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A b s t r a c t  
 

Kisspeptins (KP) are a family of peptides of various lengths with a receptor (KISS1R). Kis-

speptins with gonadotropin hormone-releasing hormone (GnRH), gonadotropins (luteinizing hormone 

and follicle-stimulating hormone) and sexual steroids are important regulators of reproductions of 

various animals (S. Ohkura et al., 2009; K.-L. Hu et al., 2018). Active study of KP began in 2003. 

However, at present, there is not enough information about the possibilities to purposefully and effec-

tively control the sexual cycle of Bos taurus, especially in dairy cows, with the help of KP (B.R. Alves 

et al., 2015; T. Songraphasuk et al., 2021). The KP is produced mainly in neurons of various nuclei of 

the hypothalamus (V. Prashar et al., 2023). Considering that the location of neurons producing the 

KP is specific, the approaches to control with their help the reproductive function may vary (A. Gunn 

et al., 2020). Kisspeptin is synthesized using the gene kiss1. Initially, the KP is hydrolyzed to the KP-

53, which later breaks up to shorter peptides (KP-14, KP-13 and KP-10) with various biological 

activity (A.E. Oakley et al., 2009; J. Tomikawa et al., 2010). Neurons producing KP are also coexption 

of peptide neurokinin B (NKB) and dinorfin, which determined the name of this population of nerve 

cells (KNDy-neurons, kisspeptin/neurokinin B/dinorphin) (R.L. Goodman et al., 2013; Q. Xie et al., 

2022). In cattle KNDy-neurons are mainly fixed in the arcuate core of the hypothalamus, which is 

considered important for both positive and negative reverse regulation by sex steroids of the synthesis 

of GnRH (A. Hassaneen et al., 2016; Y. Uenoyama et al., 2021). Using the histochemical method, it 

was demonstrated that the activation of KNDy-neurons in cattle depends on the phase of the sexual 

cycle (A. Hassaneen et al., 2016). Kisspeptin-, neurokinin В-, and dinorfin-immunoreactive cellular 

bodies and fibers detecting throughout the arcuathed core of the hypothalamus in all phases. Unlike 

the arcuate core, numerous kisspeptin-immunoreactive cellular bodies were found in the reservoir 

region of the hypothalamus in the follicular phase, while only a few immunoreactive cellular bodies 

are recorded in the luteal phase. As for neurokinin, in the reservoir region a small amount of neurokinin 

of B-immunoreactive cellular bodies and fibers in both the follicular and lutein phase is naked. Di-

norfin-immunoreactive cellular bodies and fibers in the follicular phase were larger than in luteal phase. 

In this regard, cattle are closer to sheep and primates, including human (V.M. Tanco et al., 2016). 

Since the initial identification of KNDy-neurons producing KP, there are a large number of unresolved 

issues relating to the function of various populations of these nerve cells, depending on the location, 

as well as the possibilities of new technologies for their study, including in relation to Bos taurus. There 

is a need to study various concentrations of kisspeptins and their influence on the ovulation of cows. 

This review discusses the basic information about the location and structural-functional characteristics 

of the Bos taurus KP, the distribution and functions of the KP neurons in the brain, the content 

of the KP in the blood and their effect on the organs of the reproductive system. Separately data 
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on the exogenous regulation of KP functioning of the reproductive system Bos taurus are discussed. 

The emphasis is on scientific research data, the main object of which was Bos taurus animals. 
 

Keywords: Bos taurus, cows, hormone, estrus cycle, kisspeptin, gonadotropin-releasing hor-

mone, neurons 
 

Anatomical and functional development of animal reproductive system 

continues from early embryogenesis until puberty. Regulation of the reproductive 

system functions is performed mainly through the hypothalamic-pituitary-gonadal 

(HPG) axis. In cattle, as in other mammals, gonadotropin-releasing hormone 

(GnRH), the master hormone regulating reproduction is of special importance [1]. 

GnRH stimulates the secretion of luteinizing (LH) and follicle-stimulating 

(FSH) hormones in the anterior pituitary gland, which, acting on the gonads 

through the peripheral circulation, regulate steroidogenesis and gametogenesis [2]. 

The feedback action of sex steroids produced during these physiological processes 

regulates the GnRH secretion. This pattern of the HPG axis hormonal regulation 

inherent in almost all animal species has long raised several important questions. 

First, there was no explanation of how the sex steroid feedback regulates the 

GnRH release by the hypothalamic neurons which lack estrogen receptors  

(ER), the main receptors that provide both negative and positive feedback [3]. 

Secondly, it was not clear how tonic and pulsatile GnRH secretion is controlled. 

The opportunity to answer these questions arose with the discovery of 

kisspeptins (KP), a family of peptides that originated from the prohormone en-

coded by the kiss1 gene. In 1996, the first identified protein of this gene was 

named metastin due to its ability to inhibit the metastasis of cancer cells. After 

3 years, the receptor for this hormone, KISS1R (previously designated GPR54, 

AXOR12 or Hot7T7T175), was identified. In 2003, the influence of KP on the 

reproductive function was discovered. 

For more than 12 years, the role of the KP has been demonstrated as the 

main factor in the initiation of puberty and the regulation of tonic and pulsatile 

release of GnRH, which has a significant impact on the fertility of females, in-

cluding secretion of gonadotropins, the onset of puberty, sexual differentiation of 

the brain, the onset of ovulation and metabolic regulation of fertility [4, 5]. There 

are many publications revealing the neurohumoral and physiological role of the 

KP in various species of wild and domestic animals [6-10]. 

The purpose of this review is to systematize the accumulated data on the 

effect of kisspeptins on reproductive function in Bos taurus. 
Loca l i za t i on  and  s t ruc tu ra l  and  func t iona l  cha rac t e r i s t i c s  

o f  Bos taurus k i s spep t in s. Based on data for other species, it is possible to 

assume a similar localization of the kiss-1/KISS1R system in the central nervous 

system (mainly in the hypothalamus) and the placenta. Expression has also been 

reported in the gonads, pancreas, liver, small intestine, spleen, adipose tissue, and 

lymph nodes [7, 9, 10]. 

In cattle, the kiss1 gene on chromosome 16 encodes a prohormone, the 
hydrophobic protein consisting of 135 amino acid residues (aa). This prohormone 
is hydrolyzed into kisspeptin 53 protein (KP-53). There are data indicating further 
hydrolysis of KP-53 into short peptides (KP-14, KP-13 and KP-10). Similar in-
formation has not been obtained for cattle, but a similar pattern can be assumed 
(Fig. 1). All four forms of the peptide have affinity, bind efficiently to receptors, 
and are highly stable in all vertebrate species [11]. 

The most functionally active kisspeptin consisnts of 52-54 amino acids 

depending on the animal species [6]. The amino acid sequence of kisspeptin is 

structurally conserved among various mammalian species (Fig. 2) [11, 13]. For 

example, the amino acid sequence of the goat KP is 98% similar to the sheep KP, 

91% similar to the cow KP, and 77% similar to the pig KP. In particular, the 10 
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amino acid C-terminal domain is the minimal sequence for maximum receptor 

activation and remains identical in most of the species mentioned (see Fig. 2). 

[14, 15]. 
 

 

Fig. 1. Main structural features of Bos taurus kisspeptins resulted from post-translational modification 

of the prohormone. Kisspeptins presumably produced by hydrolysis of KP-53 are highlighted in white. 

All kisspeptins contain an RF amide that can bind and activate KISS1R (adapted from reference 12). 
 

 

Fig. 2. Comparison of kisspeptin amino acid sequence in different mammalian species [11]. The last 

column indicates the number of amino acid residues. Identical amino acid residues are marked with 

an asterisk (*). The highlighted sequence YNWNSFGLR shows the KP-10 region which is similar in 

many mammalian species. 
 

Dis t r i bu t i on  and  func t ion  o f  k i s spep t in  neu rons  in  the  Bos 
taurus b r a in. The existence of a tonic system of Gn-RH secretion in both sexes, 

and a cyclic system only in females is consistent with the idea that the regulatory 

centers for the tonic and pulsatile systems are located in different areas of the 

hypothalamus. This fully applies to the areas of the hypothalamus in which neu-

rons producing KPs have been identified. Kisspeptin neurons coexpress the peptide 

neurotransmitters neurokinin B (NKB) and dynorphin [16-20]. Due to co-locali-

zation of three neuropeptides, this cell population is called KNDy neurons (kis-

speptin/neurokinin B/dynorphin) [21, 22]. 

The localization of KNDy neurons in the hypothalamus is species specific. 

In cattle, KNDy neurons are mainly located in the arcuate core of the hypothal-

amus (arcuate, ARC), which is considered important for both positive and negative 

feedback regulation of GnRH synthesis by sex steroids [23-25]. Most KNDy neu-

rons express estrogen receptors  (ER) and progesterone receptors [25-28], so 

the synthesis and secretion of all products of these neurons depend on the level of 

sex steroids. Note, there are areas of neuronal populations that produce KPs with 

a small amount of dynorphin and NKB [22]. However, it is important to consider 
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data that calls into question only the direct effect of kisspeptins on neurons pro-

ducing GnRH. According to A. Gunn et al. [25], GnRH neurons in small numbers 

are located adjacent to kisspeptin neurons. The authors suggested that the effects 

of estrogen may be transmitted through kisspeptin neurons, but in cattle, unlike 

most other mammalian species, this is unlikely to be the main stimulatory factor. 

Using a histochemical method, it was demonstrated that the activation of 

KNDy neurons in cattle depends on the phase of the reproductive cycle [22]. Kis-

speptin-, neurokinin B-, and dynorphin-immunoreactive cell bodies and fibers are 

found throughout the ARC in all phases. In contrast to the ARC, numerous kis-

speptin-immunoreactive cell bodies are found in the preoptic area of the hypo-

thalamus (POA) during the follicular phase, whereas only a few immunoreactive 

cell bodies are recorded for the luteal phase. As for NKB, a small number of 

neurokinin B-immunoreactive cell bodies and fibers were found in the POA in 

both the follicular and luteal phases. At the same time, there were more dy-

norphin-immunoreactive cell bodies and fibers in the follicular phase than in the 

luteal phase. In this regard, as reported by V.M. Tanco et al. [29], cattle are closer 

to sheep and primates, including humans. For example, in rodents, cells expressing 

kiss1 mRNA are located in both the ARC and POA [30]. In sheep, goats, and 

deer, most KNDy neurons were located in the ARC and only a small portion in 

the POA [26, 31, 32]. 
 

 

Fig. 3. Regulation of reproductive function in Bos taurus by kisspeptin: GnRH — gonadotropin-releasing 

hormone, LH — luteinizing hormone, FSH — follicle-stimulating hormone, POA — preoptic area of 

the hypothalamus, ARC — arcuate core of the hypothalamus, KP — kisspeptin, NKB - neurokinin 

B, D — dynorphin. 
 

Secretion of the three substances by KNDy neurons in the ARC during 

all phases of the sexual cycle provides tonic release of GnRH (Fig. 3). This is 

largely possible due to the fact that KNDy neurons in the ARC, due to connec-

tions through axons and/or dendrites, form a population of neurons that mutually 

influence each other. Moreover, in the ARC, KNDy neurons form a dense net-

work, which probably contributes to the synchronization of their activity [3, 22]. 

Synchronous activity of KNDy neurons is considered necessary for pulsatile 

GnRH secretion. Some authors assign the main role in such synchrony to the 

NKB system with its receptor NK3R [33, 34]. Kisspeptin neurons do not express 

KISS1R but do express receptors for dynorphin and neurokinin B. That is, KNDy 

neurons intercommunicate through neurokinin B and dynorphin, but not through 

kisspeptin [35]. NKB, secreted by a KNDy neuron, binds to its receptor NK3R 
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on another KNDy neuron, causing an influx of Ca2+ into it. An increase in intra-

cellular Ca2+ concentration can promote its movement into neighboring KNDy 

neurons and glial cells through intercellular GAP junctions, even if these KNDy 

neurons do not express NK3R. This forms the synchronized activity of KNDy 

neurons which is induced by NKB-NK3R signaling. 

Dynorphin synthesized by a KNDy neuron binds to κ-opioid receptor 

(KOR) on a neighboring KNDy neuron and can cause its inhibition. Each oscil-

lation mediated by NKB/NK3R and dynorphin/KOR is thought to induce a pul-

satile release of kisspeptin [33]. It is worth noting that the dynorphin/KOR system 

in KNDy neurons ensures negative communication through sex steroids estrogens, 

progesterone and testosterone [36]. These findings suggest that in Bos taurus, 
KNDy neurons in the ARC function throughout the estrous cycle and regulate 

follicular development and corpus luteum function through tonic release of 

GnRH, whereas the second large population of kisspeptin neurons found in the 

POA during follicular phase may be involved in the preovulatory rise in 

GnRH/LH concentrations [22]. 

Data from I.J. Clarke et al. [37] provide indirect evidence that kisspeptin-

producing neurons are more active in the ARC. In cows with spontaneous ovarian 

cycles, kiss1 expression in the arcuate core is almost 2 times higher compared to 

cows with various problems in cyclicity [37]. 

A. Hassaneen et al. [22] indicated kisspeptin-immunoreactive cell bodies 

and nerve fibers in the supraoptic ridge of the OVLT (organum vasculosum lami-

nae terminalis). This is of interest because a dense cluster of GnRH-producing 

neurons and fibers has previously been found in the OVLT [29]. Ihis work also 

documented immunoreactive fibers in the PVN (paraventricular nucleus), DMH 

(dorsomedial hypo-thalamic nucleus), VMH (ventromedial nucleus), and LaH 

(lateral hypothalamus) [22]. Notable is the accumulation of immunoreactive fibers 

in the outer zone of the median eminence, indicating that kisspeptin is secreted 

into the portal vasculature beyond the blood-brain barrier. The inner zone contains 

numerous fibers that allow interaction with neuronal fibers also secreting into the 

portal vessels [38]. 

Similar data on OVLT were obtained by C.E. Leonardi et al. [39]. They 

studied the distribution of GnRH and KP neurons in the hypothalamus during 

the reproductive cycle in cows. The main clusters of KP neurons were founs in 

the POA, ARC, and OVLT [39]. Noteworthy is the fact that the largest number 

of KP neurons was recorded in the POA in the luteal phase (metestrus), and the 

smallest in diestrus. This is consistent with data that increased progesterone, which 

is characteristic of the diestrus phase, causes the synthesis and secretion of dy-

norphin that reduces Gn-RH production [40]. 

Increased levels of dynorphin in response to stress and exercise may sup-

press GnRH/LH secretion [36] (see Fig. 2). Stress factors (heat, transportation, 

veterinary manipulations) disrupt reproductive function by reducing the secretion 

of GnRH not only through dynorphin. This occurs in part due to cortisol acting 

through the type II glucocorticoid receptor. In this case, GnRH neurons do not 

express the receptor, but KNDy neurons are capable of the expression. 

The examples with dynorphin and cortisol further prove that the hypotha-

lamic control of fertility depends on various external factors. In cattle, one of the 

most important factors is the energy status of the animals. GnRH neurons lack 

many nutrient-dependent metabolic hormone receptors, implying the existence of 

neurons presynaptic to GnRH neurons. KP neurons express receptors not only for 

steroids, but also for metabolic hormones such as insulin, leptin, and ghrelin [41]. 

It can be assumed that KP neurons may be key for coordinating the energy state 

of animals with their reproductive function [23, 38, 42, 43]. 
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B lood  k i s spep t in  con ten t  in  Bos taurus. Currently, there are very 

few research works on the content of kisspeptins in the body of cattle. This is 

explained by the complexity of experiments and the lack of kits necessary for assay. 

There are practically no enzyme immunoassay kits for various kisspeptins (KP-53, 

KP-14, KP-13, KP-10), whereas radioimmunoassay, due to its specificity, is not 

always available. An alternative is to quantify the kisspeptin prohormone for which 

commercial kits are available. 

One of the few studies assessed the content of KP-10, progesterone and 

estradiol in dairy cows on days 10, 12, 14 and 16 after calving [44]. The KP-10 

content was 116.99±35.29, 114.86±27.34, 149.5±36.67 and 124.69±42.76 pg/ml, re-

spectively, whereas progesterone levels remained practically unchanged, approx-

imately 0.35 ng/ml, and the estrogen concentration was 0.92±0.34, 1.33±0.4, 

1.81±0.37 and 1.78±0.33 ng/ml, respectively. It can be noted that the maximum 

amounts of KP-10 coincided with an increase in estradiol concentrations. The 

authors concluded that an increase in estrogen levels may, by a positive feedback, 

enhance the synthesis and secretion of hypothalamic KP-10 [44]. This conclusion 

is confirmed by A. Rizzo et al. [45]. They recorded a significant increase in KP-

10 duering post-calving period (80±15 days) in cows with follicular cysts compered 

to healthy cows, 125.06±34.47 vs. 97.72±21.34 pg/ml. In addition, estradiol and 

progesterone concentrations also increased almost 2-fold [45]. 

The e f fec t  o f  k i s spep t in  on the  reproduct i ve  organs. A large 

number of publications postulate that the main function of the KP is realized in 

the hypothalamic regulation of the HPG axis. However, data have emerged prov-

ing their regulatory role in the functions of the ovaries, embryonic trophoblast and 

placenta [46], which requires more in-depth study. 

H. Liu et al. [47] found expression of KP-10 in the cow’s preantral folli-

cles, i.e., in the oocytes, granulosa and theca cells, with maximum expression in 

the latter. This is of interest because in cattle, most follicles growing in vivo grad-

ually become atretic during the growth phase that begins with the formation of 

preantral follicles. There was a dose-dependent negative effect of KP-10 on fol-

licular growth, up to and including atresia, and it has been suggested that KP 

suppresses the expression of the FSH receptor [47]. 

During the follicular growth stage, the development and maturation of 

oocytes depends primarily on their connection with granulosa cells. H. Liu et al. 

[48] demonstrated that KP-10, by inhibiting proliferation, promotes the initiation 

of apoptosis in ovarian granulosa cells in cows. KP-10 may also have a slightly 

different effect that is not associated with cell apoptosis. Some authors note the 

ability of KP-10 to reduce the expression of one type of microRNA, the miR-1246 

which inhibits synthesis of progesterone by granulosa cells in follicles [49]. 

Perhaps the inhibitory effect of KP is associated with the need to stop the 

appearance of new preovulatory follicles. In the early stages of embryogenesis, the 

influence of kisspeptin can be stimulating. M.M. Soares et al. [50] studied the 

effect of KP in in vitro culture of embryos and revealed that the KP-10 added to 

the medium increased the rate of blastocyst formation. 

The expression of kiss1/KISS1R during placentation which has species 

differences is also of interest. In cows, implantation is a less invasive process. 

During synepithelial-chorionic placentation in ruminants, the trophoblast does not 

penetrate the basement membrane and stroma of the uterus, but forms villous 

outgrowths in the endometrial epithelium. Based on this, M.J. D’Occhio et al. 

[46] suggested an influence of fetal trophoblast kiss1 expression on uterine KISS1R. 

The gene may influence the initial attachment of the trophoblast to the endome-

trial epithelium of the uterus through interaction with intercellular adhesion mol-

ecules and extracellular matrix proteins. Therefore, in livestock, the kiss1/KISS1R 
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system may play a lesser role. 

The kiss1/KISS1R system is also involved in the regulation of placenta 

development in cows. N.A. Martino et al. [51] demonstrated that bovine epithelial 

cell cultures derived from first-trimester pregnant cows expressed KISS1R [51]. 

The KP-10 added to cultures both stimulated and inhibited epithelial cell prolif-

eration in two separate cell lines. Stimulation occurred in a cell line with overreg-

ulation of KISS1R mRNA. This is especially important since the failure of rumi-

nant embryos to attach and implant is one of the main causes of declining repro-

ductive capacity [46, 52]. 

Exogenous k i s spept in regula t ion of reproduct ive funct ions 

in Bos taurus. Since blood KP in cattle is difficult to of measure, researchers 

almost immediately drew attention to testing KP by exogenous administration and 

analysis of its effects. However, studying these effects in cattle is still problematic 

due to the lack of drugs intended for the Bos taurus species. Most studies have used 

human or mouse KP-10. Considering that KP-10 is the most similar in its amino 

acid sequence in almost all mammalian species, this peptide is most often used. 

However, note that different KP-10 may make adjustments to the data 

obtained. This was shown by C.E. Leonardi [53]. A single bolus or multiple intra-

venous injections of human KP-10 more effectively increased blood plasms level 

of LH compared to similar treatment with murine KP-10 [53]. Because of small 

number of reports on the effect of exogenous KP on Bos taurus, in the review we 

combined data from publications where various kisspeptins were used. 

In this regard, the first experiments with cell cultures of the adenohypoph-

ysis of calves and adult animals are of interest in order to detect the effect of KP-

10 on the content of various hormones [54-56]. A dose-dependent effect of exog-

enous KP-10 on increasing the amount of LH and growth hormone in the cells 

of the adenohypophysis, regardless of age, has been revealed [54, 55]. A.A. Ezzat 

et al. [56] studied the effect of KP-10 on the secretion of LH, FSH and prolactin 

by cells of the anterior pituitary gland of cattle, assessing the ability of sex steroids 

to enhance the sensitivity of gonadotropic and lactotropic cells to KP-10. KP-10 

significantly stimulated LH secretion in cells treated with estradiol and testos-

terone, but not in cells treated with progesterone. In contrast, KP-10 did not affect 

FSH secretion regardless of steroid use. KP-10 significantly stimulated prolactin 

secretion, but no effect of sex steroids was detected. These results suggest that estra-

diol and testosterone increase the LH secretion by gonadotropic cells in response to 

KP-10. KP-10 directly stimulates the secretion of prolactin by pituitary cells, and 

sex steroids do not increase the sensitivity of lactotropic cells to KP-10 [56]. 

The results of the described experiments allow us to conclude that the 

stimulating effect of kisspeptin on LH secretion in cattle is expressed at least in 

two ways, via GnRH neurons with its secretion in the POA or ARC (cell bodies, 

dendrites or dendrons) and by direct stimulation of LH secretion in the pituitary 

gland. This may influence the generation of GnRH/LH pulses as well as the pre-

ovulatory GnRH/LH surge. In other animal species, a third way is found, that is, 

kisspeptin from KNDy neurons located in the ARC can act on the terminals of 

GnRH neurons in the median eminence, but similar experiments have not been 

performed in cattle [57, 58]. 

Stimulation activity of kisspeptin has been demonstrated in studies of in-

jections of KP-10 and KP-53 in cows and heifers of different breeds and ages [59-

61]. In most cases, kisspeptin injections resulted in a surge in LH concentrations 

as well as an increase in growth hormone concentrations [62-64]. However, the 

KP-10 was less effective compared to exogenous GnRH, whereas injections of 

KP-53 provided LH levels sufficient for ovulation [59, 63, 65]. 

A.E. Ahmed et al. [62] assessed the inhibitory effect of progesterone on 
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the ability of kisspeptin to increase LH concentrations. For 7 days, cycling cows 

were treated with a progesterone releasing intravaginal device (PRID). Animals 

received a single intravenous injection of KP-10 for 3 days after removal of the 

device. Blood progesterone concentration was higher on the date of PRID re-

moval, followed by a decrease on days 1 and 2. KP-10 did not significantly alter 

plasma LH concentrations at the date of PRID removal. However, KP-10 sig-

nificantly stimulated the release of LH in the following days. The authors con-

cluded that KP-10 stimulates LH release in cycling postpartum cows, and high 

plasma progesterone concentrations may reduce the effect of kisspeptin on LH 

secretion [62]. 

In almost all works on the FSH level as influences by kisspeptins in cows 

of different breeds and ages, the concentration of FSH remained virtually un-

changed. However, there are the opposite data. M.A. Rodríguez et al. [66] studied 

the effectiveness of KP-10 administration. In calves aged 4, 7 and 11 months 

intravenous administration of KP-10 increased FSH levels. 

In male cattle, the positive effect of kisspeptins on FSH concentration is 

more often recorded. Several studies have shown that a single intravenous injection 

of KP-10 significantly stimulated the release of LH and FSH in calves and bulls 

[67, 68]. S.L. Northup et al. [69] studied the effect of intravenous administration 

of KP-10 to bulls during puberty on the blood LH and FSH concentrations. Acute 

intravenous infusion of KP-10 increased blood LH and did not change FSH. 

Chronic intravenous infusion had no effect on LH but decreased the blood FSH 

mean concentration and the amplitude of its pulsatility [69]. 

Summarizing the data on the exogenous administration of kisspeptins, we 

can note their stimulating effect on the LH synthesis and secretion. With regard 

to growth hormone, the effect of KP-10 is determined by the age of the animals, 

which may explain the positive effect of steroid hormones (progesterone and es-

tradiol). On the effect of kisspeptins on FSH, the data are contradictory and re-

quire clarification, although in most reports the synthesis and secretion of FSH 

were less susceptible to stimulation. The explanations may be the greater resistance 

of FSH to pulsed GnRH secretion and the suppressive effect of inhibin A and B 

on FSH secretion [36, 70]. 

Interest in the exogenous (injection) administration of kisspeptins is obvi-

ous, since there is the possibility of controlling the sexual cycle through control of 

the secretion of GnRH and gonadotropins [71]. For example, M. Mondal et al. 

[72] showed that the kisspeptin-based synchronization protocol induced better 

follicular growth than the ovsynch (ovarian synchronization protocol). The fre-

quency of ovulation was significantly higher, and luteolysis began earlier, even 

before the injection of prostaglandins [72]. 

However, in general, most researchers still have questions about the injec-

tion of kisspeptins to control ovulation, especially since endogenous peptides have 

clear limitations. For example, the half-life of KP-10 in the bloodstream is less 

than 1 min, and in most cases the desired effect can only be achieved by perfusion 

(intravenous or intracerebroventricular) or hourly injection. The use of intracere-

broventricular or intravenous perfusion in agricultural settings is difficult to im-

plement, and multiple intravenous injections require increased veterinary costs. 

Not surprisingly, researchers have become interested in using synthetic analogues 

of kisspeptins that have higher activity and longer half-lives [73]. 

For example, P.A. Parker et al. [74] studied the effect of a synthetic ana-

logue of kisspeptin called Compound 6 (C6) on the concentrations of LH, FSH, 

and testosterone in prepubertal bulls. The in vitro activity of C6 was approximately 

8 times higher than that of KP-10. It was shown that intramuscular administration 

of C6 increased the concentration of LH without changing the content of FSH 
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and testosterone in the blood. The work of C.R. Burke et al. [75] is another ex-

ample of using TAK448, a synthetic analogue of kisspeptin. The authors concluded 

that kisspeptin treatment, if performed when there is a mature dominant follicle 

in the ovaries, can induce ovulation in postpartum dairy cows followed by estrous 

cycles of normal length [75]. 

S.M. Popa et al. [76] using genetically engineered mice that exhibited only 

5% KISS1 expression, found that both males and females reached puberty and 

remained fertile. Y. Uenoyama et al. [3] confirmed this phenomenon in rats, find-

ing that 20% of KNDy neurons are sufficient to support GnRH pulses and follic-

ulogenesis, indicating functional redundancy of the KNDy neuron population. 

The authors pointed out that there is not yet enough information about the func-

tional redundancy of KNDy neurons in mammalian species other than rodents [3]. 

Although much has been learned since the initial identification of KP-

producing KND neurons, there are still many unresolved questions regarding the 

function of different populations of these nerve cells depending on location. An-

other aspect is new technologies for studying KND neurons, including KND neu-

rons of Bos taurus. It is necessary to analyze the effect of different concentrations 

of kisspeptins on ovulation in cattle. Importantly, there is a problem that has not 

yet been solved even in human medicine. M.A. Hussain et al. [77] noted that 

commercially available methods for quantifying blood kisspeptin in various mam-

mals are not reliable enough due to large differences in assay methods, detection 

ranges, and uncertainty about which forms of kisspeptin (e.g. KP-10, KP54) are 

detected [77]. Thereof, methods for measuring kisspeptin concentrations in bio-

logical fluids should be improved. 

Thus, the effect of kisspeptin on the reproductive function of Bos taurus is 
of interest. Despite accumulated information on the issue, the data are mostly 

obtained upon exogenous administration (injection) of kisspeptin-containing drugs 

and measurements of the resulting hormonal levels in animals. There is an obvious 

lack of information about the natural levels of kisspeptin in young animals, the 

concentration of kisspeptin in the blood of cycling and pregnant cows, and the 

relationship between kisspeptin concentrations, reproduction and productivity. 

The available information is often obtained for other animal species. Kisspeptins 

used in experiments on cows are in most cases non-species specific or synthetic. 

In general, despite the fact that the role of kisspeptin in reproductive function has 

been established long ago, this hormone is interesting for further study, provided 

that the necessary tools for accurate detection and measurement of its concentra-

tions become available. 

 
R E F E R E N C E S  

 
1. Abreu A.P., Kaiser U.B. Pubertal development and regulation. The Lancet Diabetes & Endocri-

nology, 2016, 4(3): 254-264 (doi: 10.1016/S2213-8587(15)00418-0). 

2. Pielecka-Fortuna J., Chu Z., Moenter S. Kisspeptin acts directly and indirectly to increase Gon-

adotropin-Releasing hormone neuron activity and its effects are modulated by estradiol. Endocri-
nology, 2008, 149(4): 1979-86 (doi: 10.1210/en.2007-1365). 

3. Uenoyama Y., Inoue N., Nakamura S., Tsukamura H. Kisspeptin neurons and estrogen-estrogen 

receptor α signaling: unraveling the mystery of steroid feedback system regulating mammalian repro-

duction. International Journal of Molecular Sciences, 2021, 22(17): 9229 (doi: 10.3390/ijms22179229). 

4. Hu K.-L., Zhao H., Chang H.-M., Yu Y., Qiao, J. Kisspeptin/Kisspeptin receptor system in the 

ovary. Frontiers in Endocrinology, 2018, 8: 365 (doi: 10.3389/fendo.2017.00365). 

5. Prashar V., Arora T., Singh R., Sharma A., Parkash J. Hypothalamic kisspeptin neurons: integral 

elements of the GnRH system. Reproductive Sciences, 2023, 30(3): 802-822 (doi: 10.1007/s43032-

022-01027-5). 

6. Oakley A.E., Clifton D.K., Steiner R.A. Kisspeptin signaling in the brain. Endocrine Reviews, 
2009, 30(6): 713-743 (doi: 10.1210/er.2009-0005). 

7. Ohkura S., Uenoyama Y., Yamada S., Homma T., Takase K., Inoue N., Maeda K-I., Tsukamura H. 



 

983 

Physiological role of metastin/kisspeptin in regulating gonadotropinreleasing hormone (GnRH) se-

cretion in female rats. Peptides, 2009, 30(1): 49-56 (doi: 10.1016/j.peptides.2008.08.004). 

8. Clarke I.J. Control of GnRH secretion: one step back. Frontiers in Neuroendocrinology, 2011, 

32(3): 367-375 (doi: 10.1016/j.yfrne.2011.01.001). 

9. Goodman R.L., Maltby M.J., Millar R.P., Hileman S.M., Nestor C.C., Whited B., Tseng A.S., 

Coolen L.M., Lehman M.N. Evidence that dopamine acts via kisspeptin to hold GnRH pulse 

frequency in check in anestrous ewes. Endocrinology, 2012, 153(12): 5918-27 (doi: 10.1210/en.2012-

1611). 

10. Caraty A., Decourt C., Briant C., Beltramo M. Kisspeptins and the reproductive axis: potential 

applications to manage reproduction in farm animals. Domestic Animal Endocrinology, 2012, 43(2): 

95-102 (doi: 10.1016/j.domaniend.2012.03.002). 

11. Tomikawa J., Homma T., Tajima S., Shibata T., Inamoto Y., Takase K., Inoue N., Ohkura S., 

Uenoyama Y., Maeda K.-I., Tsukamura H. Molecular characterization and estrogen regulation 

of hypothalamic KISS1 gene in the pig. Biology of Reproduction, 2010, 82(2): 313-319 (doi: 

10.1095/biolreprod.109.079863). 

12. Uenoyama Y., Nagae M., Tsuchida H., Inoue N., Tsukamura H. Role of KNDy neurons ex-

pressing kisspeptin, neurokinin B, and dynorphin A as a GnRH pulse generator controlling mam-

malian reproduction. Front. Endocrinol., 2021, 12: 724632 (doi: 10.3389/fendo.2021.724632). 

13. Ohkura S., Takase K., Matsuyama S., Mogi K., Ichimaru T., Wakabayashi Y., Uenoyama Y., 

Mori Y., Steiner R.A., Tsukamura H., Maeda K.-I., Okamura H. Gonadotrophinreleasing hor-

mone pulse generator activity in the hypothalamus of the goat. Journal of Neuroendocrinology, 

2009, 21(10): 813-821 (doi: 10.1111/j.1365-2826.2009.01909.x). 

14. Kotani M., Detheux M., Vandenbogaerde A., Communi D., Vanderwinden J.M., Le Poul E., 

Brézillon S., Tyldesley R., Suarez-Huerta N., Vandeput F., Blanpain C., Schiffmann S.N., Vas-

sart G., Parmentier M. The metastasis suppressor gene KiSS-1 encodes kisspeptins, the natural 

ligands of the orphan G protein-coupled receptor GPR54. The Journal of Biological Chemistry, 

2001, 276(37): 34631-34636 (doi: 10.1074/jbc.M104847200). 

15. Ohtaki T., Shintani Y., Honda S., Matsumoto H., Hori A., Kanehashi K., Terao Y., Kumano S., 

Takatsu Y., Masuda Y., Ishibashi Y., Watanabe T., Asada M., Yamada T., Suenaga M., Kitada C., 

Usuki S., Kurokawa T., Onda H., Nishimura O., Fujino M. Metastasis suppressor gene KiSS-1 

encodes peptide ligand of a G-protein-coupled receptor. Nature, 2001, 411(6837): 613-617 (doi: 

10.1038/35079135). 

16. Foradori C.D., Amstalden M., Goodman R.L., Lehman M.N. Colocalisation of dynorphin A and 

neurokinin B immunoreactivity in the arcuate nucleus and median eminence of the sheep. Journal 

of Neuroendocrinology, 2006, 18(7): 534-541 (doi: 10.1111/j.1365-2826.2006.01445.x). 

17. Goodman R.L., Lehman M.N., Smith J.T., Coolen L.M., de Oliveira C.V., Jafarza-

dehshirazi M.R., Pereira A., Iqbal J., Caraty A., Ciofi P., Clarke I.J. Kisspeptin neurons in the 

arcuate nucleus of the ewe express both dynorphin A and neurokinin B. Endocrinology, 2007, 

148(12): 5752-5760 (doi: 10.1210/en.2007-0961). 

18. Goodman R.L., Hileman S.M., Nestor C.C., Porter K.L., Connors J.M., Hardy S.L., Mil-

lar R.P., Cernea M., Coolen L.M., Lehman M.N. Kisspeptin, neurokinin B, and dynorphin act 

in the arcuate nucleus to control activity of the GnRH pulse generator in ewes. Endocrinology, 

2013, 154(11): 4259-4269 (doi: 10.1210/en.2013-1331). 

19. Xie Q., Kang Y., Zhang C., Xie Y., Wang C., Liu J., Yu C., Zhao H., Huang D. The role of 

kisspeptin in the control of the hypothalamic-pituitary-gonadal axis and reproduction. Front. En-
docrinol., 2022, 13: 925206 (doi: 10.3389/fendo.2022.925206). 

20. Burke M.C., Letts P.A., Krajewski S.J., Rance N.E. Coexpression of dynorphin and neurokinin 

B immunoreactivity in the rat hypothalamus: Morphologic evidence of interrelated function 

within the arcuate nucleus. J. Comp. Neurol., 2006, 498(5): 712-726 (doi: 10.1002/cne.21086). 

21. Cheng G., Coolen L.M., Padmanabhan V., Goodman R.L., Lehman M.N. The kisspeptin/neu-

rokinin B/dynorphin (KNDy) cell population of the arcuate nucleus: sex differences and effects 

of prenatal testosterone in sheep. Endocrinology, 2010, 151(1): 301-311 (doi: 10.1210/en.2009-

0541).  

22. Hassaneen A., Naniwa Y., Suetomi Y., Matsuyama S., Kimura K., Ieda N., Inoue N., 

Uenoyama Y., Tsukamura H., Maeda K.-I., Matsuda F., Ohkura S. Immunohistochemical char-

acterization of the arcuate kisspeptin/neurokinin B/dynorphin (KNDy) and preoptic kisspeptin 

neuronal populations in the hypothalamus during the estrous cycle in heifers. Journal of Repro-

duction and Development, 2016, 62(5): 471-477 (doi: 10.1262/jrd.2016-075). 

23. Alves B.R., Cardoso R.C., Prezotto L.D., Thorson J.F., Bedenbaugh M., Sharpton S.M., 

Caraty A., Keisler D.H., Tedeschi L.O., Williams G.L., Amstalden M. Elevated body weight gain 

during the juvenile period alters neuropeptide Y-gonadotropin-releasing hormone circuitry in pre-

pubertal heifers. Biology of Reproduction, 2015, 92(2): 46 (doi: 10.1095/biolreprod.114.124636). 

24. Songphasuk T., Wannapong N., Thanantong N., Sajapitak S. Preliminary study of kisspeptin 

mRNA-expressing neurons at POA and ARC in hypothalamus of beef cattle. Journal of Mahana-

korn Veterinary Medicine, 2021, 16(1): 99-107. 

25. Gunn A., Rose J., Scott C., Scott R. Kisspeptin and RFamide-related peptide 3 neurons in bovine 



984 

hypothalamus: estrogen receptor expression and inputs to gonadotrophin releasing hormone neu-

rons. In: SFT — Theriogenology Annual Conference Online, 2020 by Society for Theriogenology . 

Available: https://www.ivis.org/library/sft/sft-theriogenology-annual-conference-online-

2020#table-of-content. No date.  

26. 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. Neurosci-
ence Letters, 2006, 401(3): 225-230 (doi: 10.1016/j.neulet.2006.03.039). 

27. Foradori C.D., Goodman R.L., Adams V.L., Valent M., Lehman M.N. Progesterone increases 

dynorphin a concentrations in cerebrospinal fluid and preprodynorphin messenger ribonucleic 

acid levels in a subset of dynorphin neurons in the sheep. Endocrinology, 2005, 146(4): 1835-1842 

(doi: 10.1210/en.2004-1326). 

28. Ruiz-Pino F., Navarro V.M., Bentsen A.H., Garcia-Galiano D., Sanchez-Garrido M.A., 

Ciofi P., Steiner R.A., Mikkelsen J.D., Pinilla L., Tena-Sempere M. Neurokinin B and the con-

trol of the gonadotropic axis in the rat: developmental changes, sexual dimorphism, and regulation 

by gonadal steroids. Endocrinology, 2012, 153(10): 4818-4829 (doi: 10.1210/en.2012-1287). 

29. Tanco V.M., Whitlock B.K., Jones M.A., Wilborn R.R., Brandebourg T.D., Foradori C.D. Dis-

tribution and regulation of gonadotropin-releasing hormone, kisspeptin, RF-amide related pep-

tide-3, and dynorphin in the bovine hypothalamus. PeerJ, 2016, 4: e1833 (doi: 10.7717/peerj.1833). 

30. Clarkson J., Herbison A.E. Postnatal development of kisspeptin neurons in mouse hypothalamus; 

sexual dimorphism and projections to gonadotropin-releasing hormone neurons. Endocrinology, 

2006, 147(12): 5817-5825 (doi: 10.1210/en.2006-0787). 

31. Smith J.T., Clay C.M., Caraty A., Clarke I.J. KiSS-1 messenger ribonucleic acid expression in 

the hypothalamus of the ewe is regulated by sex steroids and season. Endocrinology, 2007, 148(3): 

1150-1157 (doi: 10.1210/en.2006-1435). 

32. Wakabayashi Y., Nakada T., Murata K., Ohkura S., Mogi K., Navarro V.M., Clifton D.K., 

Mori Y., Tsukamura H., Maeda K., Steiner R.A., Okamura H. Neurokinin B and dynorphin A 

in kisspeptin neurons of the arcuate nucleus participate in generation of periodic oscillation of 

neural activity driving pulsatile gonadotropin-releasing hormone secretion in the goat. Journal of 

Neuroscience, 2010, 30(8): 3124-3132 (doi: 10.1523/JNEUROSCI.5848-09.2010). 

33. Tsukamura H. Kobayashi Award 2019: The neuroendocrine regulation of the mammalian reproduc-

tion. General and Comparative Endocrinology, 2022, 315: 113755 (doi: 10.1016/j.ygcen.2021.113755). 

34. Ikegami K., Minabe S., Ieda N., Goto T., Sugimoto A., Nakamura S., Inoue N., Oishi S., 

Maturana A. D., Sanbo M., Hirabayashi M., Maeda K.-I., Tsukamura H., Uenoyama Y. Evi-

dence of involvement of neurone-glia/neurone-neurone communications via gap junctions in 

synchronised activity of KNDy neurones. Journal of Neuroendocrinology, 2017, 29(6): 1-14 (doi: 

10.1111/jne.12480). 

35. Scott C.J., Rose J.L., Gunn A.J., McGrath B.M. Kisspeptin and the regulation of the reproductive 

axis in domestic animals. Journal of Endocrinology, 2019, 240(1): R1-R16 (doi: 10.1530/JOE-

18-0485). 

36. Chernukha G.E., Tabeeva G.I., Gusev D.V., Shmakov R.G. Doktor.Ru, 2017, 3(132): 73-78 (in 

Russ.). 

37. Clarke I.J., Reed C.B., Burke C.R., Li Q., Meier S. Kiss1 expression in the hypothalamic arcuate 

nucleus is lower in dairy cows of reduced fertility. Biology of Reproduction, 2022, 106(4): 802-813 

(doi: 10.1093/biolre/ioab240). 

38. Ghaderpour S., Ghiasi R., Heydari H., Keyhanmanesh R. The relation between obesity, kisspep-

tin, leptin, and male fertility. Hormone Molecular Biology and Clinical Investigation, 2022, 43(2): 

235-247 (doi: 10.1515/hmbci-2021-0058). 

39. Leonardi C.E., Carrasco R.A., Dias F.C., Adams G.P., Singh J. Distribution of gonadotropin-

releasing hormone and kisspeptin neurons in the preoptic area and hypothalamus during the 

estrous cycle in cows. Reproduction, Fertility and Development, 2018, 30(1): 191-192 (doi: 

10.1071/RDv30n1Ab104). 

40. Moore A.M., Coolen L.M., Porter D.T., Goodman R.L., Lehman M.N. KNDy cells revisited. 

Endocrinology, 2018, 159(9): 3219-3234 (doi: 10.1210/en.2018-00389). 
41. Cardoso C., Alves B.R.C., Williams G.L. Neuroendocrine signaling pathways and the nutritional 

control of puberty in heifers Rodolfo. Anim. Reprod., 2018, 15(1): 868-878 (doi: 10.21451/1984-
3143-AR2018-0013). 

42. Cardoso R.C., Alves B.R., Sharpton S.M., Williams G.L., Amstalden M. Nutritional program-
ming of accelerated puberty in heifers: involvement of pro-opiomelanocortin neurones in the 

arcuate nucleus. J. Neuroendocrinol., 2015, 27(8): 647-657 (doi: 10.1111/jne.12291). 
43. Rønnekleiv O.K., Qiu, J., Kelly M.J. Arcuate kisspeptin neurons coordinate reproductive activities 

with metabolism. Seminars in Reproductive Medicine, 2019, 37(3): 131-140 (doi: 10.1055/s-0039-
3400251). 

44. Rizzo A., Ceci E., Guaricci A.C., Sciorsci R.L. Kisspeptin in the early postpartum of the dairy 
cow. Reproduction in Domestic Animals, 2018, 54(2): 195-198 (doi: 10.1111/rda.13325). 

45. Rizzo A., Piccinno M., Ceci E., Pantaleo M., Mutinati M., Roncetti M., Sciorsci R.L. Kisspeptin and 

bovine follicular cysts. Veterinaria Italiana, 2018, 54(1): 29-31 (doi: 10.12834/VetIt.1014.5413.3). 



 

985 

46. D’Occhio M.J., Campanile G., Baruselli P.S. Peripheral action of kisspeptin at reproductive 

tissues — role in ovarian function and embryo implantation and relevance to assisted repro-

ductive technology in livestock: a review. Biology of Reproduction, 2020, 103(6): 1157-1170 (doi: 

10.1093/biolre/ioaa135). 

47. Liu H., Mesalam A., Joo M.-D., Zhang S., Xu L., Wang J., Lee K.-L., Song S.-H., Yuan Y.-G., 

Lu W., Kong I.-K. Fibronectin protected bovine preantral follicles from the deleterious effects of 

Kisspeptin. Theriogenology, 2020, 161: 301-312 (doi: 10.1016/j.theriogenology.2020.12.017). 

48. Liu H., Xu G., Yuan Z., Dong Y., Wang J., Lu W. Effect of kisspeptin on the proliferation 

and apoptosis of bovine granulosa cells. Animal Reproduction Science, 2017, 185: 1e7 (doi: 

10.1016/j.anireprosci.2017.07.008). 

49. Guo L., Xu H., Li Y., Liu H., Zhao J., Lu W., Wang J. Kisspeptin-10 promotes progesterone 

synthesis in bovine ovarian granulosa cells via downregulation of microRNA-1246. Genes, 2022, 

13(2): 298 (doi: 10.3390/genes13020298). 

50. Soares M.M., Antonino D.D.C., Oliveira M., Melo Júnior J., Peixoto L.R., Maia T.S., 

Alves K.A., Jacomini J.O., Dos Santos R.M., Macedo G.G. The role of Kisspeptin in bovine in 

vitro embryo production. Semina: Ciências Agrárias, 2018, 39(2): 621-630 (doi: 10.5433/1679-

0359.2018v39n2p621). 

51. Martino N.A., Rizzo A., Pizzi F., Dell'Aquila M.E., Sciorsci R.L. Effects of kisspeptin-10 on in 

vitro proliferation and kisspeptin receptor expression in primary epithelial cell cultures isolated 

from bovine placental cotyledons of fetuses at the first trimester of pregnancy. Theriogenology, 

2015, 83(6): 978-987.e1 (doi: 10.1016/j.theriogenology.2014.11.033). 

52. Plemyashov K.V., Andreev G.M., Zakharov P.G., Kuz’min V.A., Shchepetkina S.V. Prakticheskie 
rekomendatsii po vosproizvodstvu krupnogo rogatogo skota [Practical recommendations for cattle 

reproduction]. St. Petersburg, 2008 (in Russ.). 

53. Leonardi C.E.P. Kisspeptin function in female bovine reproduction. PhD Thesis. University of Sas-

katchewan, Saskatoon, Canada, 2018. Available: https://harvest.usask.ca/handle/10388/9597. No 

date. 

54. Kadokawa H., Suzuki S., Hashizume T. Kisspeptin-10 stimulates the secretion of growth hormone 

and prolactin directly from cultured bovine anterior pituitary cells. Animal Reproduction Science, 
2008, 105(3-4): 404-408 (doi: 10.1016/j.anireprosci.2007.11.005). 

55. Gottsch M.L., Clifton D.K., Steiner R.A. From KISS1 to kisspeptins: An historical perspective 

and suggested nomenclature. Peptides, 2009, 30(1): 4-9 (doi: 10.1016/j.peptides.2008.06.016). 

56. Ezzat A. A., Saito H., Sawada T., Yaegashi T., Goto Y., Nakajima Y., Jin J., Yamashita T., 

Sawai K., Hashizume T. The role of sexual steroid hormones in the direct stimulation by Kis-

speptin-10 of the secretion of luteinizing hormone, follicle-stimulating hormone and prolactin 

from bovine anterior pituitary cells. Animal Reproduction Science, 2010, 121(3-4): 267-272 (doi: 

10.1016/j.anireprosci.2010.06.002). 

57. Ezzat A.A., Pereira A., Clarke I.J. Kisspeptin is a component of the pulse generator for GnRH 

secretion in female sheep but not THE pulse generator. Endocrinology, 2015, 156(5): 1828-1837 

(doi: 10.1210/en.2014-1756). 

58. Lehman M.N., Hileman S.M., Goodman R.L. Neuroanatomy of the kisspeptin signaling system 

in mammals: comparative and developmental aspects In: Kisspeptin signaling in reproductive biol-

ogy. Advances in experimental medicine and biology, vol. 784. A. Kauffman, J. Smith (eds.). 

Springer, New York, NY, 2013: 27-62 (doi: 10.1007/978-1-4614-6199-9_3). 

59. Kadokawa H. Seasonal differences in the parameters of luteinizing hormone release to exogenous 

gonadotropin releasing hormone in prepubertal Holstein heifers in Sapporo. Journal of Reproduc-

tion and Development, 2007, 53(1): 121-125 (doi: 10.1262/jrd.18058). 

60. Whitlock B.K., Daniel J.A., Wilborn R.R., Rodning S.P., Maxwell H.S., Steele B.P., Sartin J.L. 

Interaction of estrogen and progesterone on kisspeptin-10-stimulated luteinizing hormone and 

growth hormone in ovariectomized cows. Neuroendocrinology, 2008, 88(3): 212-215 (doi: 

10.1159/000146242). 

61. Whitlock B.K., Daniel J.A., Wilborn R.R., Maxwell H.S., Steele B.P., Sartin J.L. Interaction of 

kisspeptin and the somatotropic axis. Neuroendocrinology, 2010, 92(3): 178-188 (doi: 

10.1159/000318049). 

62. Ahmed A.E., Goto Y., Saito H., Sawada T., Jin J., Hirata T., Hashizume T. Gonadotropin-

releasing response to kisspeptin-10 and its modulation by progesterone in postpartum cyclic cows. 

Iranian Journal of Applied Animal Science, 2013, 3: 471-476. 

63. Naniwa Y., Nakatsukasa K., Setsuda S., Oishi S., Fujii N., Matsuda F., Uenoyama Y., Tsu-

kamura H., Maeda K.-i., Ohkura S. Effects of full-length kisspeptin administration on follicular 

development in Japanese black beef cows. Journal of Reproduction and Development, 2013, 59(6): 

588-594 (doi: 10.1262/jrd.2013-064). 

64. Pottapenjera V., Rajanala S.R., Reddy C., Gangineni A., Avula K., Bejjanki S.K., Sathagopam S., 

Kesharwani S., Velmurugan S. Kisspeptin modulates luteinizing hormone release and ovarian 

follicular dynamics in prepubertal and adult murrah buffaloes. Frontiers in Veterinary Science, 

2018, 5: 149 (doi: 10.3389/fvets.2018.00149). 



986 

65. Flay H.E., Reed C.B., Kuhn-Sherlock B., Phyn C.V.C., Burke C.R., Meier S., Clarke I.J. Re-

sponse to kisspeptin and gonadotropin-releasing hormone agonist administration in Holstein-

Friesian dairy heifers with positive or negative genetic merit for fertility traits. Journal of Dairy 

Science, 2022, 105(4): 3601-3614 (doi: 10.3168/jds.2021-21394). 

66. Rodríguez M.A., Calderón Robles R.C., Rosete Fernándezb J.V., Hernándezc K. R., Vera Ávi-

lad H.R., Arreguín Arévaloe J.A., Nette T.M., Gutiérrez Aguilarf C.G., Padillaf E.G., Gómez-

Chavaríng M., Godoya A.V. Kisspeptin in prepubertal heifers: I. Effects of age on the response 

of LH, FSH and GH to kisspeptin-10 and its association with IGF-I, leptin and estradiol. Revista 

Mexicana de Ciencias Pecuarias, 2017, 8(4): 375-385 (doi: 10.22319/rmcp.v8i4.4644). 

67. Ezzat Ahmed A., Saito H., Sawada T., Yaegashi T., Yamashita T., Hirata T.-I., Sawai K., 

Hashizume T. Characteristics of the Stimulatory Effect of Kis-speptin-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(6): 650-654 (doi: 

10.1262/jrd.20255). 

68. Ezzat A.A., Haridy M., Kassab A.Y., Ahmed H., Senosy W., Toh-Ichi H., Tsutomu H. The effi-

ciency of Kisspeptin and GnRH as stimulators of gonadotrophins and testosterone in prepubertal 

male cattle. Zagazig Veterinary Journal, 2018, 46(2): 136-145 (doi: 10.21608/ZVJZ.2018.14386). 

69. Northup S.L., Coffman E.A., Strickland L.G., Pohler K.G., Daniel J.A., Whitlock B.K. Intrave-

nous infusion of kisspeptin increased serum luteinizing hormone acutely and decreased serum 

follicle stimulating hormone chronically in prepubertal bull calves. Theriogenology, 2020, 144: 1-

7 (doi: 10.1016/j.theriogenology.2019.12.013). 

70. Role Cortés M.E., Carrera B., Rioseco H., Pablo del Río J., Vigil P. The role of kisspeptin in the 

onset of puberty and in the ovulatory mechanism: a minireview. Journal of Pediatric and Adolescent 

Gynecology, 2015, 28(5): 286-291 (doi: 10.1016/j.jpag.2014.09.017). 

71. Macedo G.G., Mingoti R.D., Batista E.O.S., Monteiro B.M., Vieira L.M., Barletta R.V., Wilt-

bank M.C., Nogueira G.P., Rennó F.P., Maio J.R., Baruselli P.S. Profile of LH re-lease in 

response to intramuscular treatment with kisspeptin in Bos indicus and Bos taurus prepubertal 

heifers. Theriogenology, 2019, 125: 64-70 (doi: 10.1016/j.theriogenology.2018.10.011). 

72. Mondal M., Baruah K.K., Karunakaran M., Ghosh M.K., Dutta T.K. Development of a new 

kisspeptin based method of ovulation synchronization for crossbred dairy heifers. Journal of Dairy 

Science and Technology, 2018, 4(3): 12-16. 

73. Curtis A.E., Cooke J.H., Baxter J.E., Parkinson J.R.C., Bataveljic A., Ghatei M.A., Bloom S.R., 

Murphy K.G. A kisspeptin-10 analog with greater in vivo biactivity than kisspeptin-10. Am. J. 

Physiol. Endocrinol. Metab., 2010, 298(2): E296-E303 (doi: 10.1152/ajpendo.00426.2009). 

74. Parker P.A., Coffman E.A., Pohler K.G., Daniel J.A., Aucagne V., Beltramo M., Whitlock B. K. 

Acute and subacute effects of a synthetic kisspeptin analog, C6, on serum concentrations of lute-

inizing hormone, follicle stimulating hormone, and testosterone in prepubertal bull calves. Theri-

ogenology, 2019, 130, 111-119 (doi: 10.1016/j.theriogenology.2019.03.002). 

75. Burke C.R, Roche J.R., Millar R.P., Clarke I.J. Onset of normal cycles in postpartum anovulatory 

dairy cattle treated with kisspeptin. Reproduction and Fertility, 2022, 2(1): 1-8 (doi: 10.1530/RAF-

21-0046). 

76. Popa S.M., Moriyama R.M., Caligioni C.S., Yang J.J., Cho C.M., Concepcion T.L., Oak-

ley A.E., Lee I.H., Sanz E., Amieux P.S., Caraty A., Palmiter R.D., Navarro V.M., Chan Y.M., 

Seminara S.B., Clifton D.K., Steiner R.A. Redundancy in Kiss1 expression safeguards reproduc-

tion in the mouse. Endocrinology, 2013, 154(8): 2784-2794 (doi: 10.1210/en.2013-1222). 

77. Hussain M.A., Song W.-J., Wolfe A. There is kisspeptin — and then there is kisspeptin. Trends 

in Endocrinology & Metabolism, 2015, 26(10): 564-572 (doi: 10.1016/j.tem.2015.07.008). 


