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Abstract
Aim: The focus of this research was to see how the hormone ghrelin affected reproductive hormones and gene
expression of LH and Fsh hormone in mature male rats.

Methods: Seventy male rats were used in the investigation, with twenty serving as controls and 50 being given a
subcateaneous injection (s.c) of freshly manufactured thyroxine from (Sigma Aldrich Co.-USA) at a dose of 500
Ha/kg dissolved in saline to induce hyperthyroidism. For thirty days, After inducing hyperthyroidism, The
hyperthyroidic rats were divided into four groups at random. each with ten rats: a positive control group, a
hyperthyroic group administrated with GRE at dose (0.5nmol/100ul saline), and a hyperthyroidic group
administrated with administrated at dose (Inmol/100ul saline). The hyperthyroic group received GRE at a dose
of 2nmol/100I saline. For thirty days,both the positive and negative control groups were given saline. (10ug/rat)

Results: when compared to the control group, the hyperthyroidism group had a significant (P<0.05) increase in
serum (T, FSH, and LH) concentration, whereas when compared to the hyperthyroidism group, all
hyperthyroidism groups treated with ghrelin had a significant (P<0.05) decrease in serum (T, FSH, and LH)
concentration. In the hyperthyroidic group, LH mRNA expression was considerably higher (p<0.0001) than in
the control group. When compared to the hyperthyroidic group, LH mRNA expression decreased considerably
(p<0.0001) in all hyperthyroidic groups administrated with GRE. When comparing the hyperthyroidic group to
the control group, FSH mMRNA expression increased considerably (p<0.0001). FSH mRNA expression, on the
other hand, decreased considerably (p<0.0001) in all hyperthyroidic groups administrated with GRE. GRE has
been shown to have regulated effects on the reproductive hormones and expression of their related genes in adult
male rats.

Conclusion: We discovered that GRE decreases the expression of the LH- and FSH hormones directly, which
could be attributable to direct effects on the hypothalamusH-P-G. axis. ghrelin can regulator of the testicular
functions and represents an important additional link between the male reproductive hormones homeostasis and
the reproductive function.
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Introduction

Thyroid hormone production and/or secretion are excessively high in hyperthyroidism.
Thyrotoxicosis is a clinical disorder in which excessive thyroid hormone has an adverse effect
on the tissues, resulting in systemic symptoms[1]. Changes in the endocrine, sexual, or
reproductive systems are linked to thyrotoxicosis[2].The hypothalamic-pituitary-gonadal axis
is the main operator of sex development and reproduction, which is triggered by the
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gonadotropin-releasing hormone (GnRH) [3]. The generation of SHBG and androgen binding
protein (ABP), which transport testosterone, is affected by thyroid status in the liver and
Sertoli cells. Due to a decrease in its metabolism, SHBG and testosterone levels rise in
thyrotoxicosis[4]. Ghrelin (GRE) is a 28-amino-acid peptide hormone produced mostly by
secretory granules in the stomach's submucosal layer's X/A-like endocrine cells[5],[6]. In the
central nervous system, the hypothalamus has been identified as the primary source of
ghrelin. Furthermore, the GHS-R1a receptor mRNA has been discovered in several locations
of the brain, as previously mentioned. In rats, systemic ghrelin injection lowers the frequency
of GnRH pulses in vivo. The full inhibition of the effects of ghrelin by the NPY-Y5 receptor
antagonist suggests that NPY is involved in the modulation of ghrelin's effects on pulsatile
GnRH production[7]. Ghrelin significantly inhibits GnRH release by hypothalamic lobes
from ovariectomized females[8]. In rats, lambs, and monkeys, ghrelin reduces the frequency
of LH pulses in the pituitary[9],[10], and humans [11]. Ghrelin controls gonadotropin release
in mammalian and nonmammalian species via acting on the hypothalamus as well as the
pituitary gland directly[12]. The action mechanism of ghrelin on the reproductive system is
unknown; however, this peptide inhibits the hypothalamic—pituitary—gonadal axis, causing a
decrease in luteinizing hormone and testosterone plasma levels[13]. In patients with thyroid
dysfunction, ghrelin and hormones of the hypothalamic-pituitary-thyroid (HPT-) axis have a
negative relation[14].

Materials and methods
Chemicals

L-Thyroxine (T4) take up from Merk-france , Ghrelin Lyphilized white powder taken
up from Anaspec-UK Co. The testosterone, FSH and LH hormones were managed by using
commercially available kits supplied by Elabscience Inc., China.

Gene Expresion Assay:

All of the male rats that treatment had their heads cut off. Pituitary glands were excised and
kept at -80°C until the reverse transcriptase polymerase chain reaction was carried out
(RTPCR).

Primers must be prepared before they can be used.

The primers (originally lyophilized) were dissolved in free ddH20 to reach a final
concentration of 100 M/I, which functioned as a stock solution that was stored at -20 °C,
according to the primer synthesiser company's instructions. The stock primers were
concentrated to a concentration of 10 M/I to be utilized as a work primer.

Primers Used In This Study

Target Sequence (5’-3’) Tm (°C) Product
gene size
Rat GAPDH | F 5’- ATGACTCTACCCACGGCAAG-3’ 60 89bp
R 5’- CTGGAAGATGGTGATGGGTT -3’
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F 5’-CTGTGGCTGCTGCTGAGCCCAAG-3’ 60 115bp
LH-beta R 5’-TGCAGACTGGGCAGAACTCA-3’
FSH-beta F 5’-CACAGCCAGGCAATCTTATG-3’ 60 70bp
R 5’-AGACCAAACACCCAGAAAGT-3’

Experimental animal design

Healthy adult male albino rats weighing 250-300 gm were procured from the animal house of
the Faculty of Veterinary Medicine at Basrah University for this investigation. Rats were
housed in hygienic steel wire cages (4 rats per cage) in the physiology animal house of the
Faculty of Medicine, Basrah University. They had unlimited access to water, were kept at
room temperature. Before the experiment began, the rats were allowed a week to acclimatize
to their new place[15].

Seventy male rats were used in the investigation, with twenty serving as controls and 50

being given a subcateaneous injection (s.c) of freshly manufactured thyroxine from (Sigma
Aldrich Co.-USA) at a dose of 500 pg/kg dissolved in saline to induce hyperthyroidism. For
thirty days, After inducing hyperthyroidism, The hyperthyroidic rats were divided into four
groups at random. each with ten rats: a positive control group, a hyperthyroic group
administrated with GRE at dose (0.5nmol/100ul saline), and a hyperthyroidic group
administrated with administrated at dose (1nmol/100ul saline). The hyperthyroic group
received GRE at a dose of 2nmol/100I saline. For thirty days,both the positive and negative
control groups were given saline. (10ug/rat)
Each group's animals were anesthetized with chloroform and murdered after the experiment
period. For histological evaluation, the organ testis was taken and kept in 10% formalin.
Blood was drawn from the heart through cardiac puncture with a 5cc sterile syringe and
placed in plain tubes without anticoagulant. FSH, LH, and Testosterone hormones were
measured in serum samples separated from blood by centrifugation at 3000rpm for 15
minutes.

Analytical Statistics
The single-direction covariance (ANOVA) test was used. Using the SPSS V. 21 (measurable
bundles for sociologies) application.

Result

When compared to the control group, the hyperthyroidism group showed a significant
(P<0.05) increase in serum (T, FSH, and LH), whereas all hyperthyroid groups
administrated with GRE had a significant (P<0.05) drop in serum (T, FSH, and LH). While
serum (T and LH) concentrations between the GRE (2 nmol) group and the control group
were not significantly different. Furthermore, there were no significant differences in serum
(LH) concentrations between the GRE (1 nmol) administrated and control groups. In
comparison to the control group, the GRE (0.5 nmol) group demonstrated a significant
(P<0.05) increase in serum (T and LH) concentration. Furthermore, as compared to the
control group, the group given GRE (1 nmol) demonstrated a significant (P<0.05) increase in
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serum (T)concentration. On other hand, a significant (P<0.05) decrease in serum (Tes and
LH) concentration of group administrated with GRE (2nmol) as compared with the groups
administrated with GHR (0.5 and 1nmol). Also a significant (P<0.05) decrease in serum (Tes
and LH) concentration of group administrated with GRE (1nmol) as compared with the
groups administrated with GRE (0.5nmol). In contrast, serum FSH concentrations in groups
administrated with GRE (1 and 2 nmol) were not significantly different from those in the
control group. There were no significant differences in serum FSH concentrations in the
GRE (2 nmol) group compared to the GRE (1nmol) group . Eventually, serum FSH
concentrations in groups administrated with GRE (0.5nmol) increased significantly (P<0.05)
when compared to other groups administrated with GRE and the control group.

Table (1): Effects of Ghrelin Treatments on Serum Pituitary-Gonadal-Axis Hormones
in hyperthyroidic Male Rats. (Mean+SD) (n=10)

Parameter T LH FSH
(ng/ml) ( mlu/Ml) ( mlu/Ml)
Groups
Control 18.82+0.32d 7.23+0.27cd 5.91+0.36¢
(Normal saline)

Hyperthyroidism 30.83+0.76a 19.44+0.49a 9.23+0.21a
Hyper+(0.5GHREL) 21.94+0.35b 8.91+0.35b 6.90+0.50b
Hyper+ (1 GHREL) 19.95+0.48c¢ 7.65+0.47¢ 6.12+0.22c
Hyper+(2 GHREL) 18.67+0.37d 7.02+0.54d 5.98+0.62c

LSD 0.58 0.52 0.49

Values expressed in the small letters mean significant differences at the (P<0.05) level.
Assay for Gene Expression:

Figure 1A shows the expression of LH mRNA in the pituitary of male rats with
hyperthyriodism. LH mRNA expression in the hyperthyroidism group was considerably
(p<0.0001) higher than in the control group. In all hyperthyroidism groups treated with
ghrelin (0.5, 1 or 2 nmol) injection, LH mRNA expression decreased significantly (p<0.0001)
as compared to the hyperthyroidism group.
There is no significant difference in LH mRNA expression between all hyperthyroidism
groups treated with ghrelin and the control group (p<0.0001). Eventually, no significant
differences in LH mRNA expression (p<0.0001) were found between the hyperthyroidism
groups treated with ghrelin.

Figure 1B shows the expression of FSH mRNA in the pituitary of male rats with hyperthyriodism. FSH
MRNA expression increased significantly (p<0.0001) in the hyperthyroidism group compared to the
control group. In comparison to the hyperthyroidism group, FSH mRNA expression decreased
significantly (p<0.0001) in all hyperthyroidism groups treated with ghrelin. While there is no
significant difference in FSH mRNA expression between all hyperthyroidism groups treated with
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ghrelin and the control group . Consequently, no significant differences in FSH mRNA expression
(p<0.0001) were found between all hyperthyroidism groups treated with ghrelin
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Fig.1A. Effects of ghrelin administration (0.5, 1 or 2 nmol) on the Expression of LHf mRNA
in the pituitary of male rats with hyperthyriodism.
FSH
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Fig.1B. Effects of ghrelin administration (0.5, 1 or 2 nmol) on the Expression of FSH mRNA
in the pituitary of male rats with hyperthyriodism.

Histopathological Analysis

Testis
Control rats' testes had normal seminiferous tubule architecture, normal

spermatogenesis, and normal spermatogenesis, as illustrated in Fig. 2 ,and leydig cells in the
interstitial tissue. While, the testis in hyperthyroidism male rats treated with thyroxine shows
histopathological changes including sever damage in the seminiferous tubules walls and
leydig cells and the section shows sever blood vessels congestion in Fig.(3). The testis of
hyperthyroid male rats treated with ghrelin (0.5nmol/100I saline) on the other hand. In several
seminiferous tubules, there was no substantial occupied lesion (SOL) normal
spermatogenesis, as demonstrated in Fig (4). Moreover, the testis in hyperthyroidism male
rats treated with ghrelin (1nmol/100ul saline) showed an evidence of recovery of normal
spermatogenesis with spermatozoa in the lumen of seminiferous tubules as shown in Fig.(5).
Finally, the testis in hyperthyroidism male rats treated with ghrelin (2nmol/100ul saline) As
illustrated in Fig(.6), the architecture of seminiferous tubules is normal, with normal
spermatogenesis and normal interstitial tissue.
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Fig.(2): Histological section for testis in control group showed no occupied lesion in the testis section, normal seminiferous
tubules (ST), with normal spermatogenesis (SG). (H&Estain) 10X.

Fig.(3):The histopathological section of testis in hyperthyroidic rat group shows sever damage in the seminiferous tubules
walls and leydig cells (Black arrow) and the section shows sever blood vessels congestion (Green arrow). (H&Estain) 10X.

Fig.(4):Histopathological section for testis in hyperthyroidic male rats administrated with GRE(0.5nmol/100ul saline).
Showed no occupied lesion (SOL) in the testis section. (H&Estain) 10X.
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Fig.(5):Histopathological section for testis in hyperthyroidic male rat administrated with GRE(1nmol/100ul saline). Showed
no occupied lesion (SOL) in the testis section. (H&Estain) 10X.

ST\SG‘\

Fig.(6):Histopathological section for testis in hyperthyroidic male rats administrated with GRE(2nmol/100ul saline). Showed
no occupied lesion (SOL) in the testis section. (H&Estain) 10X.

DISCUSSION

The results of this study's Table (1) show that thyroxine treatment resulted in a
considerable elevation of serum T concentration when compared to the control group, These
results are in agreement with Krassas et al., (2010)[16]; Singh et al.,( 2011)[4], An increase in
SHBG has been consistently linked to hyperthyroidism, resulting in higher total testosterone
levels in the blood and a lower testosterone metabolic clearance rate. on the other hand, Free
testosterone levels frequently remained normal, even if bioavailable testosterone levels were
shown to be low in hyperthyroid individuals [17]

In hyperthyroid men, Kumar et al. (2012)[18] found an increase in serum SHBG.
SHBG lowers the T metabolic clearance rate, which could explain why hyperthyroid males
have higher serum total testosterone levels. Despite the elevated SHBG levels, there is enough
circulating unbound testosterone accessible, as evidenced by an increase in estimated bioT.

According to Kumar et al., (2014)[19], hyperthyroid men's testosterone and estradiol
levels were higher, but their progesterone levels were equal to euthyroid controls[19]. Others
have found a comparable increase in serum testosterone and estradiol levels [20],[17]. The
hyperthyroid group had a considerably higher testosterone to progesterone ratio, implying a
higher progesterone to testosterone conversion rate. Normal progesterone levels, despite
increased testosterone conversion, indicate that progesterone production has increased.
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Falling serum total cholesterol and LDL-C levels in hyperthyroid males suggest higher serum
cholesterol utilization, which might be used to enhance progesterone production[18].

In the hyperthyroidism group, serum FSH and LH concentrations are significantly
higher than in the control group, according to the same table. These findings coincide with
Zahringer et al., (2000)[21], who note that no definitive pathophysiological mechanism has
been identified, despite the fact that disruptions of the H-P-G axis are commonly implicated.
The H-P-G axis involves episodic GnRH production in the hypothulmus, which causes
pituitary release of LH and FSH, which stimulates the gonads. According to research
conducted by Thomas and Reid (1987)[22],gonadotropin levels in hyperthyroidism patients
are constantly increasing.

On other hand, the ghrelin adiminstration for 30 days this led to a reduction in the
concentration of T, LH and FSH hormones in the treated groups compared to the hyperthyroid
group, The endogenous ligand for the growth hormone secretagogue receptor is ghrelin, a
peptide hormone produced mostly by the stomach[23]. In another study we conducted, ghrelin
levels were reduced in rats with hyperthyroidism. Therefore, one objective of this study was
designed to explore the potential effects of ghrelin administration in modulating the adverse
effects of hyperthyroidism on testicular function. Ghrelin may regulate networks that control
the gonadotrophic axis and gonadal function, among its many functions [24]. These findings
correspond with those of Abou Heif et al., (2010)[25], who discovered a substantial inverse
association between serum ghrelin and male hormones in rats. Changes in serum testosterone,
FSH, and LH were also found to be dependent on changes in serum ghrelin.The inhibitory
action of ghrelin on multiple critical enzymes in the steroidogenic pathway could explain the
considerable drop in serum testosterone in rats. Human chorionic gonadotrophins and cyclic
AMP-induced testosterone production were both reduced by GRE [26].

GRE reduced the frequency of GnRH pulses in rats, which is mediated through NPY
and totally inhibited by the NPY-Y5 receptor antagonist. [27], and those who came to the
conclusion that GRE inhibits both LH and FSH secretion in both male and female rats as well
as humans [28] ,[9], [11].

Tena-Sempere (2007)[29],discovered that persistent GRE treatment resulted in overt
reductions in plasma LH and testosterone levels. Yang et al., (2007)[30] and Sirotkin et al.,
2008)[31], Massive hyper-ghrelinmia created by the simultaneous rise of endogenous GRE in
calorie-restricted animals and exogenous administration of the peptide results in a condition
of suppression. This finding is consistent with earlier research indicating that large doses of
GRE have a strong inhibitory effect on LH and testosterone release in male rats[8].

In conclusion, an increase in serum ghrelin was found to be inversely related to each
of the productive hormones, testosterone, FSH, and LH, suggesting that ghrelin may be one of
the hormones responsible for the regulation of the male reproductive axis in hyperthyroidism
male rats with negative energy balance. As demonstrated in the figures(1A-1B), the
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mechanism of gene expression also suggests that ghrerlin lowers the concentration of FSH
and LH in the pituitary gland.

When all hyperthyroidism groups administered with GRE were compared to the
hyperthyroidism group, LH and FSH mRNA expression decreased considerably. In male rats,
GRE was also found to have a regulatory role on LH component gene expression. The
expression of the LH component gene was reduced when GRE was administered centrally.
Many ghrelin fibers have been projected to LH-containing neurons, according to previous
neuroanatomical study[32],[33] and GRE secretion inhibited LH production by decreasing
Fos induction in LH neurons [33],[34],[35]. GRE inhibitory effects on LH production are
consistent with prior research that found ghrelin reduces LH release [36].few studies to date
had addressed the suppressive role of ghrelin in LHP subunit gene expression. in a study
conducted by Babaei-Balderlou and Khazali., (2016)[36] antagonist, [D-Lys®] DLS was
employed to determine whether or not the influence of ghrelin on LH expression is mediated
through the GHS-R1a. Ghrelin-induced effects on LH expression were inhibited by inhibiting
the ghrelin receptor (GHS-R1a) with the antagonist DLS.

Numerous lines of research suggested that GRE has a direct and indirect stimulatory
impact on brain areas involved in male sexual behavior regulation[37],[38] ,[35]. The fact that
GRE reduces the frequency of LH pulses suggests that ghrelin has an effect on GnRH
neurons.

GRE receptors are found in GnRH neurons [39]. GRE has an indirect inhibitory effect
on GnRH neurons in addition to its direct action. Two findings back up the idea that ghrelin
has an indirect influence on GnRH secreting neurons. Injections of ghrelin into the
hypothalamus cause a considerable decrease in both LH secretion and Kissl expression[40].
Kisspeptin neurons in mice do not have ghrelin receptors (Smith et al., 2013)[41]. Kissl
expression is inhibited by ghrelin. GRE inhibitory influence on kiss1R expression could be
mediated by NPY neurons that express the proper ghrelin receptor[42]. Kisspeptin mRNA
expression was also suppressed by ghrelin, according to Forbes et al., (2009)[43]. As a result,
ghrelin injection and dietary restriction-induced hyperghrelinmia both result in a decrease in
Kissl mRNA levels[43],[44]. Furthermore, an NPY Y5R antagonist bloked by ghrelin led
to inhibited GNRH neurons[27]. These findings imply that Kiss1 and NPY-expressing neurons
may play a role in GRE inhibitory effect on GnRH neurons[7]. The rate of FSH production is
determined by GnRH pulse frequency, since several studies have demonstrated that a decrease
in GnNRH pulse frequency favors FSH production over LH production[45],[46],[47]. In mice
lacking GnRH, serum FSH levels are lowered by 60-90% [48].GnRH injection elevated Fshb
MRNA expression four - fold in rats[47], demonstrating that GnRH regulates FSH at the
cellular regulation. nduction of immediate early genes (IEGs), such as Jun, Fos, Atf3, and
Egrl, by GnRH affects FSH expression. Activator protein-1 (AP-1) is a GnRH-induced IEG
product that comprises of several Fos and Jun dimeric isoforms (c-Fos, Fra-1, Fra-2, FosB, c-
Jun, JunB, and JunD) [49],[50]. Calcium, calcineurin, and nuclear factor of activated T cells
(NFAT), which gives responsiveness to different genes responsible for FSH production, are
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required for GnRH regulation of Jun and Atf3[51]. within the ovine Fshb promoter sequence,
Strahl et al. discovered two AP-1 binding sites that are adequate to induce its production
independently[52],[53]. In summary, GRE is one of the hormones that suppresses GnRH,
which consequently suppresses FSH expression.
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