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ABSTRACT Kisspeptin is a key player in the central control of reproductive axis.
Central administration of kisspeptin has been shown to advance puberty in rats.
Stimulation of hypothalamic GnRH pulse generating mechanism by kisspeptin has
been proposed to be the mechanism behind the onset of puberty. We hypothesized
that chronic high doses of kisspeptin administration suppresses the reproductive axis
and hence delays the pubertal onset. Hence, we investigated the effect of peripheral
administration of chronic high doses of kisspeptin on pubertal onset, feed intake and
body weight in female rats. Rats were treated with saline or kisspeptin (100 nmoles
per day; intraperitoneal) for 26 days (day 25 to day 50 postnatal) and the day of vaginal
opening was marked as day of puberty. Kisspeptin treated rats had delayed pubertal
onset and reduced feed intake and body weight. Gonadal GPR54 mRNA was reduced
suggesting that chronic high doses of kisspeptin may suppress the reproductive
functions possibly by downregulation of GPR54 receptor. However, delay in puberty
due to reduction in feed intake and body weight could not be ruled out in this study.
Further, our study emphasizes the importance of dosage and duration of kisspeptin
administration in the manipulation of reproductive axis. Our study, for the first time,
suggests that kisspeptin and its analogues, if proven beneficial, could be used to treat
precocious puberty in children. It appears that, though a promising tool for enhancing
fertility, kisspeptin acts as a double-edged sword and has to be cautiously used to
manipulate reproduction.
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INTRODUCTION

are cleaved from a 154 amino acid peptide coded by

Kiss1 gene. The decapeptide containing -COOH terminal
Kisspeptin is a key controller of reproductive axis upstream to GnRH (Pinilla et al., 2012). Neuroendocrine

is required for the functional activation of the kisspeptin
receptor, the G-protein coupled receptor-54 (GPR-54).

control of GnRH neurons by kisspeptin orchestrates the

Upon central or peripheral administration of kisspeptin,

sequences that take place during the oestrous cycle (Bel-

hyptohalamo-pituitary-gonadal axis is activated via the

tramo et al., 2014). In the hypothalamus, kisspeptin is

activation of hypothalamic GnRH neurons (Irwig et al.,

expressed in arcuate nucleus and rostral periventricular

2004; Matsui et al., 2004). Intracerebroventricular (i.c.v)

region in rats (Overgaard et al., 2013). Kisspeptins, a

administration of kisspeptin for 6 days induces vaginal

group of peptides of 54, 14, 13 and 10 amino acid length,

opening (VO) in immature females rats (1 nmol mouse
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kisspeptin 10 (110-119)-NH2 into lateral ventricle every

MATERIALS AND METHODS

12 h during days 26 to 31) (Navarro et al., 2004). Comparably, central infusion of Peptide 234 (p234), a kisspeptin

Ethical approval

antagonist (0.4 nmol/h for 7 days during days 30 to 36),

The experiments described here were approved by In-

to pubertal females delayed VO (Pineda et al., 2010).

stitutional Animal Ethical Committee of Teena Biolabs

Chronic low doses of kisspeptin (50 pmol i.c.v. from day

Private Limited, Hyderabad, India, where the experiments

26 to 60) has also been shown to advance puberty in rats

were conducted. The experiments follow the regulations

(Sahin et al., 2015). Kisspeptin restores VO in undernour-

of Committee for the Purpose of Control and Supervision

ished female rats (1 nmol mouse kisspeptin 10 (110-119)-

of Experiments on Animals (CPCSEA ), India.

NH2 i.c.v. into lateral ventricle every 12 h during days 30
to 37) (Castellano et al., 2005). However, higher doses of

Animals

kisspeptin was ineffective in advancing puberty in rats.

Sprague-Dawley female pre-pubertal rats were obtained

Continuous i.c.v. administration of 7.5 nmol/d of kis-

and housed (2-3 rats per cage) at Teena Biolabs Private

speptin for 7 days during days 31 to 37 and intraperito-

Limited, Hyderabad, India. They were maintained at a

neal (i.p) administration of 100 nmol/d for 14 days during

temperature of 24 ± 1 C and relative humidity of 62 ± 2%

days 26 to 40 had no effect on VO (Roa et al., 2008; Alcin

with 12 h light/dark cycle (lights on at 700 h). They were

et al., 2011). Hence, we hypothesized that chronic and

given water and pelleted feed ad libitum .

high doses of kisspeptin delays puberty in female rats. As
higher doses of kisspeptin (50 nmol/d for 13 days or one

Drug

day, s.c) has been shown to cause testicular degeneration

Kisspeptin (Tyr-Asn-Trp-Asn-Ser-Phe-Gly-Leu-Arg-

in male rats (Thompson et al., 2006 and 2009), we also

Phe-NH2; human kisspeptin-10; also called Metastin 45-

hypothesized that chronic high doses of kisspeptin will

54) was synthesized at Auro Peptides, Hyderabad. It was

result in ovarian degeneration in female rats.

dissolved in distilled water at the rate of 1 mg/mL and

Kisspeptin has been shown to excite anorexigenic

stored at -20℃. This was further diluted in saline and ad-

proopiomelanocortin (POMC) neurons and inhibit orexi-

ministered intraperitoneally at a dose rate of 100 nmoles/

genic Neuropeptide Y (NPY) neurons (Fu and van den

rat per day in 200 µL volume of saline.

Pol, 2010). However, the effect of kisspeptin on energy
metabolism and body weight remains inconclusive. Cen-

Experimental design

tral infusion of kisspeptin antagonist p234 did not affect

Rats were weighed and feed intake was monitored from

body weight (Pineda et al., 2010). On the contrary, Kiss1r

day 22 (day 0 is the day of birth; day 21 is the day of

KO female mice had higher body weight, leptin level and

weaning) until day 60. From daily feed intake, cumula-

adiposity and had impaired glucose tolerance (Tolson et

tive feed intake was calculated and averaged. Saline (n

al., 2014). While Castellano et al. (2005) reports that feed

= 8) or kisspeptin-10 (n = 9) was administered intraperi-

intake was not affected by centrally given kisspeptin in

toneally from day 25 to day 50 (26 days) between 9:00

rats, Stengel et al. (2011) reports that central kisspeptin

and 10:00 hours. Complete canalization of vagina (i.e.

dose dependently decreases feed intake in mouse after

vaginal opening; VO), an external indication of puberty,

an overnight fast. Central kisspeptin reduces food intake

was checked by visual examination from day 26 onwards.

and bodyweight (Sahin et al., 2015). However, peripheral

The day when complete opening of vaginal canal was

administration of kisspeptin (10 µg/mouse) did not affect feed intake (Stengel et al., 2011). Here we examined

observed was marked as day of puberty. On day 66, after

whether chronic high doses of peripheral kisspeptin af-

either saline or kisspeptin (100 nmoles/rat, i.p) and blood

fect feed intake and body weight in pubertal rats.

samples were collected retro-orbitally an hour after injec-

all the animals attained puberty, they were administered

tion to study LH and oestradiol response to kisspeptin and
swabs were collected for vaginal cytology. Subsequently,
the animals were sacrificed in CO2 chamber. Plasma was
immediately separated and stored at -20℃ until analyzed
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for LH and oestradiol concentration by ELISA. Heart, liver

to the manufacturer’s protocols. The resultant cDNA was

and gonads were weighed for calculating organ coeffi-

amplified using a SYBR® Green qPCR Master Mix Kit (Ap-

cients (weight in g of organs per 100 g body weight). Go-

plied Biosystems) and was quantified using ABI Prism®

nads were preserved in 10% formalin for histopathology

7500 sequence detection system (Applied Biosystems). The

and GPR54 immunohistochemistry, in liquid nitrogen for

specific primer details are shown in Table 1 (Integrated

®

GPR54 Western blot analysis, and in RNAlater RNA Sta-

DNA Technologies). The PCR reaction mixture consisted

bilization Solution (Invitrogen) for GPR54 mRNA expression by real time (quantitative) PCR.

of 2 µL of cDNA (all samples are set to 40 ng/µL), 1 µL
each of specific primers (10 μM) and 4 µL SYBR® Green
Master Mix in a total volume of 10 µL. The PCR cycling

ELISA

conditions for GPR54 are an initial denaturation and ac-

Plasma LH and oestradiol concentration was measured

tivation at 95℃ for 5 min, followed by 40 amplification

using ELISA kits specified for rats (Cusabio). The assay

cycles of 95℃ for 20 s and 60℃ for 60 s. The mRNA levels

was performed as per manufacturer’s instructions. Stan-

of the target genes were normalised relative to the refer-

dard curve was constructed using the given standards and

ence gene β-actin. A melting curve analysis for each PCR
product showed that single products were amplified. The

the results were extrapolated.

relative expression levels of each gene were obtained us-

Histopathology
Using standard protocol, paraffin embedded ovaries and

ing the comparative Ct method and are depicted as fold
change in relation to the control group.

uteri were sectioned and stained using haematoxylin and
eosin. The number of follicles and corpus luteum (CL) in
the ovaries were counted. Gonads were studied for pathological changes, if any.

Immunohistochemistry
Paraffin embedded sections were deparaffinized and
rehydrated; antigen retrieval was carried out using citrate buffer using microwate (95℃ for 30 min). After they

Western blot

reached the room temperature, the sections were washed

Ovarian and uterine samples were lysed using RIPA buf-

twice in Tris Buffered Saline (TBS) containing 0.025% Tri-

fer supplemented with protease and phosphatase inhibi-

ton X and 1% BSA. Blocking was done using 1% BSA for

tors in tissue homogenizer; tissue lysate was sheared by

2 h at room temperature. The sections were incubated

ultra-sonication and then centrifuged at 9,000 rpm for 20

overnight at 4℃ in GPR54 primary antibody (GeneTex)

minutes. The proteins in the supernatant were quantified

at 1:1000 dilution in TBS containing 1% BSA. Sections

by Bradford assay and were resolved by 15% SDS-PAGE

incubated in the same solution without antibody acted

and transferred on to PVDF membrane. The membranes

as negative control. After washing, the sections were in-

were blocked overnight using 5% nonfat milk at 4℃ and

cubated with HRP conjugated seconday antibody (Bioss).

subsequently probed with GPR54 primary antibody (Ge-

The sections were developed using DAB (Sigma) as per

neTex) for 2 hrs at 4℃ and then with HRP conjugated

standard protocol of incubation with H2O2 followed by

secondary antibody for 2 hrs. The signals were visualized

treating with chromogen. Sections were counterstained

by chemiluminescent detection (Amersham ECL Prime

using H&E staining, dehydrated and mounted.

Western blotting kit; GE Healthcare). The membrane
was stripped using stripping buffer (Restore Western Blot
Stripping buffer; Thermo Scientific) and re-probed for
β-actin which served as control.
Table 1. Primer sequences used for real time PCR analysis

Real time PCR
Total RNA was isolated from the ovarian and uterine

mRNA
Rat GPR54

samples (RNeasy Mini Kit; Qiagen) and reverse transcription was carried out (PrimeScript First Strand cDNA Synthesis Kit; Takara) in a total volume of 20 µL according

Rat β-actin

Primer

Primer sequence

Forward

GCGGCCACAGATGTCACTTT

Reverse

AGTGGGCAGCGGATAGAG

Forward

TGCCGCATCCTCTTCCTC

Reverse

GGTCTTTACGGATGTCAACG
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Statistics

pubertal onset was significantly delayed in kisspeptin

SigmaPlot 13.0 (Systat Software Inc.) statistical software

treated rats compared to control rats (Fig. 1A; p = 0.01,

was used for Kaplan-Meier survival analysis followed by

Kaplan-Meier survival analysis). None of the kisspeptin

Gehan-Breslow test. Graphpad Prism 6, version 6.07 was

treated rats showed VO when 50% of the control rats have

used for ANOVA and t -tests, and for plotting the graphs.

already shown VO (Fig. 1B). Interestingly, it appears that,

p < 0.05 was considered significant. Data are presented as

though puberty was delayed, the rate of VO accelerated

mean ± standard error mean (SEM).

in treated rats once the drug administration was stopped
and the day in which the last animals in both groups

RESULTS

showed VO was not much different (day 63 in control vs.
day 65 in treated groups). Surprisingly, one of the treated

Pubertal onset

rat showed VO on day 50 i.e. before cessation of chronic

Vaginal opening, the external indication of onset of

treatment. There was no difference in the body weight

puberty, was observed in control rats from day 40 on-

on the day of VO (i.e. pubertal weight) among both the

wards with the average of 50 ± 2.5 days, while kisspeptin

groups (Fig. 1C).

treated rats exhibited vaginal opening only from day 50

Animals showing VO (%)

A

100

Saline/kisspeptin
Control
Kisspeptin treated

75

*
50

25

0
30

35

40

45

50

55

60

Day

Body weight on VO (g)

150

100

50

Control
Kisspeptin treated

0
25

C

B
Animals showing VO (%)

(average: 58.44 ± 1.6 days; p = 0.01, t -test). Hence, the

65

45

52

49

63

Day

Control
Kisspeptin treated

100

50

0
Control

Kisspeptin treated

Fig. 1. Effect of chronic peripheral administration of kisspeptin on pubertal onset in female rats. (A) The day of vaginal opening (VO) was

noted in rats treated with either saline or kisspeptin from day 25 to day 50 (26 days). Control vs. kisspeptin treated group: p = 0.01, KaplanMeier survival analysis followed by Gehan-Breslow test. (B) The percentage of animals that have reached puberty was compared between
control and treated rats at time point when 25, 50, 75 and 100% of control rats have shown VO. At the respective time points, only 0, 0,
22 and 89% of kisspeptin treated rats have shown VO (p < 0.0001, Chi-square test). (C) Body weight on the day of VO was not different
among the two groups. Data expressed as mean ± SEM.
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400

B

Control
Kisspeptin treated

*

Average body weight (g)

Cumulative feed intake/rat (g)

A

300

200

100

150

Control
Kisspeptin treated

100

50

0

0
26

31

36

46

41

51

56

21

26

31

36

8

Organ weight (g)

Day

C

4
1.0

*

41

46

51

56

Day

Control
Kp-10

*
0.5

0
Heart

Gonads

Liver

Fig. 2. Effect of chronic peripheral administration of kisspeptin on feed intake and body weight. Saline or kisspeptin was administered from

day 25 to day 50. (A) Cumulative feed intake calculated from feed consumed by 2-3 rats housed in cages over the experimental period and
averaged per rat. Control vs. kisspeptin treated group: p < 0.001, two-way ANOVA. (B) Average body weight. Control vs. kisspeptin treated
group : p < 0.001, two-way ANOVA. (C) Weight of gonads (uterus + ovaries), heart and liver. Control vs. kisspeptin treated group in heart
weight: p = 0.03, t -test. Data expressed as mean ± SEM.

LH

30

B
Plasma oestradiol (pg/mL)

Plasma LH (mIU/mL)

A

20

10

0

Oestradiol

200
150
100
50
0

Control

Kisspeptin treated

Control

Kisspeptin treated

Fig. 3. Effect of chronic peripheral administration of kisspeptin on plasma LH and oestradiol concentration. Saline or kisspeptin (100 nmol i.p)

was administered from day 25 to day 50. On day 66, the animals were again treated with either saline or kisspeptin (100 nmol), i.p., and after an hour, blood was collected retro-orbitally to study LH and oestradiol response. There was no difference among the groups in plasma
LH (A) and oestradiol (B) concentrations. Data expressed as mean ± SEM.

Feed intake and body weight

(Fig. 2). Cumulative feed intake was significantly less in

Kisspeptin administration significantly reduced feed in-

kisspeptin group compared to saline treated control group

take and body weight compared to saline treated controls

(p < 0.001, two-way ANOVA; Fig. 2A). The initial body
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weight on day 21 and the daily weight gain were not sig-

weight) as observed on day 66 (data not shown). However,

nificantly different between the groups (data not shown).

kisspeptin treated rats had significantly lower weight of

However, the cumulative body weight observed during the

heart compared to saline treated controls (p = 0.03, t -test;

course of the experimental period was different among

Fig. 2C).

the groups with the animals in kisspeptin group weighing
lesser than the control group (p < 0.001, two-way ANOVA;

Plasma LH and oestradiol

Fig. 2B). There was no difference in the organ coefficients

Rats, treated earlier with either saline or kisspeptin from

of gonads (control vs. treated: 0.2 ± 0.01 vs. 0.21 ± 0.02 g/

day 25 to day 50, were administered a single injection of

100 g body weight), heart (0.39 ± 0.01 vs. 0.38 g/100 g body

the same on day 66 and blood samples were collected 1 h

weight) and liver (4.34 ± 0.1 vs. 4.5 ± 0.2 g/100 g body

after the injections to estimate plasma LH and oestradiol

A

40

B

Follicles

D

Kisspeptin treated

CL

5

*

4

30

No. of CL

No. of follicles

C

Control

20
10

3
2
1
0

0

A

GPR54 in ovary

B

GPR54 in uterus
1.0

Fold change

1.0
Fold change

Kisspeptin treated

Control

Kisspeptin treated

Control

Fig. 4. Effects of chronic kisspeptin administration on the number of ovarian
follicles and CL in rats. Representative
histological sections of ovaries from
control (A) and kisspeptin treated rats
(B). While there is no difference in the
number of follicles among the groups
(C), kisspeptin treated group had significantly higher number of (*p = 0.001,
t -test) (D). Data expressed as mean ±
SEM.

0.5

0

0.5

0
Control

Kisspeptin treated

Control

Kisspeptin treated

Fig. 5. Effect of chronic peripheral administration of kisspeptin on GPR54 mRNA in gonads. Saline or kisspeptin (100 nmol i.p) was adminis-

tered from day 25 to day 50. On day 66, the animals were again treated with a single injection of either saline or kisspeptin (100 nmol), i.p.,
sacrificed after an hour, and gonads collected and snap-frozen for GPR54 real time PCR. Chronic kisspeptin reduced GPR54 expression in
ovaries (A) and uteri (B) as compared to saline treated controls.
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concentrations. There was no difference between the con-

and uterine histopathology observed in the H&E stained

trol and treated rats in the levels of these hormones (Fig. 3).

sections. However, there were more number of corpora
lutea (CL) in kisspeptin treated rats compared to controls
(p = 0.001, t -test; Fig. 4).

Vaginal cytology and histopathology
Vaginal cytology observations showed that control ani-

GPR-54 mRNA and protein expression profile

mals were in various phases of oestrous cycle as expected.
However, kisspeptin treated animals were predominantly

Though there was a reduction in GPR54 mRNA in the

in metoestrus phase of the cycle. There was no ovarian

gonads, it was not significant (Fig. 5). Besides, the two

A

B

Ovary

Uterus

GPR54
54 kD

GPR54
54 kD

-actin
42 kD

-actin
42 kD
T

C

C

T

C

T

C

T

C

T

D

1.0
0.5
0.0
Control

Kisspeptin
treated

T

C

T

C

T

C

GPR54 in uterus

Relative density

Relative density

GPR54 in ovary
1.5

C

1.5
1.0
0.5
0.0
Control

Kisspeptin
treated

Fig. 6. Effect of chronic peripheral administration of kisspeptin on GPR54 in
gonads. Saline or kisspeptin (100 nmol
i.p) was administered from day 25 to
day 50. On day 66, the animals were
again treated with either saline or kisspeptin (100 nmol), i.p., sacrificed after
an hour, and gonads were collected.
There was no difference among the
groups in ovarian (A and C) and uterine
(B and D) GPR54 expression. Data expressed as mean ± SEM. C = control; T
= kisspeptin treated.

Ovarian CL

GPR54-ir

B

Uterus

A

C
Control

D
Treated

Fig. 7. Effects of chronic kisspeptin on
GPR54-ir in ovaries and uteri. Saline or
kisspeptin (100 nmol i.p) was administered from day 25 to day 50. On day 66,
the animals were sacrificed and gonads
were collected. GPR54-ir (brown) was
detected in the corpus luteum and uterus from controls (A and C) and treated
(B and D) animals. A representative
section shows that the level of GPR54ir in the CL and uterus was lower in the
kisspeptin treated rats (magnification:
40×).
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groups did not differ in GPR54 protein expression profile

of 32-109 days (Beckman and Feuston, 2003). Though in

(Fig. 6).

most of the treated rats it may be reasoned that the surge
of preovulatory gonadotropins might have occurred af-

Immunohistochemistry

ter removal of possible negative feed-back inhibition by

GPR54-ir was detected in the corpora lutea and uteri

chronic treatment, resulting in VO, it remains unexplain-

from saline and kisspeptin treated animals. At least in some

able for the one rat that showed VO on the last day of

of the animals, it was observed that GPR54-ir was less in

treatment i.e. before cessation of chronic treatment.

the gonads of treated rats compared to control rats (Fig. 7).

Though the effect of kisspeptin on energy metabolism
and body weight remains inconclusive, we found that

DISCUSSION

kisspeptin treated animals had significantly lower body
weight compared to controls, probably due to reduced

Here we show for the first time that chronic high doses
of kisspeptin delays puberty in rats. Kisspeptin has earlier

feed intake. Reduced body weight may have also contributed to the delay in VO.

been shown to advance puberty in rats when administered

Single injection of kisspeptin at the end of the experi-

at low doses either during a specific window of growth

ment, given 16 days after the end of chronic administra-

period (i.e. 26-31 days postnatal) or for a prolonged pe-

tion, failed to increase the plasma LH and oestradiol lev-

riod (26-60 days postnatal) (Navarro et al., 2004; Sahin et

els at 60 min post-injection, probably reflecting the levels

al., 2015). However, long term administration of higher

that have returned back to normal after an acute period

doses, as shown in our study, seems to delay puberty,

of increase (at around 15-20 min) as reported in male rats

probably by negative feedback inhibition of the hypotha-

(Thomson et al., 2004).

lamic neuronal network that govern the whole process or

Our data is inconclusive on suppression of HPG axis via

by kisspeptin receptor downregulation or desensitization.

GPR54 downregulation due to chronic kisspeptin admin-

It might be noted that the possibility of reduction in feed

istration as we examined the GPR54 expression 16 days

intake and body weight as a cause for delay in puberty

after cessation of treatment after all the animals reached

cannot be ruled out.

puberty. Despite this, we observed that GPR54 mRNA is

Human (Tyr-Asn-Trp-Asn-Ser-Phe-Gly-Leu-Arg-PheNH2) and rat (Tyr-Asn-Trp-Asn-Ser-Phe-Gly-Leu-Arg-

mildly reduced in gonads in treated rats though it is not

Tyr-NH2) kisspeptin-10 differs in only one amino acid

duced in treated animals, protein data doesn’t show this

and human kisspeptin-10 has been shown to advance

pattern. Taken together, though our study is novel and for

puberty in SD rats (Sahin et al., 2015). In the same study,

the first time reports delay in puberty upon chronic kis-

pubertal advance was observed even though the animals

speptin treatment, it needs further exploration towards

were treated chronically (26 to 60 days postnatal) (Sahin

understanding the mechanism behind this delay. in high

et al., 2015). However the dose was less (50 pmol) and

doses. Nonetheless, our study suggests potential use of

was administered centrally. Hence, the delay in puberty

kisspeptin in nullifying precocious puberty in prone indi-

observed in our study might be specifically due to the

viduals after thorough evaluation of advantages and dis-

higher dose (100 nmol/rat per day) administered along

advantages of the therapy. GnRH analogues constitute the

with longer duration (26-50 days postnatal). Peripheral

gold-standard therapy for central precocious puberty (La-

(i.p) route of administration of kisspeptin might also have

tronico et al., 2016). Advantages of kisspeptin analogues,

potentially influenced the delay in puberty as kisspeptin

over the current GnRH analogues, for the treatment of

receptors are also expressed in non-neuronal tissues such

central precocious puberty are to be explored.

significant. However, though GPR54-ir appears to be re-

as ovaries (Castellano et al., 2006).
Vaginal opening occurs the day after the first surge of
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