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Abstract

Kisspeptin, a neuropeptide encoded by the KiSS1 gene and its cognate, KiSS1R are the key
regulators of reproduction in animals. Kisspeptin, also known as metastin, is a potent
secretagogue of gonadotropin-releasing hormone (GnRH). It stimulates the GnRH neurons in
the brain and generates pulses for GnRH thereby its secretion and release, and this in turn
stimulates the release of LH and FSH. Owing to its importance in reproductive biology, the
kisspeptin-KiSS1R system is presently regarded as an essential gatekeeper of reproduction in
animals. Besides central nervous system, role of Kisspeptin during the process of placentation
and pregnancy has been established recently. Therefore, kisspeptin-KiSS1R system potentially
plays diverse roles in animal reproduction. Here, we review the role and physiological
significance of kisspeptin in the reproduction of ruminants.
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INTRODUCTION

Kisspeptin (KP), also known as metastin, has
recently been reported to be a master player in
animal reproduction [1-2]. Kisspeptin is a
potent secretagogue of gonadotropin releasing
hormone (GnRH). It was first identified as a
product of a metastasis suppressor gene
(KiSS-1) in malignant melanomas [3].

Kisspeptin is basically the endogenous ligands
for a G-protein-coupled receptor 54 (GPR54,
also presently known as KiSS1R). The parent
kisspeptin is a peptide of 145-amino acid long
and this peptide has undergone proteolytic
breakdown in vivo from the carboxyl-terminus
region resulting production of several shorter
peptides like kisspeptin of 54 amino acids
(KP-54), kisspeptin of 14 amino acids (KP14),
kisspeptin of 13 amino acids (KP-13) or
kisspeptin of 10 amino acids (KP-10) [4].

All of these peptides have a common carboxyl
terminal amidated 10-amino acid sequence,
which is reported to have the equal potency to
bind the KiSS1R. Hence, KP-10 is considered
to be potent enough to exhibit all biological
properties of the parent and other Kisspeptin
peptides.

DERIVATION OF THE NAME
‘KISSPEPTIN’

Out of all kisspeptin fragments, the largest
one, KP-54 was first identified for its ability to
suppress the metastatic potential of malignant
melanoma cells and it was, therefore, termed
as ‘metastin’ [5]. As kisspeptin-54 fragment
was first discovered in Hershey, Pennsylvania,
USA, hence it was named after Hershey’s
famous chocolate “Kisses”. However, there
exists a scientific background for the
nomenclature of the gene of Kkisspeptin,
KiSS1, as the inclusion of ‘SS’ in the name
also indicates that the gene has a suppressor
sequence.

Kisspeptins are now a group of family of
peptides that comprised of an Arg-Phe-NH2
motif at the C-terminus, which is a typical
characteristic of the RF-amide peptide
superfamily [6].

DISTRIBUTION OF KISSPEPTIN-
KISS1R SYSTEM

Distribution of kisspeptin has been best
described in rodents and humans, where
expression of both receptor (KiSS1R) and
ligand (KiSS1) are the highest in placenta,
with additional wide distribution throughout
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the central nervous system (CNS). In the CNS;
hypothalamus, pituitary, cerebellum, cortex
and brainstem are the sites where KP and
KiSS1/KiSS1R are expressed abundantly [4].

In addition, they are also reported to be
expressed in pancreas, liver, adipose tissue,
small intestine, peripheral blood lymphocytes,
testes, lymph nodes, aorta, coronary artery and
even in umbilical cords [7-8]. Recent
evidences showed that kisspeptin neurons are
present in the arcuate nucleus (Arc),
periventricular nucleus (PeN) and the
anteroventral periventricular nucleus (AVPV)
of the CNS [9]. Kisspeptin stimulates the
GnRH neurons in the CNS thereby producing
pulse generation for preovulatory GnRH/LH
surge in female animals [9].

MODE OF KISSPEPTIN ACTION
Activation of endogenous KiSS-1 gene in the
hypothalamus is reported to take place during
commencement of pubertal process and such
activation of KiSS-KiSS1R system in the CNS
has been found to be sufficient to trigger the
neuroendocrine events leading to the onset of
puberty [9].

Kisspeptin is reported to stimulate the
neuroendocrine-reproductive  axis,  while
steroid hormones differentially regulate the
abundance of KiSS-1-kiSSIR in different
nuclei of CNS as depicted in the previous
literature. Endogenous KP stimulates the
GnRH neurons present in the CNS, resulting
in pulse generation of GnRH, thereby GnRH
release in to the system. The resultant GnRH
induces the release of LH and FSH from
pituitary in the circulation. In turn, the gonads
(ovary in female and testis in male) respond to
gonadotropins by secreting sex steroids, which
then regulate the kisspeptin neurons through
positive or negative feedback mechanism.

PHYSIOLOGICAL FUNCTIONS OF
KISSPEPTIN

Kisspeptin Induces LH Surge

Kisspeptin stimulates GnRH neurons in the
brain to release endogenous GnRH, which in
turn generates the LH surge and due to the
latter, dominant follicle of the ovary ovulates.
Constant intravenous infusion of Kp-10 for 8 h
beginning 30 h after progesterone withdrawal
is reported to stimulate an earlier LH surge

that results increased circulatory progesterone
concentrations [10]. Interestingly, intravenous
infusion of Kp-10 was also found to stimulate
the LH surge in anestrous ewes [11-13].
Blocking of KiSS1R with its antagonist is
reported to attenuate the estradiol induced LH
surge [12]. Hence, it was concluded that the
action of KP on LH release in sheep was via
an effect on GnRH release from the
hypothalamus and not as direct action of KP
on pituitary gonadotropes [11-13].

Exogenous KP was also found to increase the
release of endogenous LH in cultured ovine
pituitary cells, but hypothalamo-pituitary
disconnected ewes did not respond to Kp-10
treatment [13]. Expression of Kp is reported to
be increased in caudal ARC during the late
follicular phase of ewes [14]. Similarly, the
KiSS1 mRNA positive cells were found more
abundantly in the middle and caudal ARC and
POA during the late follicular phase [15].
Kisspeptin is found to be involved in
generation of the GnRH surges in the brain,
and consequentially the LH, release as
revealed in several studies [11, 16].

Kisspeptin Action in Anestrous Animals
Intravenous  administration  of  KP-10
stimulates owvulation in ewes during the
nonbreeding season [10], but the KP
expression was higher in the breeding season
than the nonbreeding season [10]. An
increased KP contacts with GnRH neurons
was also observed during the breeding season
in ewes [14].

Smith et al. also found that the number of KP
positive cells were higher in the ARC during
the breeding season than the nonbreeding
season in ovariectomized ewes [13]. The
number KP positive neurons in the ARC and
percentage of KP positive neurons in both the
ARC and preoptic area are reported to be
increased in ovariectomised estradiol treated
ewes following the transition to short day
exposure [17].

Li et al. observed greater KP-10 response in
terms of GnRH and LH release in seasonally
anestrous ewes than luteal ewes during the
breeding season [18]. Abundances of
transcripts encoding KiSS1IR in GnRH
neurons was found to be higher during the
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nonbreeding season than during the breeding
season in ewes, and expression of KiSS1R in
GnRH neurons was reduced post-KP-10
treatment in ewes during the non-breeding
season but not by steroid treatment of
ovariectomised ewes [18]. These results
clearly showed that the alterations in KP
release are associated with the season in ewes.

Kisspeptin Action in Prepubertal Animals
Decreased negative feedback inhibition of LH
by estradiol is required for initiation of
pubertal process in all the mammals; and
ruminants are in no way exception to this.
Kisspeptin and neurokinin B has been reported
to be co-expressed in the brain during the
pubertal process and therefore both of them
may have some role to play in the process of
commencement of puberty in ruminant
species. This is also supported by the
administration of neurokinin B agonist in
prepubertal ewes exhibiting a distinct LH
pulse immediately after its administration [19],
though no differences in the number of
neurokinin B cells in ARC was observed
between the prepubertal and post puberty
ewes [19].

Redmond et al. observed the number of KiSS1
positive cells in the POA increased from 25 to
35 weeks of age in ewe lambs, although the
number of KiSS1 positive cells did not appear
to be related to increases in LH pulse
frequency [20]. However, Redmond et al. did
report an increase in KiSS1 positive cells in
the middle ARC that was associated with
increased frequency of LH pulses [20].
Intravenous administration of KP at hourly
interval in prepubertal ewe lambs was reported
to induce LH surges with elevated
progesterone levels and thereby ovulation
[20]. These evidences clearly suggest the role
of KP in the process of commencement of
puberty.

Kisspeptin and Estrous Cycle

Circulatory kisspeptin levels have recently
been characterized in crossbred cows [1]. The
mean plasma kisspeptin concentration during
different days of the estrous cycle was
reported to be different (P<0.01) [1]. Mondal
et al. reported three distinct peaks of
kisspeptin during entire bovine estrous cycle

[1]. A peak of kisspeptin on a day before the
occurrence of preovulatory LH surge was
observed [1]. The peak level was decreased
steadily to reach the basal level on day 4,
which again rose sharply and registered the
second peak of lesser amplitude on day 6 of
the cycle.

The plasma kisspeptin level showed an
increasing trend again to exhibit another low
amplitude peak on day 12 of the cycle. On the
basis of the plasma kisspeptin profiles
obtained during estrous cycle, it was observed
that some pulsatility in Kisspeptin secretions in
peripheral circulation was present during
cyclicity in cows. Appearance of the first peak
of kisspeptin on a day before preovulatory LH
surge may probably be required for
preovulatory surge of LH that leads to
ovulation, as kisspeptin is reported to be a
potent gonadotropin secretagogue in animals
[21]. The other two peak concentrations of
kisspeptin during early (day 6) and late luteal
(day 12) phases of the reproductive cycle may
be required to increase blood FSH for
follicular wave emergence, as transient
increase of FSH is reported to be essential for
emergence of follicular waves in bovine [22].

Kisspeptin during Pregnancy

Mondal et al. reported that with the
advancement of pregnancy, plasma kisspeptin
concentrations also showed an increasing trend
[1]. The level of circulatory Kisspeptin has
been reported to be more than 4.5 times and
8 times higher during mid and late than early
stage of pregnancy, respectively. Similarly,
placental kisspeptin content has also been
reported to be increased four and seven folds
from early to mid and late pregnancy,
respectively. These findings clearly indicate
that the source of high plasma Kkisspeptin
during the pregnancy in bovine species is the
placenta. Kisspeptin has also been reported to
be a placenta-derived hormone in humans and
its concentrations increases as pregnancy
advances [23].

Results of the recent experiment on rats
revealed that KiSS1 and KiSS1IR mRNA are
abundantly present in the rat placenta with
expression increasing over the final third of
pregnancy [24].
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Kisspeptin and Lactation

Abundances of mRNA for KiSS1 in the ARC
and KiSS1R in AVPV has been reported to be
reduced in rats during lactation [25], which
explains the possible mechanism for the
reduction of LH secretion during lactation.
The suckling stimulus may probably be
responsible for the suppression of KiSS1
MRNA expression in the  ARC.
Catecholamines and y-Aminobutyric acid may
also be the factors for the inhibitory inputs to
the kisspeptin neurons in the brain. Also, the
suckling-induced reduction in kisspeptin-
KiSS1IR system may be explaining the
mechanism so as to why an estrous cycle is
totally off when the animals are lactating.

Metabolic Regulation by Kisspeptin

Recent studies suggest that response of
kisspeptin is dependent on several factors like
age, body weight, nutritional status and
metabolic activities, and also on
neuroendocrinological signaling of the animal
system. As a significant percentage of KiSS1
neurons of ARC also express the leptin
receptor [12], it is expected that leptin, a
satiety factor, can also regulate KiSS1 neurons
in the arcuate nucleus. Malnutrition is reported
to reduce gonadotropin secretion and also
expression of KiSS1.

Exogenous administration of kisspeptin has
been found to reinstate reproductive function
[26]. Though much information is not
available on the role of kisspeptin in regulation
of metabolic activities in animals, the available
above mentioned findings clearly indicate the
possible role of KP-KiSS1IR system in
regulation of reproduction.

CONCLUSIONS

The kisspeptin, KiSS1 and its receptor
KiSS1R that consist the KP-KiSS1R system
has attained special attention in animal
reproduction due its well defined function on
the onset of puberty through generating
pulsatility of GnRH in the brain.

The KP-KiSS1R system has recently been
explored in the bovine ovary and placenta that
revealed  promising  results indicating
circulatory kisspeptin as a biological marker
for pregnancy. Besides, the system has a
significant role during cyclicity and metabolic

activities of animals. Hence, KP-KiSS1R
system is an inevitable part of animal biology
particularly for optimum reproduction.

COMPETING INTERESTS

The authors declare that they have no
competing interests.

ACKNOWLEDGEMENTS

The authors are grateful to the director, ICAR-
National Dairy Research Institute, India, for
providing the facilities for the present work.
The authors also acknowledge the funding
received from  the  department  of
biotechnology, Govt. of India for conducting
the present work.

REFERENCES

1. Mondal M, Baruah KK, Prakash BS.
Determination of Plasma Kisspeptin
Concentrations during Reproductive Cycle
and Different Phases of Pregnancy in
Crossbred Cows using Bovine Specific
Enzyme Immunoassay. Gen Comp
Endocrinol. 2015; 224: 168-175p.

2. Mondal M, Karunakaran K, Baruah KK.
Development and Validation of a
Sensitive ~ Enzymeimmunoassay  for
Determination of Plasma Metastin in
Mithun  (Bos frontalis). J Immun
Immunochem. 2015. DOI:10.1080/ 1532
18 19.2015.1120745 (online ahead of print
publication).

3. Lee JH, Miele ME, Hicks DJ, et al. KiSS-
1, a Novel Human Malignant Melanoma
Metastasis-Suppressor Gene. J Natl
Cancer Inst. 1996; 88(23): 1731-1737p.

4. Kotani M, Detheux M, Vandenbogaerde
A, 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; 276:
34631-34636p.

5. Lee JH, Welch DR. Suppression of
Metastasis in Human Breast Carcinoma
MDA-MB-435 Cells after Transfection
with the Metastasis Suppressor Gene,
KiSS-1. Cancer Res. 1997; 57: 2384-

2387p.
6. Roa J, Vigo E, Garcia-Galiano D, et al.
Desensitization of Gonadotropin

Responses to Kisspeptin in the Female
Rat: Analyses of LH and FSH Secretion at

RRJoVST (2016) 7-12 © STM Journals 2016. All Rights Reserved Page 10



Research & Reviews: Journal of Veterinary Science and Technology

Volume 5, Issue 1
ISSN: 2319-3441(online), ISSN: 2349-3690(print)

STM JOURNALS

10.

11.

12.

13.

14.

15.

Different Developmental and Metabolic
States. Am J Physiol Endocrinol Metab.
2008; 294: 1088-1096p.

Muir Al, Chamberlain L, Elshourbagy NA,
et al. AXOR12, a Novel Human G Protein-
Coupled Receptor, Activated by the Peptide
KiSS-1. J Biol Chem. 2001; 276: 28969—
28975p.

Mead EJ, Maguire JJ, Kuc RE, et al.
Kisspeptins are Novel Potent
Vasoconstrictors in  Humans, with a
Discrete Localization of their Receptor, G
Protein-Coupled  Receptor 54, to
Atherosclerosis-Prone Vessels.
Endocrinology. 2007; 148: 140-147p.
Smith JT, Dungan HM, Stoll EA, et al.
Differential Regulation of KiSS-1 mRNA
Expression by Sex Steroids in the Brain of
the Male Mouse. Endocrinology. 2005;
146: 2976-2984p.

Caraty A, Smith JT, Lomet D, et al.
Kisspeptin ~ Synchronizes  Preovulatory
Surges in Cyclical Ewes and Causes
Ovulation in Seasonally Acyclic Ewes.
Endocrinology. 2007; 148: 5258-5267p.
Smith JT, Coolen LM, Kriegsfeld LJ, et al.
Variation in Kisspeptin and RFamide-
Related Peptide (RFRP) Expression and
Terminal Connections to Gonadotropin-
Releasing Hormone Neurons in the Brain:
A Novel Medium for Seasonal Breeding in
the Sheep. Endocrinology. 2008; 149:
5770-5782p.

Smith JT, Acohido BV, Clifton DK, et al.
KiSS-1 Neurones are Direct Targets for
Leptin in the Ob/Ob Mouse. J
Neuroendocrinol. 2006; 18: 298-303p.
Smith JT, Clay CM, Caraty A, et al. KiSS-
1 Messenger Ribonucleic Acid Expression
in the Hypothalamus of the Ewe is
regulated by Sex Steroids and Season.
Endocrinology. 2007; 148: 1150-1157p.
Estrada KM, Clay CM, Pompolo S, et al.
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.
J Neuroendocrinol. 2006; 18: 806-809p.
Smith JT, Li Q, Pereira A, et al. Kisspeptin
Neurons in the Ovine Arcuate Nucleus and
Preoptic Area are involved in the

16.

17.

18.

19.

20.

21.

22.

23.

24.

Preovulatory Luteinizing Hormone Surge.
Endocrinology. 2009; 150: 5530-5538p.
Hoffman GE, Le WW, Franceschini I, et
al. 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: 214-222p.

Chalivvoix S, Bagnolini A, Caraty A,
et al. Effects of Photoperiod on Kisspetin

Neuronal Populations of the Ewe
Diencephalon in  Connection  with
Reproductive Function. J

Neuroendocrinol. 2010; 222: 110-118p.

Li Q, Roa A, Clarke IJ, et al. Seasonal
Variation in the Gonadotropin Releasing
Hormone Response to Kisspeptin in
Sheep: Possible Kisspeptin Regulation of
the Kisspeptin Receptor.
Neuroendocrinology. 2012; 96: 212-221p.
Nestor CC, Briscoe AMS, Davis SM, et
al. Evidence of a Role for Kisspeptin and
Neurokinin B in Puberty of Female Sheep.
Endocrinology. 2012; 153: 2756-2765p.
Redmond JS, Baez-Sandoval GM, Spell
KM, et al. Developmental Changes in
Hypothalamic Kissl Expression during
Activation of the Pulsatile Release of
Luteinizing Hormone in Maturing Ewe
Lambs. J Neuroendocrinol. 2011; 23:
815-822p.

Choe HK, Kim HD, Park SH, et al.
Synchronous Activation of Gonadotropin-
Releasing Hormone Gene Transcription
and Secretion by Pulsatile Kisspeptin
Stimulation. Proc Natl Acad Sci U S A.
2013; 110(14): 5677-5682p.

Ginther OJ, Bergfelt DR, Kulick LJ, et al.
Selection of the Dominant Follicle in
Cattle: Establishment of Follicle Deviation
in Less Than 8 hours through Depression
of FSH Concentrations. Theriogenology.
1999; 52: 1079-1093p.

Horikoshi Y, Matsumoto H, Takatsu Y, et
al. Dramatic Elevation of Plasma Metastin
Concentrations in Human Pregnancy:
Metastin as a Novel Placenta-Derived
Hormone in Humans. J Clin Endocrinol
Metab. 2003; 88: 914-919p.

Mark PJ, Jones ML, Lewis JL, et al. Kissl
and Kisslr mRNA Expression in the Rat
Placenta: Changes with Gestational Age

RRJoVST (2016) 7-12 © STM Journals 2016. All Rights Reserved

Page 11



Kisspeptin and Ruminant Reproduction

Mondal et al.

25.

26.

and Regulation by Glucocorticoids.
Placenta. 2013; 34(8): 657-662p.

Yamada S, Uenoyama Y, Kinoshita M, et
al. Inhibition of Metastin (Kisspeptin-54)-
GPR54 Signaling in the Arcuate Nucleus-
Median ~ Eminence  Region  during
Lactation in Rats. Endocrinology. 2007;
148: 2226-2232p.

Roa J, Aguilar E, Dieguez C, et al. New
Frontiers in Kisspeptin/GPR54 Physiology
as Fundamental Gatekeepers  of
Reproductive Function. Frontiers
Neuroendocrinol. 2008; 29: 48-69p.

[Cite this Article \

M. Mondal, K.K. Baruah, M.K. Ghosh,
M. Karunakaran, T.K. Dutta. Kisspeptin
modulates reproduction in ruminants.
Research & Reviews: Journal of
Veterinary Science and Technology.

2016; 5(1): 7-12p.
K 1) p j

RRJoVST (2016) 7-12 © STM Journals 2016. All Rights Reserved

Page 12



