH, FSH and testo-
sterone levels induced by AAS use. However,
kisspeptin, LH, FSH and testosterone levels were
not significantly changed in Group IV compared
to both Group I and Group I1.
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Moreover, significant positive correlations were
reported in Group I11 and Group 1V between serum
kisspeptin level and each of serum levels of LH,
FSH, and testosterone.

These findings are supported by Oride et d.,
[44] who found that expression of rat hypothalamic
Kiss-1 mRNA was significantly increased by direct
GL P-1 administration in the neurons of brain of
rat foetus. Hence, GLP-1 affects GhRH mRNA
expression aswell.

The relationship between GLP-1 and kisspeptin
isvery interesting. We found that GLP-1 injection
increased the serum level of kisspeptin that was
previously decreased by the use of AAS in adult
male rats. As kisspeptin is a physiologic regulator
to hypothalamic GnRH stimulating its release Roa,
etal., [5.

Therefore, it was suggested that the rising effect
of GLP-1 on serum kisspeptin level may result in
stimulation of HPG axis and increase the release
of GnRH aswell. Thisfinding is consistent with
findings of Beak et al., [45] who showed that GLP-
1 stimulated the GnRH secretion in the hypotha-
lamic neurona cell lines. In addition, central in-
jection of GLP-1 increased plasmaLH levelsin
rats [46].

Moreover, the present study showed that GL P-
1 administration in Group 11 induced no significant
differencesin the values of serum kisspeptin, LH,
FSH and testosterone levels compared to Group |.
These findings are in consistent with that of Jeib-
mann et al., [46] who reported that GLP-1 infusion
did not reduce the total production of testosterone
but affected its secretory pulsatile pattern, with no
significant changesin the pattern of LH release in
normal healthy males.

Concerning testicular parameters, the present
study demonstrated that administration of supra-
physiological doses of AAS for 5 weeks induced
significant reductionsin final testicular weight
(gm), testicular coefficient (gm/kg), epidydimal
sperm count (millions/ml) and motility (%) in
Group |11 compared to Group | and Group I1.

These results are supported with that of Ka-
nayama G et al., and El-Hanbuli HM et al., [42,47]
who observed that AAS disturbed the regular pro-
duction of endogenous testosterone and gonado-
tropins in human as well as experimental animals.

Furthermore, it has been reported that AAS-
treated rats showed significant decline in sperma-

togonia number resulting in reduced sperm count
and testicular atrophy [48,49] .

The data on the relationship between GLP-1
and reproduction are controversial and scarce.
Delayed puberty in female and decreased gonadal
weightsin male were found to occur in GLP-1
receptor knockout mice. However, the levels of
sex hormones were still in normal valuesin both
sexes of GLP-1 receptor knockout mice [9].

In the present study, the values of final testic-
ular weight, testicular coefficient, epidydimal
sperm count and motility were significantly in-
creased in Group 1V compared to Group I11 indi-
cating a potential role of GLP-1 in improvement
of some testicular and reproductive adverse effects
induced by AAS use. No significant changesin
these values were observed in Group Il compared
with Group I.

Also, there were significant positive correlations
in Group 111 and Group 1V between serum kisspep-
tin level and each of final testicular weight, testic-
ular coefficient, epidydimal sperm count and mo-
tility.

Moreover, this study showed that GLP-1 treat-
ment reduced body weight and BMI in Group 1V
compared to Group I11. Therefore, the improvement
of final testicular weight, testicular coefficient,
epidydimal sperm count and motility might follow
weight loss. And this can be interpreted according
to Hakonsen LB et al., [50] who found that weight
reduction could improve sperm count and motility
in obese men.

Also, Zhang et al., [51] found that GLP-1 recep-
tor agonist exenatide treatment for 8 weeks resulted
in significant increases in sperm motility and
activity in high fat diet fed rats when compared
with the saline control group.

Moreover, GLP-1-based therapies were found
to have anti-inflammatory actions on testis, liver,
kidney, lung, and skin by decreasing inflammatory
cytokines production and immune cells infiltration
[52].

However, in acase report study, GLP-1 receptor
agonist Liraglutide was found to cause interrupted
sperm production in men probably by affecting
gonadotropins, leptin and insulin [53].

Regarding FBW, BMI, AC/TC ratio, this study
recorded a significant increase in these studied
parametersin Group 111 compared to both Group
| and Group 1.
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However, when GLP- 1 was administered to
androgen-treated ratsin Group 1V, it significantly
reduced the values FBW), FBMI and AC/TC ratio
compared to ratsin Group I11. Therefore, GLP-1
could reduce the expected increase in weight, BMI
and AC/TC ratio in AAS-treated rats. The admin-
istered GLP-1 to vehicle-treated rats in Group 11
significantly reduced FBW and FBM 1 without
significant change in AC/TC ratio compared to
ratsin Group I.

These findings are in agreement with that of
Shirazia et al., Hunter and Holscher [54,55] who
documented that GLP-1 and its long-lasting ana-
logues could cross the blood brain barrier and
suppressed food intake and reduced body weight
likely via acting on the central GLP-1 receptors.
Moreover, it was demonstrated that GL P-1 receptor
agonists significantly decreased body weight, BMI
and waist circumference in obese and overweight
persons with or without diabetes by Vilsboll et al.,
and Zhang et al., [56,57] . In humans, it has been
found that, peripheral administration of GLP- 1
that crosses the blood-brain barrier induced satiety
and reduced body weight [58].

Concerning metabolic parameters, this research
recorded significant increase in the fasting serum
levels of glucose (mg/dl), insulin ( gQ/4ml) and the
value of HOMA-IR in Group |1l compared to both
Group | and Group II.

The effects of AAS abuse on glucose metabo-
lism are controversial. In agreement with these
findings, George [59] reported that prolonged use
of AASincreased insulin resistance and elevated
fasting blood glucose levels. However, on the
contrary of these findings, normal glucose metab-
olism was obtained when high AAS doses used in
rats [60].

In addition, GLP-1 treatment induced significant
reductionsin the level of fasting serum glucose
and HOMA-IR and had no significant effect on
serum insulin level in Group 1V compared to Group
I11. However, fasting serum glucose, insulin levels
and HOMA-IR value were still significantly higher
in Group 1V compared to both Group | and Group
Il. The values of fasting serum glucose, insulin
levels and HOMA-IR did not significantly change
in Group Il when compared to Group I.

However, Schwetz et a., [61] showed that GLP-
1 and Kisspeptin-10 stimulate insulin secretion
through activating insulin gene expression and
proinsulin biosynthesis.
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This research showed that the serum levels of
total cholesterol (mg/ml), and Low Density Lipo-
protein (LDL) (mg/ml) were increased significant-
ly, and the serum level of High Density Lipoprotein
(HDL) (mg/ml) was significantly reduced with no
significant change in serum Triglyceride (TG) level
(mg/ml) in Group Il compared to Group | and
Group Il.

These results were in agreement with that of
Achar et al., [62] who concluded that AAS abuse
was associated with increased LDL levels and
decreased HDL levels.

On the other hand, Hartgens et al., [63] revealed
that total cholesterol was significantly decreased
in healthy and diabetic animals treated with testo-
sterone, with no changesin HDL levels.

In addition, GLP- 1 administration produced
significant decreases in the serum levels of total
cholesterol and LDL with no significant changein
neither HDL nor TG levelsin Group IV compared
to Group I11. However, the levels of serum choles-
terol and LDL were still significantly higher and,
the level of serum HDL was still significantly
lower in Group IV compared to both Group | and
I1. In addition, GLP- 1 administration did not pro-
duce significant changes in any of components of
lipid profilein Group Il compared to Group |.

And this may be explained according to L utz
et a., [64] who observed that the obesity-induced
alterations of lipoprotein metabolism might be
modified through pharmacological activation of
the GLP-1 system. So, this may be taken in con-
sideration to develop new strategies for treating
dydlipidaemiain obesity, diabetes, and other cardio-
metabolic diseases.

Discrepancies in the findings of this research
and others may be related to the differencesin the
studied models and species, the variations of the
doses of drugs used the methods of administration
of these drugs and the duration of treatment.

In conclusion, we have shown that GLP-1 asa
GIT hormone has a potential protective rolein
improving the adverse effects of AAS on metabolic
parameters and testicular functions, by increasing
serum kisspeptin level through stimulating the
pituitary gonadal axis, representing alink between
the metabolic status of the body and gonadal action
in AAS-treated rats. Therefore, it could present a
novel approach for managing AAS abuse. We are
still in need to further understand the role of GLP-
1 in driving the reproductive functions as a com-
ponent of GIT- brain axis.
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