
 

~ 4288 ~ 

The Pharma Innovation Journal 2022; SP-11(7): 4288-4301 

  
 
 
 
 
 
 

 

 

 
ISSN (E): 2277-7695 

ISSN (P): 2349-8242 

NAAS Rating: 5.23 

TPI 2022; SP-11(7): 4288-4301 

© 2022 TPI 

www.thepharmajournal.com 

Received: 08-05-2022 

Accepted: 12-06-2022 

 

Hitesh 

Ph.D. Scholar (Veterinary 

Gynaecology and Obstetrics), 

LUVAS, Hisar, Haryana, India 

 

Harender Singh 

Veterinary Surgeon, Animal 

Health Center, Hodal, Haryana, 

India 

 

Garima Kansal 

Livestock Production 

Management Division, ICAR-

NDRI, Karnal, Haryana, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author 

Harender Singh 

Veterinary Surgeon, Animal 

Health Center, Hodal, Haryana, 

India 

 

 

 

 

 

 

 

 

 
 

 

Application of GnRH modulators in controlling 

reproductive cycle in farm animals: A review 

 
Hitesh, Harender Singh and Garima Kansal 

 
Abstract 
The hypothalamic-pituitary-gonadal axis (HPG axis) alludes to the connection between the 

hypothalamus, pituitary gland, and gonads. A number of intrinsic and extrinsic factors are integrated in 

the HPG axis that regulates the core functions of the reproductive system. A wide variety of GnRH 

modulators are already in practice but desired level of response is not achieved mostly due to their action 

at the downstream of HPG axis. In the recent past, novel neuro-peptide molecules like kisspeptin, 

phoenixin, etc. have been identified. The localization pattern of these molecules suggests a key role in the 

upstream of hypothalamic nuclei to regulate the reproductive processes. In farm animals, Kisspeptin 

plays a wide variety of actions, mainly regulating GnRH-mediated gonadotrophin release during onset of 

puberty, induction of estrus in the breeding seasonand extra-hypothalamic regulation of ovarian 

functions. Natural Kisspeptin molecules have limited therapeutic applications owing to their shorter half-

life leading to the development of a series of synthetic Kisspeptin analogues. A few studies on kisspeptin 

agonists, namely Compound-6 and Compound-17 showed better performance in ovine, caprine and 

laboratory animal model over the natural kisspeptin. Recently, Kisspeptin antagonists (P234) have also 

been used in in vivo studies showing promising effect in controlling GnRH mediated LH surge. Emerging 

evidence suggests use of Kp and other neuropeptide analogues in the therapeutic protocols of controlled 

reproduction programs in several farm animal species. Thus, there is a need to put more efforts in the 

optimization of promising GnRH modulators for use in farm animals in order to augment reproductive 

efficiency. 

 

Keywords: Kisspeptin, hypothalamus, cyclicity, GnRH, farm animals 

 

1. Introduction 

Reproduction is the most important phenomenon to ensure the survival of a species on the 

earth. Brain control of mammalian reproduction involved integration of number of factors 

which include the gonadal status of the animal, age and body condition score of the animal, 

pheromones, stressors, various body rhythms (ultradian, circadian, infradian and circannual 

rhythm) and seasonality in some species. In females, these factors show their impact on the 

ability to produce fertile gametes, completion of fertilization process, attain pregnancy, 

carrying the fetus to term and nurse the offsprings. Reproduction in males is also influenced by 

many of these factors. The mechanism of reproduction is under the control of Hypothalamus-

Pituitary-Gonadal axis. As functioning of Hypothalamus, Pituitary gland and gonads are inter-

related and often act as a single unit, so commonly referred as Hypothalamus-Pituitary-

Gonadal axis (HPG axis). Hypothalamus, being the controller of axis, regulated by various 

factors, produces and secretes the GnRH hormone which reaches the anterior pituitary gland 

via the Hypothalamo-hypophyseal portal system and stimulates gonadotroph cells leading to 

production of gonadotrophin hormones i.e. Follicle Stimulating Hormone and Luteinizing 

Hormone. GnRH is found to be released in two fashions i.e. pulsatile pattern and surge fashion 

of release. Pulsatile release of GnRH is controlled by arcuate nucleus while the surge release is 

under the control of both arcuate and pre-optic nuclei. 

Gonadotropins act on ovary to maintain the cyclicity and the production of ovarian steroids 

(Estrogen, Progesterone and Androgen) and other hormones like inhibin and activin. Ovarian 

steroids control the release of gonadotrophins by the feedback mechanism. Estrogen (E2) and 

Progesterone (P4) shows negative feedback action on the arcuate nucleus while E2 gives 

positive feedback action to both arcuate and pre-optic area prior to the ovulation resulting in 

LH surge. Recent studies suggest progesterone also playing some part in positive feedback 

mechanism.  
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Fig 1: Hypothalamus-Pituitary-Gonadal axis 

 

2. Incidence of reproductive disorders 

Proper correlation of HPG axis is must to keep the process of 

reproduction going on and any deviation leads to infertility in 

animals. Infertility can be due to several reasons but anestrus, 

repeat breeding and delayed sexual maturity are found to be 

the most common non-infectious causes. Economic impact of 

infertility is significant as it leads to increased calving 

intervals and therefore results in reduced calf crop, decreased 

life-time milk yield, increased culling rates, etc. 10-30% of 

lactations are affected by infertility and reproductive disorder 

in developed countries (Erb and Martin, 1980) [32]. 

Anestrus, being the functional form of infertility, is simply the 

failure of exhibition of estrus by the female animal. It can be 

due to physiological (pregnancy, prepubertal or postpartum) 

or pathological (fetal mummification, pyometra, etc.) reasons. 

Anovulatory estrus is the true form of anestrus while the 

ovulatory anestrus can be due to improper observation/ 

missed heat, persistent corpus luteum and subestrus/silent 

estrus. Silent estrus is a more common disorder of buffaloes 

in summer months. 

 
Table 1: Incidence of Anestrus condition in bovines in India 

 

State Species Anestrus (%) References 

Andhra Pradesh 
Cattle 49.70 Rao, 1993 [101] 

Buffalo 30.76-50 Rao and Sreemannarayanan, 1982 [102] 

Gujarat 
Cattle 24.73 Patel et al., 2007 [95] 

Buffalo 20.84-45.97 Modi et al., 2011 [85] 

 
Cattle 53.15 Pandit, 2004 [94] 

Buffalo 29.12-60.83 Pandit, 2004; Kumar et al., 2013 [94, 64] 

Maharashtra 
Cattle 2.13-45.97 Narladkar et al., 1994 [89] 

Buffalo 29.5-41.4 Bharkad and Markandeya, 2003 [9] 

Tamil Nadu 
Cattle 16.6 Selvaraju et al., 2005 

Buffalo 9.09 Selvaraju et al., 2005 

Punjab 
Cattle 43-67.11 Singh et al., 2003 [112] 

Buffalo 38.98-55.5 Singh et al., 2006 [113] 

Bihar Cattle 39.01 Singh, 1981 [111] 

Kerela Cattle 65 Kutty and Ramachandran 2003 [66] 

Kashmir Cattle 27.52-31 Bhattacharyya and Buchoo, 2008 [10] 

Uttar Pradesh 
Cattle 3.32 Verma S K et al., 2018 [124] 

Buffalo 14.69-45.20 Luktuke et al., 1973 [73] 

Karnataka Buffalo 56 Hussain, 1984 [53] 

Haryana Bovine 28.66 Meena M S et al., 2009 [75] 

Meghalaya Cattle 10.76 Khan M H et al., 2016 [60] 

Orissa Cattle 37.39 Harichandan P.P. et al., 2018 [49] 
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3. Existing modulators of HPG axis in practice 

 
Table 2: Summary of molecules showing effect on reproductive axis 

 

Molecule Mechanism Effect 

Buseralin acetate GnRH-R agonist Stimulate LH and FSH release 

Acycline GnRH-R antagonist Inhibit release of LH and FSH 

hCG LH-R agonist Simulates the actions of endogenous LH 

pFSH FSH receptors Performs all actions of endogenous FSH 

eCG 
FSH receptors 

LH receptors 
Has predominantly FSH like activity with somewhat LH like activity 

Progestogens Progesterone receptor agonists Inhibit LH release 

Epostane 
Blocks β-hydroxy steroid dehydrogenase 

isomerase enzyme 
Prevents synthesis of progesterone 

Estradiol Estrogen receptor agonists 
Negative feedback on tonic GnRH release 

Positive feedback on surge release of GnRH 

Tamoxifen citrate Estrogen-R antagonist Blocks the effect of estrogen 

Dinoprost Natural PGF2α Lyse corpus luteum and removes P4 dominance 

Cloprostenol Synthetic PGF2α Lyse corpus luteum and removes P4 dominance 

Melatonin Indirect action via dopaminergic neurons Transition from non-breeding to breeding season i.e. onset of cyclicity 

Noradrenaline norAdr-R in POA and ARC 
Stimulatory role on LH surge release 

Inhibitory effect on tonic LH release 

Growth hormone Growth hormone receptors Advances pubertal age 

GABA POA Inhibits GnRH/ LH secretion 

Leptin Leptin receptors Stimulate LH release during pubertal escape from negative feedback of estrogen. 

 

All of the above molecules act at the peripheral part of the 

reproductive axis and either overstimulation or shows over-

inhibitory effect on endogenous secretion of reproductive 

hormones leading to significant side effects. There is much 

more variability in their effects.  

 
Table 3: Summary of responses of existing GnRH modulators 

 

Compound Animal model Response (Conception rate) Reference 

Buseralin acetate Cattle 28.1% Stevenson et al. 2007 [55] 

Ovsynch protocol Buffalo (anestrus) 37.5% Kumar et al. 2016 [67] 

hCG Cattle 33.6% Stevenson et al. 2007 [55] 

Cloprostenol Cattle 65.2% with 59.4% ODR Baryczka et al. 2018 [1] 

CIDR synchronized Cattle 45.5% with 79.5% ODR Romano et al. 2013 [58] 

Melatonin Buffalo 32.4% with 90% ODR Kumar et al. 2018 

 

These disadvantages limit their use for modulation of estrous 

cycle and necessitating the discovery of new and more potent 

modulators. 

 

4. New players in reproductive function 

With the advancement in science, scientists came forward 

with many new molecules acting superiorly to GnRH and 

showing significant effect on HPO axis. In Sheep, the neurons 

producing GnRH receive relatively little synaptic inputs with 

respect to other neurons in the Hypothalamus (Decourt et al. 

2014, Lehman et al. 1988, Magee et al. 2009, McGrath et al. 

2016) [69, 77, 82]. Wide array of different neurons control GnRH 

activity but one particular set of neurons come to prominence-

those producing Kisspeptin. 

 

4.1 Kisspeptin  

In 1996, KISS1 gene was discovered as a metastasis-

suppressor gene in Hershey, Pennsylvania (Lee et al., 1996) 
[68]. KISS1 gene encodes a 145 amino-acid polypeptide, later 

which gets cleaved into several isoforms (all sharing a 

common C-terminal decapeptide sequence)-collectively called 

kisspeptins (Kotani M. et al, 2001) [63]. The biologically 

active peptides are named as per the number of amino-acid 

they are having i.e. (longest forms: Kp54 in human, Kp53 in 

sheep or Kp52 in rodents and smaller forms: Kp16, Kp14, 

Kp13 and Kp10) (Decourt et al., 2018) [19]. Kisspeptin is a 

family of neuropeptides that acts as high-level mediators of 

the HPG axis acting upstream to level of GnRH. These 

neuropeptides activate the orphan G-protein coupled receptor, 

which later termed as KISS1R (Muir et al, 2001) [87]. Earlier 

studies revolved around the use of kisspeptin as metastasis 

suppressor molecule for melanoma and breast cancer cell 

lines. Its role in reproductive endocrinology was hypothesized 

after its discovery in human placental extracts and subsequent 

identification of its expression in hypothalamus, pituitary and 

gonads (Bilban et al., 2004 and Seminara et al., 2008) [110]. 

Kp10 sequence is relatively similar among species with some 

variations suggesting a conserved physiological function 

(Oakley et al, 2009) [92]. Kp54 and Kp10 shows similar 

potency and biological activity in vitro, however 

susceptibility of Kp10 to enzymatic cleavage limits its 

potency in vivo. The half-life of Kp10 in healthy men and 

women was 3.8-4.1 min and for Kp54 it was 27.6 min (Dhillo 

WS et al, 2005 and George JT et al, 2011) [27, 39]. 

Human Kp-10 Tyr-Asn-Trp-Asn-Ser-Phe-Gly-Leu-Arg-Phe-

NH2 (Albers-Wolthers et al. 2017) [2]. 

Canine Kp-10 Tyr-Asn-Trp-Asn-Val-Phe-Gly-Leu-Arg-Tyr-

NH2 (Albers-Wolthers et al. 2017) [2]. 

Bovine Kp-10 Tyr-Asn-Trp-Asn-Ser-Phe-Gly-Leu-Arg-Tyr-

NH2 (Pottapenjera et al. 2018) [98]. 

 

4.1.1 Location of kisspeptin neurons 

The largest population of kisspeptin neurons in located in the 

arcuate nucleus of hypothalamus and especially in the more 
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caudal region of nucleus extending around pre-mammillary 

body. This is seen in sheep (Estrada et al. 2006, Franceschini 

et al. 2006, Goodman et al. 2007) [33, 37, 43], goat (Okamura et 

al. 2017), cattle (Hassaneen et al. 2016, Tanco et al. 2016) 
[50], pigs (Tomikawa et al. 2010) [122] and horses (Decourt et 

al. 2008, Magee et al. 2009) [26, 77]. Second largest population, 

being much smaller in number, is in medial pre-optic area of 

sheep, goats and cattle (Estrada et al. 2006, Franceschini et al. 

2006, Goodman et al. 2007, Matsuda et al. 2015, Hassaneen 

et al. 2016, Tanco et al. 2016) [33, 37, 43, 79, 50]. Pigs have 

kisspeptin neurons in the periventricular nucleus instead of 

pre-optic area (Tomikawa et al. 2010) [122]. Interestingly, 

horses do not contain any kisspeptin neuron in pre-optic area 

at all (McGrath 2015) [81]. 

 

4.1.2 KNDy neurons 

Neurokinin-B and Dynorphin receptors are co-expressed in 

nearly all the kisspeptin neurons located in arcuate nucleus 

(Goodman et al. 2007, Wakabayashi et al. 2010, Hassaneen et 

al. 2016) [43, 125, 50], therefore, commonly referred as KNDy 

neurons. KNDy neurons are not expressed in other locations 

of kisspeptin neurons. In goats, extensive communication has 

been shown between right and left-hand sides of nucleus by 

tract tracing studies (Wakabayashi et al. 2013) [126], mainly 

via Neurokinin-B. Majority of KNDy neurons express NK3 

receptors (receptor for Neurokinin-B) in sheep (Amstalden et 

al. 2010) [3] and goats (Wakabayashi et al. 2013) [126] while 

kappa opoid receptors are expressed in about 90% of KNDy 

neurons in sheep (Weems et al. 2016) [128]. But contrastingly, 

kisspeptin receptors are not expressed in these neurons (Smith 

et al., 2011) [117] indicating that communication among them 

is via Neurokinin-B and Dynorphin only not by the kisspeptin 

molecule. Recent studies have shown that Neurokinin-B 

transcripts are upregulated in the POA of buffaloes in 

follicular and mid-luteal stages while Dynorphin transcripts 

are downregulated in the POA in early luteal phases (Mishra 

et al. 2019) [38]. 

 

 
 

Fig 2: Diagrammatic representation of Kp (Kisspeptin) and KNDy (Kisspeptin, Neurokinin B, Dynorphin) neurons regulation in adult ewes 

 

Abbrevations: POA (Pre-Optic Area), ARC (Arcuate 

nucleus), ME (Median Eminence), GnRH (Gonadotropin 

Releasing Hormone), NKB (Neurokinin B), Dyn 

(Dynorphin), E2 (17 β Estradiol), P4 (progesterone), KISS1R 

(Kp Receptor), NK3R (NKB Receptor), KOR (Dyn 

Receptor), ERα (Estrogen Receptor α), PR (Progesteron 

Receptor). 

The kisspeptin fibres located in median eminence seems to be 

of KNDy origin indicating their origin in arcuate nucleus 

(Smith et al., 2011) [117]. Similarly, most inputs to kisspeptin 

neurons of preoptic area are also from KNDy neurons (Smith 

et al., 2011; Merkley et al., 2015) [117, 83]. Sex differences in 

terms of kisspeptin neurons have been observed in sheep and 

was firstly observed for Neurokinin-B (Goubillon et al., 2000) 
[46], long before the discovery of KNDy neurons where rams 

showed fewer immunoreactivity than the ewes. Later, it was 

confirmed for KNDy neurons where rams showed nearly half

the neurons in arcuate nucleus than the ewes (Cheng et al., 

2010) [22]. This difference is manifest primarily in the most 

caudal parts of the arcuate nucleus (Goubillon et al. 2000, 

Cheng et al. 2010) [46, 22], with little difference in cell numbers 

in the rostral arcuate. Similarly, significantly higher numbers 

of kisspeptin-ir neurons were found in the preoptic area of 

ewes compared with rams (Cheng et al. 2010) [22]. Sex 

difference in neuronal population is most probably due to the 

organizational action of testosterone (Cernea et al. 2015) [20]. 

Prenatal treatment of ewe lambs with testosterone results in 

smaller KNDy cells and number of synaptic inputs are also 

reduced especially KNDy to KNDy cells along with number 

of inputs to GnRH neurons. However, number of KNDy cells 

remained same showing testosterone action during embryonic 

development in not the sole reason for sex difference in the 

population of KNDy cells (Cheng et al., 2010) [22]. 

https://www.thepharmajournal.com/
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4.2 Factors regulating Kisspeptin neurons 

 

 
 

Fig 3: Model for the integration of factors from the internal and external environment in the brain control of reproduction in domestic animals 

 

4.2.1 Role of steroid hormone in GnRH regulation 

Nearly half of preotic kisspeptin neurons express Estrogen 

receptor-α and almost all of the arcuate kisspeptin neurons 

express Estrogen receptor-α in ewes (Goubillon et al. 2000, 

Franceschini et al. 2006) [46, 37], progesterone receptors 

(Foradori et al. 2002, Dufourny et al. 2005, Smith et al. 2007) 
[35, 29, 115] and androgen receptors (Rose 2017) [104]. 

Studiesusing sex steroids as intracranial implants in sheep 

(Blache et al. 1997, Scott et al. 1997, Caraty et al. 1998) [13, 

107, 16] indicate that in males and females, the arcuate nucleus, 

and to a lesser extent the preoptic area are key sites for the 

actions of sex steroids in the hypothalamus. Thus, the sex 

steroids may act directly on kisspeptin neurons. 

 

Estradiol 

Estrogen treatment in ovariectomized ewes results in 

reduction in neurokinin B mRNA levels (Pillon et al. 2003) 
[97]. Later studies in sheep showed regulation of kisspeptin 

neurons by estrogen in an inhibitory manner at lower doses 

while higher doses stimulate them. 

Negative feedback: Increased mRNA expression of KISS1 

gene in the arcuate nucleus (but not preoptic) (Smith et al. 

2007) [115] and higher levels of Fos expression in KNDy 

neurons are observed in ovariectomized ewes than intact ones. 

These changes are blocked by chronic administration of 

estrogen (Merkley et al. 2012) [84] indicating negative 

feedback action of estrogen on arcuate nucleus neurons. 

Within KNDy neurons, ovariectomy stimulates kisspeptin and 

Neurokinin B (Smith et al. 2007, Nestor et al. 2012) [115, 90] 

along-with inhibiting dynorphin (Foradori et al. 2006) [34] 

expression. Based on this evidence, it would seem likely that 

sex steroids must change the degree of co-localisation of 

kisspeptin, neurokinin B and dynorphin (and glutamate) 

within KNDy neurons (Goodman et al. 2013) [41], but direct 

testing of this hypothesis has not been done. 

Positive feedback: An elevation in the expression of KISS1 

mRNA in arcuate nucleus is noticed during the late follicular 

phases at times when higher levels of estrogen in circulation 

are there. Similar increase in neurokinin B mRNA levels in 

mid arcuate area was noticed (Li et al. 2015) [70]. 

Administration of estradiol benzoate in higher doses (i.e. 

sufficient to induce LH surge) to ovariectomized ewes 

resulted in increased expression of Fos in arcuate nucleus 

indicating neuronal activation at that time (Smith et al., 

2009a) [116]. In addition, the number of synaptic inputs to 

kisspeptin neurons in the arcuate nucleus was higher in 

estrous ewes in comparison with ewes in the luteal phase 

(Merkley et al. 2015) [83]. Increased Fos and KISS1 mRNA 

expression are noticed in the kisspeptin neurons of preoptic 

area at the onset of preovulatory LH surge in ewes (Hoffman 

et al. 2011, Smith et al. 2009a) [52, 116]. Interestingly, in pigs, 

there is reduction in number of kisspeptin-ir cells in arcuate 

nucleus after a high dose of estrogen/estrogen peak while an 

increase in kisspeptin cells in noticed in periventricular region 

(Tomikawa et al., 2010) [122]. In goats, there is increase in 

expression of Fos in preoptic area but no change in arcuate 

nucleus (Matsuda et al., 2015) [79]. This suggests that the 

regulation of kisspeptin by estrogen in the pig and goat is 

more similar to that of the rat and mouse than in the sheep. 

Presence of activated progesterone receptors is necessary for 

the positive feedback action of increasing concentrations of 

estradiol at the time of preovulatory surge (Mishra et al. 

2019) [38]. 

 

Progesterone 

Progesterone treated ovariectomized ewes show moderately 

lower levels of KISS1 mRNA but effect was much smaller 

w.r.t estrogen treatment (Smith et al., 2007) [115]. Progesterone 
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treatment showed no effect in the expression of 

preprodynorphin mRNA levels in ovariectomized ewes 

(Foradori et al., 2005) [36]. Estrogen is needed to upregulate 

progesterone receptors (to allow P4 to have much of an effect) 

in arcuate nucleus (Scott et al., 2000a) [108]. Cows shows 

differences in kisspeptin cell numbers in the late follicular 

phase and luteal phase in preoptic area (Hassaneen et al. 

2016) [50] and in arcuate area (Tanco et al. 2016). Study by 

Hassaneen et al. 2016 [50] involved differences in both 

circulating estrogen and progesterone levels led to 

consideration by authors as differences most likely due to 

varied estrogen levels. But in the study by Tanco et al. 2016 

circulating estrogen levels were similar in both groups and 

significant differences in P4 levels indicating the major role 

of progesterone in inhibiting kisspeptin expression in arcuate 

nucleus. 

 

Testosterone 

Very few kisspeptin-ir cells could be detected in intact rams 

(Nestor et al. 2012, Rose 2017) [90, 104] or bucks (Matsuyama 

et al. 2011) [80], but large numbers of kisspeptin-ir cells were 

observed in the caudal arcuate nucleus in males that had been 

castrated (Matsuyama et al. 2011, Nestor et al. 2012, Rose 

2017) [80, 90, 104] indicating testosterone exerting a very strong 

inhibitory action on kisspeptin neurons in male sheep. 

 

4.2.2 Season/Photoperiod 

Kisspeptin neurons are regulated by season/photoperiod when 

they observed higher number of KISS1 mRNA containing 

cells in arcuate nucleus of sheep during breeding season than 

the non-breeding season while no such difference was 

observed in preoptic area (Smith et al. 2007) [115]. Similar 

result was also observed in Abadeh goat does (Jafarzadeh 

Shirazi et al. 2014) [56] and mare (McGrath 2015) [81]. These 

changes in kisspeptin cell numbers coincide with chances in 

Neurokinin-B cell numbers but not dynorphin in estrogen 

implanted ovariectomized ewes (Weems et al. 2017) [127] 

indicating a seasonal change in the degree of co-localization 

in KNDy neurons. 

Transfer of ewes from long day photoperiod to artificial short-

day photoperiod result in higher number of kisspeptin neurons 

in the arcuate nucleus (Chalivoix et al. 2010) [21]. Melatonin is 

said to act indirectly on kisspeptin neurons as melatonin 

receptors are not expressed on kisspeptin neurons (Li et al. 

2011) [71] but express dopamine D2 receptors (Goodman et al. 

2012) [44]. In sheep, dopamine neurons present in the 

retrochiasmatic area of the hypothalamus exert inhibitory 

action on GnRH secretion during anestrus but not during 

breeding season (Goodman et al. 2010) [42]. D2 receptor 

expression on kisspeptin neurons is seasonally regulated i.e. 

twice the KNDy neurons expressing this receptor in non-

breeding season (80%) than the breeding season (40%) 

(Goodman et al. 2012) [44].  

 

4.2.3 Nutrition 

Neuronal systems, associated with metabolic status of the 

individual like Neuropeptide Y, orexin and 

proopiomelanocortin (Norgren & Lehman 1989) [91] gives 

direct inputs to GnRH neuronsallows direct control over 

GnRH release and influence over reproduction. Lean sheep 

showed lower levels of KISS1 mRNA in both preoptic and 

arcuate nucleus W.R.T. control fed ewes and 

intracerebroventricular injection of leptin reverses its effect 

(Backholer et al. 2010) [7]. Leptin receptors are expressed in 

virtually all preoptic and arcuate kisspeptin neurons 

suggesting direct effect of leptin on kisspeptin (Backholer et 

al. 2010) [7]. In ewe, arcuate kisspeptin neurons receive direct 

inputs from NPY and POMC (Backholer et al. 2010) [7]. High 

food intake in heifers increased kisspeptin neuronal 

population receiving apposition from fibres that were 

immunoreactive for αMSH (POMC product) (Cardoso et al. 

2015) [18].  

 

4.2.4 Stress 

Some stressors like transport, heat, isolation/restraint, 

hypoglycaemia, LPS injection and barking dog can exert 

significant inhibitory action on reproduction while some acute 

stresses can stimulate, especially in pigs (Einarsson et al. 

2008) [30]. Part of the inhibitory action is mediated by cortisol 

acting via type 2 glucocorticoid receptors (expressed by 

KNDy neurons) increase levels of pre-prodynorphin mRNA 

in arcuate nucleus of ewes (Ralph et al. 2016) [100].  

 

4.2.5 Pheromones 

In ewes and does (especially late anestrus), the ram effect 

resulted in elevation in KISS1 mRNA levels and fos activity 

in rostral and mid-arcuate regions (but not in caudal arcuate) 

inducing a rapid increase in GnRH/LH pulse frequency and 

therefore ovulation (De Bond et al. 2013) [24]. Hair from 

bucks (having high levels of pheromones) induced an increase 

in bursts of electrical activity in KNDy neurons and were 

suppressed by NK3 receptor antagonist (SB22200) (Sakamoto 

et al. 2013) [126]. “Male effect” is seen in pigs (Kirkwood et al. 

1981) [61] but no published data about role of kisspeptin in its 

action. 

 

4.3 Role of kisspeptin in reproductive physiology 

4.3.1 Pituitary 

Kisspeptins are identified in the ovine hypophyseal portal 

blood (Smith et al. 2008) [114] leading to hypothesis that 

kisspeptin may act at the level of pituitary to directly induce 

LH secretion from the gonadotroph cells. GnRH antagonist 

inhibits the typical kisspeptin-induced increase in LH (Irwig, 

2004) [54], indicating that the primary actions of kisspeptin on 

gonadotropin secretion occur upstream of the pituitary. 

 

4.3.2 Gender differentiation 

Kisspeptin system is apparently critical for brain gender 

differentiation, acting via regulation of postnatal testosterone 

secretion. Anatomical differences have been reported as 

females having greater kisspeptin neuronal population in 

some species like mice, ewe and doe (Nestor et al. 2012, Rose 

2017 and Matsuyama et al. 2011) [90, 104, 80]. 

 

4.3.3 Onset of puberty 

Four major components that are likely to participate in 

Hypothalamic KISS1 system control over puberty onset are:- 

(Bhalakiya et al. 2019) [8] 

1. Increase in endogenous kisspeptin tone driving HPO axis 

to its full activation. 

2. Increased sensitivity of GnRH/LH responses to stimulation 

by kisspeptin. 

3. Increased efficiency of GPR54 signalling. 

4. Increased number of kisspeptin neurons at 

AVPV/POA/PVN and/or arcuate nuclei as per the species 

as well as increase in number of projections to GnRH 

neurons. 
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4.4 Kisspeptin agonists 

Kp10 

KP-10 shows promising results in the in vitro tests but effect 

is of very shorter duration in vivo due to its shorter half-life 

and requiring multiple injections to get the desired effect. 

Metabolic degradation and quick renal clearance limits the 

use of natural kisspeptins. Also, desired effects can only be 

achieved only by i/v or intracerebroventricular injections of 

endogenous peptides at hourly intervals which is unsuitable 

and cumbersome for both livestock and humans. Here, comes 

the need for synthetic molecules with similar or enhanced 

functionality but with extended life. Despite kisspeptin being 

major pharmacological target in reproduction, only few 

kisspeptin agonist have been disclosed so far. 

 

4.4.1 FTM080 

4-fluorobenzoyl-Phe-Gly-Leu-Arg-Trp-NH2 (Tomita et al. 

2008) [123]. This molecule showed increased resistance to 

degradation by matrix metalloproteinases but the effect 

produced was of lesser duration and even decreased potency 

than the endogenous KP10 molecule (Matsui and Asami, 

2014) [51]. 

 

4.4.2 TAK-448 and TAK-683 

Incorporation of D-amino acids or replacement of Gly with 

azaGly residue in the peptide sequence improves their 

biological potencies by altering their conformational 

properties and increases their resistance to metabolic 

degradation (Mosberg et al. 1983; Asami et al. 2012) [86, 5]. 

Substitution of Trp 47 with other amino acids such as serine, 

threonine, β-(3-pyridyl) alanine or D-tryptophan (D-Trp), 

produced several azaGly 51 analogs that were resistant to 

metabolic degradation and among these, the D-Trp 47 analog 

showed not only high metabolic stability but also excellent 

KISS1R agonistic activity, although other analogs showed 

decreased agonistic activities compared with Kp-10 (Asami et 

al. 2012) [5]. 

 

Acute effects: Stimulation of GnRH release from 

hypothalamus. 

 

Chronic effects: Suppression of release of GnRH due to 

desensitization of GnRH neurons. 

 

Both compounds were active after a single subcutaneous 

injection and capable of inducing a rapid and long-lasting 

increase of LH in healthy men. However, no clear dose-

response relationship was obtained with either compound 

(Scott G. et al. 2013) [106]. The azaGly6 modification used in 

the TAK compounds is less efficient in preventing 

degradation of the Phe5 Gly6 Leu7 sequence. Also, TAK-683 

injection unexpectedly led to the regression of ovarian 

follicles rather than their maturation and ovulation (Goto et al. 

2014) [45].  

 

 
 

Fig 4: Schematic illustration of hypothalamic GnRH neurons and effects of KISS1R agonists/ antagonists on pulsatile GnRH/LH release. 

Abbreviations: Dyn= Dynorphin; POA= preoptic area; ME= median eminence; (+)= tonic effect; (–) = inhibitory effect. 

 

4.4.3 Compound-1 to Compound-17 

Stepwise targeted modification approach focused on 

improving pharmacokinetics and pharmacodynamics of the 

endogenous peptide was used by Beltramo et al. 2015 [78]. N-

terminal acetylation of Tyr, triazole incorporation at Gly-Leu 

bond and incorporation of albumin binding motif or covalent 

linking with larger molecules led to higher proteolytic 

stability and slower rates of renal clearance as a result of 

which half-life and potency of molecule increased to a greater 

extent. Among all analogues, C-17 came out as outstanding 

candidate after in vitro and in vivo studies. Analogs 

(compounds 2, 3 and 17) designed in this experiment also 

showed selectivity for KISS1R over NPFF1R (>100 times) 

(receptor for RFRP3). 
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4.4.4 C2-C7 

All the kisspeptin analogs showed enhanced in-vitro and in-

vivo activity. Introduction of the albumin-binding motif (N-

palmitoylated-γ-glutamate) on the N-terminal amine of the 

triazolopeptide and ω-methylation of Arg9 has been shown to 

dramatically enhance proteolytic stability of Kp10 in blood 

serum by conferring resistance to trypsin-like proteases and 

increased the lipophilicity of molecule aiding in crossing 

blood brain barrier (Decourt et al.). Among all, C6 showed 

best results. 

 

4.5 Kisspeptin antagonists 

Kisspeptin agonists were being used in long term to suppress 

the HPG axis but the initial stimulation of axis by agonists 

was major problem. Therefore, need arose for development of 

kisspeptin antagonists. Kisspeptin antagonist analogues were 

reported by Rosevier et al. 2009. Critical amino acid residues 

were determined that are necessary for receptor binding and 

antagonistic properties avoiding any residual agonistic effect. 

Full length of 10 amino acids is necessary for efficient 

receptor binding and analogues of 5 amino acid length were 

showing ineffective binding. They noticed that the C-terminal 

RFamide structure as well as Asn46, Trp47 and Phe50 are 

critical for receptor binding. In-vitro antagonist assays 

demonstrated that substitution of Ser49 and Leu52 with either 

D-amino acids or Gly49 and D-Trp52 was the key for 

antagonistic property and the deletions in the positions of 

Asn46-Trp47 led to loss of antagonistic properties. The most 

effective analogues with these substitutions were peptide 230, 

232, 233, 234, 235 and 236. Among all these, peptide 234 

came forward as outstanding candidate. Substitution with D-

Ala1 achieved the most complete inhibition. 

 

4.5.1 Peptide 234 

 Inhibition of IP stimulation by 10 nM KP10 by 93% with 

an IC50 of 7nM without showing any intrinsic IP 

activation. 

 Inhibits stimulation of GnRH firing by kisspeptin-10. 

 Inhibits pulsatile release of GnRH in pubertal female 

rhesus macaques. 

 Inhibits KP10 LH release in intact male rats and increase 

in LH levels after castration. 

 Inhibits LH pulses in ovariectomized ewes. 

 Drawback-requires intracerebroventricular administration 

for its action. 

 

Sahin et al. 2015 [131] conducted experiment using RP-9 and 

peptide 234 analog in Sprague-Dawley prepubertal female 

rats as animal model with observations as follows:- 

 Central administration of p234 inhibits kisspeptininduced 

pubertal advancement and LH increase in the female rats. 

 Central administration of p234 inhibits RF9-induced 

pubertal advancement and increase in LH levels in female 

rats. 

 Central administration of p234 inhibits both kisspeptin 

and RF9-induced food intake and body weight 

reductions. 

 

4.6 Therapeutic uses of kisspeptin analogues 

 
Table 4: Summary of effects of Kisspeptin and its analogues on reproductive axis 

 

Molecule Animal model Dose and route of administration Effect on reproductive axis Reference 

Kp-10 Adult non-cyclic ewes 6 nmol, i/v Increase LH and FSH after each injection 
Caraty et al. 2007 

[17] 

Kp-10 
Adult ewes in follicular 

phase 
0.48µmol/h for 8 hours, i/v Induce LH surge and ovulation 

Caraty et al. 2007 
[17] 

Kp-10 Ewes-Adult non-cyclic 15.2 nmol/h for 24 hours, i/v Increase LH and E2 Ovulation induction 
Sébert et al. 2010 

[109] 

Kp-10 Ewes-Prepubertal 20 µg/h for 24 hours, i/v 
Increase LH pulsatility Induction of 

ovulation 

Redmond et al. 

2011 [103] 

Kp-10 Cattle- Prepubertal heifers 1mg, i/v 
Increase in LH and GH at 27±3 min. and 

75±9 min. respectively 

Kadokawa et al. 

2008 [48] 

bKp-53 Beef cattle- Adult cyclic 0.2 and 2 nmol/kg, i/v 
0.2 nmol/kg= enhanced follicular growth 

2 nmol/kg= follicular growth and ovulation 

Naniwa et al. 

2013 [88] 

Kp-10 
Buffaloes-Culture grade 

oocytes 
5, 10, 15 µg/ml in TCM-199 

Oocyte maturation (Cumulus cell expansion 

and 1st polar body extrusion) 

5 µg/ml- 65.32%; 11.70% 

10 µg/ml- 73.21%; 22.11% (best) 

15 µg/ml- 68.77%; 16.32% 

Rajesh et al. 2018 
[62] 

Kp-10 
Swamp buffaloes-mid-luteal 

phase 
1.3 µg/kg body wt. i/v No increase in LH up to 6 hours 

Chaikhun-Marcou 

et al. 2019 [119] 

Kp-10 
Mithun cows-Postpartum 

anestrus 

1.3 µg/kg body wt. at 3-day 

interval for 21 days, i/m 

Early resumption of cyclicity (24.64±10.43 

days vs 86.56±14.66 days in control group) 

Khan et al. 2019 
[74] 

bKP-10 
Murrah buffaloes-Prepubertal 

and adult cyclic 

5, 10 and 15 µg/kg body wt. i/v, 

i/m 

Increased LH (2h) 

Enhanced follicular growth rate 

Pottapenjera et al, 

2018 [98] 

TAK683 Adult ovariectomized does 500 nmol/kg/ week, s/c LH pulses abolished 
Tanaka et al. 2013 

[120] 

TAK683 
Adult cyclic synchronized 

does 
35 nmol, i/v 

Inceased FSH and LH (6 h) 

Immediate suppression of gonadal steroids 

Induced ovulation 

Goto et al. 2014 
[45] 

TAK683 
Adult cyclic synchronized 

does 
5 µg; i/v, s/c 

Increased LH (10 h) 

Advanced ovulation 

Kanai et al. 2017 
[59] 

FTM080 Adult non-cyclic ewes 0.5, 2.5 and 5 nmol/kg, i/v Short lasting increase of LH (at all doses) 
Whitlock et al. 

2015 [129] 

C17 Adult non-cyclic ewes 15 nmol, i/v Increase FSH and LH during 5 and 9 hours Beltramo et al. 
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(approx.) respectively 2015 [78] 

C6 
Adult ewes in follicular 

phase 
15 nmol, i/m 

Increase FSH and LH during 12 hours 

(approx.) 

Induce ovulation 

Decourt et al. 

2016 [15] 

C6 Adult non-cyclic ewes 15 nmol, i/m 
Increase FSH and LH during 12 h Induce 

ovulation 

Decourt et al. 

2016 [15] 

C6 
Prepubertal gilts (after 

PG600) 
60 nmol, i/m 

Increased LH (>16 h) 

Induced ovulation 

Ralph et al. 2018 
[99] 

C6- 

Alpine does (nonbreeding, 

onset of breeding and 

breeding season) 

15 nmol/doe, i/m 

Increases LH and FSH levels 

Induce fertile ovulation (45% pregnancy 

rates) 

Decourt et al. 

2019 [25] 

p234 Female rats-prepubertal 

Kisspeptin= 50 pmol icv 

RF9= 10 nmol icv 

p234= 1 nmol icv 

Inhibits Kp and RF9 induced pubertal 

advancement, increase in LH levels and 

reduced food intake 

Sahin et al. 2015 
[131] 

p234 

Adult female cyclic rhesus 

monkeys 

hKp-10= 1nmol icv 

p234=10 nmol icv 
Inhibits pulsatile GnRH release Roseweir et al. 

2009 [4] 
Adult ovariectomized ewes p234= 40µg icv Inhibits LH pulses 

p234, p271, 

p354 and p356 
Anestrus beagle bitches 

ckp-10= 0.5 µg/kg body wt. 

Kp antagonist= 50 µg/kg/h 
No antagonistic effect 

Albers-Wolthers 

et al. 2017 [2] 

 

4.7 Other modulators of reproductive axis 

 
Table 5: Summary of molecules showing effect on reproductive axis 

 

Molecule Mechanism Effect 

RF9 GnIH-R antagonist Simulates the action of GnRH 

Phoenixin PNX-R Stimulates release of GnRH 

Senktide 
NK3R (neurokinin 

receptor) agonist 
Stimulates release of kisspeptin 

MLE54901 

SB22200 
NK3R antagonist 

Inhibitory effect on release of 

kisspeptin 

Opioids 
Opioid receptors of POA 

and MBH 

Inhibitory effect on GnRH/ LH 

secretion 

Naloxone Opioid-R antagonist 
Antagonizes stress induced 

inhibition of LH surge 

 

5. Conclusion and Future perspectives 

Although many GnRH modulators have been tried to control 

estrous cycle in farm animals but none of them met the 

desired levels. Kisspeptin analogues have come forward with 

encouraging results. Many kisspeptin agonists have been tried 

by various scientists and among them C6 and C17 compounds 

showed better results in sheep, goat and laboratory animal 

model. Although studies have been done on kisspeptin 

antagonists but only a few molecules are available and p234 

have good results in laboratory rodents and ewe model. A 

standard therapeutic protocol for the use of these novel 

compounds in farm animals at field level need to be devised. 

 

6. References 

1. Baryczka A, Barański W, Nowicki A, Zduńczyk S, 

Janowski T. Effect of single treatment with cloprostenol 

or dinoprost on estrus and reproductive performance in 

anestrous dairy cows after service. Pol J Vet Sci., 2018. 

Doi: 10.24425/122609 

2. Albers-Wolthers CHJ, De Gier J, Walen M, Van Kooten 

PJS, Lambalk CB, Leegwater PAJ, et al. In vitro and in 

vivo effects of kisspeptin antagonists p234, p271, p354, 

and p356 on GPR54 activation. PLoS ONE. 

2017;12(6):e017-9156. 

https://doi.org/10.1371/journal.pone.0179156 

3. 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.  

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

4. Antonia Roseweir K, Alexander Kauffman S, Jeremy 

Smith T, Kathryn Guerriero A, Kevin Morgan, Justyna 

Pielecka-Fortuna, et al. Discovery of Potent Kisspeptin 

Antagonists Delineate Physiological Mechanisms of 

Gonadotropin Regulation. The Journal of Neuroscience. 

2009;29(12):3920-3929.  

Doi: 10.1523/JNEUROSCI.5740-08.2009. 

5. Asami T, Nishizawa N, Ishibashi Y, Nishibori K, 

Horikoshi Y, Matsumoto H, et al. Trypsin resistance of a 

decapeptide KISS1R agonist containing an Nω- 

methylarginine substitution. Bioorg Med Chem Lett. 

2012;22:6328-6332. 

6. Ashok Kumar, Mehrotra S, Singh G, Amit Khati, 

Kadirvel G, Mahla AS, et al. Estimation of serum 

minerals and glucose following subcutaneous melatonin 

treatment for restoration of ovarian cyclicity in summer 

anestrus buffaloes (Bubalus bubalis). Indian Journal of 

Animal Sciences. 2018 January;89(1):30-33. 

2019/Article. 

7. Backholer K, Smith JT, Rao A, Pereira A, Iqbal J, Ogawa 

S, et al. Kisspeptin cells in the ewe brain respond to 

leptin and communicate with neuropeptide Y and 

proopiomelanocortin cells. Endocrinology. 

2010;151:2233-2243.  

https://doi.org/10.1210/en.2009-1190 

8. Bhalakiya N, Haque N, Patel P. Kisspeptin: A Novel 

Regulator in Reproductive Physiology. International 

Journal of Livestock Research. 2019;9(7):1-13.  

Doi: 10.5455/ijlr.20190222105709. 

9. Bharkad GP, Markandeya NM. Incidence of bovine 

anoestrum. Indian Vet. J. 2003;80:190-191. 

10. Bhattacharyya, Buchoo. Incidence of Reproductive 

Disorders of Cattle in Kashmir Valley. Indian J Dairy 

Sci. 2008;61:165. 

11. Bhuiyan MRI, Khaliduzzaman SM, Priti KN. Role of 

Kisspeptin in Female Infertility. Pulse, 2015, 8. 

12. Bilban M, Ghaffari-Tabrizi N, Hintermann E, Bauer S, 

Molzer S, Zoratti C, et al. Kisspeptin-10, a KiSS-

1/metastin-derived decapeptide, is a physiological 

invasion inhibitor of primary human trophoblasts. J Cell 

Sci. 2015;117(Pt 8):1319-28. 

13. Blache D, Tjondronegoro S, Blackberry MA, Anderson 

ST, Curlewis JD, Martin GB. Gonadotrophin and 

prolactin secretion in castrated male sheep following 

https://www.thepharmajournal.com/


 

~ 4297 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

subcutaneous or intracranial treatment with testicular 

hormones. Endocrine. 1997;7:235-243.  

https://doi.org/10.1007/BF02778146 

14. Lents CA. Review: kisspeptin and reproduction in the 

pig. © The Animal Consortium, 2019.  

Doi: 10.1017/S1751731119001666. 

15. Decourt C, Robert V, Anger K, Galibert M, Madinier JB, 

Liu X, et al. A synthetic kisspeptin analog that triggers 

ovulation and advances puberty. Scientific Reports, 2016. 

(www.nature.com) | 6:26908 | DOI: 10.1038/srep26908. 

16. Caraty A, Fabre-Nys CJ, Delaleu B, Locatelli A, Bruneau 

G, Karsch FJ, et al. Evidence that the mediobasal 

hypothalamus is the primary site of action of estradiol in 

inducing the preovulatory gonadotropin releasing 

hormone surge in the ewe. Endocrinology. 

1998;139:1752-1760. 

https://doi.org/10.1210/endo.139.4.5904 

17. Caraty A, Smith JT, Lomet D, Ben Saïd S, Morrissey A, 

Cognie J, et al. Kisspeptin synchronizes preovulatory 

surges in cyclical ewes and causes ovulation in 

seasonally acyclic ewes. Endocrinology. 2007;148:5258-

5267. https://doi.org/10.1210/en.2007-0554. 

18. Cardoso RC, Alves BRC, Sharpton SM, Williams GL, 

Amstalden M. Nutritional programming of accelerated 

puberty in heifers: involvement of pro-opiomelanocortin 

neurones in the arcuate nucleus. Journal of 

Neuroendocrinology. 2015;27:647-657.  

https://doi.org/10.1111/jne.12291. 

19. Caroline Decourt, Massimiliano Beltramo. New insights 

on the neuroendocrine control of puberty and seasonal 

breeding in female sheep. 10th International Ruminant 

Reproduction Symposium (IRRS 2018). Anim. Reprod. 

2018;15(1):856-867. 

20. Cernea M, Padmanabhan V, Goodman RL, Coolen LM, 

Lehman MN. Prenatal testosterone treatment leads to 

changes in the morphology of KNDy neurons, their 

inputs and projections to GnRH cells in female sheep. 

Endocrinology. 2015;156:3277-3291.  

https://doi.org/10.1210/en.2014-1609 

21. Chalivoix S, Bagnolini A, Caraty A, Cognié J, Malpaux 

B, Dufourny L. Effects of photoperiod on kisspeptin 

neuronal populations of the ewe diencephalon in 

connection with reproductive function. Journal of 

Neuroendocrinology. 2010;22:110-118.  

https://doi.org/10.1111/j.1365-2826.2009.01939.x 

22. Cheng G, Coolen LM, Padmanabhan V, Goodman RL, 

Lehman MN. The kisspeptin/neurokinin B/dynorphin 

(KNDy) cell population of the arcuate nucleus: sex 

differences and effects of prenatal testosterone in sheep. 

Endocrinology. 2010;151:301-311.  

https://doi.org/10.1210/en.2009-0541 

23. Christopher J Scott, Jessica L Rose, Allan J Gunn, 

Briony M McGrath. Kisspeptin and the regulation of the 

reproductive axis in domestic animals. Journal of 

Endocrinology, 2019. https://doi.org/10.1530/JOE-18-

0485. 

24. De Bond J-AP, Li Q, Millar RP, Clarke IJ, Smith JT. 

Kisspeptin signaling is required for the luteinizing 

hormone response in anestrous ewes following the 

introduction of males. PLoS ONE. 2013;8:e57-972. 

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

25. Decourt C, Robert V, Lomet D, Anger K, Georgelin M, 

Poissenot K, et al. The kisspeptin analog C6 is a possible 

alternative to PMSG (pregnant mare serum gonadotropin) 

for triggering synchronized and fertile ovulations in the 

Alpine goat. PLoS ONE. 2019;14(3):e021-4424. 

https://doi.org/10.1371/journal.pone.0214424 

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

Kisspeptin 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 

27. Dhillo WS, Chaudhri OB, Patterson M, Thompson EL, 

Murphy KG, Badman MK, et al. Kisspeptin-54 

stimulates the hypothalamic-pituitary gonadal axis in 

human males. The Journal of Clinical Endocrinology & 

Metabolism, 2005, 12(01); 2015;90(12):6609-15. 

28. Diksha Patel, Ponnusamy K. Prevalence of Reproductive 

Problems under different Dairy Production Systems. 

Indian Journal of Extension Education. 2018;54(2):261-

265. 

29. Dufourny L, Caraty A, Clarke IJ, Robinson JE, Skinner 

DC. Progesterone-receptive β-endorphin and dynorphin 

B neurons in the arcuate nucleus project to regions of 

high gonadotropin releasing hormone neuron density in 

the ovine preoptic area. Neuroendocrinology. 

2005;81139-149. https://doi.org/10.1159/000086527 

30. Einarsson S, Brandt Y, Lundeheim N, Madej A. Stress 

and its influence on reproduction in pigs: a review. Acta 

Veterinaria Scandinavica. 2008;50:48-48. 

https://doi.org/10.1186/1751-0147-50-48 

31. Emma K Mcilwraith, Denise D Belsham. Phoenixin: 

uncovering its receptor, signaling and functions. Acta 

Pharmacologica Sinica. 2018;39:774-778.  

Doi: 10.1038/aps.2018.13. 

32. Erb HN, Martin SW. Inter-relationships between 

production and reproduction diseases in Holstein cows. 

Journal of Dairy Science. 1980;63:1911-1917. 

33. Estrada KM, Clay CM, Pompolo S, Smith JT, Clarke IJ. 

Elevated KiSS-1 expression in the arcuate nucleus prior 

to the cyclic preovulatory gonadotrophin-releasing 

hormone/lutenising hormone surge in the ewe suggests a 

stimulatory role for kisspeptin in oestrogen-positive 

feedback. Journal of Neuroendocrinology. 2006;18:806-

809. https://doi.org/10.1111/j.1365-2826.2006.01485.x 

34. Foradori CD, Amstalden M, Goodman RL, Lehman MN. 

Colocalisation of dynorphin A and neurokinin B 

immunoreactivity in the arcuate nucleus and median 

eminence of the sheep. Journal of Neuroendocrinology. 

2006;18:534-541.  

https://doi.org/10.1111/j.1365- 2826.2006.01445.x 

35. Foradori CD, Coolen LM, Fitzgerald ME, Skinner DC, 

Goodman RL, Lehman MN. Colocalization of 

progesterone receptors in parvicellular dynorphin neurons 

of the ovine preoptic area and hypothalamus. 

Endocrinology. 2002;143:4366-4374.  

https://doi.org/10.1210/en.2002-220586. 

36. Foradori CD, Goodman RL, Lehman MN. Distribution of 

preprodynorphin mRNA and dynorphin-a 

immunoreactivity in the sheep preoptic area and 

hypothalamus. Neuroscience. 2005;130:409-418.  

https://doi.org/10.1016/j.neuroscience.2004.08.051 

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

Caraty A. Kisspeptin 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. 

38. Mishra GK, Patra MK, Kipjen Singh L, Sheikh PA, 

https://www.thepharmajournal.com/


 

~ 4298 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

Upmanyu V, Chakravarti S, et al. Krishnaswamy 

Expression of Kisspeptin and its receptor in the 

hypothalamus of cyclic and acyclic buffalo (Bubalus 

bubalis), 2019.  

https://doi.org/10.1016/j.theriogenology.2019.08.009 

39. George JT, Veldhuis JD, Roseweir AK, Newton CL, 

Faccenda E, Millar RP, et al. Kisspeptin-10 is a potent 

stimulator of LH and increases pulse frequency in men. 

The Journal of Clinical Endocrinology & Metabolism. 

2015;96(8):E1228-36. 2011, 08/01.  

40. Das GK, Khan FA. Summer Anoestrus in Buffalo-A 

Review. Reprod Dom Anim. 2010;45:e483-e494. Doi: 

10.1111/j.1439-0531.2010.01598.x. ISSN 0936-6768. 

41. Goodman RL, Hileman SM, Nestor CC, Porter KL, 

Connors JM, Hardy SL, et al. Kisspeptin, neurokinin B, 

and dynorphin act in the arcuate nucleus to control 

activity of the GnRH pulse generator in ewes. 

Endocrinology. 2013;154:4259-4269.  

https://doi.org/10.1210/en.2013-1331 

42. Goodman RL, Jansen HT, Billings HJ, Coolen LM, 

Lehman MN. Neural systems mediating seasonal 

breeding in the ewe. Journal of Neuroendocrinology. 

2010;22:674-681.  

https://doi.org/10.1111/j.1365- 2826.2010.02014.x 

43. Goodman RL, Lehman MN, Smith JT, Coolen LM, De 

Oliveira CV, Jafarzadeh Shirazi MR, et al. Kisspeptin 

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 

44. Goodman RL, Maltby MJ, Millar RP, Hileman SM, 

Nestor CC, Whited B, et al. Evidence that dopamine acts 

via kisspeptin to hold GnRH pulse frequency in check in 

anestrous ewes. Endocrinology. 2012;153:5918-5927. 

https://doi.org/10.1210/en.2012-1611 

45. Goto Y, Endo N, Nagai K, Ohkura S, Wakabayashi Y, 

Tanaka A, et al. Ovarian and hormonal responses to 

follicular phase administration of investigational 

metastin/kisspeptin analog, TAK-683, in goats. Reprod 

Domest Anim. 2014;49:338-342. 

46. Goubillon M, Forsdike RA, Robinson JE, Ciofi P, Caraty 

A, Herbison A. Identification of neurokinin B-expressing 

neurons as an highly estrogen-receptive, sexually 

dimorphic cell group in the ovine arcuate nucleus. 

Endocrinology. 2000;141:4218-4225.  

https://doi.org/10.1210/endo.141.11.7743. 

47. Guzman S, Brackstone M, Radovick S, Babwah AV, 

Bhattacharya MM. KISS1/KISS1R in Cancer: Friend or 

Foe? Front. Endocrinol. 2018;9:437.  

Doi: 10.3389/fendo.2018.00437. 

48. Kadokawa H, Matsui M, Hayashi K, Matsunaga N, 

Kawashima C, Shimizu T, et al. Peripheral 

administration of kisspeptin-10 increases plasma 

concentrations of GH as well as LH in prepubertal 

Holstein heifers. Journal of Endocrinology, 2008.  

DOI: 10.1677/JOE-07-0504. 

49. Harichandan PP, Barik AK, Mishra PC, Patra BK, Jena 

B, Patra R, et al. Prevalence of Reproductive Disorders in 

Niali and Kantapara Block of Cuttack District, Odisha, 

India. Int. J Curr. Microbiol. App. Sci. 2018;7(05):1683-

1689. Doi: https://doi.org/10.20546/ijcmas.2018.705.198 

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

Kimura K, Ieda N, et al. Immunohistochemical 

characterization of the arcuate kisspeptin/neurokinin 

B/dynorphin (KNDy) and preoptic kisspeptin 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 

51. Hisanori Matsui, Taiji Asami. Effects and Therapeutic 

Potentials of Kisspeptin Analogs: Regulation of the 

Hypothalamic-Pituitary-Gonadal Axis. 

Neuroendocrinology. 2014;99:49-60.  

DOI: 10.1159/000357809. 

52. Hoffman G, Le WW, Franceschini I, Caraty A, Advis JP. 

Expression of fos and in vivo median eminence release of 

LHRH identifies an active role for preoptic area 

kisspeptin neurons in synchronized surges of LH and 

LHRH in the ewe. Endocrinology. 2011;152:214-222. 

https://doi.org/10.1210/en.2010-0066. 

53. Hussain PM. Studies on the incidence of reproductive 

disorders of bovines in a part of southern Karnataka. 

Livestock Advisor. 1984;9:13. 

54. Irwig MS, Fraley GS, Smith JT, Acohido BV, Popa SM, 

Cunningham MJ, et al. Kisspeptin activation of 

gonadotropin releasing hormone neurons and regulation 

of KiSS-1 mRNA in the male rat. Neuroendocrinology. 

2004;80(4):264-72. 

55. Stevenson JS, Portaluppi MA, Tenhouse DE, Lloyd A, 

Eborn DR, Kacuba S, et al. Interventions After Artificial 

Insemination: Conception Rates, Pregnancy Survival, and 

Ovarian Responses to Gonadotropin-Releasing Hormone, 

Human Chorionic Gonadotropin and Progesterone. 

Journal of Dairy Science, 2007, 90. 

https://doi.org/10.3168/jds.S0022-0302(07)72634-6 

56. Jafarzadeh Shirazi MR, Zamiri MJ, Salehi MS, Moradi S, 

Tamadon A, Namavar MR, et al. Differential expression 

of R Famide-related peptide, a mammalian 

gonadotrophin inhibitory hormone orthologue and 

kisspeptin in the hypothalamus of Abadeh ecotype does 

during breeding and anoestrous seasons. Journal of 

Neuroendocrinology. 2014;26:186-194.  

https://doi.org/10.1111/jne.12137 

57. Phogat JB, Ghuman SPS, Sonu Kumari, Pandey AK. 

Clinical Applications of Neuroendocrinology in Female 

Farm Animals. J Perioper Med. 2018;1:107. 

58. Juan Romano E, Melvyn Fahning L. Comparison 

between 7 vs 9 days of Controlled Internal Drug Release 

Inserts Permanency on Oestrus Performance and Fertility 

in Lactating Dairy Cattle. Italian Journal of Animal 

Science. 2013;12:3. Doi: 10.4081/ijas.2013.e63 

59. Kanai N, Endo N, Ohkura S, Wakabayashi Y, Matsui H, 

Matsumoto H, et al. An administration of TAK-683 at a 

minimally effective dose for luteinizing hormone 

stimulation under the absence of the ovary induces 

luteinizing hormone surge in ovary-intact goats. J Reprod 

Dev. 2017;63:305-310. 

60. Khan MH, Manoj K, Pramod S. Reproductive disorders 

in dairy cattle under semi-intensive system of rearing in 

North-Eastern India, Veterinary World. 2016;9(5):512-

518. Doi: 10.14202/vetworld.2016.512-518 

61. Kirkwood RN, Forbes JM, Hughes PE. Influence of boar 

contact on attainment of puberty in gilts after removal of 

the olfactory bulbs. Journal of Reproduction and Fertility. 

1981;61:193-196. https://doi.org/10.1530/jrf.0.0610193 

62. Kolipaka Rajesh, Swathi B, Aruna Kumari G, 

Shanmugam M. Effect of different concentrations of 

kisspeptin on in vitro maturation rate of buffalo oocytes. 

The Pharma Innovation Journal. 2018;7(4):375-378. 

https://www.thepharmajournal.com/


 

~ 4299 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

63. Kotani M, Detheux M, Vandenbogaerde A, Communi D, 

Vanderwinden JM, Le Poul E, et al. The metastasis 

suppressor gene KiSS-1 encodes kisspeptins, the natural 

ligands of the orphan G protein-coupled receptor GPR54. 

J Biol Chem. 2001 Sep;276(37):34631-6. 

64. Kumar PR, Shukla SN, Shrivastava OP, Purkayastha RD. 

Incidence of postpartum anestrus among buffaloes in and 

around Jabalpur. Vet. World. 2013;6(9):716-719. 

65. Kumar PR, Singh SK, Kharche SD, Chethan Sharma G, 

Behera BK, Shukla SN, et al. Anestrus in cattle and 

buffalo: Indian perspective. Adv. Anim. Vet. Sci. 

2014;2(3):124-138. 

66. Kutty I, Ramachandran K. Bovine infertility: a field 

oriented categorisation based on investigation among 

crossbred cattle in a district of Kerala. Indian J Anim. 

Sci. 2003;73:155-157. 

67. Kumar L, Phogat JB, Pandey AK, Phulia SK, Kumar S, 

Dalal J. Estrus induction and fertility response following 

different treatment protocols in Murrah buffaloes under 

field conditions, 2016.  

Doi: 10.14202/vetworld.2016.1466-1470 

68. 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 Dec;88(23):1731-7. 

69. Lehman MN, Karsch FJ, Silverman A. Potential sites of 

interaction between catecholamines and LHRH in the 

sheep brain. Brain Research Bulletin. 1988;20:49-58. 

https://doi.org/10.1016/0361-9230(88)90008-1. 

70. Li Q, Millar RP, Clarke IJ, Smith JT. Evidence that 

neurokinin B controls basal gonadotropin-releasing 

hormone secretion but is not critical for estrogen-positive 

feedback in sheep. Neuroendocrinology. 2015;101:161-

174. https://doi.org/10.1159/000377702 

71. Li Q, Rao A, Pereira A, Clarke IJ, Smith JT. Kisspeptin 

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 

72. Lisa Yang, Waljit Dhillo. Kisspeptin as a therapeutic 

target in reproduction, Expert Opinion on Therapeutic 

Targets, 2015. DOI: 10.1517/14728222.2016.1124858. 

73. Luktuke SN, Bhattacharyya AR, Singh SK, Khan BV. 

Studies on aberration in functional activity of the ovaries 

in buffaloes. Indian Vet. J. 1973;50:876-881. 

74. Khan MH, Perumal P, Hazarika SB, Ezung E. Exogenous 

kisspeptin (kp-10) resumes cyclicity in postpartum 

anestrus mithun cows. Indian Journal of Animal 

Sciences. 2019 Aug;89(8):843-847. 

75. Meena MS, Malik BS. Participatory identification of 

reproductive problems among dairy animals and 

constraints faced by farmers in Haryana. Indian Journal 

of Animal Sciences. 2009 Nov;79(11):1172-1175. 

76. Goubillon ML, Forsdike RA, Robinson JE, Ciofi P, 

Caraty A, Herbison AE. Identification of neurokinin B-

expressing neurons as an highly estrogen-receptive, 

sexually dimorphic cell group in the ovine arcuate 

nucleus. Endocrinology. 2000;141:4218-4225. 

77. Magee C, Foradori CD, Bruemmer JE, Arreguin-Arevalo 

JA, McCue PM, Handa RJ, et al. Biological and 

anatomical evidence for kisspeptin regulation of the 

hypothalamic-pituitary gonadal axis of estrous horse 

mares. Endocrinology. 2009;150:2813-2821.  

https://doi.org/10.1210/en.2008-1698. 

78. Massimiliano Beltramo, Vincent Robert, Mathieu 

Galibert, Jean-Baptiste Madinier, Philippe Marceau, 

Hugues Dardente, et al. Rational Design of 

Triazololipopeptides Analogs of Kisspeptin Inducing a 

Long-Lasting Increase of Gonadotropins. Journal of 

Medicinal Chemistry, 2015. DOI: 10.1021/jm5019675. 

79. Matsuda F, Nakatsukasa K, Suetomi Y, Naniwa Y, Ito D, 

Inoue N, et al. The luteinizing hormone surge-generating 

system is functional in male goats as in females: 

involvement of kisspeptin neurones in the medial 

preoptic area. Journal of Neuroendocrinology. 

2015;27:57-65. https://doi.org/10.1111/jne.12235 

80. Matsuyama S, Ohkura S, Mogi K, Wakabayashi Y, Mori 

Y, Tsukamura H, et al. 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. 2011;94:323-332.  

https://doi.org/10.1159/000331576 

81. McGrath BM. Characterisation of the neuroanatomy of 

kisspeptin and RFRP-3 in the mare and determination of 

the effect of kisspeptin on LH release and ovulation. PhD 

Thesis. Charles Sturt University, Australia, 2015. 

82. McGrath BM, Scott CJ, Wynn PC, Loy J, Norman ST. 

Kisspeptin stimulates LH secretion but not ovulation in 

mares during vernal transition. Theriogenology. 

2016;86:1566-1572.  

https://doi.org/10.1016/j. theriogenology.2016.05.016 

83. Merkley CM, Coolen LM, Goodman RL, Lehman MN. 

Evidence for changes in numbers of synaptic inputs onto 

KNDy and GnRH neurones during the preovulatory LH 

surge in the ewe. Journal of Neuroendocrinology. 

2015;27:624-635. https://doi.org/10.1111/jne.12293 

84. Merkley CM, Porter KL, Coolen LM, Hileman SM, 

Billings HJ, Drews S, et al. KNDy 

(Kisspeptin/Neurokinin B/Dynorphin) neurons are 

activated during both pulsatile and surge secretion of LH 

in the ewe. Endocrinology. 2012;153:5406-5414. 

https://doi.org/10.1210/en.2012-1357 

85. Modi LC, Patel PA, Patel SP, Patel GG, Joshi AH, Suthar 

DN. Prevalence of reproductive problems in buffalo in 

Mehsana milk shed area of Gujarat. Int J Agro Vet Med 

Sci. 2011;5(4):424-428. 

86. Mosberg HI, Hurst R, Hruby VJ, Gee K, Yamamura HI, 

Galligan JJ, et al. Bis-penicillamine enkephalins possess 

highly improved specificity toward δ-opioid receptors. 

Proc Natl Acad Sci USA. 1983;80:5871-5874. 

87. Muir AI, Chamberlain L, Elshourbagy NA, Michalovich 

D, Moore DJ, Calamari A, et al. AXOR12, a novel 

human G protein-coupled receptor, activated by the 

peptide KiSS-1. J Biol Chem. 2001;276(31):28969-75. 

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

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

administration on follicular development in Japanese 

Black beef cows. Journal of reproduction and 

development. 2013;59(6):588. 

89. Narladkar BW, Bakshi SA, Pargaonkar DR, Dgraskar 

SU. Incidence of various reproductive disorders in Deoni 

cows and their crossbreds. Liv. Adv. 1994;19(5):28-30. 

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

Goodman RL, Hileman SM. Evidence of a role for 

kisspeptin and neurokinin B in puberty of female sheep. 

Endocrinology. 2012;153:2756-2765.  

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

https://www.thepharmajournal.com/


 

~ 4300 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

91. Norgren RB, Lehman MN. A double-label pre-

embedding immunoperoxidase technique for electron 

microscopy using diaminobenzidine and 

tetramethylbenzidine as markers. Journal of 

Histochemistry and Cytochemistry. 1989;37:1283-1289. 

https://doi.org/10.1177/37.8.2666511. 

92. Oakley AE, Clifton DK, Steiner RA. Kisspeptin signaling 

in the brain. Endocr Rev. 2009;30:713-743. 

93. Okamura H, Yamamura T, Wakabayashi Y. Mapping of 

KNDy neurons and immunohistochemical analysis of the 

interaction between KNDy and substance P neural 

systems in goat. Journal of Reproduction and 

Development. 2017;63:571-580.  

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

94. Pandit RK. Incidence of different kinds of reproductive 

disorders in livestock. Indian J Anim. Reprod. 

2004;25:35-36. 

95. Patel PM, Dhami AJ, Sarvaiya NP, Kavani FS. 

Monitoring postpartum period in holstein friesian cows 

through plasma progesterone profile with and without 

hormone therapy. Indian. J Anim. Sci. 2007;77(1):3-9. 

96. Perumal Ponraj, Sukkum Chang, Nakulan V Rajesh, 

Muthusamy Veeraselvam, Kalpana Devi Rajesh. 

Prevalence of various pathological conditions in female 

buffaloes (Bubalus bubalis). Asian Pac J Reprod. 

2017;6(2):58-67. 

97. Pillon D, Caraty A, Fabre‐Nys C, Bruneau G. Short‐term 

effect of oestradiol on neurokinin B mRNA expression in 

the infundibular nucleus of ewes. Journal of 

Neuroendocrinology. 2003;15:749-753.  

https://doi.org/10.1046/j.1365-2826.2003.01054.x 

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

Avula K, Bejjanki SK, et al. Kisspeptin Modulates 

Luteinizing Hormone Release and Ovarian Follicular 

Dynamics in Pre-pubertal and Adult Murrah Buffaloes. 

Front. Vet. Sci. 2018;5:149.  

Doi: 10.3389/fvets.2018.00149.  

99. Ralph C, Kirkwood R, Beltramo M, Aucagne V, Tilbrook 

A. A single injectin of compound 6 evoked an LH surge 

and ovultion in 18 week old gilts. Proceedings of the 

Annual Meeting of the Endocrine Society, Chicago, IL, 

2018 March, 8. 

100. Ralph CR, Lehman MN, Goodman RL, Tilbrook AJ. 

Impact of psychosocial stress on gonadotrophins and 

sexual behaviour in females: role for cortisol? 

Reproduction. 2016;152:R1-R14.  

https://doi.org/10.1530/REP-15-0604 

101. Rao AVN, Reddy AC, Murti YN. Incidence of 

reproductive disorders in relation to exotic inheritance in 

cross-bred cows. Indian Vet. J. 1993;70:722-725. 

102. Rao AVN, Sreemannarayana Rao O. Clinical analysis of 

reproductive failure among female buffaloes under 

village conditions in Andhra Pradesh. Theriogenology. 

1982;18(4):403-411. 

103. Redmond JS, Baez-Sandoval GM, Spell KM, Spencer 

TE, Lents CA, Williams GL, et al. Developmental 

changes in hypothalamic Kiss1 expression during 

activation of the pulsatile release of luteinising hormone 

in maturing ewe lambs. Journal of Neuroendocrinology. 

2011a;23:815-822. https://doi.org/10.1111/j.1365-

2826.2011.02177.x 

104. Rose JL.  The role of RFRP-3 and Kisspeptin on GnRH 

secretion in the merino ram. Ph.D. Thesis. Charles Sturt 

University, Australia, 2017. 

105. Agarwal SK, Singh SK, Rajkumar R. Reproductive 

disorders and their management in cattle and buffalo: A 

review. International Journal of Animal Sciences. 2005 

July;75(7):858-873. 

106. Scott G, Ahmad I, Howard K, MacLean D, Oliva C, 

Warrington S, et al. Double-blind, randomized, placebo-

controlled study of safety, tolerability, pharmacokinetics 

and pharmacodynamics of TAK-683, an investigational 

metastin analogue in healthy men. Br J Clin Pharmacol. 

2013;75:381-391. 

107. Scott CJ, Kuehl DE, Ferreira SA, Jackson GL. 

Hypothalamic sites of action for testosterone, 

dihydrotestosterone and estrogen in the regulation of 

luteinizing hormone secretion in male sheep. 

Endocrinology. 1997;138:3686-3694.  

https://doi.org/10.1210/endo.138.9.5401 

108. Scott CJ, Pereira AM, Rawson JA, Simmons DM, 

Rossmanith WG, Ing NH, et al. The distribution of 

progesterone receptor immunoreactivity and mRNA in 

the preoptic area and hypothalamus of the ewe: 

upregulation of progesterone receptor mRNA in the 

mediobasal hypothalamus by oestrogen. Journal of 

Neuroendocrinology. 2000a;12:565-575.  

https://doi.org/10.1046/j.1365-2826.2000.00490.x 

109. Sébert ME, Lomet D, Saïd SB, Monget P, Briant C, 

Scaramuzzi RJ, et al. Insights into the mechanism by 

which kisspeptin 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 

110. Seminara SB, Crowley WF Jr. Kisspeptin and GPR54: 

Discovery of a novel pathway in reproduction. J 

Neuroendocrinol., 2008, 727-31. 

111. Singh CSP, Singh SK, Singh B. Studies on the incidence 

of infertility in cows. Indian Vet. J. 1981;58:909-912. 

112. Singh G, Sidhu SS, Verma HK. Incidence of reproductive 

disorders of buffaloes in different zones of Punjab State. 

J Res. 2003;40:79-81. 

113. Singh J, Verma HK, Singh KB, Singh N. Incidence of 

reproductive disorders in dairy animals in different 

agroclimatic regions in Punjab. J Res. 2006;43(3):224-

227. 

114. Smith JT. Kisspeptin signalling in the brain: steroid 

regulation in the rodent and ewe. Brain Research 

Reviews. 2008;57:288-298. 

https://doi.org/10.1016/j.brainresrev.2007.04.002 

115. Smith JT, Clay CM, Caraty A, Clarke IJ. KiSS-1 

messenger ribonucleic acid expression in the 

hypothalamus of the ewe is regulated by sex steroids and 

season. Endocrinology. 2007;148:1150-1157.  

https://doi.org/10.1210/en.2006-1435 

116. Smith JT, Li Q, Pereira A, Clarke IJ. Kisspeptin neurons 

in the ovine arcuate nucleus and preoptic area are 

involved in the preovulatory luteinizing hormone surge. 

Endocrinology. 2009a;150:5530-5538.  

https://doi.org/10.1210/en.2009-0712 

117. Smith JT, Li Q, Yap KS, Shahab M, Roseweir AK, 

Millar RP, et al. Kisspeptin is essential for the full 

preovulatory LH surge and stimulates GnRH release from 

the isolated ovine median eminence. Endocrinology. 

2011;152:1001-1012. https://doi.org/10.1210/en.2010-

1225 

118. Sunil Kumar Verma, Sushant Srivastava, Saurabh, 

Shailendra Kumar Verma, Pushkar Sharma. Incidence of 

https://www.thepharmajournal.com/


 

~ 4301 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

major reproductive disorders of buffaloes in Agroclimatic 

zone of Eastern Uttar Pradesh. International Journal of 

Chemical Studies. 2018;6(3):3018-3022. 

119. Chaikhun-Marcou T, Sotthibandhu P, Suthikrai W, 

Jintana R, Makoom P, Suadsong S, et al. Comparison of 

the effects of kisspeptin-10 or GnRH on luteinizing 

hormone secretion during the luteal phase of the oestrous 

cycle in swamp buffalo cows. Buffalo Bulletin, 2019 Jan-

March, 38(1).  

120. Tanaka M, Csabafi K, Telegdy G. Neurotransmissions of 

antidepressant-like effects of kisspeptin-13. Regulatory 

Peptides. 2013;180:1-4.  

https://doi.org/10.1016/j.regpep.2012.08.017 

121. Tanco VM, Whitlock BK, Jones MA, Wilborn RR, 

Brandebourg TD, Foradori CD. Distribution and 

regulation of gonadotropin releasing hormone, kisspeptin, 

RF-amide related peptide-3 and dynorphin in the bovine 

hypothalamus. Peer J, 4, e18-33.  

https://doi.org/10.7717/peerj.1833 

122. Tomikawa J, Homma T, Tajima S, Shibata T, Inamoto Y, 

Takase K, et al. Molecular characterization and estrogen 

regulation of hypothalamic Kiss1 gene in the pig. 

Biology of Reproduction. 2010;82:313-319.  

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

123. Tomita K, Oishi S, Ohno H, Peiper SC, Fujii N. 

Development of novel G-protein-coupled receptor 54 

agonists with resistance to degradation by matrix 

metalloproteinase. J Med Chem. 2008;51:7645-7649. 

124. Verma SK, Srivastava S, Verma SSK, Sharma P, Gautam 

V. Incidence of Reproductive Disorders in Cows in 

Faizabad District Uttar Pradesh, Int. J Pure App. Bio Sci. 

2018;6(2):1561-1566. Doi: 

http://dx.doi.org/10.18782/2320-7051.6629 

125. Wakabayashi Y, Nakada T, Murata K, Ohkura S, Mogi 

K, Navarro VM, et al. Neurokinin B and dynorphin A in 

kisspeptin neurons of the arcuate nucleus participate in 

generation of periodic oscillation of neural activity 

driving, 2010, 3124-3132.  

https://doi.org/10.1523/JNEUROSCI.5848-09.2010 

126. Wakabayashi Y, Yamamura T, Sakamoto K, Mori Y, 

Okamura H. Electrophysiological and morphological 

evidence for synchronized GnRH pulse generator activity 

among kisspeptin/neurokinin B/ dynorphin a (KNDy) 

neurons in goats. Journal of Reproduction and 

Development. 2013;59:40-48. 

https://doi.org/10.1262/jrd.2013-060 

127. 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;158:831-841. 

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

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

Goodman RL, Lehman MN. κ-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 

129. 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:e13-82. Doi: 

10.7717/peerj.1382. 

130. Yubin Cao, Zeping Li, Wenyu Jiang, Yan Ling, Haibin 

Kuang. 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. 

131. Zafer Sahin, Sinan Canpolat, Mete Ozcan, Tuba Ozgocer, 

Haluk Kelestimur. Kisspeptin antagonist prevents RF9-

induced reproductive changes in female rats. 

Reproduction. 2015;149:465-473. DOI: 10.1530/REP-14-

0683. 

https://www.thepharmajournal.com/

