Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications

Life Science Informatics Publications
< _/)
. . . . . ‘ﬁJLBPcB
Research Journal of Life Sciences, Bioinformatics, =2
Pharmaceutical and Chemical Sciences RJLBPCS
Journal Home page http://www.rjlbpcs.com/ ISSN 2454-6348
Original Review Article DOI: 10.26479/2021.0701.05

GONADOTROPIN-RELEASING HORMONE, BRADYKININ AND
GONADOTROPIN-INHIBITORY HORMONE AND THEIR POTENTIAL
ROLE IN REPRODUCTION
Gurusharan Nagesh, Rajesh Kumar Ojha, Padmasana Singh*

Department of Zoology, Indira Gandhi National Tribal University, Amarkantak,
Madhya Pradesh-484887, India.

ABSTRACT :Gonadotropin-releasing hormone (GnRH) is the hypothalamic factor that controls
reproductive axis. GnRH, that is synthesized and released in a pulsatile manner from hypothalamic
neurosecretory cells, reaches pituitary cells through specialized portal system, and regulates the
synthesis and release of pituitary gonadotropins that, in turn, regulate steroidogenesis and
gametogenic functions of gonad. Several studies from various laboratories including ours support an
emerging concept that an intrinsic GnRH system, complete with ligand, receptor, and biological
response exist in the ovary. However, available studies about distribution of GnRH, its receptor
proteins, and their physiological roles within ovarian compartments of different vertebrate groups
are fragmentary. The factor(s) regulating GnRH synthesis and secretion in the ovary are poorly
understood. Bradykinin was shown to bring about GnRH release in the rat hypothalamus. A novel
hypothalamic dodecapeptide that directly inhibits Gonadotropin release in quail and termed as
gonadotropin-inhibitory hormone (GnlH) was discovered recently in year 2000. The GnlIH receptor
is found in hypothalamus and may act on the hypothalamus to regulate GnRH release. It would be
interesting to investigate the role of GnlH and bradykinin as regulators of ovarian GnRH. Recent
studies on rat and human ovaries showed that GnRH function as a local autocrine and/or paracrine
factor regulating steroidogenesis, cell proliferation and apoptosis. Whether GnRH | perform similar
or additional functions in the ovary of other mammals such as mice etc and/or during pathological
conditions, such as in polycystic ovary syndrome (PCOS), are yet to be investigated.
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1. INTRODUCTION

Gonadotropin-releasing hormone (GnRH) was first isolated from mammalian hypothalamus as the
decapeptide (pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2) [1, 2]. It is one of the earliest
hypothalamic releasing hormones to be sequenced and characterized. It is produced by
hypothalamic neurosecretory cells and released in a pulsatile manner and reaches pituitary cells by
way of specialized hypothalamo-hypophyseal portal circulation. The major function of this
decapeptide is to modulate the synthesis and release of gonadotropins from the pituitary. The
gonadotropin released, in turn, regulates steroidogenesis and gametogenic functions of the gonads.
GnRH was subsequently isolated and characterized from birds [3] and other vertebrates [4]. Thus,
GnRH is now established as a key regulator of reproductive axis in all the vertebrate species.
Besides the well-established role for GhnRH and GnRH receptor in gonadotropins regulation in the
pituitary, the detection of both hormone and receptor in multiple mammalians, non-pituitary tissues
and cells suggests their numerous and diverse autocrine, paracrine and extra-pituitary roles. The
GnRH system has been investigated in many different species with a view towards developing
therapies for pathological conditions and for method to assist reproduction. Several studies from
various laboratories including our support an emerging concept that an intrinsic GnRH system,
complete with ligand, receptor and biological response exists in ovary. GnRH and its receptor
MRNA have often been demonstrated in the ovary of several mammalian as well as of several
non-mammalian vertebrates using real time polymerase chain reaction (RT-PCR) techniques
without functional assays of protein expression and localization. Surprisingly, there is a distinct lack
of sufficient information about the distribution and physiological significance of these peptides in
the ovaries of vertebrates. The extensive investigation of physiological, cell biological and
molecular functions of the GnRH in different animal models are critically required and that will
improve our understanding of GnRH role in reproductive processes in various animal groups.
Changes in GnRH and its receptor concentration in the ovary during reproductive cycle have not yet
been investigated extensively. This study may provide some clue about their control mechanism as
well as their physiological significance. The factor(s) regulating GnRH synthesis and secretion in
the ovary remains poorly understood. Large number of scientific publications per year indicate that
the comprehensive role of GnRH in reproductive biology, although still incompletely understood
and remain considerable therapeutic interest. This overview aims to summarize general information
as well as recent advances on GnRH and its role in the regulation of reproductive processes.
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Taxonomic distribution of GnRHs

GnRH was first isolated in 1971 from the brains of pigs and sheep [5, 6]. Since then, the GnRH
family has expanded to include at least 23 molecular isoforms, 13 from various vertebrate species
and 10 from invertebrates [7, 4].

Since GnRH was first identified in mammals (pig and sheep), it is now known as mammalian GnRH
(mGnRH or GnRH 1). To date, six GnRHs are isolated from fish species [8], salmon GnRH
(sGnRH) [9], catfish GnRH (cfGnRH) [10], dogfish GnRH (df-GnRH) [11], seabream GnRH
(sbGnRH) [12], herring GnRH (hGnRH) [13], and medakaGnRH (mdGnRH) [14]. Primitive
species such as the lamprey and the protochordate Ciona intestinalis have their own forms of
GnRH: lamprey GnRH I and 111 [15] and tunicate GnRH I and |1, respectively [16]. Chicken GnRH
I (cGnRH 1) [17] and chicken GnRH Il (cGnRH II) [18] were both first characterized in chicken.
Apart from the common mGnRH, a guinea pig GnRH (gpGnRH) was shown as an alternative form
of mammalian GnRH [19]. The most recent finding of a novel GnRH was made in an amphibian, the
frog Ranady bowskii: ranid GnRH (rGnRH) [20]. In general, all investigated species to date possess
two or three different forms of GnRH(Table 1). The most conserved form of GnRH is chicken
GnRH Il and it coexists in all classes of vertebrates from the Chondrichtyes species onward,
together with a species-specific GnRH and a possible third form. The two or three forms of GnRH
coexisting in one species are transcribed from different genes. The species-specific forms vary, for
example, cGnRH 1 in birds, hGnRH in herring, dfGnRH in sharks, sGnRH in salmonids, and
mGnRH in primates. But, if a third form is present, as shown for “modern” fishes, it is always the
sGnRH form. The mammalian form of GnRH (mGnRH or GnRH [) found in humans has a wide
distribution in vertebrate species. This form of GnRH can be detected in primitive bony fish, but not
in species thought to have evolved earlier. Hence, the mammalian form of GnRH appears to have
arisen 400 million years ago. High performance liquid chromatography (HPLC) and
radioimmunoassay (RIA) studies show that mGnRH is present in the descendants of primitive bony
fish that evolved before the teleosts, such as reedfish, sturgeon, alligator gar [21]. However,
nucleotide base substitutions may have occurred in the mGnRH gene early in the evolution of the
advanced bony fish, the teleosts. Only an early evolving teleost, the eel, appears to retain the
mGnRH molecule [22]. Thereafter, the teleosts studied to date do not contain mGnRH. On the
contrary, the salmon form of GnRH (sGnRH) is present in a variety of teleosts in addition to
members of the salmonid family.
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Table 1: Taxonomic distribution of different forms of GnRH and GnRH receptor
GnRH/GnRH R Type of GnRH Species Techniques References
GnRH CGnRH II R. esculenta HPLC, RIA Battisti et al 1994
GnRH-R Rat RT-PCR Olofsson et al 1995
GnRH-R Rat RT-PCA Dantoin et al 1995
GnRH sGnRH, cGnRH 11 Goldfish RT-PCR Lin & Peter 1996
GnRH GnRH-1, cGnRH-1I Goldfish RT-PCR Lin & Peter 1996
GnRH cGnRH 11 Newt ICC Batisti et al 1997
GnRH Lamprey GnRH binding site Gazourian 1997
GnRH,GnRH-R Rat RT-PCR Botte et al 1998
GnRH,GnNRH-R Goldfish RT-PCR Yu et al 1998
GnRH sGnRH Goldfish HPLC Pati&Habibi 1998
GnRH-R monkey In situ hybridization Fraser et al 1996
GnRH m, s, ¢c-11 &SbGnRH Rainbow trout HPLC \on Schallburget al 1999
GnRH s-GnRH Rainbow trout RT-PCR \on Schallburg 1999
GnRH-R Neonatal & In situ hybridization Kogoet al 1999
adult Rat
GnRH,GnRH-R mGnRH Human RT-PCR, Southern Blot Kang et al 2000
GnRH sGnRH Rainbow trout Northern blot Uzbekovaet al 2000
GnRH-R Mouse & Rat Northern blot Bull et al 2000
GnRH m & c-1 GnRH C. intestinalis HPLC, RIA, IHC Fiore et al 2000
GnRH s, c-11, SbGnRH Seabream RT-PCR Nabissiet al 2000
GnRH,GnRH-R Rat RT-PCR Park et al 2001
GnRH, GnRH-R sGNRH, cGnRH I1 Rainbow trout RT-PCR Uzbekovaet al 2002
GnRH sGnRH Rianbow trout RT-PCR, HPLC Gray et al 2002
GnRH-R s-1, s-1l, c-I1, rtGnRH Rainbow trout RT-PCR Uzbekovaet al 2002
GnRH-R Walabies PCR Chaung et al 2003
GnRH GnRH I, GnRH 11 Human RT-PCR Khosravi& Leung 2003
GnRHR Octopus RT-PCR Kanda et al 2005
GnRHR Mollusca RT-PCR Rodet et al 2005
GnRH/GnRH-R mGnRH/ GnRH-I R Rat RT-PCR Schirman et al 2005

Further alterations in GnRH may have led to the catfish form (cfGnRH) as neither mGnRH nor

sGnRH peptides are present in three species of catfish [23, 24]. A GnRH gene duplication and

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.58



http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications
subsequent nucleotide base substitutions may account for a novel GnRH with unknown structure in

some advanced fish species that also contain two of the known forms of GnRH. In the line of
evolution leading to the land animals, mGnRH was probably inherited by ancestral amphibians [25,
26]. Early in the phylogeny of reptiles, the mGnRH molecule is thought to have had nucleotide base
substitutions leading to a single amino acid change in position 8. This resulted in the chicken GnRH
I (¢cGnRH 1) form. The evidence for this interpretation is based on the presence of cGnRH I
throughout the reptiles in the major groups containing turtles, lizards, snakes, and crocodiles [27].
Similarly, birds, which evolved from the crocodilian line, have the cGnRH | molecule [3, 28, 29].
The mGnRH, meanwhile, was retained in the mammals including the marsupials [30, 31] and
placental mammals [32, 33]. The conservation of the GnRH structure reflects the importance of the
peptide for reproductive success and, therefore, survival. The presence of mGnRH in members of
several vertebrate classes may also explain the effectiveness of mGnRH in nonmammalian species.
The GnRH receptors in nonmammmalian species, although evolving, still recognize the mammalian
GnRH structure. There is a form of GnRH that appears to have been conserved longer than mGnRH.
This form, [His5, Trp7, Tyr’] -GnRH (chicken GnRH Il) appears throughout the vertebrates from
cartilaginous fish to primitive placental mammals. One key question is why cGnRH |1 is no longer
found in more recently evolved placental mammals. This form is effective for releasing LH and FSH
in mammals, but to a lesser extent than mGnRH [18]. There is no question that cGnRH 11 exists in
other vertebrates as the primary structure has been determined in two cartilaginous fishes, ratfish
[34] and dogfish shark [11] in a bony fish, catfish [23] and in a reptile, alligator [27]. Additionally,
HPLC and RIA studies have detected this GnRH form in a variety of other vertebrates [35]. It is
present as a second form of GnRH in all jawed vertebrate classes except for ratfish where it is the
sole GnRH in the brain [34]. The long-term conservation of the molecule points to its importance
but makes its disappearance in most placental mammals puzzling. The other five GnRH forms are
less widely distributed than mGnRH and cGnRH |1 in vertebrates. Salmon GnRH appears to be
limited to the teleosts, whereas cGnRH 1 is found only in the reptiles and birds to date. Lamprey,
catfish, and dogfish GnRHs appear to be confined to species closely related to the one from which
the peptide was isolated. All these forms probably evolved independently after the separation of
each group from the ancestral vertebrate stem line.

GnRH isoforms

At least two isoforms of GnRH have been identified in the mammalian hypothalamus, GnRH | and
GnRH I1. GnRH I is a decapeptide responsible for secretion of LH and FSH from pituitary originally
isolated and characterized by Guillemin and Schally [2, 36]. GnRH Il was initially discovered as
chicken GnRH 11 [37]. In the hypothalamus, GnRH Il has been hypothesized to play a role in the
behavioural components of reproduction [37]. Both isoforms of GnRH are decapeptides that are
characterized by post-translational modification including the pyro-glutamic acid at the amino

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.59


http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications
terminal and amidated glycine at the carboxyl terminal. GnRH I is conserved throughout evolution

and has been identified in both vertebrate and invertebrate [38]. GnRH | share a 60% identity
between mammals and tunicate, whereas GnRH Il is even more highly conserved with 100%
identify between birds and mammals [38]. In addition, in mammals, a third isoform, the salmon
GnRH, named GnRH I11, was reported [39, 40]. In human genome, only the GnRH | and GnRH 1I
have been found. The expression of GnRH Il is reported to be doubtful [41]. All-natural GnRH
decapeptides are highly conserved with respect to their length at the sequences of both
NH2-terminus (pGlu-His-Trp-Ser), and COOH-terminus (Pro-Gly NH2) [42]. The conservation of
these residues, during the evolution of vertebrates, suggests that they are critically important for
receptor binding and activation [4].

GnRH Receptors

Mammals, including human, produce two isoforms of GnRH receptors, GnRH I-receptor and GnRH
I1-receptor [43, 44, 45, 46]. Both isoforms of GnRH receptors belong to the family of rhodopsin-like
G protein-coupled receptors (GPCRs), coupled with Gq alpha. These are characterized by seven
transmembrane domains connected by alternating intracellular and extracellular loop domains.
Peptide ligands appear to bind predominantly to extracellular domains and to the transmembrane
domains [47]. A unique feature of the mammalian GnRH receptor (Type |) is the absence of a
carboxy terminal tail present in all other GPCRs and in all of the non-mammalian GnRH receptors.
This suggests a recently evolved feature, which presumably serve an important role in the
functioning of the mammalian GnRH receptor. The absence of the carboxyl terminal tail leads to a
slow internalization and failure of a quick desensitization of the receptor [48]. All GnRH receptors
that lack carboxy terminal tail are designated type 1 and all GnRH receptors that have carboxy
terminal tail are termed as type 2 receptor. The type 1, GnRH receptor has been cloned in marmoset
as well as in both African green and rhesus monkey [49, 50]. The type Il, GnRH receptor has 39%
identity (68% conservation) with type | GnRH receptor. The most striking difference between the
receptor subtypes is the retention of a 56residues cytoplasmic tail domain at the carboxyl terminus
of the type 11 GnRH receptor, compared with its absence in the type | receptor. It has been presumed
that in humans and in the chimpanzee, cow, sheep, horse, rat, and mouse, the type 11 GnRH receptor
is silent [51]. In any case, GNRH | and GnRH 11 bind in the GnRH I-receptor, and it seems that they
have different roles.

Distribution of the GhRH/GnRH receptor system

In addition to the hypothalamus, GnRH | have also been localized to the endometrium, placenta,
breast, ovary, testis and prostate [43, 52, 38]. The exact function of GnRH I in these tissues is under
active investigation. Several lines of evidence suggest that the GnRH I-receptor is also expressed in
the brain in GNRH neurons to contribute to an ultrashort loop feedback mechanism [53].In the ovary,
in situ studies have shown the presence of the GhnRH I mRNA in granulosa cells of primary,
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secondary and tertiary follicles [45]. Recently, investigators have shown the presence of GnRH Il in

human granulosa-luteal cells (hGLCs), immortalized ovarian surface epithelial (OSE) cells and in
ovarian cancer cells [45]. Some studies suggest a physiologic role of the GnRH system in the control
of atresia [45].GNRH receptor expression changes in the ovary correlate with the degree of follicular
development across the estrous cycle [45]. GnRH I induced a biphasic effect on GnRH | and GnRH
I-receptor expression in hGLCs and OSE cells. Estrogen treatment resulted in an initial up- and then
down-regulation of GnRH I and GnRH I-receptor expression. GnRH agonist administration can also
down-regulate estrogen receptors alpha and beta in ovarian cells [45]. Recent studies have
suggested that the GnRH receptor promoter is controlled by a unique upstream regulatory sequence
in human ovarian granulosa-luteal cells which was not critical in ovarian cancer cells or primary
cells [54]. Thus, there may be tissue-specific regulation of GnRH/GnRH receptor pathways.It is
now well established that GnRH | and GnRH I-receptor are expressed in many peripheral tissues.
The functional physiological role of the ligand and its receptor in these sites is under active
investigation.

Regulation of GnRH in the gonads

The factor(s) regulating GnRH | synthesis and secretion in the gonads remains poorly understood.
The factors regulating GnRH I, GnRH Il and their receptors in the ovary and testis seem to be
steroids, gonadotropins, bradykinin, and GnRH itself. In addition, gonadotropin-inhibitory hormone
(GnlIH) regulates synthesis and biological actions of GnRH too.In human ovarian surface epithelium
and granulosa-luteal cells, treatment with GnRH | produces a biphasic response in its own m-RNA
level such that high concentration decreases whereas low concentrations increase GnRH | gene
expression (55, 56]. This suggests autoregulation of GnRH in the ovary. Both GnRH | and its
receptor mRNA level have been shown to be down-regulated by estrogen in ovarian cells of human
[56] and this effect can be reversed by co-treatment with an estrogen antagonist, indicating that the
estrogen induced down-regulation of gene expressions is mediated via the estrogen receptor. This
data indicate that estrogen suppresses GnRH gene expression. In human ovary, the expression of
GnRH I and GnRH Il mRNAs have been shown to be regulated differentially by FSH and human
chorionic gonadotropin (hCG). The gonadotropins increase the mRNA level of GnRH Il but
decrease that of GnRH | in a dose dependent manner [56]. Several reports demonstrated that the
regulation of GnRH I-receptor gene expression by gonadotropins is tissue specific. GnRH I, GhRH
I-receptor and RFRP-3 (a mammalian ortholog of GnlH) undergo significant variation during
proestrus and are suggested to be responsible for selection of follicle for growth and atresia [57].
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Distribution and concentration of neuropeptides, gonadotropin-releasing hormone (GnRH),

gonadotropin-inhibitory hormone (GnlH), kisspeptin, and gonadotropin-releasing hormone
receptor (GnRH-R) were evaluated in the testis of mice from birth to senescence. GnRH, GnlIH, and
Kisspeptin interact in the testis that causes changes in the levels of GnRH-R and testicular
development [58]. Also, testosterone significantly increases GnRH receptor number in testis [59].
Bradykinin as regulator of GnRH release

Bradykinin has been emerged as a potent GnRH stimulator from hypothalamic fragment and
bradykinin has been shown to localize in the hypothalamic area [60, 61]. Bradykinin containing
neurons are found in the supraoptic nucleus, organum vasculosum of the laministerminalis (OVLT),
arcuate nucleus and median eminence of the cycling rat. These reasons are also critical in the control
of GnRH secretions. Bradykinin B-receptor is also found in the rat pituitary, hypothalamus and the
immortalized GnRH neuronal cell line (GT1-7 cells) [60]. The fact that bradykinin neurons in the
hypothalamus play a physiological role in the regulation of GnRH and LH release is supported by
the finding that central administration of the bradykinin B.-receptor antagonist into the third
cerebral ventricle blocked the steroid-induced LH surge in the ovariectomized adult rat. This
suggests that the bradykinin acts directly on GnRH neurons through a mechanism involving
mediation by the bradykinin Bz-receptor (Fig. 1). The action of bradykinin on the GnRH release
appears to be independent of excitatory amino acids because N-methyl-D-aspartate (NMDA) and
non-NMDA antagonist cannot block the bradykinin induced release from hypothalamic fragments
[60]. It has already been reported that kinin-producing activity increases during ovulation [62, 63,
64]. In a study, Kihara [65] showed the presence of a component of bradykinin and
bradykinin-producing system in the porcine ovarian follicle suggesting its role in early follicular
development and ovulation. It has been demonstrated that bradykinin induces ovulation in perfused
rabbit ovaries [66, 67] potentiates the action of LH [68] and a physiological role of bradykinin in the
LH surge was also implicated [60]. Whether bradykinin is also involved in the regulation of ovarian
GnRH I synthesis and secretion require further investigation.

Gonadotropin-Inhibitory Hormone (GnlH)

Two decades ago, a hypothalamic dodecapeptide was identified, which directly inhibits
gonadotropin release in the Japanese quail and was termed as “Gonadotropin-inhibitory hormone
(GnlIH) [69]. This was the first demonstration of a hypothalamic neuropeptide that directly
inhibiting gonadotropin release in any vertebrate. A gonadotropin inhibitory system is an intriguing
concept and provides an unprecedented opportunity to study the regulation of vertebrate
reproduction from an entirely novel standpoint. The GnlH localization was first studied in quail
brain (hypothalamus) by immunocytochemistry [69, 70, 71]. Clusters of distinct GnIH
immunoreactive neurons were found in the paraventricular nuclei (PVN) in hypothalamus.
GnlH-containing fibers were widely distributed in the diencephalic and mesencephalic regions. The
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most prominent fibers were seen in the median eminence of the hypothalamus. The presence of

GnlH in the PVN was also demonstrated in other birds and thus appears to be a conserved property
among several avian species. Interestingly, GnlH-containing fibers were observed in extremely
close proximity to GnRH neurons in the preoptic area in birds [72, 71]. It is therefore plausible that
GnlIH may act at the level of the hypothalamus to regulate gonadotropin through GnRH as well as by
directly acting at the pituitary (Fig. 1). A cDNA that encoded the GnlIH precursor polypeptide was
identified in the quail brain [73]. The deduced GnlIH precursor consisted of 173 amino acid residues
that encoded one GnIH and two putative GnlH-related peptides (GnlH-RP-1 and GnIH-RP-2)
sequences that included-LPXRF at their c-termini. The effect of GnIH on the release of LH, FSH
and prolactin was investigated using cultured quail anterior pituitaries [69]. GnIH significantly
inhibit the LH and FSH release. There is evidence that GnlH inhibits gonadotropin synthesis in vitro
[74, 75]. Identification of the receptor for GnlH is crucial to elucidate the mode of action of GnlH.
Yin H [76] identified the receptor for GnlH in the quail diencephalons and characterized its
expression and binding activity. GnlH receptor possessed seven transmembrane domains, indicating
a new member of the G-protein-coupled receptor (GPCR) superfamily [76]. To understand the
functional significance of GnlH, effect of GnIH treatment on gonadal development and
maintenance in male quail was investigated [75]. In mature birds, chronic treatment with GnlIH via
osmotic pump decreased gonadotropin synthesis and release in a dose dependent manner [75].
Plasma testosterone concentrations were also decreased dose-dependently. GnlH treatment to
mature birds induced testicular apoptosis and decreased spermatogenic activities in the testis. In
mammals, GnlH is also expressed in the testis and ovary and suppresses gametogenesis and sex
steroid production acting in an autocrine/paracrine manner [57, 77]. GnRH | and GnlH proteins are
found in close vicinity suggesting a functional interaction between them. GnlH may also suppress
gonadotropin synthesis and release by suppressing gonadotropin-releasing hormone (GnRH) (Fig.
1) [78]. Itis, therefore, possible that GnlH may be regulating GnRH release.
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Fig 1. Relationship between GnRH, Bradykinin and GnlH in regulation of Reproduction.
Bradykinin in hypothalamus regulate GnRH and LH release through its Bradykinin B»-receptor.
GnlH regulate gonadotropins directly as well as suppress GnRH synthesis and release. GnRH act at

the level of hypothalamic-pituitary-gonadal axis to stimulate reproduction.

GnRH Analogs

GnRH analogsare peptides in which primary structure has been altered by the deletion of one or
more amino acids and/or substitution of one or more amino acids by other amino acids. Many
structural analogs of GnRH including both agonists and antagonists have been synthesized to
develop more potent compounds for therapeutic use. The GnRH analogs have a longer half-life and
a higher receptor affinity than does the native hormone. A large numbers of GnRH agonists and
antagonists with elaborate side chains were synthesized. Since discovery of GnRH some 35 years
ago, many GnRH I analogs with enhanced biological potency have been developed and studied
extensively [79]. Clinically, some of these synthetic analogs have been used as an effective
treatment for a variety of reproductive endocrinopathies, whereas others have been widely adopted
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in controlled ovarian hyperstimulation regimens for assisted reproductive technique [80]. They also

have potential as novel contraceptives in men and women. The first synthetic GnRH analogs
consisted of GnRH agonists, when administered for the prolonged period result in a brief period of
increased gonadotropin synthesis and release known as the flare-up effect. This flare-up effect was
followed by a more prolonged decrease of pituitary hormone secretion. This paradoxical action,
known as desensitization, has turned out to be clinically useful in the treatment of several sex
hormone-dependent conditions. Later, GhnRH antagonist were introduced, leading to immediate
arrest of Gonadotropin secretion, but their clinical use limited by histaminic skin reaction after
subcutaneous injection. More advanced compounds include cetrorelix and ganirelix, which showed
no significant histamine-releasing effect but a dramatic and rapid suppression of gonadotropin
secretion [81].The direct actions of GnRH agonists/antagonists in the human ovary showed some
conflicting effects. In granulosa cells from follicles of patients undergoing in vitro fertilization,
some authors found an increased ovarian steroidogenesis (estrogen/progesterone) induced by GnRH
agonists in vitro which could not be confirmed by others. With respect to GnRH antagonists, both
inhibitory action and no effect on ovarian steroidogenesis have been reported [82]. When GnRH
agonist and antagonist was compared for steroidogenesis and ovulation, agonist showed beneficial
effect over GnRH antagonist [83].

Reproductive functions of GnRH

The isolation of several forms of GnRH in neural tissue of tunicates and their activation of the
gonads suggests that direct regulation of the gonads was an early evolved function and that the
neuroendocrine role in regulating the pituitary was a later evolutionary development [84, 85]. The
presence of GnRH and GnRH receptors in the gonads of various vertebrate species, including
mammals, may reflect this early function. Neurons are probably one of the earliest cells in evolution
to elaborate GnRH peptides. Clearly, the basic structure of GnRH peptides was established in
primitive fish. In contrast, at least three other identified forms of GhnRH have been detected in
teleosts or tetrapods: Salmon I, catfish I, and chicken | GnRH. Evidence for the presence of
members of the GnRH family and the neurohypophysial hormone family in primitive fishes argues
for the importance of neuroendocrine control throughout the history of vertebrates. A reasonable
hypothesis based on present evidence is that the mammalian form of GnRH arose in an ancestor of
the primitive bony fish during the Silurian Period. This form of GnRH appears to have radiated
throughout the primitive bony fish as represented by the 4 orders containing reedfish, sturgeon,
alligator gar and bowfin, but there is no clear evidence to date that the mammalian sequence of the
peptide is present in teleosts. The mammalian form of GnRH also radiated with the amphibians; the
amino acid analysis of GnRH in the bullfrog is the strongest evidence [86], but the immunological
and chromatographic evidence of mammalian GnRH in several species of frogs, newts and
salamanders supports this concept [25, 26].In addition to its pivotal role in stimulating gonadotropin
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secretion, it is well established that GnRH | function as a local autocrine and/or paracrine factor in

the mammalian ovary by regulating steroidogenesis, cell proliferation, and apoptosis. So far, in vitro
and in vivo studies in rat and human ovary have indicated that GnRH I is implicated in ovarian
steroidogenesis and the transcription of several genes involved in the process of follicular
maturation and ovulation [45, 87]. GnRH 1 also inhibited DNA synthesis in vitro and induced
apoptosis in rat granulosa cells [88, 87]. It is well documented that GnRH | possess
antigonadotropic effect in the rat ovary by downregulating the expressions of FSH and LH-receptors
[89] inhibiting gonadotropin-stimulated cAMP production [90] and suppressing steroidogenic
enzymes [91]. According to Peng C [92] progesterone secretion decreases from luteal cells was
associated with upregulation of MRNA levels for GnRH | and GnRH receptor. The role of GnRH 1
as a negative autocrine regulator of proliferation in ovary surface epithelium and ovarian cancer
cells has been well-documented [93, 94]. Because the growth of these cells can be significantly
inhibited at nanomolar concentration of GnRH | agonists, it is believed that the antiproliferative
action of the hormone is mediated via GnRH I-receptor. The exact mechanism of the GnRH-growth
inhibitory effect in ovarian cancer cell remains to be elucidated. To-date, the role of GnRH 1 in
regulating apoptosis in human ovarian cancer cells remains controversial. GhnRH | may function as
an autocrine factor to stimulate apoptotic cell death in Fas-positive tumors. The role of GnRH I in
regulating apoptosis in rat granulosa cells has been well-established [88]. In rats, treatment with
GnRH I agonist in vivo produces a time- and dose-dependent increase in DNA fragmentation, a
hallmark of apoptotic cell death in granulosa cells of preantral and antral follicles [95]. In addition,
GnRH | treatment can partially block the antiapoptotic effect induced by FSH [88]. GnRH I has
been suggested as a luteolytic factor, increasing the number of apoptotic luteinized granulosa cells
[96]. GnRH I induced an increase in the number of apoptotic human granulosa cells obtained during
oocyte retrieval for in vitro fertilization [96]. More studies are warranted to dissect definitively the
specific functional roles of the GnRH/GnRH receptor in the vertebrate ovary and results from these
studies should undoubtedly facilitate our understanding of the biological significance of the
hormone in controlling reproductive process.

2. CONCLUSION

It is now well established that the decapeptide, GnRH, is a key molecule of sexual maturation and
reproductive functions in vertebrates. In the last several years, there has been increasing evidence
that GnRH is an intra-ovarian regulatory factor. However, the detailed information about the
distribution, regulation and physiological action of GnRH system (ligand, receptors and its
regulators) in different vertebrate species are not fully investigated. Information about the
paracrine/autocrine actions of GnRH in the ovary during different reproductive phases may further
contribute to the better knowledge of the GnRH in the ovarian functions. Role of GnRH in the
ovarian patho-physiology is completely lacking. Recently, GnIH is demonstrated in the ovaries of
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birds and mammals and interactions of GnlH and GnRH may also exist in the gonads, as it does in

their brains.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

No Animals/Humans were used for studies that are base of this research.

CONSENT FOR PUBLICATION

Not applicable.

AVAILABILITY OF DATAAND MATERIALS

The author confirms that the data supporting the findings of this research are available within the

article.

FUNDING

DBT-BIOCARE and DST-SERB

ACKNOWLEDGEMENT

This study was supported by grants from DBT-BIOCARE (Project number

BT/PR20038/BIC/101/537/2016) and DST-SERB (Project no. EMR/2016/007290) to PS.

CONFLICT OF INTEREST

The authors declare no conflict of interests.

REFERENCES

1. Baba Y, Matsuo H, Schally AV. Structure of the porcine LH-and FSH-releasing hormone II.
Confirmation of the proposed structure by conventional sequential analyses. Biochem Biophys
Res Commun. 1971;44(2):459-463.

2. Schally AV, Arimura A, Kastin AJ, Matsuo H, Baba Y, Redding TW, Nair RM, Debeljuk L,
White WF. Gonadotropin-releasing hormone: one polypeptide regulates secretion of luteinizing
and follicle-stimulating hormones. Science. 1971; 173(4001):1036-1038.

3. King JA, Millar RP. Structure of chicken hypothalamic luteinizing hormone-releasing hormone.
J. Biol. Chem. 1982; 257(18):10722-10728.

4. Millar RP. GnRHs and GnRH receptors. AnimReprod Sci. 2005;88(1-2):5-28.

5. Amoss M, Burgus R, Blackwell R, Vale W, Fellows R, Guillemin R. Purification, amino acid
composition and N-terminus of the hypothalamic luteinizing hormone releasing factor (LRF) of
ovine origin. Biochem Biophys Res Commun. 1971; 44(1):205-210.

6. Matsuo HY, Baba Y, Nair RG, Arimura A, Schally AV. Structure of the porcine LH-and
FSH-releasing hormone. I. The proposed amino acid sequence. Biochem Biophys Res Commun.
1971;43(6):1334-1339.

7. Lethimonier C, Madigou T, Mufioz-Cueto JA, Lareyre JJ, Kah O. Evolutionary aspects of
GnRHs, GnRH neuronal systems and GnRH receptors in teleost fish. Gen Comp Endocrinol.

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.67


http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2004;135(1):1-6.

Dubois EA, Zandbergen MA, Peute J, Th HG. Evolutionary development of three
gonadotropin-releasing hormone (GnRH) systems in vertebrates. Brain Res Bull. 2002;
57(3-4):413-418.

Sherwood N, Eiden L, Brownstein M, Spiess J, Rivier J, Vale W. Characterization of a teleost
gonadotropin-releasing hormone. Proc Natl Acad Sci. 1983;80(9):2794-2798.

Bogerd J, Zandbergen T, Andersson E, Goos H. Isolation, characterization and expression of
cDNAs encoding the catfish-type and chicken-Il-type gonadotropin-releasing-hormone
precursors in the African catfish. Eur J Biochem. 1994;222(2):541-549.

Lovejoy DA, Fischer WH, Ngamvongchon S, Craig AG, Nahorniak CS, Peter RE, Rivier JE,
Sherwood NM. Distinct sequence of gonadotropin-releasing hormone (GnRH) in dogfish brain
provides insight into GNRH evolution. Proc Natl Acad Sci. 1992;89(14):6373-6377.

Powell JF, Zohar Y, Elizur A, Park M, Fischer WH, Craig AG, Rivier JE, Lovejoy DA,
Sherwood NM. Three forms of gonadotropin-releasing hormone characterized from brains of
one species. Proc Natl Acad Sci. 1994;91(25):12081-12085.

Carolsfeld J, Powell JF, Park M, Fischer WH, Craig AG, Chang JP, Rivier JE, Sherwood NM.
Primary structure and function of three gonadotropin-releasing hormones, including a novel
form, from an ancient teleost, herring. Endocrinology. 2000;141(2):505-512.

Okubo K, Suetake H, Usami T, Aida K. Molecular cloning and tissue-specific expression of a
gonadotropin-releasing hormone receptor in the Japanese eel. Gen Comp Endocrinol.
2000;119(2):181-192.

Sower SA, Chiang YC, Lovas SA, Conlon JM. Primary structure and biological activity of a
third  gonadotropin-releasing  hormone  from  lamprey  brain.  Endocrinology.
1993;132(3):1125-1131.

Di Fiore MM, King JA, D'Aniello B, Rastogi RK. Immunoreactive mammalian and chicken-I1
GnRHs in Rana esculenta brain during development. Regul Pept. 1996;62(2-3):119-124.

King JA, Millar RP. Evolution of gonadotropin-releasing hormones. Trends Endocrinol Metab.
1992;3(9):339-346.

Miyamoto K, Hasegawa Y, Nomura M, lgarashi M, Kangawa K, Matsuo H. Identification of the
second gonadotropin-releasing hormone in chicken hypothalamus: evidence that gonadotropin
secretion is probably controlled by two distinct gonadotropin-releasing hormones in avian
species. Proc Natl Acad Sci. 1984;81(12):3874-3878.

Jimenez-Linan M, Rubin BS, King JC. Examination of guinea pig luteinizing
hormone-releasing hormone gene reveals a unique decapeptide and existence of two transcripts
in the brain. Endocrinology. 1997;138(10):4123-4130.

Yoo MS, Kang HM, Choi HS, Kim JW, Troskie BE, Millar RP, Kwon HB. Molecular cloning,

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.68


http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications
distribution and pharmacological characterization of a novel gonadotropin-releasing hormone

([Trp8] GNRH) in frog brain. Mol Cell Endocrinol. 2000;164(1-2):197-204.

21. Sherwood NM, Lovejoy DA, Coe IR. Origin of mammalian gonadotropin-releasing hormones.
Endocr Rev. 1993;14(2):241-254.

22. King JA, Dufour S, Fontaine YA, Millar RP. Chromatographic and immunological evidence for
mammalian GnRH and chicken GnRH Il in eel (Anguilla anguilla) brain and pituitary. Peptides.
1990;11(3):507-514.

23. Ngamvongchon S, Sherwood NM, Warby CM, Rivier JE. Gonadotropin-releasing hormone
from thai catfish: chromatographic and physiological studies. Gen Comp Endocrinol.
1992:87(2):266-274.

24. Sherwood NM, De Leeuw R, Goos H. A new member of the gonadotropin-releasing hormone
family in teleosts: catfish gonadotropin-releasing hormone. Gen Comp Endocrinol.
1989;75(3):427-436.

25. King JA, Millar RP. Identification of His5, Trp7, Tyr8-GnRH (chicken GnRH 1) in amphibian
brain. Peptides. 1986;7(5):827-834.

26. Sherwood NM, Zoeller RT, Moore FL. Multiple forms of gonadotropin-releasing hormone in
amphibian brains. Gen Comp Endocrinol. 1986;61(2):313-322.

27. Lovejoy DA, Sherwood NM, Fischer WH, Jackson BC, Rivier JE, Lee T. Primary structure of
gonadotropin-releasing hormone from the brain of a holocephalan (ratfish: Hydrolaguscolliei).
Gen Comp Endocrinol. 1991;82(1):152-161.

28. Miyamoto K, Hasegawa Y, Igarashi M, Chino N, Sakakibara S, Kangawa K, Matsuo H.
Evidence that chicken hypothalamic luteinizing hormone-releasing hormone is [GIn8]-LH-RH.
Life Sci. 1983;32(12):1341-1347.

29. Powell RC, Jach H, Millar RP, King JA. Identification of GIn8-GnRH and His5, Trp7,
Tyr8-GnRH in the hypothalamus and extrahypothalamic brain of the ostrich (Struthiocamelus).
Peptides. 1987;8(1):185-190.

30. King JA, Mehl AE, Biscoe CH, Hinds L, Millar RP. A second form of gonadotropin-releasing
hormone (GnRH), with chicken GnRH Il-like properties, occurs together with mammalian
GnRH in marsupial brains. Endocrinology. 1989;125(5):2244-2252.

31. King JA, Hinds LA, Mehl AE, Saunders NR, Millar RP. Chicken GnRH 1l occurs together with
mammalian GnRH in a South American species of marsupial (Monodelphis domestica).
Peptides. 1990;11(3):521-525.

32. Adelman JP, Mason AJ, Hayflick JS, Seeburg PH. Isolation of the gene and hypothalamic cDNA
for the common precursor of gonadotropin-releasing hormone and prolactin release-inhibiting
factor in human and rat. Proc Natl Acad Sci. 1986;83(1):179-183.

33. Burgus R, Butcher M, Amoss M, Ling N, Monahan M, Rivier J, Fellows R, Blackwell R, Vale W,

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.69


http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Guillemin R. Primary structure of the ovine hypothalamic luteinizing hormone-releasing factor
(LRF). Proc Natl Acad Sci. 1972;69(1):278-282.

Lovejoy DA, Fischer WH, Parker DB, McRory JE, Park M, Lance V, Swanson P, Rivier JE,
Sherwood NM. Primary structure of two forms of gonadotropin-releasing hormone from brains
of the American alligator (Alligator mississippiensis). Regul Pept. 1991;33(2):105-116.
Sherwood NM, Lovejoy DA. The origin of the mammalian form of GnRH in primitive fishes.
Fish Physiol Biochem. 1989;7(1-6):85-93.

Guillemin RO. Chemistry and physiology of hypothalamic releasing factors for gonadotrophins.
Int J Fertil. 1967;12(4):359-367.

Pawson AJ, Morgan K, Maudsley SR, Millar RP. Type Il gonadotrophin-releasing hormone
(GnRH-II) in reproductive biology. Reproduction. 2003;126(3):271-278.

Limonta P, Moretti RM, Marelli MM, Motta M. The biology of gonadotropin hormone-releasing
hormone: role in the control of tumor growth and progression in humans. Front Neuroendocrinol.
2003;24(4):279-295.

Montaner AD, Somoza GM, King JA, Bianchini JJ, Bolis CG, Affanni JM. Chromatographic
and immunological identification of GnRH (Gonadotropin-releasing hormone) variants.
Occurrence of mammalian and a salmon-like GnRH in the forebrain of an eutherian mammal:
Hydrochaerishydrochaeris (Mammalia, Rodentia). Regul Pept. 1998;73(3):197-204.

Yahalom D, Chen A, Ben-Aroya N, Rahimipour S, Kaganovsky E, Okon E, Fridkin M, Koch Y.
The gonadotropin-releasing hormone family of neuropeptides in the brain of human, bovine and
rat: identification of a third isoform. FEBS Lett.1999;463(3):289-294.

Neill JD. Minireview: GnRH and GnRH receptor genes in the human genome. Endocrinology.
2002;143(3):737-743.

Sealfon SC, Weinstein H, Millar RP. Molecular mechanisms of ligand interaction with the
gonadotropin-releasing hormone receptor. Endocr Rev. 1997;18(2):180-205.

Clayton RN, Catt KJ. Regulation of pituitary gonadotropin-releasing hormone receptors by
gonadal hormones. Endocrinology. 1981;108(3):887-895.

Griindker C, Giinthert AR, Millar RP, Emons G. Expression of gonadotropin-releasing hormone
I1 (GnRH-I1) receptor in human endometrial and ovarian cancer cells and effects of GnRH-I1 on
tumor cell proliferation. J Clin Endocrinol Metab. 2002;87(3):1427-1430.

Kang SK, Choi KC, Yang HS, Leung PC. Potential role of gonadotrophin-releasing hormone
(GnRH)-1 and GnRH-II in the ovary and ovarian cancer. Endocr Relat Cancer.
2003;10(2):169-177.

Ruf F, Fink MY, Sealfon SC. Structure of the GnRH receptor-stimulated signaling network:
insights from genomics. Front Neuroendocrinol. 2003;24(3):181-199.

Ji TH, Grossmann M, Ji I. G protein-coupled receptors I. Diversity of receptor-ligand

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.70


http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications
interactions. J Biol Chem. 1998;273(28):17299-17302.

48. Blomenrohr M, Heding A, Sellar R, Leurs R, Bogerd J, Eidne KA, Willars GB. Pivotal role for
the cytoplasmic carboxyl-terminal tail of a nonmammalian gonadotropin-releasing hormone
receptor in cell surface expression, ligand binding, and receptor phosphorylation and
internalization. Molecular Pharmacology. 1999;56(6):1229-1237.

49. Millar R, Lowe S, Conklin D, Pawson A, Maudsley S, Troskie B, Ott T, Millar M, Lincoln G,
Sellar R, Faurholm B. A novel mammalian receptor for the evolutionarily conserved type 1l
GnRH. Proc Natl Acad Sci. 2001;98(17):9636-9641.

50. Neill JD, Duck LW, Sellers JC, Musgrove LC. A gonadotropin-releasing hormone (GnRH)
receptor specific for GnRH Il in primates. Biochem Biophys Res Commun.
2001;282(4):1012-1018.

51. Morgan K, Conklin D, Pawson AJ, Sellar R, Ott TR, Millar RP. A transcriptionally active human
type Il gonadotropin-releasing hormone receptor gene homolog overlaps two genes in the
antisense orientation on chromosome 1q. 12. Endocrinology. 2003;144(2):423-436.

52. Huirne JA, Lambalk CB. Gonadotropin-releasing-hormone-receptor antagonists. Lancet.
2001;358(9295):1793-1803.

53. Xu C, Xu XZ, Nunemaker CS, Moenter SM. Dose-dependent switch in response of
gonadotropin-releasing hormone (GnRH) neurons to GnRH mediated through the type | GnRH
receptor. Endocrinology. 2004;145(2):728-735.

54. Cheng CK, Yeung CM, Chow BK, Leung PC. Characterization of a new upstream GnRH
receptor promoter in  human ovarian granulosa-luteal cells. Mol Endocrinol.
2002;16(7):1552-1564.

55. Kang SK, Choi KC, Cheng KW, Nathwani PS, Auersperg N, Leung PC. Role of
gonadotropin-releasing hormone as an autocrine growth factor in human ovarian surface
epithelium. Endocrinology. 2000;141(1):72-80.

56. Kang SK, Tai CJ, Nathwani PS, Leung PC. Differential regulation of two forms of
gonadotropin-releasing hormone messenger ribonucleic acid in human granulosa-luteal cells.
Endocrinology. 2001;142(1):182-192.

57. Singh P, Krishna A, Sridaran R, Tsutsui K. Immunohistochemical localization of GnRH and
RFamide-related peptide-3 in the ovaries of mice during the estrous cycle. J Mol Histol.
2011;42(5):371-381.

58. Anjum S, Krishna A, Sridaran R, Tsutsui K. Localization of gonadotropin-releasing hormone
(GnRH), gonadotropin-inhibitory hormone (GnlH), kisspeptin and GnRH receptor and their
possible roles in testicular activities from birth to senescence in mice. J Exp Zool A Ecol Genet
Physiol. 2012;317(10):630-644.

59. Jegou B, Brekke I, Naess O, Torjesen P, Hansson V. Properties and regulation of GnRH

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.71


http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications
receptors in the anterior pituitary and the testis of the rat: different response of Leydig cell LH

and GnRH receptors to hormonal treatments. Arch Androl. 1985;14(2-3):161-170.

60. Shi B, Mahesh VB, Bhat GK, Ping L, Brann DW. Evidence for a role of bradykinin neurons in
the control of gonadotropin-releasing hormone secretion.  Neuroendocrinology.
1998;67(4):209-218.

61. Shi B, Bhat G, Mahesh VB, Brotto M, Nosek TM, Brann DW. Bradykinin receptor localization
and cell signaling pathways used by bradykinin in the regulation of gonadotropin-releasing
hormone secretion. Endocrinology. 1999;140(10):4669-4676.

62. Espey LL, Tanaka N, Winn V, Okamura H. Increase in ovarian Kkallikrein activity during
ovulation in the gonadotrophin-primed immature rat. J Reprod Fertil. 1989;87(2):503-508.

63. Gao X, Greenbaum LM, Mahesh VB, Brann DW. Characterization of the kinin system in the
ovary during ovulation in the rat. Biol Reprod. 1992;47(6):945-951.

64. Smith C, Perks AM. The kinin system and ovulation: changes in plasma kininogens, and in
kinin-forming enzymes in the ovaries and blood of rats with 4-day estrous cycles. Can J
PhysiolPharmacol. 1983;61(7):736-742.

65. Kihara T, Kimura A, Moriyama A, Ohkubo I, Takahashi T. Identification of components of the
intrafollicular  bradykinin-producing system in the porcine ovary. Biol Reprod.
2000;62(5):1160-1167.

66. Hellberg P, Larson L, Olofsson J, Hedin L, Brannstrom M. Stimulatory effects of bradykinin on
the ovulatory process in the in vitro-perfused rat ovary. Biol Reprod. 1991;44(2):269-274.

67. Yoshimura'Y, Espey L, Hosoi Y, Adachi T, Atlas SJ, Ghodgaonkar RB, Dubin NH, Wallach EE.
The effects of bradykinin on ovulation and prostaglandin production by the perfused rabbit
ovary. Endocrinology. 1988;122(6):2540-2546.

68. Brannstrom M, Hellberg P. Bradykinin potentiates LH-induced follicular rupture in the rat ovary
perfused in vitro. Hum Reprod. 1989;4(5):475-481.

69. Tsutsui K, Saigoh E, Ukena K, Teranishi H, Fujisawa Y, Kikuchi M, Ishii S, Sharp PJ. A novel
avian hypothalamic peptide inhibiting gonadotropin release. Biochem Biophys Res Commun.
2000;275(2):661-667.

70. Ubuka T, Ueno M, Ukena K, Tsutsui K. Developmental changes in gonadotropin-inhibitory
hormone in the Japanese quail (Coturnix japonica) hypothalamo-hypophysial system. J
Endocrinol. 2003;178(2):311-318.

71. Ukena K, Ubuka T, Tsutsui K. Distribution of a novel avian gonadotropin-inhibitory hormone in
the quail brain. Cell Tissue Res. 2003;312(1):73-79.

72. Bentley GE, Perfito N, Ukena K, Tsutsui K, Wingfield JC. Gonadotropin-inhibitory peptide in
song sparrows (Melospizamelodia) in different reproductive conditions, and in house sparrows
(Passer domesticus) relative to chicken-gonadotropin-releasing hormone. J Neuroendocrinol.

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.72


http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications
2003;15(8):794-802.

73. Satake H, Hisada M, Kawada T, Minakata H, Ukena K, Tsutsui K. Characterization of a cDNA
encoding a novel avian hypothalamic neuropeptide exerting an inhibitory effect on
gonadotropin release. Biochem J. 2001;354(Pt 2):379-385.

74. Ciccone NA, Dunn IC, Boswell T, Tsutsui K, Ubuka T, Ukena K, Sharp PJ. Gonadotrophin
inhibitory hormone depresses gonadotrophin a and follicle-stimulating hormone 3 subunit
expression in the pituitary of the domestic chicken. J Neuroendocrinol. 2004;16(12):999-1006.

75. Ubuka T, Ukena K, Sharp PJ, Bentley GE, Tsutsui K. Gonadotropin-inhibitory hormone inhibits
gonadal development and maintenance by decreasing gonadotropin synthesis and release in
male quail. Endocrinology. 2006;147(3):1187-1194.

76.Yin H, Ukena K, Ubuka T, Tsutsui K. A novel G protein-coupled receptor for
gonadotropin-inhibitory hormone in the Japanese quail (Coturnix japonica): identification,
expression and binding activity. J Endocrinol. 2005;184(1):257-266.

77. Anjum S, Krishna A, Tsutsui K. Inhibitory roles of the mammalian GnlHortholog RFRP3 in
testicular activities in adult mice. J Endocrinol. 2014;223(1):79-91.

78. Ubuka T, Tsutsui K. Reproductive neuroendocrinology of mammalian gonadotropin-inhibitory
hormone. Reproductive Medicine and Biology. 2019;18(3):225-233.

79. Conn PM, Crowley WF Jr. Gonadotropin-releasing hormone and its analogs. Annu Rev Med.
1994:45:391-405.

80. Kiesel LA, Rody A, Greb RR, Szilagyi A. Clinical use of GnRH analogues. Clin Endocrinol.
2002;56(6):677-687.

81. Duijkers 1J, Klipping C, Willemsen WN, Krone D, Schneider E, Niebch G, Hermann R. Single
and multiple dose pharmacokinetics and pharmacodynamics of the gonadotrophin-releasing
hormone antagonist Cetrorelix in healthy female volunteers. Hum Reprod.
1998;13(9):2392-2398.

82. Lin Y, Kahn JA, Hillensjo T. Is there a difference in the function of granulosa-luteal cells in
patients undergoing in-vitro fertilization either with gonadotrophin-releasing hormone agonist
or gonadotrophin-releasing hormone antagonist? Hum Reprod. 1999;14(4):885-888.

83. Singh P, Srivastava RK, Krishna A. Effects of gonadotropin-releasing hormone agonist and
antagonist on ovarian activity in a mouse model for polycystic ovary. J Steroid BiochemMol
Biol. 2016;163:35-44

84. Adams BA, Tello JA, Erchegyi J, Warby C, Hong DJ, Akinsanya KO, Mackie GO, Vale W,
Rivier JE, Sherwood NM. Six novel gonadotropin-releasing hormones are encoded as triplets on
each of two genes in the protochordate, Cionaintestinalis. Endocrinology.
2003;144(5):1907-1919.

85. JF, Reska-Skinner SM, Prakash MO, Fischer WH, Park M, Rivier JE, Craig AG, Mackie GO,

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.73


http://www.rjlbpcs.com/

Nagesh etal RJLBPCS 2021 www.rjlbpcs.com Life Science Informatics Publications

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Sherwood NM. Two new forms of gonadotropin-releasing hormone in a protochordate and the
evolutionary implications. Proc Natl Acad Sci. 1996;93(19):10461-10464.

Rivier J, Rivier C, Branton D, Millar R, Spiess J, Vale W. HPLC purification of ovine CRF, rat
extra  hypothalamic  brain  somatostatin and frog brain GnRH. Peptides:
Synthesis-structure-function.1981; 771-776.

Saragueta PE, Lanuza GM, Barafiao JL. Inhibitory effect of gonadotrophin-releasing hormone
(GnRH) on rat granulosa cell deoxyribonucleic acid synthesis. Mol Reprod Dev.
1997;47(2):170-174.

Billig HA, Furuta I, Hsueh AJ. Gonadotropin-releasing hormone directly induces apoptotic cell
death in the rat ovary: biochemical and in situ detection of deoxyribonucleic acid fragmentation
in granulosa cells. Endocrinology. 1994;134(1):245-252.

Tilly JL, Billig H, Kowalski KI, Hsueh AJ. Epidermal growth factor and basic fibroblast growth
factor suppress the spontaneous onset of apoptosis in cultured rat ovarian granulosa cells and
follicles by a tyrosine kinase-dependent mechanism. Mol Endocrinol. 1992;6(11):1942-1950.
Richards JS. Hormonal control of gene expression in the ovary. Endocr Rev.
1994;15(6):725-751.

Sridaran R, Philip GH, Li H, Culty M, Liu Z, Stocco DM, Papadopoulos V. GnRH agonist
treatment decreases progesterone synthesis, luteal peripheral benzodiazepine receptor mRNA,
ligand binding and steroidogenic acute regulatory protein expression during pregnancy. J Mol
Endocrinol. 1999;22(1):45-54.

Peng C, Fan NC, Ligier M, Vaananen J, Leung PC. Expression and regulation of
gonadotropin-releasing hormone (GnRH) and GnRH receptor messenger ribonucleic acids in
human granulosa-luteal cells. Endocrinology. 1994;135(5):1740-1746.

Emons G, Schroder B, Ortmann O, Westphalen S, Schulz KD, Schally AV. High affinity binding
and direct antiproliferative effects of luteinizing hormone-releasing hormone analogs in human
endometrial cancer cell lines. J Clin Endocrinol Metab. 1993;77(6):1458-1464.

Kang SK, Tai CJ, Cheng KW, Leung PC. Gonadotropin-releasing hormone activates
mitogen-activated protein kinase in human ovarian and placental cells. Mol Cell Endocrinol.
2000;170(1-2):143-151.

Leung PC, Cheng CK. GnRH as an autocrine regulator in the human ovary. Ovary. 2004;
289-304.

Zhao S, Saito H, Wang X, Saito T, Kaneko T, Hiroi M. Effects of gonadotropin-releasing
hormone agonist on the incidence of apoptosis in porcine and human granulosa cells. Gynecol
Obstet Invest. 2000;49(1):52-56.

© 2021 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2021 Jan — Feb RILBPCS 7(1) Page No.74


http://www.rjlbpcs.com/

