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A B S T R A C T

Kisspeptin and leptin (LEP) are two essential proteins that play a central role in regulating reproductive hormones in small 
ruminants through the hypothalamic-pituitary-gonadal axis. These proteins influence the secretion of gonadotropin-
releasing hormone, which, in turn, controls key hormones such as follicle-stimulating hormone and luteinizing hormone. 
Acting in synergy, kisspeptin and LEP also interact with other metabolic and reproductive signals, including insulin, estrogen, 
and neuropeptides, to coordinate reproductive function. Despite their importance, the detailed mechanisms by which 
these proteins operate, especially in relation to body condition score are not yet fully understood. This review explores 
their biological roles, interactions, and potential as markers for selecting high-performing livestock. External factors such 
as diet, stress, and seasonal changes can further influence their expression and activity. Understanding these pathways can 
support improved fertility management and the development of genetic or therapeutic strategies to enhance reproductive 
efficiency in goats and sheep. 
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INTRODUCTION

The selection of livestock based on reproductive 
parameters is essential for the efficient utilization of 
time and resources [1]. Specific genetic traits and protein 
markers significantly influence reproductive efficiency, 
particularly in small ruminants. Gonadotropin-releasing 
hormone (GnRH) is a key protein that regulates the 
secretion of gonadotropin hormones and is vital to the 
reproductive cycles of these animals. The secretion 
of gonadotropins – such as luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), and inhibin – is 
primarily governed by GnRH [2]. In addition to GnRH, 
other hypothalamic regulators such as gonadotropin-
inhibiting hormone (GnIH) and kisspeptin have been 

identified; GnIH suppresses, while kisspeptin enhances, 
GnRH secretion – underscoring kisspeptin’s pivotal 
role in reproductive regulation. Leptin (LEP) is another 
essential protein known to influence GnRH activity 
through its receptor (LEP receptor [LEPR]) and is closely 
associated with key reproductive traits, including 
lactation performance, calving frequency, and age at 
first parturition. Given the physiological importance 
of kisspeptin and LEP in the hypothalamic-pituitary-
gonadal (HPG) axis, their roles in small ruminant 
reproductive function merit further investigation [3].

Although the roles of kisspeptin and LEP in 
reproductive regulation have been well-documented 
in various mammalian species, there remains a lack of 
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comprehensive synthesis focusing specifically on small 
ruminants. The dynamic interactions between these 
two proteins and their collective influence on GnRH, 
LH, and FSH secretion under varying physiological and 
environmental conditions, such as body condition score 
(BCS), nutritional status, and photoperiod, have not 
been thoroughly explored. Furthermore, the genetic 
polymorphisms and tissue-specific expression patterns 
of kisspeptin (KiSS-1) and LEP genes, particularly their 
implications for fertility traits, remain underreported 
in the context of goats and sheep. This represents 
a significant gap in the literature on reproductive 
physiology and animal genetics.

This review aims to critically synthesize current 
knowledge on the roles of kisspeptin and LEP in the 
reproductive physiology of small ruminants. Specifically, 
it examines their regulatory mechanisms within the HPG 
axis, their interactions with metabolic cues and BCS, 
as well as their genetic and molecular characteristics. 
In addition, the review highlights their potential utility 
as biomarkers and therapeutic targets for improving 
reproductive efficiency and guiding precision breeding 
strategies in small ruminants. The graphical abstract is 
presented as Figure 1.

KISSPEPTIN: ORIGIN, BIOLOGICAL ROLES, AND 
FUNCTION IN SMALL RUMINANTS

Kisspeptin, also known as metastin, was originally 
identified as an anti-metastatic peptide by Lee 
et al. in 1996 [4]. It was later recognized as a critical 
neuroendocrine regulator of GnRH signaling, particularly 
in stimulating the secretion of LH. In small ruminants, 
kisspeptin plays a central role in reproductive regulation 
by acting on hypothalamic neurons. The peptide is 

encoded by the KiSS-1 gene, a member of the RF-amide 
peptide family, and acts through its receptor G protein-
coupled receptor 54 (GPR54), which is highly expressed 
in the hypothalamus and actively participates in the 
HPG axis [5]. In humans, the KiSS-1 gene is located on 
chromosome 1q32 [6], whereas in goats and sheep, it is 
mapped to chromosome 16 [7].

Kisspeptin neurons are primarily located in the 
hypothalamus, although some studies have reported 
limited expression in placental tissues. Wakabayashi 
et al. [8] localized kisspeptin neurons predominantly 
to the arcuate nucleus (ARC) in goats. Complementary 
findings by Ohkura et al. [9, 10] confirmed the 
distribution of kisspeptin-expressing neurons in both the 
ARC and preoptic area (POA) of male goats. Expression 
of the KiSS-1 gene has also been detected in the POA of 
female goats, although this remains a topic of scientific 
debate. These neurons are primarily concentrated 
in the caudal ARC, dorsomedial nucleus, and medial 
POA (mPOA) [11]. In sheep, kisspeptin-expressing 
cells are predominantly found in the periventricular 
nucleus (POV), in close proximity to GnRH neurons. 
Notably, in goats, the expression of KiSS-1 or its product 
KP-54, through the GPR54 receptor, is higher in the 
hypothalamus than in peripheral reproductive tissues 
such as the ovary, oviduct, and endometrium [12].

The influence of KiSS-1 on GnRH secretion has 
been demonstrated in both goats [13] and sheep [14]. 
Although polymorphisms in exon 1 of the KiSS-1 gene 
in goats have been investigated since 2009, their 
functional implications remain unclear [15]. Several 
mutations have been identified: three in intron 1 and 
two in exon 3. While some are considered non-causal, 
they may still affect nearby regulatory elements that 

Figure 1: Graphical abstract.
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influence reproductive function [16]. Experimental 
study by Han et al. [13] indicates that administration 
of kisspeptin at concentrations ranging from 1 µM to 
100 µM enhances the steroidogenic activity of Leydig 
cells in goat testes, where KiSS-1 gene expression has 
also been confirmed [17]. Although kisspeptin activity 
has been detected in Sertoli cells, spermatids, and 
spermatozoa in other species, its presence in these 
cells in goats remains unverified [18]. Collectively, these 
findings suggest that the KiSS-1/GPR54 system may 
exert both central and peripheral regulatory effects on 
reproduction.

In ewes, administration of kisspeptin analogues 
such as TAK-683 and C6 has been shown to induce 
estrus, indicating potential reproductive applications 
in goats. Moreover, ovariectomized ewes exhibited 
elevated LH and GnRH levels in cerebrospinal fluid 
following intravenous injection of KP-10, reinforcing 
kisspeptin’s stimulatory role in reproductive hormone 
release [19].

LEP: ORIGIN, MOLECULAR BASIS, AND 
REPRODUCTIVE FUNCTION IN SMALL RUMINANTS

LEP is a protein hormone encoded by the LEP 
gene, located on chromosome 7q31.3. It was initially 
identified in human adipose tissue in 1994 and later 
in goats in 2005, where it was characterized as a 
16-kDa protein [12, 20]. In Raini cashmere goats, LEP 
gene expression has been observed across multiple 
tissues, including adipose tissue, liver, kidney, lung, and 
heart, with the highest expression detected in adipose 
tissue and liver, and the lowest in the heart [21]. LEP 
is synthesized as a prohormone comprising 167 amino 
acids, which is processed into its biologically active form 
consisting of 146 amino acids [22].

In the context of reproduction, LEP acts as 
a neuromodulator by binding to its receptors and 
influencing neuropeptide Y (NPY), a critical regulator 
of gonadal activity in the central nervous system [23]. 
Its primary physiological role is to convey the animal’s 
nutritional status to the brain, thereby modulating key 
reproductive functions such as the onset of puberty 
and the secretion of gonadotropins, particularly LH and 
FSH. Polymorphisms within intron 1 of the LEP gene 
have been associated with metabolic and endocrine 
traits, including variations in beta-hydroxybutyrate 
(BHBA), free thyroxine (fT4), insulin-like growth 
factor-1 (IGF-1), triglyceride levels, and milk somatic 
cell counts [24]. Additionally, the T117C polymorphism 
has been associated with differences in milk yield 
performance at 140 days in goats [25].

LEPRs in the ARC of the hypothalamus interact 
with NPY and glucagon-like peptide-1, integrating 
energy balance and reproductive signals. Under 
growth hormone (GH) activation, LEP also functions as 
a negative regulator of GnRH secretion and has been 
reported to suppress cortisol production [26]. The 

connection between LEP and reproduction was first 
recognized through studies on placental LEP secretion, 
which demonstrated LEP resistance during mid-
gestation in cattle. This resistance results in increased 
appetite despite weight gain, reflecting the elevated 
nutritional demands of pregnancy [27].

Moreover, LEP directly stimulates GnRH receptor 
expression and FSH secretion by inhibiting the translation 
of Musashi protein mRNA in goats. In females, elevated 
LEP concentrations promote estrogen production, 
thereby inducing the LH surge necessary for ovulation. 
LEP also plays an indirect role in oocyte maturation. In 
both sexes, LEP is a critical regulator of puberty onset. 
Experimental reductions in LEP levels by 50%–90% 
have been shown to delay sexual maturation, suppress 
gonadal activity, and hinder testicular and ovarian 
development. However, excessive LEP levels, such as 
those observed in obesity, can lead to LEP resistance, 
which may impair reproductive function [28].

EXPRESSION AND LOCALIZATION OF KISSPEPTIN 
AND LEPRS IN SMALL RUMINANTS

Research in goats has predominantly focused 
on two major KiSS-1 gene products: KP-10 and 
KP-54 [29]. KP-10 is a decapeptide with a molecular 
weight of 1302.4 g/mol, whereas KP-54 consists 
of 54 amino acids and weighs approximately 
5857 g/mol [30]. Administration of KP-10 during the 
luteal phase has been shown to stimulate the secretion 
of LH and FSH, without significantly altering levels of GH 
or prolactin [31]. Another variant, KP-135, contains 135 
amino acids and has a molecular mass of approximately 
14.38 kDa [32].

Comparative sequence analysis indicates that 
the goat KiSS-1 nucleotide and amino acid sequences 
share greater similarity with those of other livestock 
species than with those of humans or rodents. The 
goat KiSS-1 polypeptide includes a signal peptide, 
supporting its classification as a precursor for secreted 
bioactive peptides [18]. Structurally, goat kisspeptin 
is predicted to contain an LRY-amide motif at its 
C-terminal end, a feature conserved across rodent 
and bovine species. The full-length KiSS-1 gene 
transcript in goats spans approximately 408 base pairs, 
comprising two coding exons and one intron, encoding 
a 135-amino acid peptide [7]. The mechanism by which 
kisspeptin regulates reproduction in goats is illustrated 
in Figure 2.

LEP, primarily produced and secreted by 
adipocytes, plays a critical role in energy homeostasis 
and reproductive function [24]. Its expression has been 
extensively documented in various livestock species, 
including small ruminants, where genotypic diversity 
and metabolic adaptation have been noted [33]. In 
these species, the LEP gene is located on chromosome 
4 and comprises three exons [34]. Fluorescence in situ 
hybridization has localized this gene specifically to 
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chromosome 4q32. In Bligon goats, four novel single-
nucleotide polymorphisms (SNPs) have been identified 
within introns 1 and 2 of the LEP gene [35]. These 
intronic polymorphisms are associated with important 
metabolic traits, including BHBA, fT4, IGF-1, triglyceride 
concentrations, and milk somatic cell counts [36].

Plasma LEP concentrations serve as permissive 
signals for the initiation of sexual maturity in small 
ruminants [28], particularly during gestation and 
lactation, when LEP levels are significantly elevated 
between days 2 and 9 postpartum [24]. LEP also 
facilitates the attainment of a critical body size threshold 
necessary for the onset of puberty [28]. Notably, 
livestock subjected to restricted nutrition may still 
achieve puberty on exogenous LEP administration. This 
response involves cross-talk between LEP signaling and 
estrogen receptors in the gonads and hypothalamus, 
as well as circulating IGF-1 levels [37]. Administration 
of physiological doses of LEP (0.2–2 ng/mL) has been 
reported to increase LH secretion by approximately 1.5-
fold, whereas higher doses exceeding 20 ng/mL produce 
no significant reproductive effects [38]. The detailed 
mechanism by which LEP regulates reproductive 
pathways in small ruminants is depicted in Figure 3.

RECEPTOR EXPRESSION AND LOCALIZATION

The receptor for kisspeptin, GPR54 – also referred 
to as kisspeptin receptor (KiSS-1r) – exhibits notable 
genetic polymorphisms in female goats, including five 
mutations within exon 1 and a partial mutation in exon 
5 [39]. GPR54 encodes a transmembrane G-protein-
coupled receptor and is expressed more abundantly in 
the ovaries compared to the hypophysis, oviduct, and 
endometrium of female goats [12]. Both KiSS-1 and 
GPR54 genes are expressed across several brain regions, 
with prominent localization in the hypothalamus, basal 
ganglia, and arcuate nuclei. In the hypophysis, GPR54 
is predominantly found in the median eminence (ME), 
particularly within GnRH neurons [40], while peripheral 
expression has also been reported outside the cerebral 

vasculature [41]. In ewes, expression of KiSS-1 and 
GPR54 has been documented in the pituitary gland, 
endometrium, ovaries, and oviducts [12, 29]. High 
expression levels of GPR54 have been observed in the 
brain and in several peripheral tissues as well [42]. An 
immunolocalization study by Han et al. [13] further 
confirms the presence of kisspeptin in Leydig and Sertoli 
cells, as well as in spermatids of goats.

Kisspeptin fibers are secreted into the portal 
vasculature, with dense clusters of immunoreactive 
fibers found outside the ME [43]. In various species, 
kisspeptin-secreting neurons are located in the internal 
zone of the hypothalamus, allowing for interregional 
neuroendocrine communication. These fibers are 
especially concentrated in the ARC, proximal to 
kisspeptin neuronal somata. Most GnRH neurons are 
located in the septo-POA, where kisspeptin fibers are 
also frequently detected [44]. In addition, a major 
population of kisspeptin fibers runs adjacent to the 
third ventricle, and all fibers within the ME appear 

Figure 2: Kisspeptin mechanism in goat reproduction [Source: The figure was generated by the authors].

Figure 3: Mechanism of leptin in small ruminant bodies 
[Source: The figure was generated by the authors].
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to originate from the ARC [45], indicating minimal 
contribution from other hypothalamic regions. 
Anterograde tracing in ewes further supports direct 
projections from ARC kisspeptin neurons to the ME [45]. 
Moreover, kisspeptin/neurokinin B/dynorphin (KNDy) 
neurons have been identified as the primary afferent 
inputs to preoptic kisspeptin neurons [46, 47].

The long-form LEPRb, a member of the class I 
cytokine receptor family, exists in six isoforms and is 
the functionally active variant in reproduction [48]. In 
Black Bengal goats, two polymorphisms in intron 3 and 
one in exon 4 of the LEPRb gene have been associated 
with variation in litter size [49]. LEPRb mRNA has been 
detected in reproductive tissues such as the ovaries 
and mammary glands of female goats [25, 50]. Within 
the hypothalamus, LEPRs are highly expressed and 
play a central role in modulating GnRH secretion [28]. 
LEPRb is localized in the ME-ARC and shows heightened 
responsiveness in animals with adequate nutritional 
status. Under conditions of fasting or negative energy 
balance, LEP signaling supports the recovery of 
hypothalamic function and GnRH pulsatility, which 
may otherwise be suppressed through GABAergic 
pathways [51]. Additional LEP-mediated modulation 
of GnRH secretion is facilitated by neuropeptides such 
as melanocyte-stimulating hormone, cocaine- and 
amphetamine-regulated transcript, and galanin-like 
peptide [52].

In small ruminants, LEPRs are primarily localized 
to the gonadotroph cells in the pars tuberalis of the 
adenohypophysis (70%–90%), and to a lesser extent in 
the pars distalis (<30%). In the ovaries, LEPRs are found 
in corpus luteum cells and are involved in promoting 
oocyte maturation. Moreover, LEP supports the 
structural development and functional maintenance of 
the corpus luteum [37, 53]. Expression of LEPRs has also 
been confirmed in granulosa and theca cells, oocytes, 
and placental tissues, underscoring its broad regulatory 
influence on reproductive physiology.

SYNERGISTIC INTERACTIONS IN REPRODUCTIVE 
REGULATION

Kisspeptin and LEP act synergistically to stimulate 
the HPG axis, thereby promoting the secretion 
of key reproductive hormones. This interaction 
underscores the coordinated regulatory role of both 
proteins in governing reproductive functions in small 
ruminants [54]. LEP, secreted predominantly by adipose 
tissue, indirectly influences GnRH-secreting neurons 
in the hypothalamus, even though LEP itself is not 
expressed in these neurons. Instead, LEP’s effects 
are mediated through neural circuits that intersect 
with the kisspeptin signaling pathway through the 
KiSS-1/GPR54 axis.

This metabolic-reproductive interface highlights 
how body condition and nutritional status modulate 
reproductive function. Under normal physiological 

conditions, LEP downregulates NPY expression, thereby 
reducing appetite and enhancing reproductive activity. 
Evidence suggests a direct association between LEP 
protein levels and kisspeptin receptor activity. Notably, 
intracerebral LEP administration in undernourished 
sheep has been shown to upregulate KiSS-1 gene 
expression [55].

Experimental studies have demonstrated that 
administering LEP at concentrations between 10⁻8 M 
and 10⁻7 M significantly increases kisspeptin secretion, 
with levels peaking at approximately 30 h – rising from 
36 to over 175 pg. However, concentrations outside this 
range (e.g., 10⁻5 M) reduce kisspeptin secretion to levels 
below baseline, indicating a dose-dependent, biphasic 
relationship between LEP and kisspeptin [54]. These 
findings emphasize the importance of maintaining an 
optimal BCS to ensure efficient reproductive function, 
as balanced LEP levels are essential for activating 
kisspeptin-mediated pathways.

Comparable studies by Backholer et al. [56] and 
Scott et al. [57] have shown that intracerebroventricular 
LEP infusion in lean ewes results in increased kisspeptin 
expression, although at lower levels than in adequately 
nourished animals, and subsequently enhances LH 
secretion. The interaction between LEP and kisspeptin 
can thus be summarized as follows: nutritional status 
influences LEP levels, which interact with the LEPR to 
modulate kisspeptin signaling. This, in turn, regulates 
GnRH secretion and downstream release of FSH and 
LH, ultimately affecting estrogen and testosterone 
production [58].

Interestingly, this synergistic relationship 
appears to be functionally active only after puberty. 
During early developmental stages, LEP signaling and 
receptor expression are limited, despite the presence 
of kisspeptin receptors in the hypothalamus. Cravo 
et al. [59] suggest that LEP may contribute to pubertal 
onset by promoting STAT3 phosphorylation, which is 
involved in upregulating KiSS-1 receptor expression, 
thereby initiating sexual maturation. Nonetheless, this 
mechanism remains a subject of ongoing investigation. 
The integrated signaling between kisspeptin and LEP is 
illustrated in Figure 4.

MECHANISMS OF KISSPEPTIN AND LEP IN SMALL 
RUMINANTS

Kisspeptin-producing (KiSS-1) neurons in the 
forebrain serve as critical intermediaries in regulating 
the HPG axis, responding to diverse internal and 
external cues, such as gonadal steroid hormones and 
photoperiodic changes. In males, kisspeptin facilitates 
testicular development and testosterone synthesis 
through the HPG axis, paralleling its function in female 
reproductive regulation [13]. In small ruminants, 
kisspeptin is highly expressed in Leydig cells, and 
its inhibition significantly reduces testosterone 
secretion [17]. Similar effects have been observed in 
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the ovarian tissues of females, indicating a conserved 
regulatory mechanism across sexes [60]. Within 
the hypothalamus, kisspeptin neurons are primarily 
localized in the POA and ARC, where they co-express 
estrogen receptor α, progesterone, and androgen 
receptors. These neurons govern GnRH neuron activity, 
thus regulating the broader endocrine cascade of the 
HPG axis [61].

Kisspeptin mediates feedback regulation from 
steroid hormones and stimulates FSH secretion; 
however, it exhibits a stronger and more immediate 
effect on LH release. Central administration of 
kisspeptin results in delayed FSH secretion relative to 
LH, and in vivo data suggest that FSH is approximately 
200-fold less sensitive to kisspeptin stimulation 
compared to LH [62, 63]. The mechanisms underlying 
this disparity may include intrinsic differences in LH 
and FSH release patterns, kisspeptin’s preferential 
promotion of high-frequency GnRH pulses, which 
favor LH, and the modulatory influence of gonadal 
peptides, such as inhibins, on FSH secretion. In addition 
to its central expression, kisspeptin is present in extra-
hypothalamic sites, including the placenta, specifically 
in syncytiotrophoblasts and trophoblast giant cells, 
and the pancreas, where its receptor GPR54 is also 
expressed [64].

Emerging evidence supports the role of ARC 
kisspeptin neurons as part of the GnRH pulse generator. 
This is substantiated by multi-unit activity recordings 
and rhythmic intracellular Ca²⁺ oscillations in ARC 
neurons corresponding to LH pulses in goats [65, 66]. 
Optogenetic activation and inhibition of these neurons 
have been shown to initiate or suppress pulsatile 
LH secretion, respectively. Functional diversity 
among kisspeptin isoforms, such as KP-10, KP-13/16, 
and KP-53/54, adds further complexity, although 
the mechanisms behind these differences remain 
incompletely understood. Species-specific variation in 
kisspeptin amino acid sequences, particularly in the 

C-terminal pharmacophore region of KP-10 in sheep 
and goats, suggests differential biological activity that 
may necessitate tailored administration strategies [67].

LEP, although exerting its reproductive effects 
primarily through hypothalamic action, is not 
directly expressed in GnRH neurons. This indicates 
that intermediary pathways, particularly involving 
kisspeptin, are responsible for transmitting LEP’s 
signals to the reproductive axis [68]. Kisspeptin may 
thus serve as a key link between LEP signaling and 
reproductive hormone regulation. This model aligns 
with findings implicating the LEP/LEPR and kisspeptin/
KiSS-1 receptor systems as central to puberty initiation. 
The pharmacophore region of kisspeptin, which binds 
to and activates GPR54, initiates intracellular cascades 
that drive GnRH secretion—an essential process for the 
onset of puberty and reproductive maintenance [69].

Kisspeptin also acts as a metabolic sensor, convey-
ing information about energy status to the central 
nervous system. It regulates positive and negative 
feedback loops of gonadal steroids and is sensitive to 
nutritional changes. Under physical stress or energy 
deficits (e.g., excessive exercise and fasting), KiSS-1 
expression may decrease, impairing fertility [70, 71]. 
Pubertal initiation and activation of the HPG axis are 
closely linked to body fat and energy balance. Elevated 
serum kisspeptin levels have been observed in obese 
individuals, indicating an overabundance of energy 
reserves [72]. In obese mice, increased LEP and 
inflammatory cytokines reflect an excess energy status; 
however, paradoxically, obesity may suppress kisspeptin 
expression and impair HPG axis function due to LEP 
resistance and inflammatory interference [73].

Both short- and long-term changes in energy 
balance modulate LEP signaling, which feeds back to the 
hypothalamus to influence reproductive hormones. In 
LEP-deficient obese mice, reduced kisspeptin expression 
and neuron count have been observed [73]. Although 
kisspeptin neurons appear to contain LEPRs, their 

Figure 4: Mechanism of kisspeptin and leptin synergy. (a) Normal physiology and (b) obese or lean pathology in small 
ruminants [Source: The figure was generated by the authors].
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function is compromised in states of LEP resistance, 
affecting both central and peripheral systems [74]. 
LEP replacement therapy in such models has restored 
fertility by correcting GnRH secretion defects, 
underscoring the pivotal role of intact LEP–kisspeptin 
signaling in reproductive competency [75].

BCS and hormonal regulation in small ruminants
BCS is a practical and widely adopted tool for 

evaluating the nutritional and physiological status of 
small ruminants, such as goats and sheep [76]. BCS 
significantly influences reproductive performance 
by modulating the secretion of key metabolic and 
reproductive hormones, particularly LEP and kisspeptin. 
LEP, secreted primarily by adipose tissue, serves as a 
signal of energy reserves to the brain, while kisspeptin, 
a hypothalamic neuropeptide, plays a central role in 
stimulating GnRH secretion, which subsequently drives 
the release of FSH and LH.

Correlation between BCS and LEP in small ruminants
LEP is a critical protein hormone involved in 

regulating appetite, energy balance, and body weight in 
both humans and livestock, including small ruminants. 
Acting through central pathways in the hypothalamus, 
LEP signals satiety and reduces food intake, thereby 
directly impacting BCS. It is primarily produced by 
white adipose tissue, although its gene expression 
has also been documented in embryonic tissues [78], 
mammary glands [79], the intestine, abomasum, 
duodenum, and hypothalamus in ruminants [80]. LEP 
levels reflect the animal’s nutritional and health status, 
making it a valuable indicator in livestock management 
for optimizing diet, body mass, and reproductive 
efficiency [77].

A robust positive correlation between serum LEP 
concentrations and fat mass has been established across 
various species, including humans [81], rats [82], sheep 
[83], and cattle [84]. Beyond its metabolic role, LEP 
modulates a wide range of physiological processes, 
such as endocrine regulation, immune responses, 
reproductive function, renal activity, hematopoiesis, and 
angiogenesis [85]. LEP exerts anorexigenic effects and 
enhances sympathetic nervous system activity, thereby 
increasing basal metabolism and energy expenditure. 
These energy-related signals are integrated within the 
hypothalamic network to activate neuroendocrine 
pathways controlling reproductive function [86].

Gallego-Calvo et al. [87] reported that animals 
with reduced BCS exhibited impaired ovarian responses, 
lower estrus expression, and diminished reproductive 
performance. However, the lack of variation in plasma 
LEP among experimental groups suggests that other 
factors may influence these reproductive parameters. 
Consistent with this, a prior study by Henry et al. [88] 
indicate that short-term energy restriction, such as fasting 
for 32 h or reduced feed intake over 94 days [89], does 
not significantly alter plasma LEP levels in lean sheep.

Nevertheless, BCS remains a reliable indicator of 
energy balance and stress adaptation. Gámez-Vázquez 
et al. [90] demonstrated a direct correlation between 
BCS and plasma LEP concentrations in goats. LEP plays 
a key role in pubertal onset, and its serum levels are 
positively correlated with BCS during the breeding 
season. This relationship has been further validated by 
Zhang et al. [91] and Towhidi et al. [92] in sheep, who 
found significant correlations between BCS, LEP, and 
FSH levels in Iranian fat-tailed ewes during mating.

Correlation between BCS and kisspeptin in small 
ruminants

Current research highlights the pivotal role 
of kisspeptin as an intermediary regulator of GnRH 
secretion in the hypothalamic control. Nutritional 
deficits, such as those induced by food restriction 
or prolonged fasting, lead to a decline in BCS, which 
subsequently suppresses kisspeptin gene expression 
and peptide production [47]. This inhibition disrupts the 
GnRH –LH axis, particularly during the anestrus season, 
resulting in reduced frequency and amplitude of GnRH 
and LH pulses. The hypothalamus integrates multiple 
metabolic signals, including circulating insulin and LEP 
levels, to assess the animal’s nutritional status and 
modulate GnRH release through kisspeptin signaling. 
In ewes, dietary restrictions have been shown to 
impair hormone secretion and suppress gonadotropin 
release [93].

BCS is closely linked to reproductive performance 
in small ruminants. Animals with low BCS often 
experience delayed puberty, reduced conception rates, 
and irregular estrous cycles. Conversely, individuals with 
optimal BCS display enhanced reproductive efficiency 
and consistent cyclicity. Kisspeptin plays a central role in 
initiating this reproductive activity by stimulating GnRH 
secretion, which drives the subsequent release of LH 
through the hypophysial portal circulation. In sheep and 
goats, kisspeptin neurons are primarily distributed in 
the mPOA and ARC [94].

Expression of the KiSS-1 gene and its encoded 
peptide is seasonally regulated. During the anestrus 
period, kisspeptin expression in the ARC is significantly 
reduced compared to the breeding season. Experimen-
tal administration of kisspeptin in anestrus females 
has been shown to induce ovulation, suggesting that 
seasonal fluctuations in receptor expression and 
peptide availability modulate responsiveness. The 
heightened effect of kisspeptin during the non-breeding 
season may be attributed to the increased expression 
of its receptor, GPR54, in GnRH neurons. Supporting 
this, a previous study by Smith et al. [95] reported a 
5-fold increase in the number of kisspeptin-expressing 
neurons in the ARC during the breeding season 
compared to the non-breeding season. The limited 
number of kisspeptin neurons during anestrus may 
contribute to variability in detection and quantification 
across studies.
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In addition to its reproductive function, kisspeptin 
and GPR54 also influence seasonal and metabolic 
regulation. GPR54 is not only highly expressed in 
reproductive tissues but also detected in the pancreas, 
where kisspeptin potentiates glucose-stimulated 
insulin secretion, implicating a role in pancreatic 
β-cell activity [96]. These findings emphasize the 
responsiveness of kisspeptin expression to nutritional 
cues. Consequently, fluctuations in BCS can alter 
kisspeptin signaling pathways, potentially impacting 
reproductive performance and metabolic homeostasis 
in small ruminants.

RELATIONSHIP BETWEEN KISSPEPTIN, LEP, AND 
BCS IN SMALL RUMINANT REPRODUCTION

Kisspeptin actions in small ruminant reproduction
Kisspeptin was initially identified for its role in 

inhibiting tumor metastasis. Subsequent discoveries 
have established its critical involvement in reproductive 
physiology, particularly through its stimulation of GnRH 
and LH secretion. In small ruminants, LH is released from 
the anterior pituitary as part of the neuroendocrine 
cascade that governs reproductive processes (Figure 5). 
Increasing attention has been paid to the role of 
kisspeptin in the metabolic regulation of reproduction, 
puberty onset, and sex steroid feedback modulation. 
Kisspeptin and its receptor GPR54 have emerged as 
essential components in the control of the reproductive 
axis in ruminants.

Kisspeptin as a puberty inducer
During the onset of puberty, kisspeptin-expressing 

neurons in the anteroventral periventricular nucleus 
(AVPV) of both male and female animals reach adult-
like levels, indicating their involvement in stimulating 
GnRH neurons, which are critical for pubertal initiation. 
In ruminants, the pubertal transition is marked by a 
reduced sensitivity to estradiol’s inhibitory feedback 
on LH secretion. Kisspeptin, along with neurokinin B 
(NKB), which is co-expressed in many hypothalamic 

neurons, appears to facilitate this transition [97]. Hu 
et al. [98] have confirmed that kisspeptin induces 
puberty by activating GnRH release, which in turn 
stimulates pulsatile secretion of LH and FSH through 
GPR54 signaling.

In male knockout mice lacking KiSS-1 or GPR54, 
testicular development and testosterone production 
are arrested, further supporting the central role of 
kisspeptin in pubertal regulation [13]. While some 
studies by Samir et al. [17], Greives et al. [99], and 
Ando et al. [100] suggest minimal GPR54 expression 
in Leydig cells, this remains a topic of scientific 
debate [101]. Nonetheless, strong kisspeptin activity 
has been observed in round spermatids within the 
seminiferous tubules, and GPR54 expression has 
been confirmed in Sertoli cells, implying a possible 
role in enhancing sperm maturation and motility 
[13, 102]. Furthermore, elevated levels of kisspeptin 
and GPR54 have been detected in adult goats 
compared to prepubertal counterparts, coinciding 
with higher testosterone concentrations, supporting 
the hypothesis that kisspeptin contributes to pubertal 
initiation [18]. In a previous study, administration 
of 10 µM kisspeptin for 24 h increased testosterone 
production and upregulated KiSS-1 and GPR54 
expression in Leydig cells. Interestingly, a higher 
concentration of 100 µM led to reduced testosterone 
levels in prepubertal Shiba goats, suggesting a dose-
dependent biphasic effect [103].

In females, kisspeptin neurons cooperate 
with NKB to initiate puberty through interneuronal 
communication, with both peptides co-localized in the 
same hypothalamic neurons [5, 63]. Similar to male 
models, the absence of kisspeptin or NKB results in 
failure of pubertal development in female sheep [3]. 
In ewes approaching puberty, numerous kisspeptin-
immunoreactive fibers form close appositions with GnRH 
neurons, and this connectivity increases significantly 
following puberty. In addition, kisspeptin expression in 
the ARC of the hypothalamus rises during the normal 
reproductive cycle, underscoring its importance in the 
maintenance of female reproductive function [63].

Kisspeptin as a potent stimulator of GnRH secretion
Kisspeptin has been widely recognized as one 

of the most potent stimulators of GnRH secretion in 
adult animals. Sharma et al. [104] have demonstrated 
that exogenous administration of kisspeptin effectively 
stimulates the release of GnRH, LH, and FSH from the 
pituitary gland. In female ruminants, two distinct modes 
of GnRH secretion have been characterized: A pulsatile 
mode and a surge mode. Pulsatile GnRH secretion 
governs the baseline release of LH and FSH, essential 
for follicular development and steroidogenesis. In 
contrast, the surge mode, typically occurring during the 
preovulatory phase of the estrous cycle, is responsible 
for inducing the LH surge that triggers ovulation and 
corpus luteum formation.

Figure 5: Kisspeptin actions during small animal 
reproduction [Source: The figure was generated by the 
authors].
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Pulsatile GnRH secretion is tightly regulated 
through a negative feedback loop involving sex steroids 
secreted by developing follicles and the corpus luteum. 
On the other hand, surge-mode secretion is governed 
by a positive feedback mechanism, wherein elevated 
estradiol levels from mature follicles stimulate a massive 
release of GnRH, ultimately leading to ovulation [66].

Recent evidence suggests that ARC kisspeptin 
neurons – particularly those co-expressing NKB and 
dynorphin (collectively termed KNDy neurons) – are 
critical components of the GnRH pulse generator. Within 
this neuronal network, NKB exerts a stimulatory effect 
while dynorphin provides inhibitory input, together 
regulating kisspeptin activity. This interplay drives the 
rhythmic oscillations in kisspeptin output that translate 
into pulsatile GnRH release [105]. Moreover, kisspeptin 
has been hypothesized to modulate irregular GnRH 
firing patterns during specific reproductive states. The 
majority of hypothalamic GnRH neurons in rodents 
express the KiSS-1R, and ex vivo studies using rat 
hypothalamic explants have confirmed kisspeptin’s 
stimulatory action on GnRH release. Additionally, in vitro 
experiments have demonstrated that kisspeptin can 
pharmacologically stimulate gonadotropin production 
in pituitary cells and tissue explants [43].

Sex steroid-mediated feedback regulation of GnRH 
secretion

Sex steroids, particularly estrogen and 
progesterone, are principal modulators of the 
gonadotropic axis and exert dual regulatory control, 
positive and negative, over GnRH secretion. Estrogen, 
for example, can elicit a preovulatory LH surge in 
females during the follicular phase, representing a 
classic example of positive feedback. However, this 
effect is limited to specific stages of the ovarian cycle 
and is not observed under basal conditions.

In ewes, KiSS-1 mRNA expression in the ARC 
increases significantly during the late follicular phase of 
the estrous cycle, when circulating estrogen levels are 
at their peak. During the lambing phase – characterized 
by heightened estrogenic activity – kisspeptin 
neurons in the ARC receive enhanced synaptic input 
compared to those in the luteal phase. This dynamic 
highlights the involvement of ARC kisspeptin neurons 
in mediating estrogen-induced negative feedback on 
GnRH secretion.

In contrast, kisspeptin neurons located in the POA 
and AVPV are implicated in positive feedback regulation. 
Estrogen acts directly on these neurons to enhance 
kisspeptin expression, facilitating the preovulatory 
GnRH surge [57]. The dichotomous role of kisspeptin 
neurons, negative feedback in the ARC and positive 
feedback in the POA/AVPV, is essential for coordinating 
reproductive hormone dynamics across the estrous 
cycle.

The dual action of kisspeptin in integrating sex 
steroid feedback is illustrated in Figure 6 [106], which 

depicts how estrogen modulates GnRH release through 
region-specific activation or suppression of kisspeptin 
neurons.

LEP ACTIONS DURING SMALL RUMINANT 
REPRODUCTION

LEP influences reproductive physiology in small 
ruminants through both central and peripheral 
mechanisms. It modulates the HPG axis and exerts 
direct effects on the ovaries, uterus, oocytes, and 
developing embryos. Genetic polymorphisms in the LEP 
gene (LEP/Sau3AI) and its receptor (LEPR/T945M) have 
been linked to economically significant reproductive 
traits, including milk yield, lambing interval, and age at 
first lambing [107]. Fertile animals have been shown to 
exhibit higher circulating LEP levels than repeat breeders, 
suggesting LEP’s role in reproductive efficiency [108]. 
Ninpetch et al. [108] have confirmed a relationship 
between LEP gene polymorphisms, circulating LEP 
concentrations, and reproductive outcomes in small 
ruminants.

Central effects of LEP on the HPG axis
LEP plays a crucial role in regulating energy 

homeostasis, feed intake, and neuroendocrine 
signaling. Its central reproductive action is primarily 
mediated through the HPG axis. The hypothalamus, 
the key integrative center for metabolic and endocrine 
cues, expresses LEP receptors (ObRs), particularly in 
the ARC and ventromedial hypothalamus, as well as in 
the anterior pituitary of several species, including pigs, 
ewes, rats, and mice [109, 110].

The LEP receptor gene (obR) encodes a cytokine 
receptor with six isoforms generated through alternative 
splicing of 20 exons. These include four short forms 
(obRa, obRc, obRd, and obRf), a long form (obRb), and 
a soluble form (obRe) [111]. The long isoform obRb 
(1,162 amino acids) mediates the biological functions of 
LEP through its interaction with Janus kinase-2 (JAK2), 
a cytoplasmic tyrosine kinase. Binding of LEP to obRb 
activates JAK2 autophosphorylation and downstream 
intracellular signaling cascades [112].

LEP has been shown to increase the pulsatility of 
GnRH in the ARC without affecting pulse amplitude, 
indicating a modulatory role rather than a direct 
initiator [113]. GnRH neurons – key regulators of the 
HPG axis – are primarily modulated by neurotransmitters 
such as GABA, as well as neuropeptides including 
kisspeptin and NPY. Although LEP does not act directly 
on GnRH neurons (which lack LEPRs), it exerts its 
influence through intermediary pathways involving 
kisspeptin neurons [114].

In fasted ewes, LEP administration restores LH 
levels, highlighting its role as a permissive factor for the 
onset of puberty [115]. However, LEP alone does not 
stimulate LH secretion in prepubertal ewes, as shown 
in a study where 10-day LEP treatment failed to induce 
LH pulses [28]. Similar findings in goats demonstrate 
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that LEP administration affects LH secretion only 
under specific metabolic conditions, such as in fasted 
or energy-flushed animals, but not in those fed ad 
libitum [116].

LEP concentrations typically rise from the 
preovulatory to the follicular phase, implicating LEP in 
the LH surge and ovulatory mechanisms. Administration 
of LEP at physiological concentrations (10⁻8–10⁻7 M) 
enhances FSH secretion, whereas supraphysiological 
doses (>10⁻5 M) reduce FSH levels, and sub-threshold 
levels (<10⁻8 M) exert no measurable effect [117].

Sexual dimorphism and nutritional influence on LEP 
levels

Sexual dimorphism in LEP concentrations has 
been documented in sheep, with rams consistently 
exhibiting lower levels than females, consistent with 
findings in other mammalian species. Prepubertal ewe 
lambs display significantly higher plasma LEP levels 
than male lambs of comparable age and nutritional 
status [118]. Similarly, adult ewe lambs have been 
reported to exhibit greater LEP concentrations than 
both intact and castrated rams [119]. These differences, 
while genetically influenced, are also modulated by 
environmental factors, such as dietary intake and body 
fat composition. Obesity and overnutrition can elevate 
LEP levels, although this may lead to LEP resistance, 
which negatively impacts reproductive function.

Peripheral effects of LEP on the ovary and uterus
Ovarian follicular development is regulated by 

intricate interactions between gonadotropins, local 
growth factors, and metabolic signals. LEP has been 
shown to influence folliculogenesis by modulating 
granulosa cell proliferation, steroid hormone production, 
and apoptotic pathways [120]. In vitro studies using 
ovarian cells from various species (rats, cattle, pigs, 
and humans) have demonstrated that LEP can either 
stimulate or inhibit the secretion of key reproductive 
hormones such as progesterone, androgens, and 
estradiol. In goats, fasting-induced reductions in 
circulating LEP have been linked to impaired luteal 
function and disruptions in estrus, suggesting LEP’s 
involvement in ovarian regulation under metabolic 
stress [121].
LEP exerts both inhibitory and stimulatory actions on 
ovarian function:
•	 Inhibitory actions:

1. LEP suppresses insulin, IGF-1, transforming 
growth factor-β, and glucocorticoid-induced 
steroidogenesis in granulosa cells.

2. Acute LEP administration in gonadotropin-
primed immature animals has been shown to 
inhibit ovulation.

3. In preantral follicles, LEP interferes with FSH-
induced growth and maturation [122].

Figure 6: The mechanism of kisspeptin-mediated positive and negative feedback control of gonadotropin-releasing hormone 
secretion by sex steroids [106].
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•	 Stimulatory actions:
1. LEP accelerates the onset of puberty in small 

ruminants [123].
2. It promotes ovulation in the absence of GnRH, 

especially in animals pre-treated with equine 
or human chorionic gonadotropins.

3. LEP activates intracellular signaling pathways, 
namely JAK2/STAT3 and MEK1/2, to enhance 
oocyte meiotic maturation and developmental 
competence in rabbit models [124].

Direct effects of LEP on oocytes and embryos
An in vitro study by Alshaheen et al. [125] 

demonstrated that LEP supplementation at 
concentrations of 10, 100, and 1000 ng/mL in 
culture media accelerates preimplantation embryo 
development and increases blastocyst cell numbers, 
particularly in the trophectoderm layer. LEP modulates 
oocyte maturation through the activation of specific 
transcription factors, particularly via the STAT3 pathway, 
which is crucial for nuclear maturation. The surrounding 
cumulus cells significantly enhance LEP signaling by 
mediating LEP–STAT3 communication during oocyte 
meiosis. Notably, only the full-length isoform of the 
LEPRb contains the intracellular domains required to 
activate the JAK2/STAT3 and MAPK pathways, which are 
essential for these reproductive functions [126].

Correlation between BCS and reproductive perfor-
mance in small ruminants

BCS serves as a reliable indicator of nutritional 
status, energy balance, and reproductive potential 
in goats and sheep [127]. Regular monitoring of 
BCS – especially during critical periods such as pre-
drying, lambing, post-lambing (30–60 days), mating 
preparation, and breeding – can optimize reproductive 
outcomes. BCS assessments typically involve palpating 
skeletal landmarks such as the hooks, pins, transverse 
and spinous processes, tailhead, and rib region [128].

BCS is directly correlated with internal energy 
reserves and has been linked to reproductive traits 
including estrus onset, ovulation rate, fertility, and 
gestational success. It influences hypothalamic 
GnRH activity and pituitary sensitivity to GnRH and 
indirectly modulates ovarian hormone profiles and the 
neuroendocrine responsiveness of the HPG axis [37].

The recommended BCS range for dairy goats during 
the rearing period is 3.0–3.5 (on a 5-point scale) [128]. 
A minimum BCS of 2.75 is suggested to minimize the 
risk of seasonal anestrus. Higher BCS is associated 
with earlier estrus onset, regular cycles, higher service 
rates, and improved conception. Conversely, a low 
BCS is associated with ovarian dysfunction, including 
anovulation, and reduced levels of cholesterol, glucose, 
calcium, and magnesium in follicular fluid [127, 129]. 
Enhanced reproductive performance in high-BCS goats 
may be attributed to elevated insulin and glucose levels, 

which improve metabolic support for reproductive 
function [128].

BCS should ideally not exceed 3.5 to avoid excessive 
adiposity, which can also impair reproduction. Goats with 
BCS 3.5 show the lowest incidence of anestrus, whereas 
those with a BCS of 1.5 exhibit the highest [130]. Proper 
energy reserves are essential for maintaining fertility, 
particularly in dairy cows. Sitaresmi et al. [127] and 
Yilmaz et al. [131] have consistently reported that higher 
BCS at mating correlates with increased fecundity and 
larger litter sizes. Furthermore, ewes with BCS 3 during 
mid-pregnancy demonstrate higher maternal behavior 
scores compared to those with BCS 2. However, both 
extremely low and excessively high BCS values have 
been linked to dystocia, indicating the importance of 
maintaining optimal BCS for reproductive health [132].

Effects of kisspeptin excess and deficiency
Kisspeptin, a neuropeptide primarily produced 

in the hypothalamus, plays a crucial role in regulating 
reproductive function by controlling the HPG axis. 
It is synthesized by two major neuronal populations 
located in the rostral periventricular region of the third 
ventricle (RP3V) and the ARC. Kisspeptin’s primary role 
is the stimulation of GnRH neurons, which promotes 
the secretion of LH and FSH, critical hormones for 
folliculogenesis, ovulation, and reproductive cyclicity.

Energy balance has been shown to exert 
a modulatory effect on kisspeptin signaling. 
Undernutrition or overnutrition can suppress the 
kisspeptin system, leading to altered reproductive 
output. In such cases, reduced expression of KiSS-1 and 
its receptor KiSS-1R (GPR54) contributes to attenuated 
LH pulsatility and disruption of HPG axis activity, 
particularly during periods of physiological or metabolic 
stress [13, 133].

Kisspeptin functions in tandem with GnIH, 
forming a dual regulatory system: kisspeptin stimulates, 
whereas GnIH suppresses, reproductive function. Their 
opposing actions respond dynamically to internal (e.g., 
hormonal status and energy reserves) and external 
(e.g., photoperiod and nutrition) cues, thereby fine-
tuning reproductive activity in small ruminants [134].

Deficiency in kisspeptin or its receptor results in 
significant reproductive dysfunction. In various species, 
including humans, inactivating mutations in KiSS-1R, 
TAC3 (NKB), or TACR3 (its receptor) lead to pubertal 
failure and hypogonadotropic hypogonadism [135]. 
Experimental models demonstrate that a functional 
kisspeptin response is necessary to restore GnRH-
induced LH pulsatility and resume normal pubertal 
progression [98]. Although direct evidence in goats 
remains limited, kisspeptin deficiency in other mammals 
has been associated with reduced ovulation rates 
and impaired oocyte quality, underscoring the need 
for species-specific research to improve reproductive 
health and productivity in goats.
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Effects of LEP excess and deficiency
LEP, an adipocyte-derived hormone, is a critical 

regulator of energy balance, feed intake, immune 
function, and reproduction in small ruminants. In 
goats, LEP influences multiple physiological processes, 
including growth, lactation, metabolic stability, 
and reproductive performance. Administration of 
recombinant bovine LEP has been shown to enhance 
feed intake, body weight gain, and milk yield in lactating 
goats [136].

LEP also contributes to reproductive function 
by acting on the hypothalamus to modulate GnRH 
secretion and influence the production of LH and FSH. It 
is particularly important for signaling sufficient energy 
reserves necessary for the onset of puberty, estrus 
expression, and successful conception. Moreover, 
LEP has been implicated in reducing the incidence 
of metabolic disorders such as fatty liver, ketosis, 
and mastitis, thereby supporting overall health and 
reproductive capacity [33, 137].

However, chronic caloric overconsumption 
may lead to LEP excess and the development of LEP 
resistance, a condition in which the sensitivity of LEPRs 
is diminished. This results in impaired regulation of 
appetite and energy metabolism, often culminating in 
obesity. In goats, LEP resistance can adversely affect 
reproductive performance by disrupting hormonal 
signaling pathways essential for ovarian function, estrus 
behavior, and fertility [138].

In contrast, LEP deficiency, often associated with 
negative energy balance or malnutrition, may result 
in delayed puberty, anestrus, and reduced conception 
rates due to insufficient stimulation of the reproductive 
axis. Thus, optimal LEP concentrations are crucial for 
maintaining reproductive efficiency in small ruminants.

Kisspeptin and LEP as potential reproductive markers 
and therapeutic agents in small ruminants

Kisspeptin and LEP, due to their regulatory roles 
in reproduction and energy metabolism, present 
significant potential as genetic markers and therapeutic 
targets for improving reproductive performance in small 
ruminants. Their protein functions and polymorphic 
variants influence key reproductive traits, including 
litter size, puberty onset, and hormone secretion.

Kisspeptin: Genetic markers and therapeutic potential
Kisspeptin has been identified as a central regulator 

of the HPG axis. In Indian goat breeds, SNPs such as 
g2540 C>T in the KiSS1 gene (with CT and TT genotypes 
predominating over CC) have been shown to have a 
potential association with reproductive traits [139]. In 
the Jining Gray goat, polymorphisms in intron 1 (G296C, 
G45T, and T505A) and exon 3 (G3433A and C3688A) are 
associated with improved fecundity. Similarly, Chinese 
goats exhibit SNPs (G484G>A, G1147T>C, G1317G>A, 
G1428_1429delG, and G2124C>T) linked to higher 
litter size [140]. In goats, SNPs in exons 1–3 of the KiSS1 

gene are more strongly associated with litter size than 
mutations in exons 4–12, likely due to their greater 
impact on mRNA stability and protein structure [140]. 
In ewes, polymorphisms in exons 1, 2, and 5 are also 
correlated with fecundity traits [141].

Mutations in KiSS1 or GPR54 impair reproductive 
development, delay puberty, disrupt Leydig cell activity, 
and alter gonadal function, confirming the gene’s critical 
role in reproductive maturation [98, 135]. However, 
further mechanistic studies are warranted to investigate 
how LEP resistance might influence kisspeptin signaling 
and its downstream effects on pubertal timing and 
fertility [7].

Therapeutically, kisspeptin shows promise in 
enhancing reproductive function. Administration of 
10 µM kisspeptin for 24 h has been shown to increase 
testosterone production in goat Leydig cells [13]. 
Subcutaneous injection of kisspeptin-10 (KP-10) at 
doses of 5 µg/kg body weight (BW) in male Shiba 
goats [142] and 1.5–10 mg/kg BW in females [143] 
significantly stimulates GnRH and LH secretion. In 
addition, KP-10 injection in ovariectomized goats and 
ewes elevates circulating GnRH and steroid hormones 
such as estrogen and progesterone [143]. Kisspeptin 
analogs have also been reported to enhance milk 
production in ruminants [144], potentially through 
improved neuroendocrine stimulation of lactogenesis.

LEP: Polymorphisms and therapeutic implications
LEP contributes to reproductive physiology by 

modulating the metabolic-reproductive axis, including 
lactogenesis, litter size, nutritional balance, and HPG 
axis activity [33]. In goats, polymorphisms in LEP, 
particularly in intron 1, influence RNA expression, 
feed intake, and nutrient assimilation [145]. These 
variations affect metabolic hormones, thyroid function, 
and feeding behavior, thereby influencing reproductive 
efficiency [146].

In males, mutations at the LEP 170G>A locus 
have been associated with altered sperm motility and 
viability. Another SNP, 332G>A in the Sanjabi breed, 
has been linked to infertility, reflecting the deleterious 
effects of amino acid changes on reproductive protein 
function [147, 148]. In females, LEPR polymorphisms 
have been associated with seasonal estrus expression, 
puberty onset, gestational success, and milk 
yield [149, 150]. These associations may be mediated by 
the receptor’s expression in the suprachiasmatic nucleus 
– a key circadian regulator – and its communication with 
the pineal gland.

Therapeutically, LEP administration at 1–100 ng/mL 
has been shown to enhance oocyte nuclear maturation 
by activating the MAPK and JAK2/STAT3 signaling 
pathways [120]. LEP injections at various physiological 
doses stimulate the onset of estrus in seasonally 
breeding ewes and does [115], and infusion of 
1–25 µg/h for 8 days has been reported to elevate GH, 
FSH, and LH pulse frequency in ewes [151].
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Marker-assisted selection and therapeutic applications
The genetic variability of KiSS1, LEP, and their 

respective receptors (GPR54 and LEPR) holds significant 
promise for marker-assisted selection programs aimed 
at enhancing reproductive traits in goats and sheep. In 
addition, their physiological functions position them as 
candidates for therapeutic intervention in managing 
infertility, delayed puberty, and other reproductive 
disorders. The strategic use of kisspeptin and LEP 
analogs or agonists could help sustain reproductive 
performance in metabolically challenged or subfertile 
livestock, offering both genetic and pharmacological 
solutions for enhancing productivity in small ruminant 
systems.

CONCLUSION

This review consolidates the pivotal roles of 
kisspeptin and LEP in regulating reproductive physiology 
in small ruminants, emphasizing their mechanistic 
influence on the HPG axis, metabolic integration, and 
reproductive hormone secretion. Kisspeptin acts as a 
central stimulator of GnRH, LH, and FSH release, initiating 
and maintaining reproductive cyclicity, pubertal 
onset, and ovulation. LEP, a metabolic hormone, 
complements kisspeptin signaling by conveying energy 
availability to the reproductive axis and modulating the 
neuroendocrine response to nutritional status.

Practical applications of these findings include 
the use of KiSS1 and LEP gene polymorphisms as 
candidate markers in genetic selection programs 
aimed at improving reproductive traits such as litter 
size, puberty onset, and fertility rates. Moreover, the 
administration of kisspeptin and LEP analogs offers 
therapeutic potential for overcoming reproductive 
inefficiencies, especially under metabolic or seasonal 
constraints. Controlled kisspeptin or LEP dosing has 
been demonstrated to stimulate ovulation, support 
oocyte maturation, and enhance steroidogenesis, even 
in subfertile or prepubertal animals.

The strengths of this review lie in its integrative 
focus, encompassing molecular, physiological, and 
applied aspects of reproductive endocrinology in small 
ruminants. It provides comparative insights into gene 
polymorphisms across breeds and highlights synergistic 
interactions between metabolic and reproductive 
signaling pathways.

However, certain limitations exist. Most 
mechanistic data on kisspeptin and LEP originate from 
rodent or human models, with limited functional 
validation specific to goats and sheep. In addition, 
while several polymorphisms have been statistically 
associated with reproductive traits, functional causality 
and tissue-specific expression studies remain sparse. 
The interactions between LEP resistance and kisspeptin 
signaling under field conditions also remain poorly 
understood.

Future research should prioritize functional 
genomics to validate causal SNPs, explore LEP–
kisspeptin cross-talk in energy-deficient states, and 
assess the long-term impacts of exogenous hormone 
administration on fertility, offspring viability, and 
endocrine homeostasis. Advancing transcriptomic and 
proteomic profiling in hypothalamic and gonadal tissues 
across physiological stages will provide deeper insights 
into the regulation of reproductive competence.

Kisspeptin and LEP emerge as promising 
reproductive biomarkers and therapeutic agents in 
small ruminant production systems. Their strategic 
integration into breeding and reproductive management 
programs could enhance fertility outcomes, especially 
in nutritionally challenged environments. Unlocking 
their full potential will require translational research 
linking molecular insights to field-based applications in 
goat and sheep husbandry.

AUTHORS’ CONTRIBUTIONS

HH, II, PIS, and DAM: Conceived and designed 
the study. SS, PIS, MFH, and DAM: Performed the 
experiments and collected the data. MAC, FBIL, NA, AH, 
RIA, SYH, and PIS: Data analysis and interpretation. PIS, 
SS, HH, and DAM: Drafted the manuscript. PIS, II, SS, and 
HH: Coordinated project administration and supervised 
the research activities. All authors have read, reviewed, 
and approved the final manuscript.

ACKNOWLEDGMENTS

This study was partially funded by the Indonesia 
Endowment Fund for Education (LPDP), Ministry of 
Finance, Republic of Indonesia, through scholarship 
support under Registration Code 0006488/TRP/M/ASN-
2022 and ID number 202308110335400. This study was 
partially funded by the Rumah Program ORPP BRIN 
2024 with Registration Code NO 6/III.11/HK/2023.

COMPETING INTERESTS

The authors declare that they have no competing 
interests.

PUBLISHER’S NOTE

Veterinary World remains neutral with regard to 
jurisdictional claims in published institutional affiliation.

REFERENCES

1. Widyas, N., Widi, T.S.M., Prastowo, S., Sumantri, I., 
Hayes, B.J. and Burrow, H.M. (2022) Promoting 
sustainable utilization and genetic improvement 
of Indonesian local beef cattle breeds: A review. 
Agriculture, 12(10): 1566.

2. Tsutsui, K. and Ubuka, T. (2020) Discovery of 
gonadotropin-inhibitory hormone (GnIH), progress 
in GnIH research on reproductive physiology and 
behavior and perspective of GnIH research on 
neuroendocrine regulation of reproduction. Mol. 



doi: 10.14202/vetworld.2025.1614-1633

1627

Cell. Endocrinol., 514: 110914.
3. Aerts, E.G., Harlow, K., Griesgraber, M.J., 

Bowdridge, E.C., Hardy, S.L., Nestor, C.C. and 
Hileman, S.M. (2021) Kisspeptin, neurokinin B, and 
dynorphin expression during pubertal development 
in female sheep. Biology, 10(10): 988.

4. Lee, J.H., Miele, M.E., Hicks, D.J., Phillips, K.K., 
Trent, J.M., Weissman, B.E. and Welch, D.R. (1996) 
KiSS-1, a novel human malignant melanoma 
metastasis-suppressor gene. J. Natl. Cancer Inst., 
88(23): 1731–1737.

5. Xie, Q., Kang, Y., Zhang, C., Xie, Y., Wang, C., Liu, J., Yu, C., 
Zhao, H. and Huang, D. (2022) The role of kisspeptin 
in the control of the hypothalamic-pituitary-gonadal 
axis and reproduction. Front. Endocrinol. (Lausanne), 
13: 925206.

6. Harihar, S., Ray, S., Narayanan, S., Santhoshkumar, A., 
Ly, T. and Welch, D.R. (2020) Role of the tumor 
microenvironment in regulating the anti-metastatic 
effect of KiSS1. Clin. Exp. Metastasis, 37(2): 209–223.

7. Febriana, A., Sutopo, S., Kurnianto, E. and 
Widiyanto, W. (2022) A novel SNPs of KiSS1 gene 
strongly associated with litter size in Indonesian goat 
breeds. Trop. Anim. Sci. J., 45: 255–269.

8. Wakabayashi, Y., Nakada, T., Murata, K., 
Ohkura, S., Mogi, K., Navarro, V.M., Clifton, D.K., 
Mori, Y., Tsukamura, H., Maeda, K., Steiner, R.A. and 
Okamura, H. (2010) Neurokinin B and dynorphin A in 
kisspeptin neurons of the arcuate nucleus participate 
in generation of periodic oscillation of neural activity 
driving pulsatile gonadotropin-releasing hormone 
secretion in the goat. J. Neurosci., 30(8): 3124–3132.

9. Ohkura, S., Takase, K., Matsuyama, S., Mogi, K., 
Ichimaru, T., Wakabayashi, Y., Uenoyama, Y., Mori, Y., 
Steiner, R.A., Tsukamura, H., Maeda, K.I. and Okamura, H. 
(2009) Gonadotrophin-releasing hormone pulse 
generator activity in the hypothalamus of the goat. J. 
Neuroendocrinol., 21(10): 813–821.

10. Matsuyama, S., Ohkura, S., Mogi, K., Wakabayashi, Y., 
Mori, Y., Tsukamura, H., Maeda, K., Ichikawa, M. and 
Okamura, H. (2011) Morphological evidence for direct 
interaction between kisspeptin and gonadotropin-
releasing hormone neurons at the median eminence 
of the male goat: An immunoelectron microscopic 
study. Neuroendocrinology, 94(4): 323–332.

11. Oshimo, Y., Munetomo, A., Magata, F., Suetomi, Y., 
Sonoda, S., Takeuchi, Y., Tsukamura, H., Ohkura, S. 
and Matsuda, F. (2020) Estrogen increases KiSS1 
expression in newly generated immortalized KiSS1-
expressing cell line derived from goat preoptic area. 
J. Reprod. Dev., 67(1): 15–23.

12. Zheng, J., Haidar, S., Raza, A., Zi, X.D. and Lu, J.Y. 
(2018) Comparing KiSS1 and GPR54 genes between 
the two breeds of goats with low and high prolificacy. 
Genet. Mol. Res., 17(4): 16039922.

13. Han, Y., Peng, X., Si, W., Liu, G., Han, Y., Jiang, X., 
Na, R., Yang, L., Wu, J.E.G., Zeng, Y., Zhao, Y. and 
Huang, Y. (2020) Local expressions and function of 
Kiss1/GPR54 in goats’ testes. Gene, 15(738): 144488.

14. Messager, S., Chatzidaki, E.E., Ma, D., Hendrick, A.G., 

Zahn, D., Dixon, J., Thresher, R.R., Malinge, I., Lomet, D., 
Carlton, M.B., Colledge, W.H., Caraty, A. and 
Aparicio, S.A. (2005) Kisspeptin directly stimulates 
gonadotropin-releasing hormone release via G 
protein-coupled receptor 54. Proc. Natl. Acad. Sci. 
U S A, 102(5): 1761–1766.

15. Maskur, R.J., Lestari, T.R. and Muhsinin, M. (2023) 
Association of g.331T>C and g.1909T>C locus in KiSS1 
gene with fecundity traits of Kacang and Boerka 
goats. Biodiversitas, 24(9): 4870–4876.

16. Rahawy, M.A. and AL-Mutar, H.A.K. (2021) Association 
of the KiSS1 gene with litter size in Cyprus and Iraqi 
black goats. Vet. World, 14(8): 1995–2001.

17. Samir, H., Nagaoka, K. and Watanabe, G. (2018) Effect 
of kisspeptin antagonist on goat in vitro leydig cell 
steroidogenesis. Theriogenology, 121: 134–140.

18. Han, Y., Zhao, Y., Si, W., Jiang, X., Wu, J., Na, R., Han, Y., 
Li, K., Yang, L.E.G., Zeng, Y., Zhao, Y. and Huang, Y. 
(2020) Temporal expression of the KiSS1/GPR54 
system in goats’ testes and epididymides and its 
spatial expression in pubertal goats. Theriogenology, 
152: 114–121.

19. Williams, G.L. (2021) Neuroendocrine mechanisms 
regulating reproductive transition in the ruminant 
female: Is KNDy required? J. Anim. Sci., 99(Suppl 2): 
22–23.

20. Klebanov, S., Astle, C.M., DeSimone, O., Ablamunits, V. 
and Harrison, D.E. (2005) Adipose tissue 
transplantation protects ob/ob mice from obesity, 
normalizes insulin sensitivity and restores fertility. J. 
Endocrinol., 186(1): 203–211.

21. Mohammadabadi, M. (2018) Studying expression 
of leptin gene in different tissues of Kermani sheep 
using real time PCR. Agric. Biotechnol. J., 10(3): 
111–123.

22. Casado, M.E., Collado-Pérez, R., Frago, L.M. and 
Barrios, V. (2023) Recent advances in the knowledge 
of the mechanisms of leptin physiology and actions 
in neurological and metabolic pathologies. Int. J. Mol. 
Sci., 24(2): 1422.

23. Herrid, M., Palanisamy, S.K., Ciller, U.A., Fan, R., 
Moens, P., Smart, N.A. and McFarlane, J.R. (2014) 
An updated view of leptin on implantation and 
pregnancy: A review. Physiol. Res., 63(5): 543–557.

24. Picó, C., Palou, M., Pomar, C.A., Rodríguez, A.M. 
and Palou, A. (2022) Leptin as a key regulator of the 
adipose organ. Rev. Endocr. Metab. Disord., 23(1): 
13–30.

25. Moneva, C.S.O., Sangel, P.P., Angeles, A.A., 
Mendioro, M.S. and Vega, R.S.A. (2022) Leptin gene 
(T117C) polymorphism and its association with milk 
yield performance in crossbred Anglo-Nubian goats. 
Philipp J. Sci., 151(1): 333–339.

26. Krawczyńska, A., Herman, A.P., Antushevich, H., 
Bochenek, J., Wojtulewicz, K. and Zieba, D.A. (2022) 
The effect of leptin on the blood hormonal profile 
(cortisol, insulin, thyroid hormones) of the ewe in 
acute inflammation in two different photoperiodical 
conditions. Int. J. Mol. Sci., 23(15): 8109.

27. Toschi, P. and Baratta, M. (2021) Ruminant placental 



doi: 10.14202/vetworld.2025.1614-1633

1628

adaptation in early maternal undernutrition: An 
overview. Front. Vet. Sci., 8: 755034.

28. Childs, G.V., Odle, A.K., MacNicol, M.C. and 
MacNicol, A.M. (2021) The importance of leptin to 
reproduction. Endocrinology, 162(2): bqaa204.

29. Inoue, N., Sasagawa, K., Ikai, K., Sasaki, Y., 
Tomikawa, J., Oishi, S., Fujii, N., Uenoyama, Y., 
Ohmori, Y., Yamamoto, N., Hondo, E., Maeda, K. and 
Tsukamura, H. (2011) Kisspeptin neurons mediate 
reflex ovulation in the musk shrew (Suncus murinus). 
Proc. Natl. Acad. Sci. U S A, 108(42): 17527–17532.

30. Matsui, H. and Asami, T. (2014) Effects and 
therapeutic potentials of kisspeptin analogs: 
Regulation of the hypothalamic-pituitary-gonadal 
axis. Neuroendocrinology, 99(1): 49–60.

31. Hashizume, T., Saito, H., Sawada, T., Yaegashi, T., 
Ezzat, A.A., Sawai, K. and Yamashita, T. (2010) 
Characteristics of stimulation of gonadotropin 
secretion by kisspeptin-10 in female goats. Anim. 
Reprod. Sci., 118(1): 37–41.

32. Mukherjee, I. and Roy, I. (2022) In-silico ab initio 3D 
structure prediction of goat kisspeptin precursor 
protein (135 amino acid residues). Indian J. Anim. 
Health, 61(2): 300–306.

33. Avondo, M., Di Trana, A., Valenti, B., Criscione, A., 
Bordonaro, S., De Angelis, A., Giorgio, D. and Di 
Gregorio, P. (2019) Leptin gene polymorphism in 
goats fed with diet at different energy level: Effects on 
Feed intake, milk traits, milk fatty acids composition, 
and metabolic state. Animals (Basel), 9(7): 424.

34. Hartatik, T., Latifah,L., Yuliana, R. and Kustantinah, A. 
(2020) Genotyping and Chi-square analysis of 967 bp 
leptin gene in bligon goat. IOP Conf. Ser. Earth 
Environ. Sci., 478: 012019.

35. Senturk, N., Selvi, T.N., Demir, M., Ustuner, H., Samli, H. 
and Ardicli, S. (2024) The impact of LEP gene 
polymorphisms located at exon 2 (LEP-HinfI) and 
intron 2 (LEP-Sau3AI) on growth and reproductive 
traits in Saanen goats. Arch. Anim. Breed., 
67: 523–531.

36. Dar, M.R., Singh, M., Thakur, S. and Verma, A. (2021) 
Exploring the relationship between polymorphisms 
of leptin and IGF-1 genes with milk yield in indicine 
and taurine crossbred cows. Trop. Anim. Health 
Prod., 53(4): 413.

37. González-García, I., García-Clavé, E., Cebrian-Serrano, A., 
Le Thuc, O., Contreras, R.E., Xu, Y., Adamski, J., 
Wurst, W., Muller, T.D., Woods, S.C., Pfluger, P.T., 
Tschöp, M.H., Fisette, A. and García-Cáceres, C. 
(2023) Estradiol regulates leptin sensitivity to control 
feeding via hypothalamic Cited1. Cell Metab., 35(3): 
483–455.

38. Amstalden, M., Garcia, M.R., Stanko, R.L., 
Nizielski, S.E., Morrison, C.D., Keisler, D.H. and 
Williams, G.L. (2002) Central infusion of recombinant 
ovine leptin normalizes plasma insulin and stimulates 
a novel hypersecretion of luteinizing hormone after 
short-term fasting in mature beef cows. Biol. Reprod., 
66(5): 1555–1561.

39. Majd, S.A., Ahmadi, A., Talebi, R. and Koohi, P.M. 

(2019) Polymorphism identification in ovine KiSS1R/
GPR54 gene among pure and crossbreeds of Iranian 
sheep. Small Rumin. Res., 173: 23–29.

40. Ogawa, S. and Parhar, I.S. (2021) Heterogeneity in 
GnRH and kisspeptin neurons and their significance 
in vertebrate reproductive biology. Front. 
Neuroendocrinol., 64: 100963.

41. Yamamura, T., Wakabayashi, Y., Sakamoto, K., Matsui, H., 
Kusaka, M., Tanaka, T., Ohkura, S. and Okamura, H. 
(2014) The effects of chronic subcutaneous 
administration of an investigational kisspeptin analog, 
TAK-683, on gonadotropin-releasing hormone pulse 
generator activity in goats. Neuroendocrinology, 
100(2): 250–264.

42. Feng, J., Xu, R., Li, Y., Zhou, Q., Song, G., Deng, Y. and 
Yan, Y. (2021) The effect of high-fat diet and exercise 
on KISS-1/GPR54 expression in testis of growing rats. 
Nutr. Metab. (Lond), 18(1): 1–10.

43. Zhang, L., Hernández, V.S., Zetter, M.A., Hernández-
Pérez, O.R., Hernández-González, R., Camacho-
Arroyo, I., Eiden, L.E. and Millar, R.P. (2025) Kisspeptin 
fiber and receptor distribution analysis suggests its 
potential role in central sensorial processing and 
behavioral state control. J. Neuroendocrinol, 37(5): 
1–32.

44. Lehman, M.N., Hileman, S.M. and Goodman, R.L. 
(2013) Neuroanatomy of the kisspeptin signaling 
system in mammals: Comparative and developmental 
aspects. Adv. Exp. Med. Biol., 784: 27–62.

45. Smith, J.T., Li, Q., Yap, K.S., Shahab, M., Roseweir, A.K., 
Millar, R.P. and Clarke, I.J. (2011) Kisspeptin is essential 
for the full preovulatory LH surge and stimulates 
GnRH release from the isolated ovine median 
eminence. Endocrinology, 152(3): 1001–1012.

46. Merkley, C.M., Coolen, L.M., Goodman, R.L. and 
Lehman, M.N. (2015) Evidence for Changes in 
Numbers of Synaptic Inputs onto KNDy and GnRH 
Neurones during the Preovulatory LH Surge in the 
Ewe. J. Neuroendocrinol., 27(7): 624–635.

47. Merkley, C.M., Renwick, A.N., Shuping, S.L., 
Harlow, K., Sommer, J.R. and Nestor, C.C. (2020) 
Undernutrition reduces kisspeptin and neurokinin B 
expression in castrated male sheep. Reprod. Fertil., 
21(1): 1–13.

48. Yuan, C., Liao, J., Zheng, L., Ding, L., Teng, X., Lin, X. 
and Wang, L. (2022) Current knowledge of leptin 
in wound healing: A collaborative review. Front. 
Pharmacol., 13: 968142.

49. Alim, M.A., Hossain, M.M.K., Nusratm J., 
Salimullah, M.D., Shu-Hong, Z. and Alam, J. 
(2019) Genetic effects of leptin receptor (LEPR) 
polymorphism on litter size in a Black Bengal goat 
population. Anim. Biol., 69(4): 1–10.

50. Batista, A.M., Silva, D.M., Rêgo, M.J., Silva, F.L., 
Silva, E.C., Beltrão, E.I., Gomes Filho, M.A., Wischral, A. 
and Guerra, M.M. (2013) The expression and 
localization of leptin and its receptor in goat ovarian 
follicles. Anim. Reprod. Sci., 141(3–4): 142–147.

51. Goodman, R.L., Herbison, A.E., Lehman, M.N. and 
Navarro, V.M. (2022) Neuroendocrine control of 



doi: 10.14202/vetworld.2025.1614-1633

1629

gonadotropin-releasing hormone: Pulsatile and 
surge modes of secretion. J. Neuroendocrinol., 43(5): 
e13094.

52. Szczesna, M., Kirsz, K., Miszta, T., Molik, E. and 
Zieba, D.A. (2018) The effects of leptin on plasma 
concentrations of prolactin, growth hormone, and 
melatonin vary depending on the stage of pregnancy 
in sheep. J. Anim. Sci., 96(8): 3368–3357.

53. Roa, J. (2013) Role of GnRH neurons and their 
neuronal afferents as key integrators between 
food intake regulatory signals and the control of 
reproduction. Int. J. Endocrinol., 2013: 518046.

54. Radwańska, P. and Kosior-Korzecka, U. (2016) 
Relationships between leptin, KiSS-1/GPR54 
expression and TSH secretion from pituitary cells of 
pubertal ewes in vitro. Res. Vet. Sci., 105: 180–187.

55. Prashar, V., Arora, T., Singh, R., Sharma, A. and 
Parkash, J. (2023) Hypothalamic kisspeptin neurons: 
Integral elements of the GnRH system. Reprod. Sci., 
30(3): 802–822.

56. Backholer, K., Smith, J.T., Rao, A., Pereira, A., Iqbal, J., 
Ogawa, S., Li, Q. and Clarke, I.J. (2010) Kisspeptin cells 
in the ewe brain respond to leptin and communicate 
with neuropeptide Y and proopiomelanocortin cells. 
Endocrinology, 151(5): 2233–2243.

57. Scott, C.J., Rose, J.L., Gunn, A.J. and McGrath, B.M. 
(2018) Kisspeptin and the regulation of the 
reproductive axis in domestic animals. J. Endocrinol., 
240: R1–R16.

58. Pankov, Y.A. (2015) Kisspeptin and leptin in the 
regulation of fertility. Mol. Biol., 49(5): 705–715.

59. Cravo, R.M., Frazao, R., Perello, M., Osborne-
Lawrence, S., Williams, K.W., Zigman, J.M., Vianna, C. 
and Elias, C.F. (2013) Leptin signaling in Kiss1 neurons 
arises after pubertal development. PLoS One, 8(3): 
e58698.

60. Beltramo, M. and Decourt, C. (2018) Towards new 
strategies to manage livestock reproduction using 
kisspeptin analogs. Theriogenology, 112: 2–10.

61. Abbara, A., Clarke, S.A. and Dhillo, W.S. (2021) Clinical 
potential of kisspeptin in reproductive health. Trends 
Mol. Med., 27(8): 807–823.

62. Flay, H.E., Reed, C.B., Kuhn-Sherlock, B., Phyn, C.V.C., 
Burke, C.R., Meier, S. and Clarke, I.J. (2022) Response 
to kisspeptin and gonadotropin-releasing hormone 
agonist administration in Holstein-Friesian dairy 
heifers with positive or negative genetic merit for 
fertility traits. J. Dairy Sci., 105(4): 3601–3614.

63. Navarro, V.M. (2020) Metabolic regulation of 
kisspeptin-the link between energy balance and 
reproduction. Nat. Rev. Endocrinol., 16(8): 407–420.

64. Martino, N.A., Rizzo, A., Pizzi, F., Dell, A.M.E. and 
Sciorsci, R.L. (2015) Effects of kisspeptin-10 on in vitro 
proliferation and kisspeptin receptor expression in 
primary epithelial cell cultures isolated from bovine 
placental cotyledons of fetuses at the first trimester 
of pregnancy. Theriogenology, 83(6): 978–987.

65. Uenoyama, Y., Nagae, M., Tsuchida, H., Inoue, N. 
and Tsukamura, H. (2021) Role of KNDy neurons 
expressing kisspeptin, neurokinin B, and dynorphin 

A as a GnRH pulse generator controlling mammalian 
reproduction. Front. Endocrinol. (Lausanne), 
12: 724632.

66. Uenoyama, Y., Inoue, N., Nakamura, S. and 
Tsukamura, H. (2021) Kisspeptin neurons and 
estrogen-estrogen receptor α signaling: Unraveling 
the mystery of steroid feedback system regulating 
mammalian reproduction. Int. J. Mol. Sci., 
22(17): 9229.

67. Beltramo, M., Robert, V. and Decourt, C. (2020) The 
kisspeptin system in domestic animals: what we 
know and what we still need to understand of its role 
in reproduction. Domest. Anim. Endocrinol., 43(2): 
95–102.

68. Cunningham, M.J., Clifton, D.K. and Steiner, R.A. 
(1999) Leptin’s actions on the reproductive axis: 
Perspectives and mechanisms. Biol. Reprod., 60(2): 
216–222.

69. Luo, Q., Li, W., Li, M., Zhang, X. and Zhang, H. (2016) 
Leptin/leptinR-kisspeptin/kiss1r-GnRH pathway 
reacting to regulate puberty onset during negative 
energy balance. Life Sci., 153: 207–212.

70. Comninos, A.N., Jayasena, C.N. and Dhillo, W.S. 
(2014) The relationship between gut and adipose 
hormones, and reproduction. Hum. Reprod. Update, 
20: 153–174.

71. Clarke, S.A. and Dhillo, W.S. (2016) Kisspeptin across 
the human lifespan: Evidence from animal studies 
and beyond. J. Endocrinol., 229(3): R83–R98.

72. Sitticharoon, C., Mutirangura, P., Chinachoti, T., 
Iamaroon, A., Triyasunant, N., Churintaraphan, M., 
Keadkraichaiwat, I., Maikaew, P. and Sririwichitchai, R. 
(2021) Associations of serum kisspeptin levels with 
metabolic and reproductive parameters in men. 
Peptides, 135: 170433.

73. Chang, B., Song, C., Gao, H., Ma, T., Li, T., Ma, Q., Yao, T., 
Wang, M., Li, J., Yi, X., Tang, D. and Cao, S. (2021) 
Leptin and inflammatory factors play a synergistic 
role in the regulation of reproduction in male mice 
through hypothalamic kisspeptin-mediated energy 
balance. Reprod. Biol. Endocrinol., 19(1): 12.

74. Castellano, J.M., Roa, J., Luque, R.M., Dieguez, C., 
Aguilar, E., Pinilla, L. and Tena-Sempere, M. (2009) 
KiSS-1/kisspeptins and the metabolic control 
of reproduction: Physiologic roles and putative 
physiopathological implications. Peptides, 30(1): 
139–145.

75. Luque, R.M., Kineman, R.D. and Tena-Sempere, M. 
(2007) Regulation of hypothalamic expression 
of KiSS-1 and GPR54 genes by metabolic factors: 
Analyses using mouse models and a cell line. 
Endocrinology, 148(10): 4601–4611.

76. Karki, U., Tiwari, A., Norwood, K., Johnson, J. and 
Karki, L.B. (2021) Body condition score for monitoring 
the performance and health of small ruminants in 
field conditions. J. Anim. Sci., 99(Suppl 2–3): 5–6.

77. Hyder, I., Ramesh, K., Sharma, S., Uniyal, S., Yadav, V.P., 
Panda, R.P., Maurya, G.S. and Sarkar, M. (2013) 
Effect of different dietary energy levels on physio-
biochemical, endocrine changes and mRNA 



doi: 10.14202/vetworld.2025.1614-1633

1630

expression profile of leptin in goat (Capra hircus). 
Livest. Sci., 152(1): 63–73.

78. Costa, J.A.S., Cezar, G.A., Monteiro, P.L.J., 
Silva, D.M.F., Araújo-Silva, R.A.J., Bartolomeu, C.C., 
Santos-Filho, A.S.D., Wischral, A. and Batista, A.M. 
(2022) Leptin improves in-vitro maturation of goat 
oocytes through MAPK and JAK2/STAT3 pathways 
and affects gene expression of cumulus cells. Reprod. 
Biol., 22(1): 100609.

79. Amrullah, M.F., Utomo, B., Utama, S., Suprayogi, T.W., 
Lestari, T.D., Restiadi, T.I. and Belgania, R.H. (2023) 
Genetic analysis of the leptin gene in goats based on 
GenBank DNA sequences. J. Med. Vet., 6(1): 125–131.

80. Kras, K., Ropka-Molik, K., Muszyński, S. and 
Arciszewski, M.B. (2023) Expression of genes 
encoding selected orexigenic and anorexigenic 
peptides and their receptors in the organs of the 
gastrointestinal tract of calves and adult domestic 
cattle (Bos taurus taurus). Int. J. Mol. Sci., 25(1): 533.

81. Hendarto, A., Nagrani, D.G., Meiliana, A., 
Sastroasmoro, S. and Sjarif, D.R. (2020) Determinants 
of circulating soluble leptin receptor and free 
leptin index in Indonesian pre-pubertal obese male 
children: A preliminary cross-sectional study. Pediatr. 
Gastroenterol. Hepatol. Nutr., 23(2): 163–173.

82. Maffei, M. and Giordano, A. (2022) Leptin, the brain 
and energy homeostasis: From an apparently simple 
to a highly complex neuronal system. Rev. Endocr. 
Metab. Disord., 23(1): 87–101.

83. Karaayvaz, B.K., Kıyıcı, R., Öztürk, Y., Bağcı, İ., Gürsoy, T., 
Kahraman, D., Akkan, H.A., Mamak, N., Taşal, İ. and 
Karaca, M. (2022) Determination of serum Leptin 
levels in cattle, sheep, goats and buffaloes in Burdur 
province in Türkiye by ELISA method. J. Cumhuriyet 
Univ. Health Sci. Inst., 7(3): 205–208.

84. Yonekura, S., Oka, A., Noda, M., Uozumi, N., 
Yonezawa, T., Katoh, K. and Obara, Y. (2002) 
Relationship between serum leptin concentrations 
and the marbling scores in Japanese Black Cattle 
Shinichi. Anim. Sci. J., 73: 51–57.

85. Misch, M. and Puthanveetil, P. (2022) The head-to-toe 
hormone: Leptin as an extensive modulator of 
physiologic systems. Int. J. Mol. Sci., 23(10): 5439.

86. Chehab, F.F. (2014) Leptin and reproduction: Past 
milestones, present undertakings, and future 
endeavors. J. Endocrinol., 223(1): 37–48.

87. Gallego-Calvo, L., Gatica, M.C, Guzmán, J.L. and 
Zarazaga, L.A. (2015) Reproductive performance 
response to the male effect in goats is improved when 
doe live weight/body condition score is increasing. 
Anim. Reprod. Sci., 156: 51–57.

88. Henry, B.A., Goding, J.W., Tilbrook, A.J., Dunshea, F.R., 
Blache, D. and Clarke, I.J. (2004) Leptin-mediated 
effects of undernutrition or fasting on luteinizing 
hormone and growth hormone secretion in 
ovariectomized ewes depend on the duration of 
metabolic perturbation. J. Neuroendocrinol., 16(3): 
244–255.

89. Delavaud, C., Bocquier, F., Baumont, R., Chaillou, E., 
Ban-Tokuda, T. and Chilliard, Y. (2007) Body fat 

content and feeding level interact strongly in the 
short- and medium-term regulation of plasma leptin 
during underfeeding and re-feeding in adult sheep. 
Br. J. Nutr., 98(1): 105–115.

90. Gámez-Vázquez, H.G., Rosales-Nieto, C.A., Bañuelos-
Valenzuela, R., Urrutia-Morales, J., Diaz-Gomez, M.O., 
Silva-Ramos, J.M. and Meza-Herrera, C.A. (2008) 
Body condition score positively influence plasma 
leptin concentrations in criollo goats. J. Anim. Vet. 
Adv., 7(10): 1–12.

91. Zhang, S., Blache, D., Blackberry, M.A. and Martin, G.B. 
(2005) Body reserves affect the reproductive 
endocrine responses to an acute change in nutrition 
in mature male sheep. Anim. Reprod. Sci., 88(3–4): 
257–269.

92. Towhidi, A., Masoumi, R., Moeini, M.M., Solgi, H. and 
Moravej, H. (2007) The relationship between plasma 
leptin and FSH concentrations with ovulation rate in 
Iranian native sheep. Pak. J. Biol. Sci., 10(2): 363–367.

93. El-Maaty, A.M.A., Mohamed, A.H., Abu-Aita, N.A. 
and Morgan, H.M. (2017) Markers for predicting 
overweight or obesity of broodmares. J. Equine Vet. 
Sci., 56: 9–18.

94. Hellier, V., Dardente, H., Lomet, D., Cognié, J. 
and Dufourny, L. (2023) Interactions between 
β-endorphin and kisspeptin neurons of the ewe 
arcuate nucleus are modulated by photoperiod. J. 
Neuroendocrinol., 35(3): e13242.

95. Smith, J.T., Coolen, L.M., Kriegsfeld, L.J., Sari, I.P., 
Jaafarzadehshirazi, M.R., Maltby, M., Bateman, K., 
Goodman, R.L., Tilbrook, A.J., Ubuka, T., 
Bentley, G.E., Clarke, I.J. and Lehman, M.N. (2008) 
Variation in kisspeptin and RFamide-related peptide 
(RFRP) expression and terminal connections to 
gonadotropin-releasing hormone neurons in the 
brain: A novel medium for seasonal breeding in the 
sheep. Endocrinology, 149(11): 5770–5782.

96. Sakamoto, K., Wakabayashi, Y., Yamamura, T., Tanaka, T., 
Takeuchi, Y., Mori, Y. and Okamura, H. (2013) A 
population of kisspeptin/neurokinin B neurons in 
the arcuate nucleus may be the central target of the 
male effect phenomenon in goats. PLoS One, 8(11): 
e81017.

97. Clapper, J., Jolitz, E., Hall, L. and Dhillo, W. (2022) 
Evaluation of the hypothalamic kisspeptin system 
during the attainment of puberty in gilts. Open J. 
Anim. Sci., 12: 407–427.

98. Hu, K.L., Chen, Z., Li, X., Cai, E., Yang, H., Chen, Y., 
Wang, C., Ju, L., Deng, W. and Mu, L. (2022) Advances 
in clinical applications of kisspeptin-GnRH pathway 
in female reproduction. Reprod. Biol. Endocrinol., 
20(1): 81.

99. Greives, T.J., Mason, A.O., Scotti, M.A., Levine, J., 
Ketterson, E.D., Kriegsfeld, L.J. and Demas, G.E. (2007) 
Environmental control of kisspeptin: Implications 
for seasonal reproduction. Endocrinology, 48(3): 
1158–1166.

100. Ando, H., Shahjahan, M. and Kitahashi, T. (2018) 
Periodic regulation of expression of genes for 
kisspeptin, gonadotropin-inhibitory hormone and 



doi: 10.14202/vetworld.2025.1614-1633

1631

their receptors in the grass puffer: Implications in 
seasonal, daily and lunar rhythms of reproduction. 
Gen. Comp. Endocrinol., 265: 149–153.

101. Tariq, A.R. and Shabab, M. (2017) Effect of kisspeptin 
challenge on testosterone and inhibin secretion from 
in vitro testicular tissue of adult male rhesus monkey 
(Macaca mulatta). Andrologia, 49(1): 1–12.

102. Akmali, M., Yalmeh, R., Talaei-Khozani, T., Karimi, F. 
and Aliabadi, E. (2022) Effects of kisspeptin incubation 
on the mature mouse testicular sperms quality: An 
experimental study. Int. J. Reprod. Biomed., 20(4): 
307–318.

103. Sharma, A., Thaventhiran, T., Minhas, S., Dhillo, W.S. 
and Jayasena, C.N. (2020) Kisspeptin and testicular 
function-is it necessary? Int. J. Mol. Sci., 21(8): 2958.

104. Hoskova, K., Kayton-Bryant, N., Chen, M. E., 
Nachtigall, L. B., Lippincott, M. F., Balasubramanian, R. 
and Seminara, S.B. (2022) Kisspeptin overcomes 
GnRH neuronal suppression secondary to 
hyperprolactinemia in humans. J. Clin. Endocrinol. 
Metab., 107(8): e3515–e3525.

105. Zhu, J., Wang, Y., Chen, L., Liu, P., Li, R. and Qiao, J. 
(2020) Growth hormone supplementation may not 
improve live birth rate in poor responders. Front. 
Endocrinol. (Lausanne), 11: 1.

106. Matsuda, F., Ohkura, S., Magata, F., Munetomo, A., 
Chen, J., Sato, M., Inoue, N., Uenoyama, Y. and 
Tsukamura, H. (2019) Role of kisspeptin neurons 
as a GnRH surge generator: Comparative aspects 
in rodents and non-rodent mammals. J. Obstet. 
Gynaecol. Res., 45(12): 2318–2329.

107. Macé, T., González-García, E., Foulquié, D., Carrière, F., 
Pradel, J., Durand, C., Douls, S., Allain, C., Parisot, S. 
and Hazard, D. (2022) Genome-wide analyses reveal 
a strong association between LEPR gene variants 
and body fat reserves in ewes. BMC Genomics, 
23(1): 412.

108. Ninpetch, N., Badrakh, D., Hay, M.K., Kawano, K., 
Yanagawa, Y., Nagano, M. and Katagiri, S. (2022) 
Leptin receptor expression and its change in 
association with the normalization of EGF profile 
after seminal plasma treatment in repeat breeder 
dairy cows. J. Reprod. Dev., 68(3): 209–215.

109. Liu, X., Liu, S. and Xu, C. (2020) Effects of leptin on 
HPG axis and reproductive function in male rat in 
simulated altitude of 5500 m hypoxia environment. 
Biochem. Biophys. Res. Commun., 529(1): 104–111.

110. Barabás, K., Szabó-Meleg, E. and Ábrahám, I.M. (2020) 
Effect of inflammation on female gonadotropin-
releasing hormone (GnRH) neurons: Mechanisms 
and consequences. Int. J. Mol. Sci., 21(2): 529.

111. Guzmán, A., Hernández-Coronado, C.G., Rosales-
Torres, A.M. and Hernández-Medrano, J.H. (2019) 
Leptin regulates neuropeptides associated with food 
intake and GnRH secretion. Ann. Endocrinol. (Paris), 
80(1): 38–46.

112. Liu, Z., Xiao, T. and Liu, H. (2023) Leptin signaling 
and its central role in energy homeostasis. Front. 
Neurosci., 17: 1238528.

113. Stevenson, H., Bartram, S., Charalambides, M.M., 

Murthy, S., Petitt, T., Pradeep, A., Vineall, O., 
Abaraonye, I., Lancaster, A., Koysombat, K., Patel, B. 
and Abbara, A. (2022) Kisspeptin-neuron control 
of LH pulsatility and ovulation. Front. Endocrinol. 
(Lausanne), 13: 951938.

114. Ruiz-Cruz, M., Torres-Granados, C., Tena-Sempere, M. 
and Roa, J. (2023). Central and peripheral mechanisms 
involved in the control of GnRH neuronal function 
by metabolic factors. Curr. Opin. Pharmacol., 
71: 102382.

115. Wójcik, M., Krawczyńska, A., Zieba, D.A., Antushevich, H. 
and Herman, A.P. (2023) Influence of leptin on 
the secretion of growth hormone in ewes under 
different photoperiodic conditions. Int. J. Mol. Sci., 
24(9): 8096.

116. Fernandois, D., Rusidzé, M., Mueller-Fielitz, H., Sauve, F., 
Deligia, E., Silva, M.S.B., Evrard, F., Franco-García, A., 
Mazur, D., Martinez-Corral, I., Jouy, N., Rasika, S., 
Maurage, C. A., Giacobini, P., Nogueiras, R., Dehouck, B., 
Schwaninger, M., Lenfant, F. and Prevot, V. (2024) 
Estrogen receptor-α signaling in tanycytes lies at the 
crossroads of fertility and metabolism. Metabolism, 
158: 155976.

117. Kosior-Korzecka, U. and Bobowiec, R. (2006) Leptin 
effect on nitric oxide and GnRH-induced FSH 
secretion from ovine pituitary cells in vitro. J. Physiol. 
Pharmacol., 57(40):637-647.

118. Ehrhardt, R.A., Slepetis, R.M., Siegal-Willott, J., Van 
Amburgh, M.E., Bell, A.W. and Boisclair, Y.R. (2000) 
Development of a specific radioimmunoassay to 
measure physiological changes of circulating leptin in 
cattle and sheep. J. Endocrinol., 166(3): 519–528.

119. Blache, D., Tellam, R.L., Chagas, L.M., Balcberry, M.A., 
Vercoe, P.E. and Martin, G.B. (2000) Level of nutrition 
affects leptin concentrations in plasma and 
cerebrospinal fluid in sheep. J. Endocrinol., 165(3): 
625–637.

120. Wołodko, K., Castillo-Fernandez, J., Kelsey, G. and 
Galvão, A. (2021) Revisiting the impact of local leptin 
signaling in folliculogenesis and oocyte maturation in 
obese mothers. Int. J. Mol. Sci., 22(8): 4270.

121. Fontana, A., Vieira, J.G., Vianna, J.M., Bichowska, M., 
Krzysztofik, M., Wilk, M. and Reis, V.M. (2023) 
Reduction of leptin levels during acute exercise is 
dependent on fasting but not on caloric restriction 
during chronic exercise: A systematic review and 
meta-analysis. PLoS One, 18(11): e0288730.

122. Martins, K.R., Haas, C.S., Rovani, M.T., Moreira, F., 
Goetten, A.L.F., Ferst, J.G., Portela, V.M.P., 
Duggavathi, R., Bordignon, V., Goncalves, P.B.D., 
Gasperin, B.G. and Lucia-Jr, T. (2021) Regulation 
and function of leptin during ovarian follicular 
development in cows. Anim. Reprod. Sci., 
227: 106689.

123. Garza, V., West, S.M. and Cardoso, R.C. (2023) Review: 
Gestational and postnatal nutritional effects on the 
neuroendocrine control of puberty and subsequent 
reproductive performance in heifers. Animal, 17(1): 
100782.

124. Shen, L., Zhang, C., Cui, K., Liang, X., Zhu, G. and Hong, L. 



doi: 10.14202/vetworld.2025.1614-1633

1632

(2024) Leptin secreted by adipocytes promotes EMT 
transition and endometrial cancer progression via 
the JAK2/STAT3 signalling pathway. Adipocyte, 13(1): 
2293273.

125. Alshaheen, T.A., Awaad, M.H.H. and Mehaisen, G.M.K. 
(2021) Leptin improves the in vitro development 
of preimplantation rabbit embryos under oxidative 
stress of cryopreservation. PLoS One, 16(2): 
e0246307.

126. Arias-Álvarez, M., García-García, R.M., Torres-Rovira, L., 
González-Bulnes, A., Rebollar, P.G. and Lorenzo, P.L. 
(2010) Influence of leptin on in vitro maturation and 
steroidogenic secretion of cumulus-oocyte complexes 
through JAK2/STAT3 and MEK 1/2 pathways in the 
rabbit model. Reproduction, 139(3): 523–532.

127. Sitaresmi, P.I., Widyobroto, B.P., Bintara, S. and 
Widayati, D.T. (2020) Effects of body condition score 
and estrus phase on blood metabolites and steroid 
hormones in Saanen goats in the tropics. Vet. World, 
13(5): 833–839.

128. Sahoo, S., Ghosh, C.P. and Datta, S. (2022) An 
overview of condition scoring as a management tool 
in goats. INDIAN J. Anim. Health, 61(1): 38–45.

129. Widiyono, I., Sarmin, S. and Yanuartono, Y. (2020) 
Influence of body condition score on the metabolic 
and reproductive status of adult female Kacang 
goats. J. Appl. Anim. Res., 48(1): 201–206.

130. Sharma, A., Kaswan, S., Siva Kumar, S. and Lamba, J.S. 
(2018) Feeding dynamics and performance of Beetal 
does in relation to body condition score at the time 
of mating. Turkish J. Vet. Anim. Sci., 42: 649–657.

131. Yilmaz, M., Taskin, T., Bardakcioglu, H.E. and Di Loria, A. 
(2014) Effect of body condition score on some blood 
parameters for anemia level in goats. Vet. Zootech., 
67(89): 41–46.

132. Jacobson, C., Bruce, M., Kenyon, P.R., Lockwood, A., 
Miller, D., Refshauge, G. and Masters, D.G. (2020) 
A review of dystocia in sheep. Small Rumin. Res., 
192: 106209.

133. Heras, V., Castellano, J.M., Fernandois, D., Velasco, I., 
Rodríguez-Vazquez, E., Roa, J., Vazquez, M.J., 
Ruiz-Pino, F., Rubio, M., Pineda, R., Torres, E., 
Avendaño, M.S., Paredes, A., Pinilla, L., Belsham, D., 
Diéguez, C., Gaytán, F., Casals, N., López, M. and 
Tena-Sempere, M. (2020) Central ceramide signaling 
mediates obesity-induced precocious puberty. Cell 
Metab., 32(6): 951–966.

134. Sobrino, V., Avendaño, M.S., Perdices-López, C., 
Jimenez-Puyer, M. and Tena-Sempere, M. (2022) 
Kisspeptins and the neuroendocrine control of 
reproduction: Recent progress and new frontiers 
in kisspeptin research. Front. Neuroendocrinol., 
65: 100977.

135. Topaloglu, A.K., Tello, J.A., Kotan, L.D., Ozbek, M.N., 
Yilmaz, M.B., Erdogan, S., Gurbuz, F., Temiz, F., 
Millar, R.P. and Yuksel, B. (2012) Inactivating KiSS1 
mutation and hypogonadotropic hypogonadism. N. 
Engl. J. Med., 366(7): 629–635.

136. Sinha, G. (2014) Leptin therapy gains FDA approval. 
Nat. Biotechnol., 32(4): 300–302.

137. Tellechea, M.L., Mensegue, M.F. and Pirola, C.J. 
(2017) The association between high fat diet 
around gestation and metabolic syndrome-related 
phenotypes in rats: A systematic review and meta-
analysis. Sci. Rep., 7: 5086.

138. Underwood, W.J., Blauwiekel, R. and Delano, M.L. 
(2015) Biology and diseases of ruminants (sheep, 
goats, and cattle). In: Laboratory Animal Medicine: 
3rd ed., Ch. 15. Elsevier, Netherlands.

139. Jeet, V., Magotra, A., Bangar, Y.C., Kumar, S., 
Garg, A.R., Yadav, A.S. and Bahurupi, P. (2022) 
Evaluation of candidate point mutation of Kisspeptin 
1 gene associated with litter size in Indian Goat 
breeds and its effect on transcription factor binding 
sites. Domest. Anim. Endocrinol., 78: 106676.

140. An, X., Ma, T., Hou, J., Fang, F., Han, P., Yan, Y., Zhao, H., 
Song, Y., Wang, J. and Cao, B. (2013) Association 
analysis between variants in KiSS1 gene and litter 
size in goats. BMC Genet., 14: 63.

141. Chu, M., Xiao, C., Feng, T., Fu, Y., Cao, G., Fang, L., 
Di, R., Tang, Q., Huang, D., Ma, Y., Li, K. and Li, N. 
(2012) Polymorphisms of KiSS-1 and GPR54 genes 
and their relationships with litter size in sheep. Mol. 
Biol. Rep., 39(3): 3291–3297.

142. Saito, H., Sawada, T., Yaegashi, T., Goto, Y., Jin, J., 
Sawai, K. and Hashizume, T. (2012) Kisspeptin-10 
stimulates the release of luteinizing hormone and 
testosterone in pre- and post-pubertal male goats. 
Anim. Sci. J., 83(6): 487–492.

143. Caraty, A., Decourt, C., Briant, C. and Beltramo, M. 
(2012) Kisspeptins and the reproductive axis: Potential 
applications to manage reproduction in farm animals. 
Domest. Anim. Endocrinol., 43(2): 95–102.

144. Uyanık, G., Abay, M. and Orkun, D. (2024) Effect of 
post-mating GnRH or TAK-683 (Kisspeptin analog) 
treatment on the reproductive performance and 
serum progesterone concentration in ewes during 
the non-breeding season. Small Rumin. Res., 
238: 107331.

145. Banos, G., Woolliams, J.A., Woodward, B.W., 
Forbes, A.B. and Coffey, M.P. (2008) Impact of single 
nucleotide polymorphisms in leptin, leptin receptor, 
growth hormone receptor, and diacylglycerol 
acyltransferase (DGAT1) gene loci on milk production, 
feed, and body energy traits of UK dairy cows. J. 
Dairy. Sci., 91(8): 3190–3200.

146. Di Gregorio, P., Di Trana, A., Celi, P., Claps, S. and 
Rando, A. (2014) Comparison of goat, sheep, cattle 
and water buffalo leptin (LEP) genes and effects of 
the Intron 1 microsatellite polymorphism in goats. 
Anim. Prod. Sci., 54(9): 1258–1262.

147. Bakhtiar, R., Abdolmohammadi, A., Hajarian, H., 
Nikousefat, Z. and Kalantar-Neyestanaki, D. (2017) 
Identification of g.170G>A and g.332G>A mutations 
in exon 3 of leptin gene (Bcnl and Cail) and their 
association with semen quality and testicular 
dimensions in Sanjabi rams. Anim. Reprod. Sci., 
179: 49–56.

148. Hernawati, T., Mulyati, S., Rimayanti, R., and 
Suprayogi, T.W. (2019). Identification of osteopontin 



doi: 10.14202/vetworld.2025.1614-1633

1633

promoter gene polymorphism and post-thawing 
quality in dairy bull Peranakan Friesian Holstein. 
In: IOP Conference Series: Materials Science and 
Engineering.

149. Lakhssassi, K., Serrano, M., Lahoz, B., Sarto, M.P., 
Iguácel, L.P., Folch, J., Alabart, J.L. and Calvo, J.H. 
(2020) The lepr gene is associated with reproductive 
seasonality traits in Rasa Aragonesa sheep. Animals 
(Basel), 10(12): 2448.

150. Taheri, S.J. and Parham, A. (2016) Sheep oocyte 
expresses leptin and functional leptin receptor 
mRNA. Asian Pac. J. Reprod., 5(5): 395–399.

151. Morrison, C.D., Wood, R., McFadin, E.L., Whitley, N.C. 
and Keisler, D.H. (2002) Effect of intravenous infusion 
of recombinant ovine leptin on feed intake and 
serum concentrations of GH, LH, insulin, IGF-1, 
cortisol, and thyroxine in growing prepubertal ewe 
lambs. Domest. Anim. Endocrinol., 22(2):103–112.

********




