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Effects of Peripheral Administration of
Kisspeptin on Pubertal Maturation and

Serum Leptin Levels in Female Rats

AABBSSTTRRAACCTT  OObb  jjeecc  ttii  vvee::  The aim of this study was to in ves ti ga te the ef fects of exo ge no us kiss pep tin
on pu ber tal ma tu ra ti on in im ma tu re fe ma le rats.  MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Wis tar fe ma le rats we re
we a ned when they we re 21 days old. The rats we re di vi ded in to two gro ups. Con trols (n=10) re ce -
i ved sa li ne only (1 ml/kg). Ex pe ri men tal rats (n=9) we re in tra pe ri to ne ally in jec ted with da ily 100
nmol kiss pep tin-10 bet we en 09.00h-10.00h a.m. starting from the day 26. Body we ight and fo od in -
ta ke we re da ily de ter mi ned, and va gi nal ope ning (VO) was da ily mo ni to red star ting from day 26.
The ani mals we re de ca pi ta ted when the first di es trus was de ter mi ned by va gi nal sme ars. Upon de -
ca pi ta ti on, se rum was se pa ra ted and sto red at -20 oC un til me a su re ment of lep tin, luteinizing
hormone (LH) and es tra di ol. Ute rus and ova ri es we re dis sec ted out and we ig hed. RRee  ssuullttss::  In tra pe -
ri to ne al in jec ti on of 100 nmol kiss pep tin-10 did not chan ge me di an VO ages. The re we re no dif fe -
ren ces in fo od in ta ke, and per cen ta ges of body we ight chan ge, bet we en con trol and kiss pep tin
gro ups du ring the ex pe ri men tal pe ri od. Kiss pep tin ad mi nis tra ti on eli ci ted sig ni fi cant (P<0.01) in -
cre a ses in ute rus we ight over con trol va lu es. Se rum lep tin le vels we re sig ni fi cantly lo wer (P<0.05)
in kiss pep tin-tre a ted gro up com pa red to ve hic le gro up. Kiss pep tin ad mi nis tra ti on in cre a sed (P<0.05)
se rum LH and es tra di ol le vels. CCoonncc  lluu  ssii  oonn:: Chro nic pe rip he ral ad mi nis tra ti on of kiss pep tin-10 do -
es not ad van ce pu berty on set as es ti ma ted from the da te of va gi nal ope ning, but po ten ti a tes ot her
con ven ti o nal in di ces of ma tu ra ti on of rep ro duc ti ve axis such as ele va ted ute ri ne we ight and in cre -
a sed se rum le vels of LH and es tra di ol.  

KKeeyy  WWoorrddss:: Puberty; kisspeptin-10; leptin

ÖÖZZEETT  AAmmaaçç:: Ça lış ma nın ama cı ek zo jen kiss pep ti nin im ma tür di şi rat lar da pu ber tal ol gun laş ma ya
et ki le ri ni araş tır mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Wis tar di şi rat lar 21 gün lük ken süt ten ke sil di ler. Rat-
lar iki gru ba ay rıl dı lar. Kon trol le re (n=10) yal nız ca izo to nik sod yum klo rür ve ril di (1 ml/kg). De -
ney rat la rı na (n=9) 26. gün den iti ba ren baş la ya rak gün lük 100 nmol kiss pep tin her sa bah 09.00 –
10.00 ara sın da in tra pe ri to ne al ola rak en jek te edil di. Ki lo ve gı da alı mı ile va ji nal açıl ma (VA) 26.
gün den iti ba ren gün lük ola rak iz len di. Va ji nal sme ar ile ilk di es trus ge liş ti ğin de hay van la ra de ka -
pi tas yon uy gu lan dı. De ka pi tas yon son ra sı el de edi len se rum lep tin,luteinizan hormon (LH) ve es -
tra di ol ba kı lın ca ya ka dar ay rı la rak -20 oC’de sak lan dı. Ute rus ve over ler di se ke edi le rek tar tıl dı lar.
BBuull  gguu  llaarr::  İntra pe ri to ne al 100 nmol kiss pep tin-10 en jek si yo nu or ta la ma va ji nal açıl ma ya şı nı de ğiş -
tir me di. De ney sü re sin ce gı da alı mın da ki fak lı lık lar ve vü cut ağır lı ğı de ği şim yüz de si yö nün den
kon trol gru bu ile kiss pep tin gru bu ara sın da fark lı lık bu lu na ma dı. Kiss pep tin uy gu la ma sı kon trol
gru bu na gö re an lam lı dü zey de (p<0.01) ute rus ağır lı ğın da ar tış yö nün den fark lı lık oluş tur du. Se rum
lep tin dü zey le ri kiss pep tin gru bun da kon trol gru bu na gö re an lam lı dü zey de da ha dü şük bu lun du
(P<0.05). Kiss pep tin uy gu la ma sı se rum LH ve es tra di ol dü zey le ri ni ar tır dı (P<0.05). SSoo  nnuuçç:: Kro nik
pe ri fe rik kiss pep tin uy gu la ma sı va ji nal açıl ma za ma nı ile be lir le nen pu ber te ye ula şım za ma nı nı et -
ki le me mek le bir lik te, üre me ak sı nın ute rus ağır lı ğın da ar tış, LH ve es tra di ol se vi ye le rin de ar tış gi -
bi kon van si yo nel gös ter ge le ri ni po tan si ya li ze et mek te dir.

AAnnaahhttaarr  KKeelliimmeelleerr::  Puberte; kisspeptin-10; leptin
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iss pep tins, which are al ter na ti vely cal led as
me tas tin sin ce they we re ori gi nally iden ti -
fi ed as pro ducts of me tas ta sis sup pres sor ge -

ne KiSS-11, are the na tu ral li gands for the G
pro te in-co up led re cep tor 54 (GPR54).2-4 Kiss pep -
tins are ter med kiss pep tin-10, -13, -14 and-54 in
ac cor dan ce with the ir num ber of cons ti tu ent ami -
no acids. The de ca pep ti de kiss pep tin-10 which is
sha red by all the mem bers of kiss pep tin fa mily is
re qu i red for bi o lo gi cal ac ti vity.2 Alt ho ugh pre vi o -
us stu di es imp li ca ted the kiss pep tins as an ti-me tas -
ta tic fac tors, re cent stu di es ha ve fo cu sed on the ir
ex ci ting ro le in pu berty and ot her as pects of rep ro -
duc ti on. GnRH ne u ro nes ha ve be en shown to ex-
press GPR54 re cep tor5 thro ugh which kiss pep tins
ac ti va te GnRH sec re ti on.6 Mu ta ti ons in GPR54 are
as so ci a ted with se xu al im ma tu rity and in fer ti lity in
hu mans and ro dents.7-10 Kiss pep tin11 or GPR54
knoc ko ut mi ce6 are fo und to be in fer ti le. Kiss pep -
tins are re por ted to be the most po tent ac ti va tors
of hypot ha la mus-pi tu i tary go na dal (HPG) axis to
da te.12 They po tently eli cit GnRH re le a se and LH
sec re ti on even at the pre-pu ber tal pe ri ods.13 Cen-
tral or pe rip he ral kiss pep tin ad mi nis tra ti on sti mu -
la tes go na dot ro pic axis.14-16 Chro nic cen tral
ad mi nis tra ti on of KiSS-1 pep ti de to im ma tu re fe-
ma le rats was re por ted to in du ce the pre co co ci o us
ac ti va ti on of go na dot rop hic axis,15 and pe rip he ral
in jec ti on of kiss pep tin was shown to sig ni fi cantly
in cre a se plas ma LH le vels.16 All the se fin dings sug-
gest that kiss pep tin/GPR54 system is very im por -
tant in fer ti lity con trol, and kiss pep tin is the ma in
trig ge ring fac tor for pu berty on set. 

In the pre sent ex pe ri ment, pe rip he ral ad mi -
nis tra ti on of kiss pep tin on pu berty on set was in-
ves ti ga ted in im ma tu re fe ma le rats. Alt ho ugh
cen tral ad mi nis tra ti on of kiss pep tin has be en
shown to ad van ce pu berty on set in im ma tu re fe-
ma le rats,15 it is not known whet her chro nic pe rip -
he ral ad mi nis tra ti on of kiss pep tin has a si mi lar
ef fect on pu berty on set. For this aim, kiss pep tin-10
was pe rip he rally gi ven to im ma tu re fe ma le rats un -
til the be gin ning of pu berty. Va gi nal ope ning, ova -
ri an and ute rus we ights, se rum LH and es tra di ol
le vels we re de ter mi ned as the signs of pu ber tal de-
ve lop ment. Alt ho ugh the re are many stu di es on the

mo du la tory ef fects of lep tin on kiss pep tin, the re is
no study on the ef fect of kiss pep tin on lep tin sec -
re ti on. The re fo re, se rum lep tin le vels we re al so me -
a su red fol lo wing pe rip he ral ad mi nis tra ti on of
kiss pep tin. Investigating pe rip he ral ef fects of kiss -
pep tin on pu ber tal ma tu ra ti on may be use ful for its
pos sib le the ra pe u tic po ten ti al.

MA TE RI ALS AND MET HODS

ANI MALS AND DRUGS

Wis tar fe ma le rats we re used in the study. The day
the lit ters we re born was con si de red as day of 1 of
age. They we re ho u sed un der cons tant con di ti ons
of tem pe ra tu re (22 oC) and light (12 h light/ 12 h
dark from 07.00 h). They we re we a ned on day 21,
and ac co mo da ted in di vi du ally af ter then. Fo od and
wa ter we re supp li ed ad li bi tum. The ex pe ri men tal
pro to col was ap pro ved by the Fi rat Uni ver sity Et -
hi cal Com mit te, and car ri ed out ac cor ding to “Gu -
i de for the Ca re and Use of La bo ra tory Ani mals
www.nap.edu/ca ta log/5140.html). Kiss pep tin-10
was ob ta i ned from Pho e nix Phar ma ce u ti cals Ltd
(Bel mont, CA, USA).

EX PE RI MEN TAL DE SIGN 

The rats we re di vi ded in to two gro ups. Con trols
(n=10) re ce i ved sa li ne only (1 ml/kg). This gro up
will be re fer red as “Ve hic le”. Ex pe ri men tal gro up
(n=9), which will be re fer red as “Kiss pep tin”, was
in tra pe ri to ne ally in jec ted with da ily 100 nmol kiss -
pep tin-10 bet we en 09.00h-10.00h a.m. Body we -
ight and fo od in ta ke we re da ily de ter mi ned, and
va gi nal ope ning (VO) was da ily mo ni to red star ting
from day 26. The ani mals we re de ca pi ta ted when
the first di es trus was de ter mi ned by va gi nal sme ars.
Upon de ca pi ta ti on, se rum was se pa ra ted and sto -
red at -20 oC un til me a su re ment of lep tin, LH and
es tra di ol. Ute ri and ova ri es we re dis sec ted out and
we ig hed.

HOR MO NE AS SAYS

Se rum lep tin, LH and es tra di ol le vels we re me a su -
red by enz yme-lin ked im mu no sor bent as say (ELI -
SA), ac cor ding to the ma nu fac tu rers’ (LIN CO
Re se arch, Cat. # EZRL-83K for se rum lep tin, Shi ba -
ya gi C., Ltd., Co de No.: AKRLH-010 for se rum LH
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and Bi o So ur ce, Cat. # KAP0621 for se rum es tra di -
ol) ins truc ti ons. The lo west le vels of rat lep tin and
LH that can be de tec ted by Rat Lep tin and LH Eli -
sa Kits used in the se as says we re 0.04 ng/ml and 0.3
ng/ml, res pec ti vely, and mi ni mum de tec tab le con-
cen tra ti on of es tra di ol was 5 pg/ml. 

Sta tis ti cal analy sis

Da ta are ex pres sed as me di an (min-max). Dif fe ren -
ces bet we en me di ans we re eva lu a ted using Mann-
Whit ney U test with Ori gin 6.0 soft wa re (Mic ro -
cal, Nort hamp ton, USA). The dif fe ren ce was ac cep -
ted as sig ni fi cant when P< 0.05.

RE SULTS
In tra pe ri to ne al in jec ti on of 100 nmol kiss pep tin-
10 did not chan ge me di an VO ages, be ing 38 days

in the Ve hic le and Kiss ppe tin gro ups (Fi gu re 1, A),
with a me di an body we ights of 87.8g (min- max,
83.8g- 91.6g) and 87.2g (min- max, 80g- 93g). (Fi -
gu re 1B), res pec ti vely. The re we re no dif fe ren ces
in fo od in ta ke (Fi gu re 2, A) and per cen ta ge of body
we ight chan ge (Fi gu re 2, B) bet we en Ve hic le and
Kiss pep tin gro ups du ring the ex pe ri men tal pe ri od.
As shown in Fi gu re 3, kiss pep tin ad mi nis tra ti on
eli ci ted sig ni fi cant (p= 0.001) in cre a ses in ute rus
we ight over Ve hic le va lu es, be ing 143.2 mg/100g
BW (min- max, 129-153 mg/100g) and 85.0
mg/100g BW (min- max, 72-97mg/100g), res pec ti -
vely. The me di an va lu e of ova ri an we ights in cre a -
sed slightly from 37.1 mg/100g body weight (min-
max, 31.6- 54 mg/100g) in ve hic le gro up to 43.5
mg/100g body weight (min- max, 35.4-57.3
mg/100g) in Kiss pep tin gro up (Fi gu re 4), which was
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FIGURE 1: A) Cumulative percentage of animals showing vaginal opening.  FIGURE 1: B) Median body weights on the day of vaginal opening in vehi-
cle (n=10) and kisspeptin-treated (n=9) animals.

FIGURE 2: A) The daily amount of consumed food.
FIGURE 2: B) Body weight changes (%) in vehicle (n=10) and kisspeptin-
treated (n=9) animals.  



not sta tis ti cally sig ni fi cant. As shown in Fi gu re 5,
se rum lep tin le vels we re sig ni fi cantly lo wer
(P=0.03) in Kiss pep tin gro up (1.7 ng/ml (min-max,
1.3-3.4 ng/ml) com pa red to Ve hic le gro up (2.1
ng/ml (min- max, 0.8- 2.1 ng/ml)). Kiss pep tin ad-
mi nis tra ti on in cre a sed se rum LH (p=0.027) and es -
tra di ol le vels (p=0.033) from 2.0 ng/ml (min- max,
0.5-3.1 ng/ml) and 73.3 pg/ml (min- max, 59-115.4
pg/ml) in Ve hic le gro up to 3.5 ng/ml (min-max, 1.8-
4.6 ng/ml) and 96.3 pg/ml (min-max, 67-116 pg/ml)
in Kiss pep tin gro up, res pec ti vely, (Fi gu re 6, 7).

DIS CUS SI ON
Pu berty is one of the most comp lex bi o lo gi cal
events in mam mals. Pu berty on set is not simply de-
ter mi ned by aging, but al so de pends on nut ri ti o nal
sta tus, we ight and en vi ron men tal con ta mi nants.17-

19 From the ne u ro en doc ri no lo gi cal po int, ma xi mal

pul sa ti le re le a se of GnRH is es sen ti al for go na dot -
ro pic axis to ma tu ra te eno ugh to ini ti a te pu berty.20

The tran si ti on from the pre pu ber tal dor mant sta te
is be li e ved to re sult from the the con cer ted dec re -
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FIGURE 3: Uterus weights in vehicle and kisspeptin-treated animals.
P= 0.001 versus vehicle-injected group. 

FIGURE 4: Ovarian weights in vehicle (n=10) and kisspeptin-treated (n=9)
animals.

FIGURE 5: Serum leptin levels in vehicle (n=10) and kisspeptin-treated (n=9)
animals. p= 0.030 versus Vehicle group. 

FIGURE 6: Serum LH levels in vehicle (n=10) and kisspeptin-treated (n=9)
animals. p= 0.027 versus Vehicle group.

FIGURE 7: Serum estradiol levels in vehicle (n=10) and kisspeptin-treated
(n=9) animals.
P= 0.033 versus Vehicle group.



a se in the ac ti vity of the in hi bi tory fac tors and the
in cre a se in the ac ti vity of sti mu la tory sig nal ling at
the sa me ti me.21 Du ring the past de ca de, early pu-
ber tal de ve lop ment and an in cre a sed in ci den ce of
se xu al pre co city ha ve be en no ti ced in chil dren, pri-
ma rily girls,22 which may ca u se psycho so ci al di sor -
ders and mam mary can cer re sul ting from early
ex po su re to es tro ge nic ef fect.23 The re fo re, mo re at-
ten ti on has be en pa id to the un ders tan ding of the
mec ha nisms re la ted to pu berty on set no wa days.
Kiss pep tin has be en re cently sug ges ted to be an es-
sen ti al re gu la tor sti mu la ting GnRH sec re ti on,
which is ne ces sary for pu berty to be gin.13 The re fo -
re it is es sen ti al to know the ef fects of kiss pep tin
on the bi o lo gi cal mec ha nisms re la ted to the on set
of pu berty.

Chro nic cen tral ad mi nis tra ti on of kiss pep tin-
10 to im ma tu re fe ma le rats was re por ted to ca u se
pre co ci o us ac ti va ti on of HPG axis as es ti ma ted by
early va gi nal ope ning, ele va ted ute rus we ight and
in cre a sed se rum le vels of LH and es tro gen.15 Sub cu-
ta ne o us ad mi nis tra ti on of me tas tin al so ele va ted
fol lic le-sti mu la ting hor mo ne (FSH) and LH in im-
ma tu re fe ma le rats.14 In tra pe ri to ne al (i.p.) in jec ti on
of kiss pep tin-10 was al so re por ted to eli cit LH sec -
re ti on at early sta ges (ne o na tal-to ju ve ni le) of post-
na tal de ve lop ment.13 All the se stu di es show that
kiss pep tin has an abi lity to po tently ac ti va te the re-
p ro duc ti ve axis in im ma tu re fe ma les.

In the pre sent ex pe ri ment, the ef fects of pe-
rip he ral ad mi nis tra ti on of an ef fec ti ve do se (100
nmol) of kiss pep tin-10 on pu berty on set we re in-
ves ti ga ted in the fe ma le rats. This do se of kiss pep -
tin-10 was cho sen on the ba sis of pre vi o us stu di es
on the syste mic ad mi nis tra ti on of kiss pep tin on go-
na dot ro pin sec re ti on in pu ber tal and adult ani -
mals.14-16 Chro nic pe rip he ral ad mi nis tra ti on of
kiss pep tin to fe ma le rats from 26 days at the ju ve -
ni le pe ri od did not chan ge the age of va gi nal ope -
ning as an ex ter nal sign of pu ber tal ma tu ra ti on, but
eli ci ted a sig ni fi cant in cre a se in ute rus we ight and
se rum LH and es tra di ol le vels. Ac cor ding to the se
re sults, pe rip he ral ad mi nis tra ti on of kiss pep tin at a
do se of 100 nmol se ems to be suf fi ci ent to in cre a se
ute rus we ight and se rum le vels of es tro gen but not
eno ugh to trig ger pu berty on set.

Alt ho ugh the re is much evi den ce that kiss pep -
tin di rectly ac ti va tes GnRH ne u ro nes, it is not cer-
ta in whet her it al so has di rect ef fects on pi tu i tary
gland and rep ro duc ti ve or gans. KiSS-1 and GPR54
ge nes are ex pres sed in ma le and fe ma le rat go na -
dot rophs.24,25 The in cu ba ti on of rat and bo vi ne pi-
tu i tary cells with kiss pep tin-10 was re por ted to
eli cit a sig ni fi cant in cre a se in LH sec re ti on.25,26 In
our ex pe ri ment, ovu la ti on, which is ac cep ted to be
a de fi ni ti ve pro of of comp le te pu berty on set, was
not mo ni to red. Ho we ver, ova ri an-de ri ved se rum
es tro gen, and its bi o mar ker, ute rus we ight, show
that pu berty be gins in all the rats. One fin ding of
this ex pe ri ment is that pe rip he ral chro nic ad mi -
nis tra ti on of kiss pep tin do es not ha ve any ef fect on
pu berty on set. The fact that kiss pep tin-tre a ted fe-
ma les ha ve greater ute rus we ight and higher se rum
es tro gen may re sult from the ef fect of kiss pep tin on
LH sec re ti on from the pi tu i tary. In tra pe ri to ne al in-
jec ti on of 100 nmol kiss pep tin-10 was shown to sig-
ni fi cantly in cre a se plas ma LH,16 which is con sis tent
with our fin dings. Thus, the in cre a se in se rum es-
tro gen le vels and ute rus we ight in our ex pe ri ment
may re sult from the in cre a sed LH sec re ti on alt ho -
ugh it do es not ad van ce pu berty on set. The fin ding
that kiss pep tin-IR and GPR54-IR we re de tec ted in
rat ovary, with strong sig nals in the ca la yers of gro -
wing fol lic les, cor po ra lu te a, and in ters ti ti al gland27

sug gests that pe rip he ral kiss pep tin may ha ve a di-
rect ef fect on ovary be si des its cen tral ef fects.

The re is evi den ce that sus ta i ned chan ges in
lep tin oc cur du ring pu ber tal de ve lop ment,28 and it
is known that kiss pep tin ex pres si on in cre a ses in hy-
pot ha la mic re gi ons re la ted to pu ber tal de ve lop -
ment.29 Therefore, the re may be a mu tu al in te-
rac ti on bet we en kiss pep tin and lep tin to ini ti a te pu-
berty. The re fo re, se rum lep tin le vels we re al so me -
a su red fol lo wing pe rip he ral ad mi nis tra ti on of
kiss pep tin. In the pre sent ex pe ri ment, pe rip he ral ad-
mi nis tra ti on of kiss pep tin ca u sed a sig ni fi cant re duc-
ti on in se rum lep tin le vels, which is a new fin ding.
KiSS-1 mRNA has be en re cently fo und to be ex pres -
sed in adi po se tis su e,30 but the re is no evi den ce that
adi po se tis su e, which is res pon sib le for sec re ting lep-
tin, ex pres ses GPR54. Therefore, the mec ha nism by
which kiss pep tin dec re a ses lep tin sec re ti on is not
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known. Lep tin is known to ha ve a fa ci li ta tory ef fect
on pu berty on set31 by in cre a sing kiss pep tin ex pres -
si on in hypot ha la mus.32 It is dif fi cult to exp la in the
physi o lo gi cal im por tan ce of the dec re a se in lep tin
sec re ti on ca u sed by kiss pep tin sin ce kiss pep tin and
lep tin se em to ha ve syner gic ef fects on pu berty on -
set. An in cre a se in lep tin sec re ti on re sul ting from in-
cre a se in adi po se tis su e is sug ges ted to ha ve an
in hi bi tory ef fect on go na dal ac ti vity.33,34 The re fo re,
ne ga ti ve fe ed back ef fect of kiss pep tin on lep tin sec -
re ti on may be im por tant in terms of pre ven ti on of
lep ti n in du ced go na dal in hi bi ti on. Kiss pep tin has be -
en re por ted to dra ma ti cally in cre a se in preg nancy.35

The re may be a ne ga ti ve fe ed back re gu la ti on bet -
we en kiss pep tin and lep tin sec re ti on. Furt her stu di -
es are ne e ded to de ter mi ne physi o lo gi cal ro le of
kiss pep tin-in du ced lep tin re duc ti on.

We stu di ed the ef fects of pe rip fe ral ad mi nis -
tra ti on of kiss pep tin on fo od in ta ke and body we -
ight, sin ce GPR54 and kiss pep tin mRNAs ha ve
be en de tec ted in the hypot ha la mic nuc le i such as
ar cu a te nuc le us re la ted to energy me ta bo lism.36

Kiss pep tin-10 had no ef fect on fo od in ta ke and
body we ight, which shows kiss pep tin do es not se -
em to be in vol ved in the re gu la ti on of fe e ding be-
ha vi o r.

CONC LU SI ON
We ha ve shown he re that chro nic pe rip he ral ad-
mi nis tra ti on of kiss pep tin-10 do es not ac ce ra te pu-
berty on set as es ti ma ted by the da te of va gi nal
ope ning, but po ten ti a tes ot her con ven ti o nal in di ces
of ma tu ra ti on of rep ro duc ti ve axis such as ele va ted
ute rus we ight and in cre a sed se rum le vel of LH and
es tro gen. We re port for the first ti me the abi lity of
kiss pep tin-10 to dec re a se lep tin sec re ti on in vi vo.
The re duc ti on in lep tin sec re ti on may pre vent ex-
o ge no us pe rip he ral kiss pep tin from ad van cing pu-
berty on set. The re fo re, the re may be a re cip ro cal
re la ti ons hip bet we en kiss pep tin and lep tin.  
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