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Abstract

Background: Nesfatin-1 is nucleobindin 2-derived
polypeptide involved in feeding regulation. The expression
of Nesfatin-1 in the hypothalamus, pituitary gland and repro-
ductive organs drew the attention to its potential role in
regulation of hypothalamic-pituitary-gonadal axis. Yet, very
few data are available regarding the effect of gonadal hormones
on the regulation of Nesfatin-1.

Aim of Study: The present study was designed to explore
the probable sex difference in serum Nesfatin-1 levels and
the relationship between serum levels of sex hormones and
Nesfatin-1 in adult male and female albino rats.

Material and Methods: The study involved 18 male and
30 female albino rats. The male rats were divided in to three
equal groups: Control (M Cont.), orchidectomized (ORX),
and testosterone-treated orchidectomized (T-treated ORX).
The female rats were divided in to five equal groups: Control
(F Cont.), ovariectomized (OVX), estradiol-treated ovariect-
omized (E-treated OVX), progesterone-treated ovariectomized
(P-treated OVX), and estradiol and progesterone-treated
ovariectomized (E + P-treated OVX). Serum levels of Nesfatin-
1, LH (in all rats), testosterone (in male rats), estradiol and
progesterone (in female rats) were measured.

Results: Serum levels of Nesfatin-1 were higher in female
than in male control rats. Nesfatin-1 levels significantly
decreased in ORX group compared with M Cont. group and
increased in T-treated ORX group compared with ORX group.
Nesfatin-1 positively correlated with testosterone in ORX and
T-treated ORX groups, but insignificantly correlated with LH
in all groups. Serum levels of Nesfatin-1 were significantly
decreased in OVX group compared with F Cont. group and
increased in E-treated OVX, P-treated OVX and In E + P-
treated OVX groups when compared with those of OVX
group. Positive correlations were found between Nesfatin-1
and both estradiol and progesterone in OVX, E-treated OVX,
P-treated OVX, and E+P-treated OVX groups; however, no
significant correlations were found with LH in all groups.

Conclusion: From the above results it can be concluded
that gonadal hormones are important regulators of serum
levels of Nesfatin-1 in albino rats.

Correspondence to: Dr. Marwa A. Habib,
E-Mail: marwahabib2015@gmail.com

421

Key Words: Nesfatin-1 — Sex hormones — Hypothalamus —
Ovariectomy.

Introduction

NESFATIN-1 is an anorexigenic peptide consists
of 82 amino acids and derived from the N-terminal
region of a larger precursor protein, nucleobindin
2 (NUCB2) [1]. The expression of NUCB2 / Nes-
fatin-1 was demonstrated centrally within the hy-
pothalamus and other brain regions involved in
the regulation of feeding, stress modulation, loco-
motion, thermogenesis and reproduction [2,3]. Ad-
ditionally, Nesfatin-1 expression was detected
peripherally in the digestive organs [4,5], the adipose
tissues [6] and the heart [7]. Nesfatin-1 was supposed
to play a role in the regulation of anxiety, sleeping,
gastric acid secretion and emptying, glucose me-
tabolism and insulin secretion [8].

Nesfatin-1 expression was detected in the male
reproductive organs of human and rodents including
the Leydig cells, the testis, and the epididymis;
and was suggested to regulate steroidogenesis and
spermatogenesis by local signaling during devel-
opment and under metabolic stress [9-11]. As regard
the female reproductive system, Nesfatin-1 expres-
sion in the ovary was localized in the theca cells,
interstitial cells, and some of the oocytes, and in
the uterus on the epithelial cells of the endometrium
and uterine glands [12,13].

Nesfatin-1 was suggested to be involved in the
regulation of reproductive maturation and function
through modulating the hypothalamic-pituitary-
gonadal axis [14] . Garcia-Galiano et al., reported
that NUCB2 mRNA and protein levels increased
in the hypothalamus during the pubertal transition
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of female rats. Also, they found that intracerebrov-
entricular injection of Nesfatin-1 induced signifi-
cant elevation in circulating L utenizing Hormone
(LH) levels [9). In contrast, Gonzalez et al., found
that a single intraperitoneal injection of synthetic
goldfish Nesfatin-1 resulted in an acute decrease
in the expression of hypothalamic Gonadotrophin
Releasing Hormone (GnRH) and serum LH levels
[15] . Despite the previous studies that demonstrated
the expression of Nesfatin- 1 in the reproductive
system, it is not clear yet the function of Nesfatin-
1inthe reproductive organs. Also, the relationship
between Nesfatin- 1 and sex hormonesis still a
matter of controversy.

Therefore, the present study was designed to
explore the potential sexual variation in serum
levels of Nesfatin-1, the relationship between serum
levels of sex hormones and Nesfatin-1 and in turn
the effect of orchidectomy and ovariectomy on
serum levels of Nesfatin-1 in adult male and female
albino rats respectively, and also to clarify the
effect of sex hormones injection on serum levels
of Nesfatin-1 in adult male and female albino rats.

Material and M ethods

Animals:

In the period from 10th April to 28th June 2015,
the study was performed in the Animal House of
Faculty of Medicine, Zagazig University and in-
volved atotal number of 48 healthy adult albino
rats of local strain (18 males and 30 femal es)
weighing 150-250g that were obtained from the
animal house. The female rats were separated from
males to avoid conception and all rats were kept
in steel wire cages (6 per cage) under hygienic
conditions at comfortable room temperature with
12-hour light/dark cycles, received food and water
ad libitum and fed the same diet that consisted of
mixed commercial rat laboratory chow. The rats
were accommodated to laboratory conditions for
two weeks before the beginning of the experiments.
The experimental procedures were approved by
the Institutional Research Board and Ethics Com-
mittee of Faculty of Medicine, Zagazig University.

Methods:

After the adaptation period, the male rats were
randomized and divided into 3 equal groups (n=6):
Male control subgroup (M Cont.) that was injected
Subcutaneously (SC) with sesame oil [ADWIC
Laboratory Chemicals, Egypt] at a dose of 100
tl/rat; once daily for 3 successive days, orchidec-
tomized subgroup (ORX) in which rats were bilat-

Effect of Sex Hormones on Serum Levels of Nesfatin-1

erally orchidectomized and left for 48 hours after
operation for healing then injected SC with sesame
oil once daily for 3 successive days, and orchidec-
tomized subgroup injected by Testosterone (T) (T-
treated ORX) in which orchidectomized rats were
injected SC with testosterone [ (Sustanon 100),
Nile CO. for Pharmaceuticals-Cairo-A.R.E.] at a
dose of 0.5mg/100g body weight (b.w.) in sesame
oil twice daily for 3 successive days [16] .

The female rats were randomized and divided
into 5 equal groups (n=6): Female control group
(F Cont.) that was injected SC with sesame oil at
adose of 100 g/ram once daily for 8 successive
days, ovariectomized group (OV X) in which rats
were bilaterally ovariectomized and |eft for 48
hours after operation for healing then injected SC
with sesame oil once daily for 8 successive days,
ovariectomized group injected by Estradiol (E) (E-
treated OV X) in which each ovariectomized rat
was injected SC with estradiol benzoate [(Folone-
5), Misr CO. pharm. Ind. SA.A. Materia. Cairo-
A.R.E] at adose of 4mg/kg b.w. in sesame oil
once daily for 8 successive days, ovariectomized
group injected by Progesterone (P) (P-treated OV X)
in which each ovariectomized rat wasinjected SC
with progesterone [(Lutone), Misr CO. pharm. Ind.
S.A.A. Materia. Cairo-A.R.E.] at adose of 20mg/kg
b.w. in sesame oil once daily for 8 successive days,
and ovariectomized group injected by estradiol
and progesterone (E + P-treated OV X) in which
each ovariectomized rat was injected SC with
estradiol benzoate (4mg/kg b.w.) and progesterone
(20mg/kg b.w.) in sesame oil once daily for 8
successive days [17].

Sexual cycle determination in female rats:;
Vaginal secretions from the non-ovariectomized
rats were collected with a plastic pipette filled with
10mL of normal saline by inserting the tip into the
rat vagina and then the unstained material was
observed under a light microscope and cycles with
duration of 4-5 days were considered regular ac-
cording to Marcondes et al. [19].

Gonadectomy technique:

The overnight-fasted rat was anaesthetized
intraperitoneally with pentobarbital sodium [(40
mg/kg b.w.); Misr CO. pharm. Ind. S A.A. Materia,
Cairo-A.R.E.] then tied to the operating board
where hair was removed from the lower abdomen
and the bare area of the skin was sterilized by 70%
ethyl alcohol. A midline incision was made through
the skin and the abdominal wall. In male rats,
orchidectomy was performed according to Fernan-
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dez-Guasti and Martinez-mota where the testes
were explored and picked up by toothed forceps,
aligature of catgut was placed between the epidi-
dymis and testes, and then the testes were removed
surgically [19]. In female rats, ovariectomy was
performed according to Irahara et a., where the
ovaries were explored and removed surgically [20].
Then the viscera were replaced and the abdominal

wall was repaired with catgut thread, then the skin
incision was closed with sterile silk suture. Finally,
garamycin cream was put over the closed incision
and covered with sterilized gauze and the rat was
observed until recovery from anesthesia.

Blood sampling and laboratory assay:

Blood samples were collected from non-
ovariectomized female rats in the afternoon of
estrous day of their cycles after an overnight fasting
to avoid circadian rhythm of serum hormonal
levels. Blood samples were collected 24 hours after
the end of treatment [21] to measure serum levels
of Nesfatin- 1, LH levelsin all groups, testosterone
in male groups, and estradiol and progesteronein
female groups. Blood samples were obtained by
decapitation of rats under ether anesthesia. The
blood was collected in clean plastic centrifuge
tubes and allowed for clotting. Then serum was
separated by centrifugation of blood 3000rpm for
15 minutes. The supernatant serum was pipette off
using fine tipped automatic pipettes and stored in
deep frozen at —20°C until used for measurement
of the following parameters:

Serum Nesfatin-1 levels: Using rat Nesfatin-1
ELISA Kits (Shanghai SunRed Biotechnology
Company, China) according to Oh-l et al. [1].

Serum testosterone, estradiol, progesterone and
LH levels: Using rat ELISA kits; Catalogs Number
BC-1115, BC-1111, BC-1113 and BC-1031 respec-
tively (BioCheck Inc 323 Vintage Park Dr. Foster
City, CA 94404) according to Tietz [22].

Satistical analysis: Vaues were presented as
mean = SD. The statistical analysis was done using
SPSS program (Version 19 for windows) (SPSS
Inc. Chicago, IL, USA). Unpaired student's t-test:
Was used for comparison of means of two variables
in two different groups. One-way ANOVA, fol-
lowed by L SD post hoc test was used for compar-
ison of means of more than two different groups.
Pearson's correlation (r) was used to analyze cor-
relations between serum levels of Nesfatin-1 and
the other measured parameters. p-value <0.05 was
considered significant for all performed statistical
tests.
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Results

A dlight statistically significant increase in
serum levels of Nesfatin-1 was found in female
control group when compared with those of male
control group (p<0.05). The mean values £ SD
were found to be (7.73g/ml £0.53 and 7.02ng/ml
+0.45) respectively.

Sudies on male albino rats (Table 1):

A statistically significant reduction in serum
levels of Nesfatin-1was found in ORX group when
compared with those of M Cont. group (p<0.001).
In T-treated ORX group, there was a stetistically
significant increase in serum levels of Nesfatin-1
when compared with those of ORX group ( p<0.001)
and a gtatistically insignificant change when com-
pared with those of control group (p>0.05).

Asregard serum levels of testosterone, there
was a statistically significant decrease in ORX
group when compared with those of M Cont. group
(p<0.001), while, there was a statistically significant
increase in T-treated ORX when compared with
those of M Cont. and ORX groups (p<0.001).
Statistically significant positive correlations were
found between serum levels of testosterone and
serum levels of Nesfatin-1 in ORX and T-treated
ORX groups while, they were insignificantly cor-
related in M Cont. group.

Concerning serum levels of LH, there was a
statistically significant increase in ORX group
when compared with those of M Cont. group
(p<0.01). In T-treated ORX groups, serum levels
of LH were significantly decreased when compared
with those of ORX group (p<0.05) and showed a
statistically insignificant change when compared
with those of M Cont. group (p>0.05). No statisti-
cally significant correlations were found between
serum levels of Nesfatin-1 and LH in all male
groups.

Sudies on female albino rats (Table 2):

Asregard serum levels of Nesfatin- 1, they were
significantly decreased in OV X group when com-
pared with those of F Cont. group (p<0.001). In
E-treated OV X group, serum levels of Nesfatin-1
were significantly increased when compared with
those of OV X group (p<0.001), and showed a
statistically insignificant change when compared
with those of F Cont. group (p>0.05) In P-treated
OV X group, serum levels of Nesfatin-1 were sig-
nificantly decreased when compared with those of
F Cont. group (p<0.01) and E-treated OV X group
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(p<0.001) and significantly increased when com-
pared with OV X group (p<0.01). In E + P-treated
OV X group, serum levels of Nesfatin-1 were sig-
nificantly increased when compared with those of
F Cont. group (p<0.05), OV X group (p<0.001)
and P-treated OV X group (p<0.001) and showed
a statistically insignificant change when compared
with those of E-treated OV X group (p>0.05).

Regarding serum levels of estradiol, they were
significantly decreased in OV X group when com-
pared with those of F Cont. group (p<0.001). In
E-treated OV X group, serum levels of estradiol
were significantly increased when compared with
those of OV X group (p<0.001) and showed a
statistically insignificant change when compared
with those of F Cont. group (p>0.05). In P-treated
OV X group, serum levels of estradiol were signif-
icantly decreased when compared with F Cont.
group (p<0.001) and E-treated OV X group (p
<0.001) and showed a statistically insignificant
change when compared with OV X group (p>0.05).
In E + P-treated OV X group, serum levels of
estradiol were significantly increased when com-
pared with those of F Cont. group (p<0.05), OVX
group (p<0.001) and P-treated OV X group (p
<0.001) while, they showed a statistically insignif-
icant change when compared with those of E-
treated OV X group (p>0.05). Statistically signifi-
cant positive correlations were found between
serum levels of estradiol and Nesfatin-1in OV X,
E-treated OV X, P-treated OV X and E + P-treated
OV X groups; while, they were insignificantly
correlated in F Cont. group.

Concerning serum levels of progesterone, they
were significantly decreased in OV X group when
compared with those of F Cont. group ( p<0.001).
In E-treated OV X group, serum levels of proges-
terone were significantly decreased when compared
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with those of F Cont. group (p<0.001) and showed
a statistically insignificant change when compared

with those of OV X group (p>0.05). In P-treated
OV X group, serum levels of progesterone were
significantly increased when compared with those
of OV X group (p<0.001) and E-treated OV X group
(p<0.001), and showed a statistically insignificant

change when compared with those of F Cont. group

(p>0.05). In E + P-treated OV X group, serum
levels of progesterone were significantly increased

when compared with those of OV X and E-treated
OV X groups (p<0.001); while, they showed a
statistically insignificant change when compared
with those of F Cont. and P-treated OV X groups
(p>0.05). Statistically insignificant correlations
were found between serum levels of progesterone
and Nesfatin-1 in F Cont. group; while, they were
positively correlated in OV X, E-treated OV X, P-

treated OV X and E + P-treated OV X groups.

Asregard serum levels of LH, they were sig-
nificantly increased in OV X group when compared
with those of control group (p<0.001). In E-treated
OV X group, serum levels of LH were significantly
decreased when compared with those of F Cont.
group (p<0.05) and OV X group (p<0.001). In P-
treated OV X group, serum levels of LH were
significantly decreased when compared with those
of OV X group (p<0.001); while, they showed a
statistically insignificant change when compared
with those of F Cont. and E-treated OV X groups
(p>0.05). In E + P-treated OV X group, serum
levels of LH were significantly decreased when
compared with those of F Cont. group (p<0.05)
and OV X group (p<0.001); while, they showed a
statistically insignificant change when compared
with E-treated OV X and P-treated OV X groups
(p>0.05). No statistically significant correlations
were found between serum levels of LH and Nes-
fatin-1in all female groups.

Table (1): Comparison between the serum levels of measured parametersin male

rats groups.
Groups M Cont. ORX T-treated ORX
Parameters group group group
Nesfatin-1 (ng/ml) 7.02+0.45 4.58+0.82a 6.95+ 1.13b
Testosterone (ng/ml) ~ 3.14+0.62 0.098+0.03a 4.75+0.552b
r=0.625, NS r=0.860, p<0.05 r=0.887, p<0.05
LH (pUaml) 1.47+0.23 1.99+0.312 1.56+0.21b
r=0.721, NS r=0.484, NS .033, NS

Data are represented as mean = SD.
a : Significant versus M Cont. group.
b : Significant versus ORX group.

r : Correlation with serum Nesfatin-1 levels.

NS : Non-Significant (p>0.05).
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Table (2): Comparison between the serum levels of measured parameters in female rats' groups.
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Groups F Cont. ovX E-treated OV X P-treated OV X E + P-treated

Parameters group group group group OVX group
Nesfatin-1 (ng/ml) 7.73+0.53 4.30+0.68a 8.73+0.79b 6.28+1.26ab'c 8.92+0.94a'b'd
Estradiol (pg/ml) 29.62+3.81 6.35+1.27a 33.49+4.65P 5.91%+0.98ac 34.87+4.432b'd

r=0.602, NS r=0.861, p<0.05 r=0.936, p<0.01 r=0.975, p<0.01 r=0.949, p<0.01
Progesterone (ng/ml) 10.80+1.83 1.74+0.34a 1.91+0.34a 11.52+1.48b'c 12.33+1.75b'c

r=0.285, NS r=0.968, p<0.01 r=0.913, p<0.05 r=0.957, p<0.01 r=0.968, p<0.01
LH ( gluaml) 2.72*0.53 3.78£0.52a 2.17+0.392b 2.37+0.3% 2.06+0.342b

r=-0.337, NS r=0.283, NS r=0.305, NS r=0.337, NS r=0.391, NS
Data are represented as mean = SD.
a Significant versus F Cont. group. d : Significant versus P-treated OV X group.

b: Significant versus OV X group. r
c¢: Significant versus E-treated OV X group.

Discussion

The present study revealed a sex differencein
serum levels of Nesfatin-1 as they were signifi-
cantly increased in female control group when
compared to male control group. Thisfinding is
consistent with the study by Hofmann et al., which
demonstrated that the mean NUCB2/Nesfatin-1
levels were higher in females compared to male
persons and this sexual difference was attributed
to the variation in the number and distribution of
Nesfatin- 1 receptors between male and female
reproductive organs [23] . In contrast to these results,
the study by Kim et a. demonstrated similar ex-
pression levels of Nesfatin-1/NUCB2 in various
tissues of female and male mice with much higher
expression in reproductive organs [5].

The present study on male albino rats demon-
strated a significant reduction in serum levels of
Nesfatin- 1 after orchidectomy that was reversed
after testosterone replacement. Additionally, sig-
nificant positive correlations were found between
serum levels of Nesfatin-1 and testosterone in ORX
and T-treated ORX groups.

Consistent with our finding, Senin et a., report-
ed that testosterone can stimulate NUCB2/Nesfatin-
1 production at both gastric and adipose levels
based on their finding that surgical orchidectomy
provoked a decrease in the amount of NUCB2
protein content and MRNA levelsin rat gastric
mucosa, the NUCB2 protein storage in the subcu-
taneous adi pose tissue, and the plasma NUCB2/
Nesfatin-1 levels; that were reversed after testo-
sterone replacement. Additionally, they reported
that circulating Nesfatin- 1 levels were correlated
positively with plasma testosterone concentrations
at the different agesin male rats [24] ; afinding that

: Correlation with serum Nesfatin-1 levels.
NS : Non-Significant (p>0.05).

is compatible with our finding in the present study.
Additionally, Hatef & Unniappan found that the
expression of NUCB2 mRNA and protein was
increased in cultured hypothalamic and pituitary
cells of micein vitro treated with testosterone [25].
Also, the study by Seon et al., demonstrated the
reduction of NUCB2 mRNA expression level in
the pituitary gland of orchidectomized mice, which
increased after testosterone replacement; while,
the expression level was significantly reduced after
testosterone replacement in the hypothalamus [26] .
In contrast to the previous studies, the study by
Bertucci et al., demonstrated the decrease in the
expression of NUCB2 in the gut and pituitary gland
of goldfish treated with testosterone [27].

The present study detected insignificant corre-
lation between serum levels of Nesfatin-1 and LH
in al groups. We did not find in the literature
studies that demonstrate the relationship between
serum levels of Nesfatin-1 and LH; but some studies
demonstrated the effect of gonadotropin injection
on Nesfatin-1 expression levels. The study by Kim
and Y ang revealed that the expression levels of
Nesfatin- 1 in the testis and epididymis were in-
creased after gonadotropin injections and suggested
that Nesfatin-1 produced in the male reproductive
system might be regulated by gonadotropin secreted
by the pituitary gland [28]. Additionally, the study
by Garcia-Galiano et al., showed that NUCB2/
Nesfatin-1 expression was up-regulated by pituitary
LH [10].

Regarding the femal e albino rats, the present
study found a significant decrease in serum levels
of Nesfatin-1 after ovariectomy that was reversed
after replacement with estradiol, progesterone or
both. The effect of estradiol replacement on serum
levels of Nesfatin-1 was more significant than that
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of progesterone, while the effect of combination
of both hormones was insignificantly different
from that of estradiol alone. Nesfatin-1 positively
correlated with serum levels of and estradiol and
progesterone in all female groups apart from control
group. The present study suggested that the increase
in serum levels of Nesfatin-1 after replacement
with estradiol and progesterone may be attributed
to the increased expression of Nesfatin- 1 mRNA
in the pituitary gland and/or reproductive organs;
and subsequently the increase in Nesfatin-1 protein
that might be transported through the blood stream
causing the increase in serum levels.

Consistent with our suggestion, the study by
Kim et a., showed that Nesfatin-1/NUCB2 expres-
sion in the uterus was regulated by estrogen asits
expression levels were significantly increased in
the ovariectomized mice treated with 17 (3-estradiol
[13] . Furthermore, the study by Chung et a., sug-
gested that NUCB2 mRNA expression in the pitu-
itary gland was upregulated by17 (3 -estradiol based
on the finding that NUCB2 mRNA expression was
decreased in the pituitary gland after ovariectomy
and significantly increased with 173 -estradiol and
progesterone injection [21] . Additionally, Hatef and
Unniappan found that the expression of NUCB2
mMRNA and protein was increased in cultured pitu-
itary cells of micein vitro treated with 17 (3-estradiol
[21,25].

In contrast to the previous studies, it was dem-
onstrated that the expression of NUCB2 in the gut
and pituitary gland was decreased in goldfish
treated with estradiol [27]. Also, it was reported
that the expression of NUCB2 mRNA in the cul-
tured pituitary tissues of mice was significantly
decreased with progesterone and also with com-
bined progesterone and estradiol [21].

Several studies demonstrated that Nesfatin- 1
was expressed in many hypothalamic areas which
areinvolved in the central regulation of pituitary
hormones secretion [15,29,30] . Moreover, the study
by Chung et al., revealed that the expression of
NUCB2 mRNA and Nesfatin-1 protein was higher
in the pituitary gland than in other organs and was
localized in many cellsin the anterior pituitary
gland [21] . The relationship between Nesfatin-1
and LH is still amatter of controversy. The present
study did not find any significant correlation be-
tween serum levels of Nesfatin-1 and LH in all
female groups. Consistent with our finding, Cathi
et a. did not find any correlation between Nesfatin-
1 and basal LH or basal Follicle Stimulating Hor-
mone (FSH) [31]. Additionally, it was demonstrated
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that exogenous administration of Nesfatin-1 did
not cause any significant change in the circulating
levels of gonadotropinsin adult cyclic female rats

9.

In contrast, the study by Gonzalez et al., dem-
onstrated that a single intraperitoneal injection of
synthetic goldfish Nesfatin-1 resulted in an acute
decrease in the expression of hypothalamic GnRH
and serum LH levels. The authors reported that
Nesfatin-1 had a predominant suppressive effect
on reproduction through actions on the hypothala-
mo-pitutary gonadal axis of fish. This suppressive
effect was suggested to be due to the down regu-
lation of GnRH and/or by the direct action of
Nesfatin-1 [15].

However, intracerebroventricul ar injections of
Nesfatin-1 was reported to induce significant ele-
vationsin circulating LH levels, and central injec-
tions of anti-NUCB2 (morpholino-oligonucleotides)
reduced circulating LH levelsin pubertal female
rats [9].

In Conclusion:

From the above discussion, it can be concluded
that there is a sex difference in serum Nesfatin-1
levels between adult male and female albino rats
with more significant level in female rats. Serum
levels of Nesfatin-1 in rats are dependent on gonads
and regulated by gonadal hormones. Serum levels
of Nesfatin-1 are regulated by testosterone hormone
in adult male albino rats and by estradiol and
progesterone hormones in adult female albino rats
where the effect of estradiol is more prominent
than progesterone.

Recommendations:

Further studies are required to clarify the inter-
relationship between Nesfatin-1 and gonadal func-
tions in both males and females and also, the
potential pathophysiological role of disturbed
Nesfatin-1 signaling in different reproductive dis-
orders.
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