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Abstract 

Kisspeptin (Kp), a neuropeptide primarily produced by neuronal clusters within discrete hypothalamic 

nuclei from the KISS1 gene, serves as a critical initiator of puberty and regulator of ovulation in 

sexually mature females through central control of the hypothalamic–pituitary–gonadal (HPG) axis. Its 

interaction with the G protein-coupled receptor (GPR) 54 is indispensable for activating the HPG axis. 

Although extensively studied in various animal models including rodents, primates, and livestock such 

as sheep and cattle, the physiological characterization of the KISS1R/GPR54 system remains ongoing. 

Evidence suggests that KISS-1 neurons occupy a central role in the regulation of the gonadotropin-

releasing hormone (GnRH) system. Beyond reproduction, Kp expression influences non-reproductive 

functions such as lactation, stress response, nutrition, cancer, and metabolism. The development of 

agonists and antagonists targeting KISS1R/GPR54 holds promise for therapeutic advancements. This 

paper provides a comprehensive review of Kp, its physiological effects, and the responses to its analogs 

on reproductive functions in animals, highlighting its importance for therapeutic and diagnostic 

interventions in animal reproductive diseases and infertility. 
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1. Introduction 

Kisspeptins have emerged as pivotal regulators of critical aspects of reproductive axis 

maturation and function, encompassing sexual brain differentiation, puberty onset, adult 

regulation of gonadotropin secretion by gonadal hormones, as well as metabolic and 

environmental control of fertility. The discovery of Kp and its encoding gene KISS1, initially 

identified as a suppressor gene of human malignant melanoma in Hershey, Pennsylvania, 

USA-home to the famous Hershey’s Kisses chocolates-marked a significant milestone [1, 2]. 

The name "KISS1" was inspired by these confections, with "SS" symbolizing the 

"suppressor sequence." All kisspeptins feature a C-terminal region containing an Arg–Phe–

NH2 motif typical of the RF-amide peptide family, enabling full activation of KISS1R. 

Globally termed "Kp" due to their structural and evolutionary connection to KISS1, these 

peptides, originating from a 145-amino acid precursor, yield various biologically active 

peptide lengths (10-54 amino acids). Initially dubbed "metastin" due to its ability to inhibit 

tumor metastasis, Kp-54 is regarded as the primary product of the human KISS1 gene. 

Conversely, Kp-53 in sheep, cattle, and goats, and Kp-52 in rats and mice, represent the 

largest proteolytic products, with the RF-amide signature substituted by an Arg–Tyr–NH2 

motif. Although variations exist, the Kp10 sequence remains relatively conserved across 

species, indicating a conserved physiological role [3]. Equine Kp10 displays a single amino 

acid difference compared to ovine Kp10, with a valine replacing an arginine at position 2 [4]. 

Kp is acknowledged as the primary transmitter and major regulator of GnRH synthesis and 

secretion. Functioning through the seven-transmembrane G-protein-coupled receptor, 

KISS1R (formerly known as GPR54), initially identified in the rat brain, Kp interacts 

strongly with this receptor to stimulate GnRH release (and subsequently FSH and LH 

secretion) in numerous mammals, sharing around 40% sequence similarity with the galanin 

receptor [5, 6]. Upon Kp binding, activation of phospholipase C ensues, leading to the 

recruitment of secondary intracellular messengers, inositol triphosphatase, and 

diacylglycerol, which in turn mediate intracellular calcium release and protein kinase C 

activation [7].  
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Numerous studies have revealed widespread expression of 

kisspeptins (Kps) and their putative receptor, KISS1R, in 

various tissues including the hypothalamus, brainstem, 

spinal cord, pituitary, ovary, female genital tract, prostate, 

testis, liver, pancreas, intestine, aorta, coronary artery, 

umbilical vein, and placenta [8]. This broad distribution 

suggests that Kps may exert direct effects on diverse tissues 

in an autocrine/paracrine manner, depending on specific 

physiological conditions. 

Regarding reproductive function, emerging evidence 

indicates that reproductive tissues such as the ovary, 

placenta, and testis express functional forms of the 

Kp/KISSR system across various animal species, including 

humans [9]. Several studies have demonstrated that 

kisspeptin can regulate trophoblast migration and invasion, 

suggesting a significant production of kisspeptin by the 

placenta during pregnancy. Moreover, low circulating levels 

of kisspeptin during pregnancy have been associated with an 

increased risk of miscarriage, highlighting the potential of 

plasma kisspeptin levels as a biomarker for miscarriage risk, 

particularly in the first and third trimesters [10], thus 

revolutionizing the field of reproductive physiology. 

Kps and their receptor, KISS1R, serve as critical regulators 

of sexual maturation during puberty onset and play pivotal 

roles in dynamically regulating the gonadotropic axis in 

adulthood. While Kp primarily acts centrally to regulate 

reproduction, peripheral administration of Kp has been 

shown to stimulate GnRH release in numerous animal 

studies and subsequently in human studies, with no reported 

adverse effects [11]. With its diverse and multifunctional 

nature, kisspeptin influences various physiological systems 

throughout the body and operates at all levels of the 

reproductive axis, including the brain, pituitary, gonads, and 

accessory organs [12]. 

Mutations in Kp or GPR54 are implicated in various 

reproductive axis disorders, such as idiopathic 

hypogonadotrophic hypogonadism, central precocious 

puberty, and normosmic idiopathic hypogonadotropic 

hypogonadism [13, 15]. Exogenous administration of Kp has 

demonstrated potent stimulation of gonadotropin secretion 

and holds promise as a novel tool for manipulating 

reproduction in farm animals. This review will primarily 

focus on existing literature concerning the physiological 

roles of Kp/KISS1R in regulating reproductive function and 

will summarize current understandings of the mechanisms 

underlying Kp's physiological actions, as well as the 

therapeutic implications of Kps in veterinary reproductive 

medicine. 

 

2. Expression of Kisspeptin neuronal populations in the 

brains of various animal species.  

Kisspeptin has emerged as a crucial regulator of the 

reproductive axis, exerting its effects hierarchically and 

serving as one of the most potent stimulators of GnRH-

gonadotrophin secretion across various mammalian species, 

including humans [16, 17]. Its primary action occurs in the 

hypothalamus, where it activates GnRH neurons. 

Neuroanatomical investigations have led to the 

identification of discrete populations of kisspeptin neurons 

in different hypothalamic regions [18]. 

In rodents, two main populations of KISS-1-expressing 

neurons are found in the hypothalamus: the arcuate nucleus 

(ARC) and the anteroventral periventricular nucleus 

(AVPV). Similar populations expressing KISS-1 neurons 

have been observed in species such as sheep, cattle, goats, 

pigs, dromedary camels, and cats, with expression in the 

ARC and medial pre-optic area (mPOA). In pigs, Kp 

neurons are also found in the paraventricular nucleus 

(PVN). In horses, KISS-1-expressing neurons are 

predominantly located in the ARC, with some in the 

dorsomedial nucleus and ventromedial nucleus. Llamas also 

exhibit kisspeptin neurons in the preoptic area and arcuate 

nucleus, indicating their influence on gonadotropin secretion 

in camelids. 

The majority of Kp neurons in the ARC co-express 

neurokinin B (NKB) and dynorphin (Dyn), forming the 

KNDy (Kp/neurokinin B/dynorphin) neuron group. NKB is 

implicated in puberty onset, as mutations in NKB or its 

receptor block pubertal development in humans. In sheep, 

an NKBR agonist stimulates LH release, while an antagonist 

suppresses GnRH/LH pulses. Additionally, continuous 

Kp10 infusion restores GnRH/LH pulses in the presence of 

an NKBR antagonist, suggesting that Kp action is 

downstream of NKB signaling. Dyn, another neuropeptide 

co-expressed in KNDy neurons, binds to the k-opioid 

receptor (KOR) and terminates each GnRH pulse, limiting 

GnRH release during the secretory phase. Dyn has been 

linked to progesterone negative feedback on pulsatile GnRH 

secretion in ewes and prepubertal lambs, although the 

specific source of Dyn and its effects require further 

investigation. 

 

3. Kisspeptin, an activator of the GnRH/gonadotropin 

axis  

The gonadotropin-releasing action of kisspeptin (Kp) may 

result from its direct stimulatory effect on GnRH neurons 

within the hypothalamus, as depicted in Figure 1. There are 

two primary modes of GnRH secretion: the estrogen-

induced ovulatory surge of GnRH/LH and the pulsatile basal 

GnRH/LH releasing modes. Activation of the kisspeptin 

system facilitates an increase in both pulsatile and surge 

modes of GnRH from GnRH neurons. Subsequently, GnRH 

stimulates the reproductive axis via the hypophyseal portal 

circulation, leading to the production and release of 

gonadotropins such as luteinizing hormone (LH) and 

follicle-stimulating hormone (FSH) [16, 34]. 

The KISS1 genes primarily appear in the hypothalamus of 

ruminants and other mammals, playing a crucial role in the 

negative and positive feedback regulation of GnRH 

secretion by gonadal steroids. In ewes, which are often used 

as representatives of ruminants, Kp cells in the arcuate 

nucleus (ARC) are balanced to contribute to the steroid-

negative feedback control of GnRH. Kp stimulates the 

gonadotropic axis of ruminants in vivo [35]. Infusion of Kp 

has been shown to synchronize LH surge and ovulation in 

progesterone-primed cyclic ewes and anoestrus ewes by 

activating the hypothalamic-pituitary-gonadal axis. GnRH 

neurons can be directly influenced by Kp to initiate 

sustained depolarization events. The responsiveness of 

GnRH neurons to Kp signals is progressively regulated, 

with the percentage of responsive GnRH neurons increasing 

from 25% in the pre-pubertal period to over 90% in adults. 

In sheep, Kp appears to act on LH via its effect on GnRH 

release from the hypothalamus. Kp stimulates the pulse-like 

release of LH within 15 minutes following intravenous 

injections, increasing the frequency and amplitude of LH 

pulses and estradiol in prepubertal ewe lambs [36, 37]. A 

significant increase in GnRH concentrations in the 
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cerebrospinal fluid, along with a parallel rise in serum LH, 

has been observed after intracerebroventricular (icv) 

administration of Kp10 [38]. In sheep, KISS1R is present in 

the pituitary, and LH secretion increases after the addition of 

Kp10 to pituitary cell cultures. However, Kp10 fails to 

induce LH release in ewes with hypothalamo-pituitary 

disconnection, while GnRH induces a significant LH 

release. GnRH neurons in the mediobasal hypothalamus 

exhibit greater Kisspeptin innervation, both in terms of the 

proportion of GnRH neurons displaying Kisspeptin synapses 

and the number of kisspeptin synapses per GnRH [39, 40]. 

In ovariectomized (OVX) goats, peripheral infusion of Kp10 

stimulates GnRH neurosecretion into the hypophyseal portal 

circulation, and the action of Kp on LH release is mediated 

by GnRH [41]. It has been reported that no studies have 

compared the effects of Kp on the release of gonadotropins 

in ruminants at different stages of postnatal development. 

However, research has shown that the LH-releasing 

response to Kp-10 was greater in prepubertal than post-

pubertal male goats, and Kp-10, as well as GnRH, were able 

to stimulate the release of testosterone. The negative 

feedback control of GnRH secretion by testicular steroids 

increases in post-pubertal male goats. 

Moreover, peripheral administration of Kp10 can stimulate 

GnRH secretion [43]. Several in vivo studies have noted that 

the maximum LH-releasing effect of Kp10 (intravenous 

injection) doses was observed at 0.54-0.65 μg/kg BW in 

OVX ewes, 1 μg/kg bw in luteal phase goats, 0.13 μg/kg 

BW in OVX cows, and 4.76 μg/kg BW in pre-pubertal 

heifers. This effect is detected after intracerebral and 

systemic administration, across a variety of mammalian 

species. Kp stimulates the pulse-like release of LH within 15 

minutes following intravenous injections and increases the 

frequency and amplitude of LH pulses and estradiol in 

prepubertal ewe lambs, as well as in horses [4]. 

 

4. Kisspeptin in Regulating Growth Hormone Secretion 
Kisspeptin (Kp) is recognized as a key regulator of 

reproductive function across various species. However, 

recent research indicates a potential additional role for Kp in 

modulating Growth Hormone (GH) secretion. It appears that 

Kp enhances the responsiveness of reproductive steroids to 

the somatotropic axis, acting as a mediator of both LH and 

GH release, thus potentially linking metabolism, growth, 

lactation, and reproduction [35]. Initial studies demonstrated a 

stimulating effect of Kp on GH release from cultured rat and 

bovine pituitary cells [34]. Furthermore, peripheral 

administration of Kp in pigs increased serum LH 

concentrations without affecting FSH or GH levels. 

Notably, intravenous injections of a high dose of Kp into 

prepubertal female cattle significantly raised circulating GH 

concentrations, indicating a regulatory role for Kp in GH 

release in vivo. Similarly, Kp has been shown to stimulate 

LH and GH secretion in prepubertal heifers, suggesting 

potential significant connections between Kp, the 

reproductive axis, and the somatotropic axis. In cattle, Kp 

administration to ovariectomized cows resulted in increased 

levels of both LH and GH, indicating that reproductive 

steroids may enhance the sensitivity of the somatotropic axis 

to physiologically relevant doses of Kp, thereby integrating 

LH and GH release in bovines [46]. 

 

5. Kisspeptin's influence on Gonadal activity 

In rodents, the expression of the KISS1 and KISS1R genes

has been identified in the ovary [47], a pattern subsequently 

confirmed in other species such as fish [48], hamsters [49], 

pigs, goats [50], and primates [51]. Studies have shown that 

mice lacking Kp receptors or having reduced expression 

experienced premature ovarian failure (POF), indicating a 

critical role of ovarian Kp receptor expression in ovarian 

function. Additionally, it has been observed that ovarian Kp 

expression varies with the reproductive cycle. 

The genes responsible for encoding Kp and its receptor are 

also expressed in the testes of rodents, particularly in Leydig 

cells, spermatid cells, seminiferous tubules, and testes [52, 53]. 

Recent investigations have examined the effects of Kp on 

the testes of adult male monkeys, as well as its presence in 

human and buffalo bull spermatozoa [54, 55]. Evidence 

suggests that Kp may modulate the fertilization capacity of 

spermatozoa by promoting capacitation, and studies in rats 

have shown that administration of a Kp antagonist reduced 

spermatozoa fertilization rates [52]. Moreover, Kp is 

implicated in steroidogenesis, spermatogenesis progression, 

and sperm physiology [56]. 

Kp may also exert direct effects on gonadal tissues and 

interact with metabolic pathways [57]. High concentrations of 

Kp have been found in porcine follicular fluid compared to 

serum, indicating a potential role for Kp in follicular 

development and suggesting either intrafollicular or 

systemic action [58]. These findings underscore the biological 

significance of Kp in potentially regulating gonadal function 

in both males and females. 

 

6. Kisspeptin on Pubertal Onset 

The initiation of puberty is triggered by the activation of 

neurons in the forebrain, which produce a neuroendocrine 

substrate to stimulate Gonadotropin-releasing hormone 

(GnRH). Puberty onset is believed to be timed by an 

increase in GnRH and gonadotrophin secretion, facilitated 

by a decrease in negative feedback inhibition of LH by 

estradiol. Studies in 2003 [59] first demonstrated that mice 

lacking the Kisspeptin receptor exhibited hypogonadotropic 

hypogonadism (HH), characterized by low levels of 

circulating gonadotropin hormones, small testes in males, 

and delayed vaginal opening and absence of follicular 

maturation in females [60]. Additionally, both Kiss1 and 

Kiss1R proteins have been found in the testis, cauda 

epididymis ligament, ovary, uterus, and trophoblast cells of 

dogs, suggesting a potential role in steroidogenesis, 

spermatogenesis progression, spermatozoa detachment from 

Sertoli cells, and sperm physiology [56]. 

In sheep, puberty onset is influenced by metabolic cues 

indicating sufficient growth and permissive photoperiod. 

During this period, the hypothalamus becomes less sensitive 

to negative feedback from estradiol, leading to increased 

pulse frequency of GnRH and luteinizing hormone (LH). 

This rise in GnRH/LH pulse frequency stimulates estrogen 

production by growing ovarian follicles, triggering an LH 

surge and ovulation. The timing of puberty onset 

significantly impacts animal productivity [63]. Repeated or 

continuous administration of native Kisspeptin has been 

shown to accelerate puberty and induce ovulation in both 

breeding and non-breeding seasons in sheep. 

A study conducted by [64] aimed to inhibit reproduction by 

blocking puberty onset through targeting Kisspeptin. Male 

lambs (8 weeks old) were immunized against KISS1 at 

weeks 0, 3, and 6 of the experiment. This treatment induced 

a strong anti-KISS1 antibody titer and suppressed gonadal 
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function and sexual behavior. Thus, targeting KISS1 could 

be considered a novel approach for developing an 

immunocastration vaccine in sheep. 

 

7. Pheromone-Induced Activation of Kisspeptin 

Signaling 

The introduction of male sheep to seasonally anestrous 

female sheep has been observed to activate Kisspeptin (Kp) 

neurons and other cells in the hypothalamus, resulting in 

increased Gonadotropin-releasing hormone 

(GnRH)/luteinizing hormone (LH) secretion. When a ram is 

introduced to seasonally anestrous ewes isolated from rams 

for at least one month, it induces pulsatile LH secretion and 

can trigger ovulation outside of the breeding season, with 

Kp playing a role in this response. Indeed, [65] utilized a Kp 

antagonist (p-271) to demonstrate that Kp action is 

necessary for seasonally anestrous ewes to respond to ram 

introduction with increased LH secretion. Additionally, ram 

introduction increased the number of Kp-positive neurons 

and KISS1 mRNA expression in cells in the rostral arcuate 

nucleus (ARC). Interestingly, Tac2 mRNA, which encodes 

for neurokinin B, was readily detectable in cells expressing 

KISS1 mRNA, but decreased in rostral ARC cells of ewes 

following ram introduction. It was also reported that medial 

amygdala Kiss1 neurons mediate female pheromone 

stimulation of luteinizing hormone in male mice [66]. 

 

8. The interplay between Kisspeptin, nutrition, and 

fertility 

It is well known that body weight affects fertility. Leptin, a 

peptide hormone secreted by adipocytes, playing a crucial 

role in this regard. Leptin deficiency can lead to delayed 

puberty and hypogonadotropic hypogonadism in both mice 

and humans, while administration of leptin can reverse 

infertility associated with leptin deficiency [67]. Kisspeptin 

(Kp) is implicated as a mediator between leptin signalling 

and Gonadotropin-releasing hormone (GnRH) function, as 

Kp neurons express the leptin receptor and exogenous leptin 

administration increases Kp expression [57]. 

Studies have shown that fasting reduces hypothalamic Kp 

mRNA levels and delays puberty onset in rats [68]. Research 

on the effects of a high-fat diet (HFD) on metabolic and 

reproductive parameters in adolescent and adult male rats 

revealed that HFD rats exhibited increased body weight, 

impaired glucose tolerance, reduced testosterone levels, 

decreased hypothalamic Kp receptor expression, and 

decreased LH responsiveness to Kp [68]. 

Additionally, a study on female mice lacking the Kp 

receptor found that they had increased body weight, 

adiposity, and leptin levels, along with reduced glucose 

tolerance compared to wild-type controls [69]. Another 

investigation on fasted monkeys revealed that they 

maintained testosterone release after Kp injection, 

suggesting that fasting-induced suppression of the 

reproductive axis involved attenuated responsiveness to Kp 
[70]. 

Negative energy balance or excess energy intake 

significantly impacts the Kp system [71]. Altering metabolic 

levels can change the pattern of Kp secretion, as evidenced 

by a study on prepubertal Tibetan ewes supplemented with 

concentrates or minerals. Animals receiving concentrates 

exhibited higher expression of KISS-1, KISS1R, and ERα 

mRNA in the anteroventral periventricular nucleus (AVPV) 

compared to those receiving mineral supplementation or 

consuming only oat hay. Additionally, follicular 

development was enhanced in supplemented prepubertal 

animals, suggesting that the KISS1/KISS1R system is 

modulated by feed intake and that reproductive performance 

can be improved through this treatment [72]. 

 

9. The Influence of Seasonality on the Kisspeptin System 

Kisspeptin (Kp) plays a significant role in regulating 

seasonal reproduction in various species. For instance, in 

Syrian hamsters, increased Kp expression is observed during 

long-day conditions, correlating with heightened sexual 

activity. Administration of Kp 10 under photo-inhibitory 

conditions has been shown to restore testicular and 

reproductive activity in these hamsters [57]. Conversely, in 

sheep, which are seasonal breeders, enhanced reproductive 

activity is observed during short days, accompanied by 

increased arcuate nucleus (ARC) Kp expression [73]. During 

long-day periods, Kp expression in the ARC of ewes is 

reduced. Kp administration in seasonally acyclic ewes can 

induce ovulation, suggesting its crucial role in regulating 

reproductive activity across seasons. 

Moreover, the expression of Kp receptor in Gonadotropin-

releasing hormone (GnRH) neurons is greater during the 

breeding season compared to the non-breeding season [36]. In 

seasonally anestrous ewes, the GnRH and luteinizing 

hormone (LH) response to Kp-10 is more pronounced than 

in luteal ewes during the breeding season. There is an 

increase in Kp expression in the breeding season compared 

to the non-breeding season in sheep, with an elevated 

number of Kp contacts with GnRH neurons during the 

breeding season. Additionally, the sensitivity of the 

hypothalamic-pituitary-gonadal (HPG) axis to Kp varies not 

only across seasons but also during the cycle, correlated 

with KISS1 mRNA expression [75]. 

In adult ewes, KISS1 mRNA expression in the ARC is 

higher during the breeding season, influenced by melatonin 

secretion, although Kp neurons do not express melatonin 

receptors [78]. Furthermore, a seasonal change in estrogen 

sensitivity occurs at the level of Kp neurons in the ARC, 

facilitating the switch between breeding and non-breeding 

seasons. However, KISS1 mRNA expression in the preoptic 

area (POA) does not differ between breeding and non-

breeding seasons, suggesting its role only in positive 

feedback inducing an LH surge, but not in controlling 

seasonality [39]. 

In dogs, Kp elicits robust gonadotrophin and oestradiol 

responses in anoestrous bitches, indicating the significance 

of canine KISS1/KISS1R in modulating reproduction [79]. 

Notably, Kp induces a larger increase in GnRH and LH 

during the non-breeding season compared to the luteal phase 

of the cycle. This difference is attributed to the greater 

KISS1R expression on GnRH neurons and the larger 

releasable pool of GnRH/LH during the non-breeding 

season, reflecting the HPG axis's responsiveness to changes 

in GnRH pulsatility during the transition to the breeding 

season. 

 

10. Modulation of the Kisspeptin system to induce 

ovulation 

The modulation of the Kisspeptin (Kp) system has emerged 

as a promising approach for inducing ovulation in various 

species. By targeting the Kp pathway, researchers aim to 

trigger the release of gonadotropins, particularly luteinizing 

hormone (LH), which is crucial for ovulation. Exogenous 
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administration of Kp has been observed to induce LH 

secretion, leading to ovulation in various species, including 

rats [80]. Additionally, the pre-ovulatory surge induced by 

estrogen is inhibited by anti-Kp antibodies, suggesting the 

involvement of Kp in follicular rupture and ovulation [51]. 

This local action of Kp in controlling ovulation is further 

supported by its stimulatory effect on ovulation in ewes and 

mares [44, 81]. 

The importance of Kp in both female puberty and the 

preovulatory gonadotrophin surge has been highlighted by 

the use of potent Kp antagonists [16, 17]. Kp has been shown 

to stimulate LH secretion effectively in various species, 

including bovines, prepubertal heifers, ewes, acyclic mares, 

swine, and dogs [82-85]. Furthermore, Kp has been implicated 

in inducing LH secretion in llamas and musk shrews [40, 86]. 

However, the short half-life of Kp peptides necessitates 

repeated injections or continuous administration for 

sustained gonadotropin release. Studies have shown that 

repeated injections or continuous infusion of Kp10 can 

induce LH pulsatility and ovulation in prepubertal cattle, 

lambs, and ewes [12, 37]. Additionally, continuous Kp10 

infusion has been found to synchronize LH surges in 

cyclical ewes and induce ovulation in seasonally acyclic 

ewes [87]. Moreover, a single injection of Kp10 triggers a 

rapid but short-lasting increase in LH and/or follicle-

stimulating hormone (FSH) in females of various species [4]. 

To address the limitations of Kp's short half-life, Kp10 

analogs with improved pharmacological properties have 

been developed. These analogs have shown promising 

results in inducing ovulation in cyclic and anestrus animals, 

including buffaloes, sheep, goats, and gilts [87, 89-91]. Despite 

these advancements, the precise role of Kp in controlling the 

ovulation process requires further elucidation. 

 

11. Kisspeptin on IVM and fertilization of oocytes 

In this context, there is growing interest in utilizing 

Kisspeptin (Kp) as a novel tool for designing reproductive 

technologies in mammals. Despite limited in vitro studies, 

evidence suggests that Kp may have significant effects on in 

vitro maturation (IVM) and fertilization of oocytes in farm 

animals. The expression of Kp and its receptors has been 

detected during the IVM period in oocytes and cumulus 

cells of pigs and bovines, with supplementation of Kp in 

IVM media showing improvements in oocyte maturation 

efficiency in these species. Kp appears to interact locally 

with follicle-stimulating hormone (FSH), luteinizing 

hormone (LH), and estradiol (E2) during buffalo oocyte 

maturation, as suggested by previous studies in pigs and 

sheep. It is hypothesized that Kp exerts continuous and 

direct actions on oocytes and cumulus cells in an autocrine-

paracrine manner. 

The involvement of the Kp/KISS1R system and its 

downstream signaling pathways in various ovarian functions 

has spurred the development of potential therapeutic 

approaches to address ovarian pathology and infertility. 

Data from both animal and human studies indicate that 

peripheral administration of Kp-10 and Kp-54 can initiate 

the LH surge. This suggests the potential clinical application 

of Kp as a biomarker for ovarian reserve and as an indicator 

for ovulation induction during in vitro fertilization (IVF) 

treatment. 

 

12. Kisspeptin in lactation and stress 

The lactation status and stage of lactation have been found

not to alter the sensitivity of the growth hormone (GH) 

system to Kisspeptin (Kp). However, there is evidence of an 

effect of the stage of lactation on Kp-stimulated luteinizing 

hormone (LH) secretion in dairy cows. During lactation, 

there is a suppression of Kisspeptin 1 (KISS1) expression in 

the arcuate nucleus (ARH) and anteroventral periventricular 

nucleus (AVPV). This suppression of KISS1 mRNA levels 

in the ARH and AVPV during lactation could be a crucial 

factor in inhibiting gonadotropin-releasing hormone 

(GnRH) secretion. The suppression of KISS1 during 

lactation shows similarities to the suppression observed in a 

fasted model, suggesting that KISS1 neurons may be 

particularly sensitive to metabolic signals. 

In the ARH, KNDy neurons, which co-express neurokinin B 

(NKB) and dynorphin (DYN), show a significant inhibition 

of NKB mRNA during lactation, while DYN mRNA levels 

remain unaffected. This decrease in mRNA levels is 

accompanied by reductions in KISS1 and NKB 

neuropeptide content in the ARH. Conversely, the decrease 

in KISS1 mRNA in the AVPV is associated with increased 

neuropeptide content, suggesting the inhibition of KISS1 

release. It is speculated that brainstem neurons activated by 

suckling, projecting to the ARH, may participate in the 

active suppression of KISS1 and NKB. Activation of the 

ventrolateral medulla (VLM) by the suckling stimulus might 

be involved in the inhibition of KISS1 neurons in the ARH, 

besides possibly contributing to lactation-induced 

hyperphagia. 

Glucoprivation has been shown to inhibit estrous cyclicity 

and LH secretion, but this inhibition is blocked when neural 

projections from certain areas are eliminated. Stress is 

known to suppress reproductive function by inhibiting 

GnRH release, with corticotrophin-releasing factor (CRF) 

playing a significant role in this mechanism. In response to 

various stressors, including CRF injection, Kp expression 

and its receptor are reduced in the ARC and medial preoptic 

area (mPOA) of mice, suggesting that Kp may contribute to 

stress-induced suppression of reproductive function. The 

suppression of GnRH/LH pulses during lactation and stress 

ensures efficient energy use and maximizes individual and 

offspring survival. Kp neurons may also mediate the 

suppression of reproductive function caused by 

hyperprolactinemia during lactation or pituitary tumors, 

although further investigation is needed due to species-

specific differences in experimental findings. 

 

13. Conclusion  

Kisspeptin (Kp) stands out as one of the most significant 

discoveries in neuropeptides related to reproductive function 

since the identification of GnRH. It plays a crucial role in 

various reproductive processes such as puberty onset, 

initiation of the breeding season, and the regulation of 

gonadotropin secretion throughout the estrous cycle. The 

exogenous administration of Kp has been shown to 

stimulate gonadotropin (LH) secretion in multiple species 

by stimulating GnRH secretion, ultimately leading to oocyte 

maturation and ovulation. Manipulating Kp signaling holds 

promise for novel strategies in managing livestock 

reproduction, including controlling ovulation in adults and 

modulating the timing of puberty onset. 

Kp presents itself as a potential tool for designing new 

protocols in reproductive technologies for mammals. 

Traditional treatments like hCG and eCG may induce 

antibodies, reducing their effectiveness, and concerns over 
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animal welfare and ethical sourcing of eCG highlight the 

need for alternative treatments. Co-administration of Kp 

with agents modifying opioids and neurokinin B may offer 

precise modulation of the hypothalamic-pituitary-gonadal 

(HPG) axis, opening new avenues in reproductive 

endocrinology and infertility treatments. However, further 

optimization of existing analogs and experimental protocols 

is necessary. 

Investigations into the Kp system during lactation in dairy 

cows may shed light on lactation-associated changes in the 

reproductive axis, indicating a connection between Kp and 

metabolic regulatory systems. As nutrition and growth 

hormone (GH) are essential for reproductive success, 

understanding the interplay between Kp and metabolic/GH 

systems is crucial for comprehending normal reproduction. 

The Kp system holds promise for developing alternative 

treatments for reproductive disorders characterized by low 

gonadotropins or anovulation, with high potency analogs 

under development. 

Innovative applications of Kp in farm management could 

include controlling the estrous cycle, addressing infertility 

issues related to Kp, and managing reproductive activity in 

both breeding and non-breeding seasons for optimal 

production. However, further research across various animal 

species is needed to explore the full potential of Kp in these 

areas. The future developments in Kp research hold promise 

for advancements in reproductive technologies and farm 

management practices. 

 

14. Conflict of interest 

The authors report no conflicts of interest in this work. 

 

15. References 

1. Lee JH, Miele ME, Hicks DJ, Phillips KK, Trent JM, 

Weissman BE, et al. KISS-1, a novel human malignant 

melanoma metastasis-suppressor gene. J Natl Cancer 

Inst. 1996;88:1731-1737. DOI: 10.1093/jnci/88.23.1731 

2. Gottsch ML, Clifton DK, Steiner RA. From KISS1 to 

Kps: an historical perspective and suggested nomen-

clature. Peptides. 2009;30:4-9. https://doi: 

10.1016/j.peptides.2008.06.016 

3. Oakley AE, Clifton DK, Steiner RA. Kp signaling in 

the brain. Endocr Rev. 2009;30:713-743. https://doi: 

10.1210/er.2009-0005  

4. Ainani H, El Bousmaki N, Poirel VJ, Achaaban MR, 

Ouassat M, Piro M, et al. The dromedary camel 

displays annual variation in hypothalamic kisspeptin 

and Arg-Pheamide- related peptide-3 according to sex, 

season, and breeding activity. The Journal of 

comparative neurology. 2020;528:36–51. 

https://doi.org/10.1002/cne.24736 

5. Rhie YJ. Kisspeptin/G protein-coupled receptor-54 

system as an essential gatekeeper of pubertal 

development. Annals of pediatric endocrinology & 

metabolism. 2013 Jun;18(2):55-9 

https://doi.org/10.6065/apem.2013.18.2.55 

6. Ohtaki T, Shintani Y, Honda S, Matsumoto H, Hori A, 

Kanehashi K, et al. Metastasis suppressor gene KISS-1 

encodes peptide ligand of a G-protein-coupled receptor. 

Nature. 2001;411:613-617. 

https://doi.org/10.1038/35079135 

7. Constantin S, Caligioni CS, Stojilkovic S, Wray S. Kp-

10 facilitates a plasma membrane-driven calcium 

oscillator in gonadotropin-releasing hormone-1 

neurons. Endocrinology. 2009;150:1400-1412. 

https://doi.org/10.1210/en.2008-0979 

8. Chaikhun T. Sotthibandhu P, Suadsong S. The Role of 

Kp Signaling in Reproduction of Ruminants. Thai J Vet 

Med. 2013;43(1):7-14. https://he01.tci-

thaijo.org/index.php/tjvm/article/view/9455 

9. Hu KL, Zhao H, Chang HM, Yu Y, Qiao J. Kp/ Kp 

Receptor System in the Ovary. Frontiers in 

endocrinology. 2018;8:365. 

https://doi.org/10.3389/fendo.2017.00365 

10. Cao Y, Li Z, Jiang W, Ling Y, Kuang H. Reproductive 

functions of Kisspeptin/KISS1R Systems in the 

Periphery. Reproductive Biology and Endocrinology. 

2019;17:65. https://doi.org/10.1186/s12958-019-0511-x 

11. Chan YM, Broder-Fingert S, Paraschos S, Lapatto R, 

Au M, Hughes V, et al. GnRH-deficient phenotypes in 

humans and mice with heterozygous variants in 

KISS1/KISS1. The Journal of clinical endocrinology 

and metabolism. 2011;96:1771-1781. 

https://doi.org/10.1210/jc.2011-0518 

12. Ezzat AA, Saito H, Sawada T, Yaegashi T, Yamashita 

T, Hirata T, et al. Characteristics of the stimulatory 

effect of Kp-10 on the secretion of luteinizing hormone, 

follicle-stimulating hormone and growth hormone in 

prepubertal male and female cattle. Journal of 

Reproduction and Development. 2009;55:650–654. 

https://doi.org/10.1262/jrd.20255 

13. Kotani M, Katagiri F, Hirai T, Kagawa J. Plasma Kp 

levels in male cases with hypogonadism. Endocrine 

journal. 2014;61:1137-1140. Epub 2014 Aug 22. 

PMID: 25445145. 

14. Oh YJ, Rhie YJ, Nam HK, Kim HR, Lee KH. Genetic 

variations of the KISS1R gene in Korean girls with 

central precocious puberty. Journal of Korean medical 

science; c2017. p. 108-114 

https://doi.org/10.3346/jkms.2017.32.1.108  

15. Chelaghma N, Oyibo SO, Rajkanna J. Normosmic 

idiopathic hypogonadotrophic hypogonadism due to a 

rare KISS1R gene mutation, Endocrinology, diabetes & 

metabolism case reports 2018;18-0028. 

https://doi.org/10.1530/EDM-18-0028 

16. Roseweir AK, Millar RP. The role of Kp in the control 

of gonadotrophin secretion. Human Reproduction 

Update. 2009;15(2):203–212. 

https://doi.org/10.1093/humupd/dmn058 

17. Pineda R, Garcia-Galiano D, Roseweir A, Romero M, 

Sanchez-Garrido MA, Ruiz-Pino F, et al. Critical roles 

of Kps in female puberty and preovulatory 

gonadotropin surges as revealed by a novel antagonist. 

Endocrinology. 2010;151:722–730. 

https://doi.org/10.1210/en.2009-0803 

18. Scott CJ, Rose JL, Gunn AJ, McGrath BM. Kp and the 

regulation of the reproductive axis in domestic 

animals. Journal of Endocrinology. 2018;JOE-18-

0485.R1. https://doi.org/10.1530/JOE-18-048 

19. Goodman RL, Lehman MN, Smith JT, Coolen LM, de 

Oliveira CV, Jafarzadehshirazi MR, et al. Kp neurons 

in the arcuate nucleus of the ewe express both 

dynorphin A and neurokinin B. Endocrinology. 

2007;148:5752-5760 https://doi.org/10.1210/en.2007-

0961 

20. Okamura H, Yamamura T, Wakabayashi Y. Mapping 

of KNDy neurons and immunohistochemical analysis 

of the interaction between KNDy and substance P 

https://www.biochemjournal.com/


 

~ 306 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 

neural systems in goat. Journal of Reproduction and 

Development. 2017;63:571–580 

https://doi.org/10.1262/jrd.2017-103 

21. Tomikawa J, Homma T, Tajima S, Shibata T, Inamoto 

Y, Takase K, et al. Molecular characterization and 

estrogen regulation of hypothalamic KISS gene in the 

pig. Biol Reprod. 2010;82:313-319 

https://doi.org/10.1095/biolreprod.109.079863 

22. Amelkina O, Tanyapanyachon P, Thongphakdee A, 

Chatdarong K. Identification of feline Kiss1 and 

distribution of immunoreactive kisspeptin in the 

hypothalamus of the domestic cat. J. Reprod. Dev. 

2019;65:335–343. https://doi.org/10.1262/jrd.2018-101 

23. McGrath BM. Characterisation of the neuroanatomy of 

Kp and RFRP-3 in the mare, and determination of the 

effect of Kp on LH release and ovulation. PhD Thesis. 

Charles Sturt University, Australia; c2015. 

24. Franceschini I, Lomet D, Cateau M, Delsol G, Tillet Y, 

Caraty A. Kp immunoreactive cells of the ovine 

preoptic area and arcuate nucleus co-express estrogen 

receptor alpha. Neuroscience letters. 2006;401:225-230. 

https://doi.org/10.1016/j.neulet.2006.03.039 

25. Decourt C, Tillet Y, Caraty A, Franceschini I, Briant C. 

Kp immunoreactive neurons in the equine 

hypothalamus Interactions with GnRH neuronal system. 

Journal of chemical neuroanatomy. 2008;36:131-137. 

https://doi.org/10.1016/j.jchemneu.2008.07.008 

26. Hassaneen A, Naniwa Y, Suetomi Y, Matsuyama S, 

Kimura K, Ieda N, et al. Immunohistochemical 

characterization of the arcuate Kp/neurokinin 

B/dynorphin (KNDy) and preoptic Kp neuronal 

populations in the hypothalamus during the estrous 

cycle in heifers. Journal of Reproduction and 

Development. 2016;62:471–477. 

https://doi.org/10.1262/jrd.2016-075 

27. Topaloglu AK, Reimann F, Guclu M, Yalin AS, Kotan 

LD, Porter KM, et al. TAC3 and TACR3 mutations in 

familial hypogonadotropic hypogonadism reveal a key 

role for Neurokinin B in the central control of 

reproduction. Nat Genet. 2009;41:354-358. 

https://doi.org/10.1038/ng.306 

28. Nestor CC, Briscoe AMS, Davis SM, Valent M, 

Goodman RL, Hileman SM. Evidence of a role for Kp 

and neurokinin B in puberty of female sheep. 

Endocrinology. 2012;153:2756–2765. 

https://doi.org/10.1210/en.2011-2009  

29. Clarke IJ, Li Q, Henry BA, Millar RP. Continuous Kp 

restores luteinizing hormone pulsatility following 

cessation by a neurokinin B antagonist in female sheep. 

Endocrinology, 2018;159:639–646. 

https://doi.org/10.1210/en.2017-00737 

30. Amstalden M, Coolen LM, Hemmerle AM, Billings HJ, 

Connors JM, Goodman RL, et al. Neurokinin 3 receptor 

immunoreactivity in the septal region, preoptic area and 

hypothalamus of the female sheep: colocalisation in 

neurokinin B cells of the arcuate nucleus but not in 

gonadotrophin-releasing hormone neurones. Journal of 

Neuroendocrinology. 2010;22:1-12. 

https://doi.org/10.1111/j.1365-2826.2009.01930.x 

31. Billings HJ, Connors JM, Altman SN, Hileman SM, 

Holaskova I, Lehman MN, et al. Neurokinin B acts via 

the neurokinin-3 receptor in the retrochiasmatic area to 

stimulate luteinizing hormone secretion in sheep. 

Endocrinology. 2010;151:3836-3846. 

https://doi.org/10.1210/en.2010-0174 

32. Weems PW, Witty CF, Amstalden M, Coolen LM, 

Goodman RL, Lehman MN. Kappa-Opioid Receptor Is 

Colocalized in GnRH and KNDy Cells in the Female 

Ovine and Rat Brain. Endocrinology. 2016;157:2367-

2379. https://doi.org/10.1210/en.2015-1763 

33. Lopez JA, Bedenbaugh MN, McCosh RB, Weems PW, 

Meadows LJ, Wisman B, et al. Does dynorphin play a 

role in the onset of puberty in female sheep? Journal of 

Neuroendocrinology. 2016;28. https://doi.org/10.1016/j. 

psyneuen.2016.07.080 

34. Kadokawa H, Suzuki S, Hashizume T. Kp-10 stim-

ulates the secretion of growth hormone and prolactin di-

rectly from cultured bovine anterior pituitary cells. 

Animal reproduction science. 2008;105:404-408. 

https://doi.org/10.1016/j.anireprosci.2007.11.005 

35. Whitlock BK, Daniel JA, Amelse LL, Tanco VM, 

Chameroy KA, Schrick FN. Kisspeptin receptor agonist 

(FTM080) increased plasma concentrations of 

luteinizing hormone in anestrous ewes. Peer J. 

2015;3:e1382. https://doi.org/10.7717/peerj.1382 

36. Daniel JA, Foradori CD, Whitlock BK, Sartin JL. 

Reproduction and beyond, Kp in ruminants. Journal of 

animal science and biotechnology. 2015;6:23. 

https://doi.org/10.1186/s40104-015-0021-4 

37. Wang J, Sun L, Zhang T, Zhou H, Lou Y. Effect of 

peripheral administration of Kp-10 on dynamic LH 

secretion in prepubertal ewes. Asian-Australasian 

journal of animal sciences. 2012;25(6):785. 

https://doi.org/10.5713/ajas.2011.11390 

38. Messager S, Chatzidaki EE, Ma D, Hendrick AG, Zahn 

D, Dixon J, et al. Kp directly stimulates gonadotropin-

releasing hormone release via G protein-coupled 

receptor. Proceedings of the National Academy of 

Sciences of the United States of America. 

2005;102(5):1761-1766. 

https://doi.org/10.1073/pnas.0409330102  

39. Smith JT, Coolen LM, Kriegsfeld LJ, Sari IP, 

Jaafarzadehshirazi MR, Maltby M, et al. Variation in 

Kp and RF amide-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, 2008; 

149: 5770-5782. https://doi.org/10.1210/en.2008-0581 

40. Carrasco RA, Leonardi CE, Hutt K, Singh J, Adams 

GP. Kisspeptin induces LH release and ovulation in an 

induced ovulator†. Biol Reprod. 2020 Jun 

23;103(1):49-59. https://doi.org/10.1093/biolre/ioaa051 

41. Tanaka T, Ohkura S, Wakabayashi Y, Okamura H. 

Effect of peripherally administered Kp-10 on GnRH 

neurosecretion into the hypophyseal portal circulation 

in ovariectomized goat does. Small Ruminant Research. 

2012;105:273-276. 

https://doi.org/10.1016/j.smallrumres.2012.01.007 

42. Saito H, Sawada T, Yaegashi T, Goto Y, Jin J, Sawai K, 

et al. Kp-10 stimulates the release of luteinizing 

hormone and testosterone in pre-and post-pubertal male 

goat. Animal science journal. 2012;83:487-492. 

https://doi.org/10.1111/j.1740-0929.2011.00978.x 

43. Caraty A, Lomet D, Sébert M, Guillaume D, Beltramo 

M, Evans NP. Gonadotrophin‐releasing hormone 

release into the hypophyseal portal blood of the ewe 

mirrors both pulsatile and continuous intravenous 

https://www.biochemjournal.com/


 

~ 307 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 

infusion of Kp: an insight into Kp’s mechanism of 

action. Journal of Neuroendocrinology. 2013;25:537-

546. https://doi.org/10.1111/jne.12030 

44. Caraty A, Smith JT, Lomet D, Said SB, Morrissey A, 

Cognie J, et al. Kp synchronizes preovulatory surges in 

cyclical ewes and causes ovulation in seasonally acyclic 

ewes. Endocrinology. 2007;148(11):5258-5267. 

https://doi.org/10.1210/en.2007-0554 

45. Hashizume T, Saito H, Sawada T, Yaegashi T, Ahmed 

Ezzat A, Sawai K, et al. Characteristics of stimulation 

of gonadotropin secretion by Kp-10 in female goats. 

Animal reproduction science. 2010;118:37-41. 

https://doi.org/10.1016/j.anireprosci.2009.05.017  

46. Whitlock BK, Daniel JA, Wilborn RR, Rodning SP, 

Maxwell HS, Steele BP, et al. Interaction of estrogen 

and progesterone on Kp-10 stimulated luteinizing 

hormone and growth hormone in ovariectomized cows. 

Neuroendocrinology. 2008;88(3):212-215. 

https://doi.org/10.1159/000146242 

47. Terao Y, Kumano S, Takatsu Y, Hattori M, Nishimura 

A, Ohtaki T, et al. Expression of KISS-1, a metastasis 

suppressor gene, in trophoblast giant cells of the rat 

placenta. Biochim Biophys Acta. 2004;1678:102-110. 

https://doi.org/10.1016/j.bbaexp.2004.02.005 

48. Nocillado JN, Levavi-Sivan B, Carrick F, Elizur A. 

Temporal expression of G-proteincoupled receptor 54 

(GPR54), gonadotropin-releasing hormones (GnRH), 

and dopamine receptor D2 (drd2) in pubertal female 

grey mullet, Mugil cephalus. General and comparative 

endocrinology. 2007;150(2):278-287. 

https://doi.org/10.1016/j.ygcen.2006.09.008 

49. Shahed A, Young KA. Differential ovarian expression 

of KISS-1 and GPR-54 during the estrous cycle and 

photoperiod induced recrudescence in Siberian 

hamsters. Molecular reproduction and development. 

2009;76(5):444–452. https://doi.org/10.1002/mrd.20972  

50. Inoue N, Hirano T, Uenoyama Y, Tsukamura X, 

Okamura H, Maeda K. Localization of Kp and 

gonadotrophin releasing hormone (GnRH) in 

developing ovarian follicles of pigs and goats. Biology 

of Reproduction. 2009;81:551. 

51. Gaytan F, Gaytan M, Castellano JM, Romero M, Roa J, 

Aparicio B, et al. KISS-1 in the mammalian ovary: 

distribution of Kp in human and marmoset and 

alterations in KISS-1 mRNA levels in a rat model of 

ovulatory dysfunction. American journal of physiology. 

Endocrinology and metabolism. 2009;296:E520-31. 

https://doi.org/10.1152/ajpendo.90895.2008 

52. Hsu MC, Wang JY, Lee YJ, Jong DS, Tsui KH, Chiu 

CH. Kp modulates fertilization capacity of mouse sper-

matozoa. Reproduction. 2014;147:835-845. 

https://doi.org/10.1530/REP-13-0368  

53. Irfan S, Ehmcke J, Wahab F, Shahab M, Schlatt S. 

Intratesticular action of Kp in rhesus monkey (Macaca 

mulatta). Andrologia. 2014;46:610–617. 

https://doi.org/10.1111/and.12121 

54. Pinto FM, Cejudo-Roman A, Ravina CG, Fernandez-

Sanchez M, Martin-Lozano D, Illanes M, et al. 

Characterization of the Kp system in human 

spermatozoa. International journal of andrology, 

2012;35:63-73. https://doi.org/10.1111/j.1365-

2605.2011.01177.x 

55. Hussain A, Nabi W, Zubair H, Bano R, Ahmed H, 

Andrabi SMH, et al. Immunocytochemical detection of 

Kp receptor and its association with motility of buffalo 

bull (Bubalus bubalis) spermatozoa. Pak Vet J. 2020. 

https://dx.doi.org/10.29261/pakvetj/2020.007  

56. Meccariello R, Fasano S, Pierantoni R. Kisspeptins, 

new local modulators of male reproduction: A 

comparative overview. General and comparative 

endocrinology. 2020;299:113618. 

https://doi.org/10.1016/j.ygcen.2020.113618 

57. Clarke H, Dhillo WS, Jayasena CN. Comprehensive 

Review on Kp and Its Role in Reproductive 

Disorders. Endocrinology and metabolism (Seoul, 

Korea) 2015;30(2):124-141. 

https://doi.org/10.3803/EnM.2015.30.2.124 

58. Saadeldin IM, Koo OJ, Kang JT, Kwon DK, Park SJ, 

Kim SJ, et al. Paradoxical effects of Kp: it enhances 

oocyte in vitro maturation but has an adverse impact on 

hatched blastocysts during in vitro culture. 

Reproduction, Fertility and Development. 

2012;24(5):656-668. https://doi.org/10.1071/RD11118 

59. Seminara SB, Messager S, Chatzidaki EE, Thresher 

RR, Acierno JS Jr, Shagoury JK, et al. The GPR54 

gene as a regulator of puberty. The New England 

Journal of Medicine. 2003;349:1614-1627. 

https://doi.org/10.1056/NEJMoa035322 

60. Babwah AV, Navarro VM, Ahow M, Pampillo M, 

Carroll RS, Bhattacharya M, et al. GnRH Neuron-

Specific Ablation of Gαq/11 Results in Only Partial 

Inactivation of the Neuroendocrine-Reproductive Axis 

in Both Male and Female Mice: in vivo Evidence for 

KISS1r-Coupled Gαq/11-Independent GnRH 

Secretion. The Journal of Neuroscience. 

2015;35(37):12903-12916. 

https://doi.org/10.1523/JNEUROSCI.0041-15.2015 

61. Gloria A, Contri A, Mele E, Fasano S, Pierantoni R, 

Meccariello R. Kisspeptin Receptor on the Sperm 

Surface Reflects Epididymal Maturation in the Dog. 

International Journal of Molecular Sciences. 

2021;22(18):10120. 

https://doi.org/10.3390/ijms221810120 

62. Cielesh M, McGrath B, Scott C, Norman S, Stephen C. 

The localization of kisspeptin and kisspeptin receptor in 

the canine ovary during different stages of the 

reproductive cycle. Reproduction in domestic animals. 

2017;52:24-28. https://doi.org/10.1111/rda.12841 

63. Decourt C, Beltramo M. New insights on the 

neuroendocrine control of puberty and seasonal 

breeding in female sheep. Proceedings of the 10th 

International Ruminant Reproduction Symposium 

(IRRS 2018); Foz do Iguaçu, PR, Brazil, September 

16th to 20th.; c2018.  

64. Han Y, Liu G, Jiang X, Ijaz N, Tesema B, Xie G. 

KISS1 can be used as a novel target for developing a 

DNA immunocastration vaccine in ram lambs. Vaccine. 

2015;33:777-782. 

https://doi.org/10.1016/j.vaccine.2014.12.054 

65. De Bond JAP, Li Q, Millar RP, Clarke IJ, Smith JT. Kp 

Signaling Is Required for the Luteinizing Hormone 

Response in Anestrous Ewes following the Introduction 

of Males. PLoS ONE. 2013;8(2):e57972. 

https://doi.org/10.1371/journal.pone.0057972 

66. Aggarwal S, Tang C, Sing K, Kim HW, Millar RP, 

Tello JA. Medial Amygdala Kiss1 Neurons Mediate 

Female Pheromone Stimulation of Luteinizing 

Hormone in Male Mice. Neuroendocrinology. 

https://www.biochemjournal.com/


 

~ 308 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 

2019;108(3):172-189. 

https://doi.org/10.1159/000496106 

67. Dardeno TA, Chou SH, Moon HS, Chamberland JP, 

Fiorenza CG, Mantzoros CS. Leptin in human 

physiology and therapeutics. Front Neuroendocrinol. 

2010;31(3):377-393. 

https://doi.org/10.1016/j.yfrne.2010.06.002 

68. Sanchez-Garrido MA, Ruiz-Pino F, Manfredi-Lozano 

M, Leon S, Garcia-Galiano D, Castano JP, et al. 

Obesity-induced hypogonadism in the male: premature 

reproductive neuroendocrine senescence and 

contribution of KISS1-mediated mechanisms. 

Endocrinology. 2014;155:1067–1079. 

https://doi.org/10.1210/en.2013-1584  

69. Tolson KP, Garcia C, Yen S, Simonds S, Stefanidis A, 

Lawrence A, Smith JT, et al. Impaired Kp signaling 

decreases metabolism and promotes glucose intolerance 

and obesity. The Journal of clinical investigation. 

2014;124:3075-3079. https://doi.org/10.1172/JCI71075 

70. Wahab F, Atika B, Huma T, Shahab M. Primate HPT 

axis response to the peripheral Kp challenge under dif-

ferent time periods of food restriction in monkeys. 

Hormone and metabolic research. 2014;46:187-192. 

https://doi.org/10.1055/s-0033-1363263 

71. Manfredi-Lozano M, Roa J, Tena-Sempere M. 

Connecting metabolism and gonadal function: novel 

central neuropeptide pathways involved in the 

metabolic control of puberty and fertility. Frontiers in 

neuroendocrinology. 2018;48:37-49. 

https://doi.org/10.1016/j.yfrne.2017.07.008 

72. Jing X, Peng Q, Hu R, Wang H, Yu X, Degen A, et al. 

Effect of supplements during the cold season on the 

reproductive system in prepubertal Tibetan sheep ewes. 

Animal science journal. 2017;88:1269-1278. 

https://doi.org/10.1111/asj.12762 

73. Li Q, Roa A, Clarke IJ, Smith JT. Seasonal variation in 

the gonadotropin-releasing hormone response to Kp in 

sheep: possible Kp regulation of the Kp receptor. 

Neuroendocrinology. 2012;96:212-221. 

https://doi.org/10.1159/000335998 

74. Weems PW, Smith J, Clarke IJ, Coolen LM, Goodman 

RL, Lehman MN. Effects of season and estradiol on 

KNDy neuron peptides, colocalization with D2 

dopamine receptors, and dopaminergic inputs in the 

ewe. Endocrinology. 2017;158:831-884. 

https://doi.org/10.1210/en.2016-1830 

75. Dhillo WS, Chaudhri OB, Thompson EL, Murphy KG, 

Patterson M, Ramachandran R, et al. Kp-54 stimulates 

gonadotropin release most potently during the 

preovulatory phase of the menstrual cycle in women. 

The Journal of clinical endocrinology and metabolism. 

2007;92:3958-3966. https://doi.org/10.1210/jc.2007-

1116 

76. Roa J, Vigo E, Castellano JM, Navarro VM, Fernandez-

Fernandez R, Casanueva FF, et al. Hypothalamic 

expression of KISS-1 system and gonadotropin-

releasing effects of Kp in different reproductive states 

of the female rat. Endocrinology. 2006;147:2864-2878. 

https://doi.org/10.1210/en.2005-1463 

77. Wagner GC, Johnston JD, Clarke IJ, Lincoln GA, 

Hazlerigg DG. Redefining the limits of day length 

responsiveness in a seasonal mammal. Endocrinology. 

2008;149:32-39. https://doi.org/10.1210/en.2007-0658 

78. Li Q, Rao A, Pereira A, Clarke IJ, Smith JT. Kp cells in 

the ovine arcuate nucleus express prolactin receptor but 

not melatonin receptor. Journal of neuroendocrinology. 

2011;23:871-882. https://doi.org/10.1111/j.1365-

2826.2011.02195.x 

79. Albers-Wolthers KH, de Gier J, Kooistra HS, Rutten V, 

Kooten P, de Graaf JJ, Leegwater AJ, et al. 

Identification of a novel Kp with high gonadotrophin 

stimulatory activity in the dog. Neuroendocrinology. 

2014;99(3-4):178-189. 

https://doi.org/10.1159/000364877 

80. Navarro VM, Castellano JM, Fernandez-Fernandez R, 

Tovar S, Roa J, Mayen A, et al. Characterization of the 

potent luteinizing hormone-releasing activity of KISS-1 

peptide, the natural ligand of GPR54. Endocrinology. 

2005;146:156-163. https://doi.org/10.1210/en.2004-

0836 

81. Briant C, Schneider J, Guillaume D, Ottogalli M, 

Duchamp G, Bruneau G, et al. Kp induces ovulation in 

cycling Welsh pony mares. Animal Reproduction 

Science. 2006;94:217-219.  

82. Naniwa Y, Nakatsukasa K, Setsuda S, Oishi S, Fujii N, 

Matsuda F, et al. Effects of full-length Kp 

administration on follicular development in Japanese 

Black beef cows. The Journal of reproduction and 

development. 2013;59(6):588-594. 

https://doi.org/10.1262/jrd.2013-064 

83. Wilborn R. Effect of Kp on the Hypothalamic Pituitary-

Gonadal Axis of the Mare (Doctoral dissertation); 

c2008. 

84. Lents CA, Heidorn NL, Barb CR, Ford JJ. Central and 

peripheral administration of Kp activates gonadotropin 

but not somatotropin secretion in prepubertal gilts. 

Reproduction. 2008;135:879–887. 

https://doi.org/10.1530/REP-07-0502 

85. Elderen MV. Dose-response study with canine Kp-10 in 

vivo and in vitro. Thesis submitted to Faculty of 

Veterinary Medicine, Utrecht University, Utrecht, The 

Netherlands; c2014  

86. Inuoe N, Sasagawa K, Kotaro I, Sasaki Y, Tomikawa J, 

Oishi S, et al. Kisspeptin neurons mediate reflex 

ovulation in the musk shrew. Proceedings of the 

National Academy of Sciences of the United States of 

America. 2011;108(42):17527-17532. 

https://doi.org/10.1073/pnas.1113035108  

87. Decourt C, Robert V, Anger K, Galibert M, Madinier 

JB, Liu X, et al. A synthetic Kp analog that triggers 

ovulation and advances puberty. Scientific Report. 

2016;6:26908. https://doi.org/10.1038/srep26908 

88. Sebert ME, Lomet D, Said SB, Monget P, Briant C, 

Scaramuzzi RJ, et al. Insights into the mechanism by 

which Kp stimulates a preovulatory LH surge and 

ovulation in seasonally acyclic ewes: potential role of 

estradiol. Domestic Animal Endocrinology. 

2010;38:289-298. 

https://doi.org/10.1016/j.domaniend.2010.01.001  

89. Pottapenjera V, Rajanala SR, Reddy C, Gangineni A, 

Avula K, Bejjanki SK, et al. Kp Modulates Luteinizing 

Hormone Release and Ovarian Follicular Dynamics in 

Pre-pubertal and Adult Murrah Buffaloes. Frontiers in 

veterinary science. 2018;5:149. 

https://doi.org/10.3389/fvets.2018.00149 

90. Ralph C, Kirkwood R, Beltramo M, Aucagne V, 

Tilbrook A. A single injection of compound 6 evoked 

https://www.biochemjournal.com/


 

~ 309 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 

an LH surge and ovulation in 18 week old gilts. 

Proceedings of the Annual Meeting of the Endocrine 

Society. 2018. p. 8 

91. Beltramo M, Decourt C. Towards new strategies to 

manage livestock reproduction using Kisspeptin 

analogs. Theriogenology. 2018;112:2-10. 

https://doi.org/10.1016/j.theriogenology.2017.08.026 

92. Ming HE, Wang J, Yang YJ, Liu ZW, Liu X, Lv WF. 

Expression and Function of Kp during Bovine Oocyte 

Maturation in vitro. Chinese Journal of Animal Science, 

2015, 51(11)  

93. Rajesh K, Swathi B, Kumari GA, Shanmugam M. 

Effect of Kp on in vitro Maturation of Buffalo Oocytes. 

Indian Journal of Animal Research. 

2019;54:10.18805/ijar.B-3884  

94. Byri P, Gangineni A, Reddy KR, Raghavender KBP. 

Effect of Kp on in vitro maturation of sheep oocytes. 

Veterinary World. 2017;10:276-280. 

https://doi.org/10.14202/vetworld.2017.276-280 

95. Kalamatianos T, Grimshaw SE, Poorun R, Hahn JD, 

Coen CW. Fasting reduces KISS-1 expression in the 

anteroventral periventricular nucleus (AVPV): effects 

of fasting on the expression of KISS-1 and 

neuropeptide Y in the AVPV or arcuate nucleus of 

female rats. J Neuroendocrinology. 2008;20:1089-1097. 

https://doi.org/10.1111/j.1365-2826.2008.01757.x 

96. True C, Kirigiti M, Ciofi P, Grove KL, Smith MS. 

Characterisation of arcuate nucleus Kp/neurokinin B 

neuronal projections and regulation during lactation in 

the rat. Journal of Neuroendocrinology. 2011;23(1):52-

64. https://doi.org/10.1111/j.1365-2826.2010.02076.x 

97. Smith MS, True C, Grove KL. The neuroendocrine 

basis of lactation-induced suppression of GnRH: role of 

Kp and leptin. Brain Research. 2010;1364:139-152. 

https://doi.org/10.1016/j.brainres.2010.08.038 

98. Kinsey-Jones JS, Li XF, Knox AM, Wilkinson ES, Zhu 

XL, Chaudhary AA, et al. Down-regulation of 

hypothalamic Kp and its receptor, KISS1r, mRNA 

expression is associated with stress-induced suppression 

of luteinising hormone secretion in the female rat. J 

Neuroendocrinol. 2009;21(1):20-29. 

https://doi.org/10.1111/j.1365-2826.2008.01807.x 

99. Ieda N, Hassaneen A, Inoue N, Uenoyama Y, 

Tsukamura H. Kisspeptin: A Central Regulator of 

Reproduction in Mammals. SVU-IJVS. 2020;3(1):10-

26. 

100. Ozawa H. Kisspeptin neurons as an integration center 

of reproductive regulation: Observation of reproductive 

function based on a new concept of reproductive 

regulatory nervous system. Reproductive medicine and 

biology. 2021;21(1):e12419. 

https://doi.org/10.1002/rmb2.12419  

https://www.biochemjournal.com/

