PFAERS A v U IRgEIC LD
FARTSF o ma—n L DOREERBEL L
MEME AR ER I I3V T D RIS P BT B 5 D AT

2016 4=

I B RS2 R e 5 BRI b FE

A se



ER/N

BT+ e+ o2 eseesesesesesese st et esese e et e s eaese et e s et e s e et s e b s e e e e e s e s et s ea et s bt eee b s et et es e e st eb et s e ae et s et et esn s s eseaens 1
L BBttt 5
T S e vvvevessee s sttt 6
FABEES LTI e 8
TR et e e s s s r e 15
R et a ettt 19
LB bbbttt 24
2 B et 25
T S cve vt eeeeeeese s s e a ettt ettt ettt a ettt et a ettt et et n ettt e 26
FABEIS JLOTTE e 28
BB TR ettt a A e et e et e st 33
BB et 37
L bbbttt 42
B B ettt 43
2= OO 44
FABEIS JLOTTE e 46



L s 61
FRTETEER et 62
T B v vesevessssesesesesessesesesesessessseses et s s ss e s e s e s s es s s bbb st s s bRt s b s st et s bt tes s s st n s 66
FHTE e 67
T STHR et 69
B ettt 78
ADSIIACT ...ttt ettt 82



ADI Acceptable daily intake (— H#FAEE)
ARC Arcuate nucleus (F{RE%)
AVPV Anteroventral periventricular nucleus (Fij iE 18I =2 & BFHE%)
CNS Central nervous system (HAXfH#%R)
DES Diethylstilbestrol (¥ =F /L ZAF /LA k1 —)L)
DIG Digoxigenin (¥'3IF 7 =)
EB Estradiol benzoate (ZEB&EHET A N7 U4 —/L)
EDC Endocrine disrupting chemical (PN43i72)> < SLAE)
EE 170-ethynylestradiol (170-=F =/L =X kT U F—)L)
ER Estrogen receptor (T A k17 52 45K)
EV Estradiol valerate (& FfET— A KT 4 —)L)
E2 17B-estradiol (17p-T A kT T A —)1)
FSH Follicle-stimulating hormone (9P filli# 7= /L& )
GnRH Gonadotropin-releasing hormone (PEFRHFII A /L€ Vit AR /LE )
GPR G protein-coupled receptor (G % > /X7 B A 54K)
HE Hematoxylin eosin (v FF U mA )
IHC Immunohistochemistry (502 /AL 5 4% £4)
ISH in situ hybridization (insitu /x4 7 U XA B—3 3 )
LH Luteinizing hormone (FE{RA/LE )
NOAEL No observed adverse effect level (27 #)
OVX Ovariectomy (JP B4 )
PE Persistent estrus (£FHc 7 15)
PFA Paraformaldehyde (/XZ7 #/L AT LT E R)
PND Postnatal day (4:7% H fin)
P4 Progesterone (7’17 A7 1)
RLX Raloxifene (7 %7 =)
SERM Selective estrogen receptor modulator
(BRAJT A b 7 U RRED 2 L — 4 —)
TMX Tamoxifen (¥ EFX T 7 =)
VO Vaginal open (JEBH 1)
3V 3rd ventricle (55 = M=)




S

NLHICFEA S 5 3K, BB X OEELEOFWEOFITIE, PN
RED AT I L CTHRMRZ O 7RI L KT TN < SE (EDC) OfF
TERFIDBNTND, KX b7 AEM A9 % EDC Tid, EX L7V EDC ~
DIEFENE b OFE 2 RAEFEESCHR LT L NRT LV RATHBLZ KT EnD, TD
HENE IO BBEINTER(], 2], BREOHARBICHIT 204K D=2
17 A~ ORERIE, WHBEONMRICEIT 2R EBRE AL AN YRICES L, &
& DBLR T EB- T TRV dih oD T2 RSO R O AL FRRE BRI IRAN e e B A 5 2 % =
EMHMBITWND[3, 4], Bl2IE, FrAERMOMT v MZREDOT X a7 U HZ R

BEED L, 2D OEWEIIH/EROBMIZI T DI BRI L
A B R DR EE B SO A IS A B 7R W OB 2 I AR RERE A AR T H L
DENHIVTWD[5-7], ZHUH D& L, MEITEICATEEED THEME L) & 2 id
(HEME L) & FREAL, Wb AR B ~ PR ORI IZ0NT TE DEER S5
NnN5ZERHEINTND

—J7, FrAEROR UK, X0 EHE»>DEOT R ~ar U FHOBREE &2
YA, THEE L) S LR 2 4 TORBRRRLZA I T THLND
ZEBHMBNTWD, FlxiX, JFEAEH AT p-t-octylphenol  (SrimiEMERA)

X methoxychlor (B23£) &5 WIEK= A hr s Th % diethylstilbestrol (i T
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BiE) 70 & OALFME OWERE 250 F 5 &, MR CIXERER R DR O
BN L T DIVIRONDS, ASRITINESIZLE > TR B 4L 2 PR B o> 45 1k R 73 546
fbL, ZAUZEEE LA RE AL o BEMES, FEERAY A7 DR E V-T2

FERMEOEENRBOOND Z ENRRESNTND[8-11], T74bLH, mHEOT X
ha g ENREE LTS AT THEMEA L) [T S D AR R~ D BRI I %
BLL, —F, TOBBENMEH R - 2 5A TR Lo B b2 b & LR
MIEFRPEICBEN D O LB X BbND, 2 bDOEREOREL, HtgrbEoT
A hu AU O R AR L BB L, 2ME O RS (2B U7 R
FRIZHBLT 5 Z AR L L, REORETIT NEREE) £720% DERMEA
TEFSEERES | SRS LTV D[10-13]), £z, EHEETIE, —K2EFWHEIC
£ B A G & g U CR BRI MBS (S 2 & 0 D, BEAF O AR FER A i R
FROPTEOEMZRHBT 22 ERRETH Y, BREEY 27 2 BHRHTE
LR ORIHNREE 7o > TV D,

BREBORBETIZ OV, MEAMORMIEIL] 2Z0/KEE LTS
EING, R FEOPEINHEEE M SO RE 2 E L L T0D 2 ERBENRT
T, ZOFEMIZE A T = X AT ST > TRV [10,11], & 2 TERZED
FEBEST 2R3 572, BUR TEROHEIRHIEEME L GnRH 0 & 512 _Eii) & 1l
L, Bkx 7R VAR TR AR I C B W T HEREHI A RI2T 01 & L GEFRER 28D
TN [FAXTF U IZHH L, AT FUEKISSIIZE>Ta—RNanb
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MRS TF R THY, G EAIKMUZARAETH LD GPR54 (F AT F U ZRE,
KiSSIR) OWEMED Y H v K& L THRE I N[14, 15], K IZBW i GnRH
B L O LH OB EE R R 2 R LTV D 2 R BTV S[16-18], F
AXRTFrma—m it 7y FCIEBUIR TR ORENRNERE (AVPY) L5
W% (ARC) EREIZILD 2 DOMBIZICEIZHA L TH Y, AVPV TlE GnRH O
— RO WA U THEIRZHIE L, %72 ARC Tl GnRH D7~V ZARD 53U % I
LTI B AR T 2 & T, TR TN ORI B THAL R A 22 e 2 Rz L
TV EEBEZLNTWD[17-19], & BITHRETDOWETIE, FAXTF o =a—n
CPRHFHIIEBAT LA a5 R (ER) 2L, AVPV TIIARY T 4 778,

ARC TR AT 4 T A a D7 4 — KRy 7 %25%0F, AT F o=
—HYNTZARNBTNCELD T 40— Ry VO BEZEN X —T v el oT
WD Z ERB BT - T & 72[20-22],

BAIZINETOHRICLY, FHERBOMT » MERKTZA e s Thoh
17a-ethynylestradiol (EE) Z{X/H& CHIEERE S E 5 &, A% 10 B 22 Ml
2T T, YR O RIE L ONEeEICFRD i 2 B VEE O BEIRBL) & R -
LB EENARIKGFEOICRERET 2 2 L 2@E L CEL[I], H£5I2X0iEDH
AU HE R T, R LR IE RO H LD RIS (persistent estrus ; PE)
THY, Mgl fE> CTEl 7 v h THRFRO DD R G S HEL Tz, £72,

YREL DR 2R 72 f 58 TIAIRI I F 55 MIRD HINIRD T2 &b, HEE



BOIEBUNIAIR - T HEARMENREN 31 D PRI DR, K71 KiSS1/GPR54 &7
Tz E LI PRI O R BT LT\ 5 2 EARIB S, ERRIC, BT
v MROFERMIC= X b e UREE AT 2T v MZBIT S KiSST mRNA OFEEL
BKTFLHEINTVD[23-27], LOLAERL, ZH0HEFTHTE KRR
bl MELCTWE EBZONDIEHEOZA hua AW ThHY, KHAE
DEA b7 BRI & o THEE A~ OB T DB BT DHF, 7% OBR
DX AT F v =a—8rDELIZ OV TIEIRTEH BN > TR,

Z ZTANIZETIE, B EO = X b a7 R R IR ERIZ L 5 BRI E OB
O & BREBIIBTOIX AT Froa—urOEEHLNNITHZ L
ZHRIE L, %1 =TI, #EHZERIIATO young adult HIZII1T 5 F AT F o
—a—1 2 KiSSI/GPR54 > 7 F DL, FHUIED I K b B4
LA FERNCARNT LTz, £z, 2 BT, BREEOHRAHOMNEZENE L, &
% 0~14 HiinE COKA 2O T v M A hu o ZIRE L, EREERILO
AIIZONWTRFEZIT o7, S HICH 3 T, BREERBLOWENE & Rt 5
T2 OB E 2RI = A b 7 U FIRE Y 2 L —F — (SERM) (ZEHE L,
SERM HWE#EIZ LD EREERBOAFEL = 2 h a7 AEM: & OBJEMEIZ OV TR

REEIT o7,



i
1

170-ethynylestradiol @ Az VL HINEFE 12 L D IER MR B DI BUZ LRI 72

HEE T AT F o =2 —n BT 5 KiSS1 DI B B



L O TIL, M EAT T 28 ERMIC =2 s e AR 2 AT 5 W I
BESND L, TOBRBENREHEZTHE, MTEHATEKRED THMEM L) & 250
(X THEMEAL ) SRS, ARFEER R OFE R CMEE 3B & 22 WA DA it O s
FEEBRTDILPHMOENTWVD[5-T] . —J7, T ORESBMEM L ST i LT
BHEE > 7HATH, RO BIE L2 X > TR 1T 502 B0 A5 EE
PEENEL D Z ERMEINTRBY[8-11], BRILAWHERMCE TS =X ha X
VEOREEZ XD ETHNDWRDIEESDRZEN I BRBRESNTE[L2] 6

BRFBORBRETFIZONTIL, MERASORMEL] 220/ EELTns L
G, TR T O PN T O PO RFEEZE T L TWDL I ERRBINTEHEY,
PAPR T EB- T FAR-MEp i C 35 1) 2 PRI DB E, KFIZ KiSS1/GPR54 » 7 /L& s & L
T PR OZER AL L TV D EEX bD, EERIC, T > MOBFERBIcT X
koAU NgEE A T 2T v BT D KiSSI mRNA OFHR T & e ST 5[23-
2718, THHOHMEFTTNOEHEO=A ba v EHWERFTHY, BKHE
DTA F a7 CREFES Ko TR~ OERMED BN BT 287, £ DO
FARTF = a—n L OBUIZOWTIIREH S T2 - TWRUY,

FITH 1 ETIE, BREEBORIUETOMA L, BREEICBT L AT T
=a—nrOMEEWALMITH70, EBREERBFO young adult HIZI 1 5 *
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ARTF = a—n L KiSSI/GPR54 > 7ok e, ZHIfE> I Fhar e

S DAL RN Lo, E70, B TRO SN DA E 25, s fF

O HARFE MO IR FIBHLE L TWeZ &2 6, BREE L BRI > TRO B

A2 NNl ZEAY 2 A BT BLig ™ 2 728D, ikt E O A 15 11 2358 80 B 2 s (R 22

W) o@E W, RIS AT Frma—nrBlaF Rhae v roZits

FegdRE L7z,



Mt LTk

B R L OB E &M

4 A OB MEEM A2 295 Z & Tabid CrjDonrya 7 h8]1%& VY, HF %
JHSH TV OAEIRIEA SEER 1| (n=40) B OFER2 (0=28) TMH L7, AEHRMEI A
W LR Y 7 N TF o 72 HEFEOTAR Y —ARpr— MYUZINE L, iR EERE X
BN QREE, 24+ 1°C; tHXHRES, 55°C +5%; BAmEEHT 12 Ref], BAHA 5:00-
17:00, B5H 17:00-5:00) THEIE L7z, F v 7IXEIC 2 BIZH L, il BB oLt

Bt (CRF-1; AU = > ZOVEERMR ST, A0 2R L, AEKZ B KRS HET,

{L¥EME
17a-ethynylestradiol (EE, CAS No. 57-63-6), estradiol benzoate (EB, CAS No. 50-50-0)

$ & O progesterone (P4, CAS No. 57-83-0) % Sigma-Aldrich (St. Louis, MO, USA) X
DA L7z, EEIZD &0 T~ (CAS No. 8008-74-0) (T —BRiEfE =&, ZDk I~
MEREE L U CHREICHR LU TEM L2, EE IZRKRMEZ X he b Thod 178-
estradiol (E2) &3V, o-7 = a7 A v L DOREEENMENTZD, a-T= S
17 A OBRERRERM T TH SN T DR b a7 UK E ORE 3R]
HETH Y, RNIZI T D REF D E0 0 THAE N ~ DR ER IR ] 2 5 53 BRI FR e 4

HZEMARETHD Z ENDHBRYE & L CEIRL7Z[11, 28] ., EE OHET#EED
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WhEESHIL, BREEEZFRL) DHE Q0ugkg BL V0.2 ugks) BILUOFEHL

72V HE (0.02 pgkg) ZEERE LZ[11] .

EBR 1

GTEHRIE 2 15 e S B 7%, T2 oREN) S L O E R 2 5 BB, EE0.02 pg/kg
B 58, EE0.2 pg/kg & 58, EE20 pg/kg & 5-HED 4 # & Middle-age #EDFF 5 BEIZHR
Dot (1 FEHT-0 OREMWIEC 6-10), *FREREF X OVEBE &G HEOBTER (41 24
ML) (2R (2~ 3l) £721% EE (0.02,0.2 £721% 20 ng/kg) % HAIR F#E L7,
A% 3 B 1 REMWSH T2 0 IR EEDS 10 I3 2 < 585 K 9 ICMsl 21T -7z, &
%21 BICEERLE, SHEOLEWIL 4L Loy —VICESH, 10 BRI 5 %
TEHEEE L, A% 23 HUBRICIIER D oA A48 8152 Lz, 6 MR
ft 5 AFOEA AT OB ZG L, EME=21 7, —BRIREBIRL LORH
TIE % SRR T 3 Ttk L7,

10 FREHIE L IE 5 PEJE 3 2 3 2 BIc SV CIRERE I (OVX) 2350 L, 1 %

Z LH % — ViR ALE (EB 2 ng/kg & 9:00 (2 3 HE#HZ &5 L, EB#®53 HHAH
? 11:00 |2 P4500 pg/kg & [ F#¢5) %47 o7z, Mi.H LH 35 J O FSH i FE O % IRF A7

Wz EiEd 5720, —3FE A O 11:00-19:00 (n=5-7, 1 5) (2580 & WroEE:

S

L, mOoHEL TR BT IMmTE 2 ME £ T-80C TR LI, ZORBEEFELY KL

i L, @EOWRERINAE > THR T2 HH L7k, SREZER L L TRIRRIC
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BIES (AVPV) B L OB (ARC) 2B L7z, R TG E b Ik zERd T
G L, RNA i E TR0 CTHhRiF L7z, TOHTE, BRI OFHMRORHH 2170,
10%H HEREE AL~ U o CTEERIC~SY F¥ T U v - =4V (HE) THRE LTZE,
Jo3 BRARL AR - HOMR SR & JE0E L 7,

Middle-age #ETIX, MEME=42 U 7 &k L s 22 MivE CHEEHE L,
2 BB CIERE AR 24T 58 Middle (N) £F) & BEICHREL T 8¢
(Middle (PE) #f) |ZHRV 531F 7=, & D% IIx REER KO EE # 5-#E R DAL E & 17
572, Donryu 7> b TIIK 4 » AlRRIHE L0 st OReREL 292 2 L8355
AU TH Y [8], Middle-age FEIXER AL & N EZE L & Lol 3 5 72 IR E LT, 7235,
JEH B ORI LT 5 B DR A 72X » TiThbh, 4-5 A A 7 VOIER
PR 2 1B, T LSO JE ST R E VR &l U7z, RS, SEIEH £ 7213585 A

Wiy 5 B2 Wi L7-5 8 13 E (PE) & L7,

FRIVECHIE

MiEH D LH 36 KO FSH IRE % 1251 iR 2 Wiz o A4 L7 7 vk (4 (2
WHURE) 12X > CTE& L7z, National Institute of Diabetes and Digestive and Kidney
Disease (NIDDK) 7 A A L/ 7T vEAFy b (L7 > F LH-S-11 £H17 > F FSH-
S-11 ik Z & ie) ZHW, WEDOHREITHE > THIE % Fh L 72[30] . HIEWNFS L O
ERAERENY, LH TZI I 3.45%3 LV 17.40%, FSH TEAZEHL 5.09%F5 LY
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20.75% Tdh o7z,

FE & real-time PCR

M LBUR MO 7 A £ — b5 ISOGEN (= v AR v ¥ — 2, HA0) % F T total
RNA ZfitH L, 1ug ® total RNA 7>5 High Capacity Reverse Transcription Kit (Applied
Biosystems, Foster City) Z MW TWHRE 21T o772, 554117 ¢cDNA 725 7900HT Fast
Real-time PCR system (Applied Biosystems) 35 & 0t TagMan® Gene Expression Assay

(Applied Biosystems) % H\y, LAFD 7 Z A ~—-7' v —7%& > O real-time PCR %
92fE 7= ; KisSI (Kissl, Rn00710914 m1), KiSSIr (KiSSIR, Rn00576940 m1), Esrl

(ER ., Rn01640372 m1), Esr2 (ER B, Rn00562610 m1), Fos (c-fos, Rn00487426_g1).
FBR T OB L~V TR ERZ O CTHEIICERZ L, WNEM GAPDH (Tagman

Rodent GAPDH Control Reagent, Applied Biosystems) (2 CHH1E L 7=,

FER2

PR TFHIF AT F v =a—n v OBENLRRREEET 5720, £ 2 217-
oo EBR 2 TIE, MEIRMEA FEBR 1 L FRE S BRICIR D 0 (n=4-98%), EFE S
PRI ER 1 L RIBROAE 21T > T, & D%, XIREER JOVEE 858 TIT 1 8,
Middle-age Bf Ci% 22 s F il E L, £ 1 &[RRI OVX BLOLH ¥— V3
FEAE Z AT o T2, FEWITY— V% B O 16:00-17:00 DFIZ~LY hov e —)L (B
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SERUER D BRRD) CIRFREE (K9 65mg/kg) L, 4%/XT7 KA ALT LT B K O(PFA) (4
TAT AT, ) TREZREWEE Lz, L7 4%PFA T—BeZEE L7
%, 30%A 7 m—A /PBS IAIKIC TR TS 5 & CEH L=, FEE L7 ik x
OCT 2ROV R (M IT7T7740T 7T ]0, ) CTHEEEL, BUET
-80°C CTHRAFE LT,

7k, R FEEREHEII T R CEm R (ENLEE RS AENTERT) OB IR
MEE B RICFAVEKR SN TR Y, B O R B X FE MR O 8 EERIEE 4 IE~F

L CHEmM sz,

insitu "N 7Y XA E— 3 (ISH)

R THS AVPV B LN ARC ORI Z KT D72, 7 VA AZ v I (Leica,
CM1850UV) % F\>, The Rat Brain (Paxinos and Watson, 61 edition) (27> T AVPV
(bregma Z H1/[>Z 0.12 mm A /7-0.24 mm %£77) LTV ARC (bregma £ Y 1.72 mm-
3.60 mm %5) OibRWrmmEketl o (BF R 20pum) A AERk L7z, w1, SR 1
ATA RAT7ALTREICHBEIETH, BEOWREBINIHE> T ISH EICXD
KiSS1 mRNA Gt o 17> 72, A7 A4 Rid7 v 74—+ K&K (1 pg/mL),
1% PFA, 0.25%MKEEEE,0.AM MU =X/ —L7 I U OIATLELL 2%, 60°C, 30
TDT VLA TN XA %fRT, DIG 5% 7T > F 1> A RNA (GenBank accession No.

AY196983.1, =/ A X v 7, HiL) T60°C—BaAg 7V XA XEH- (Rl E

12



A RNA #3747 avha—e L THW), " T IVFEAX%, A74 KX
4xSSC/50%7R /v 7 2 K, RNase A (20 pg/mL), 2xSSC 35 & O 1xSSC DJIE CTYEE
L, 2%BSA (Sigma, St. Louis) (X571 v ¥ 71%IZHL DIG Hik (1:1000, Roche
Applied Science, Mannheim) % & &+, NBT/BCIP #A# (Roche Applied Science) &

# 1 BF OGS TP RIS 2 i L7z,

ISH I X el £ 9uf (IHC) T k5 ZHEAE

KiSSI mRNA @ ISH % Ff L7= A T A KT 2% H\, KiSS1 Bz i1 5%
BIROFRBIEE % iR T 5729, ERa £721% c-fos O ISH/IHC —EH Y% I L7z,
274 R% 1%BSA (Sigma, St. Louis) T7' 1 v &> 2 L, 74 FH ERa Hifk (1:2000,
sc-542, Santa Cruz Biotechnology Inc, CA) F 721X 7 ¥4t c-fos HiiA (1:4000, sc-253,
Santa Cruz Biotechnology Inc, CA) T—Wifts S¥7z, PBS T %, YXHLv ¥Fit
& (1:200, Vector Laboratories Inc, CA) 3 L7 BV -4 F ik HRP EE K

(Vectastain Elite ABC kit, Vector Laboratories Inc, CA) & )i &, 3,3-diaminobenzidine-

tetrachloride (DAB) % F\W\ TR L L7,

SEEHEEHT
Bartlett FRE TE/ri o Mesd L7142, MEBENOH, (AHE, &/LEEE, mRNA

Lb, ISH %7213 ISH/IHC B4 C5 b V72 PR E £ 72 1 X G ia R iz o
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T, —oheES BT £ 7213 Kruskal-Wallis E 21T > 72, AEENRD LNT-HEE
%, XHREEL EE &% 58 £ 7213 Middle age #£1Z-2V T Dunnett 2% 5 LG iR E % F it

L7, 7ok, AEAKESUUTEZAEEEDY LHE L,
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EES

—ROIREE, BEBRD B, HAHR X OIPEAARRET R

AR ZE L, B IOC—RIREORFITRD biiroTe, 4-5 BEIZHT
THRTO EE HHFHCB W TREOH EARMATED b izh, Z{uid—iETe
W LA TIEZEDN TR O B hr o 7o, ER A BIZHEMZITE O Hiven - 72, Middle
(PE) #EZbRE, T XTOEWD OVX il E CTIEFRMEEMI 2 MR L T d 2 & 20k
L7, OVX ZRITHERIEINTFELL LA A T8 %2 2 L, EB © 3 HiEllfi K MG
LT _TOEIYTHRIGH DO A AT (ALHIIL) 235580 bive, figh L7zIiE o
MRBITA AT THER SR & —8 LTk v, *HHEE L EE £ 580 /M TIFEAE
MBRIZAITFRD b o7c, Middle (N) ## T, PEABIZREIIEEO 5720 -
72b DO, JHEFHRE AR SR TIIINE CTEITIH ARG IAR DD 2378 80 B L, B
YA 7 AT D BEHEIME R 23" S 4v7c, Middle (PE) #ECIE, 1Z& A EOfEET
FEREARR K L TR Y, FiRIZb i > THIIR T TIEIE LTV D 2 & 2RI

STz,

mEH LH B XV FSH BE
MyEH LH 3 J Y FSH IR ORERF R 72 #6888 2 Fig. 1-1 /8 L7z, LHIREIIWT o
FEIZEBUWT D 16:00-17:00 1255 CTHAZIZ FH U722, %HBREETIX 16:00. EE # 5.5

15



TIE 17:00 IZENZENE—27 2%, EE &GHEHCHIT D B — 7 KR OBIEDTRD 5
7o, F£7-. EE0.02 ugkg HHHZFRS T XTORICIBW T, *FHREEE L#E LT LH
T — U HEOBEE MK T NRD Sz, EE0.02 ng/kg #5-RED Y — D mifd I 3c FREE &
TIEFIEETZ o T2, BRI 52 45RE0 LH 12 TlX, 16:00 |2 EE20 png/kg 5
FCBIT2HE LH REOIR TARD b7z, Middle (N) #ETIE, 16:00-17:00 (Z
DT THOT e LHIREDO ERNRD Hi7z23, Middle (PE) BETIX LHIRE D L5
TR ST, 16:00 O HfE TIEmAECHE R LHRE DI T 235580 biviz, FSH IR IX

RO TRERONT EH- L, ®HREET 15:00, BE #5658 T 17:00 IZZhZEh e —72
%38 % 7=, EE0.02, EE20 pg/kg # 58 ClX, 15:00 (ZxfHRAE & bk U CHE /L FSH 2
FEDIRTRRO BT, EOENIBERREHR ORI 22D b hr o7z,

F7-, Middle (N) B T%, 15:00 I2BWTHEZ FSH EEE DL T 32380 i,

EEH real-time PCR
KHREEED AVPV 38 X TN ARC (2351F 5 KiSS1 mRNA O#ERFy 72 BLAL @) &, HElL &
ORERIELE A Fig. 1-2 1R Lz, ®TFREED AVPV Ti, 11:00 X Y KiSS1 mRNA D ¥
BEANA LI, LH Y —Y &R U 16:00-17:00 (23T THEANE—7IZEL, £ D%
BT 19:00 £ THife L T2, xHFREED ARC T, KiSS1 mRNA DHEHL & 3 &
SR T TC OVX BAMBEDORBUZ K L THIfl S TH Y, 19:00 EHIZHO T 72531
SRR BN, B RO E O K ClE, EE20 pg/kg #5HEIZ3) T 14:00 |12 AVPV

16



?® KiSS1 mRNA FEEOHERILTRA G, FEEOEAME 16:00 IZHF80 5
iz, —7J7, ARC TITHER]IDOREBEDZEITRD IR o7, FHED 16:00 (21T 5
KiSS1 Bi:# (= 7~ (KiSSIR, ERa, ERP 3 LN c-fos) DIEBLE % Fig. 1-3 1T/Rx L7z,

EE20 ng/kg ¥ 5-8ECl, RIFFZIC KiSS1 mRNA FEHEDOK TR H S 723, KiSSl
BB (R OFRBLE IR O ZITFER O b e o7z, £72, Middle (N) # T, KiSSl1
B L KISSI BEE RO W IUIUZIBW T, EE20 ngkg #6587 & RIEE OB AN

O BT,

ISH
AVPV 1 X O ARC (28T 5183972 KiSS1 mRNA [5E# % Fig. 1-4 B L OV 1-5 12
R L7, AVPV T, KiSS1 mRNA BtERladZ I3 =M= V) FEHIZHm L,

EE20 pg/kg #% 5-#£ TlX KiSS1 mRNA MO A ERIK T AR bz, 72,

EE20 pg/kg $5-REClE, BRtEMREORANTIZ, il % OBHEIRIC I T 2 S B
DOFEE 7255 LR Hivlz, ARC TiE, KiSS1 mRNA BPEMARILE Z MR D FERIC
34 L, AVPV &3t RAYIC, *IHRRE, EE #5838 X O Middle age BERTIZ 1T B B
PEHEIRE B 7 22 1X5R D DL Ze v o 7z, F£72, Middle (N) #EClE, EE20 pgkg $¢
Hgt & [FFRIC AVPV IZ351F % KiSS1 mRNA Bt EAIE DOA B 7oK T & FEELIRE O

IR b,
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ISH/IHC —Ej:f

RFEM 72 KiSSI mRNA $ L OVERa % 7213 c-fos & ¢ ISH/IHC B (414 % Fig. 1-6
BRLOITIORLE (Wb AVPY), —EEMEME GRRHED) TiE, KiSS1mRNA
DA FEIRIZ 3 1T IR I L OVERa & 7213 c-fos DEFEIRIC 351 2 2 . DI
JER B BTz, —77, Kissl mRNA BREGPERID (FHD) Tid KiSS1 (2% 2 #llfig
BOGADHRDFED LAz, ERa & O ZHYE TlE, KiSSImRNA BEMifa % < A3
ERo [tEZ R L, XTHREEICIS 1T 2 BRI 79.9%I2% L=, —J7, EE20 ugkg #%5-
FETIE, KiSS1 mRNA/ERo SERGHEMIGE DA E 2B 3 b, HEER S 66.8%(C
AEIMET LTV, cfos & D ZEHYTIE, KiSS1 mRNA/c-fos H 5L 7E
M CREE R BB I S 3, LG 13x R KL OY EE20 pg/kg G TEN LN
28.9%, 32.0% To o7z, £7-, Middle (N) #ETIX, EE20 pg/kg % 5-#f & [FIERIZ KiSS1
mRNA/ERa G PERI S D A E 72 QLR 66.1%) 23Abilz, —J5, Middle

(PE) B£TIE, KiSSI mRNA/c-fos 2ERGHEMINRE S T 2N L, Hep5MEER1T 46.1%

IR & e L THEIC BER LTz,
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O
B

AREETIL, real-time PCR IZ X 2FEHTIZ LV, AVPV IZH1T % KiSSI mRNA FEHLIX
LH H— Y LIRZEFREZTH D 16:00-17:00 (20T TE—7 ZHZ 5 Z LR L NIT
7o o, R FHNIC I 1T 5 KiSS1 R Bilds L OV HMERD 6 D LH 53 WD & — 7 FEZ| D —
i, FARTFUB L0 GnRH = = — 1 U BIZH 1T 2 REENIER 1300
1o, GUR TEN D OIF#@RZZ TR o 7o FREDSESCHICTF R ke B3 LT
WD L BRI LTV D, FEELEORER O LLlE TlE, EE20 ng/kg $¢ 5-FEIZ 31T 5 KiSS1
mRNA OFERFEBUR T8O B, & HIZ ISH 1T X 2 AR A 2 f# b <X, [
FED AVPV [Z8U T KiSS1 mRNA G/t J O BLoR B oD BAZE 728D D3 e e
iz, 26 ORERIE, LH Y — VR BIFZIICI 1T 5 KiSS1/GPR54 & 7 ) /L O F B
fil &, HURTER- T IR-PERRENC 3 1T D MfMmEZEDOBLEZ R L TR Y, BB
vy, SMERMED = A | 5 ATk 2 BUR RS- T TR OFRER N 5308 5% 0 SOGPEAS
ELERTT DI EEBHRLTCND, £72, 25O KiSSI mRNA OFEHAE)N
Z, ARETIHFRBECEIT D KiSSI mRNA/ERa FEMERIIECE X OME RO 5 70
WD HERH 51, KiSSI/GPR54 & 7 F LD 7 L ¥ 2 Lb—3 g 78 ERa DFEIHE
L BHE L TV D ARG RE S N7z, —F T, ARC Tl il —#HDZE{KIEER
LNRMNoTeZ LD, BIEEI > TRRO B 5 KiSSI mRNA FELA~DEEIT

AVPV BP0 TH Y, BERZEITIEREEED ARC 23l HHEEE~ITH F

19



DR L7722 LR E N,

KiSS1 BHE 5 7122\ Cid, ISH/AHC —EYiZ LV KiSS1/ERa LG LM SR
B L OSRIEL O 2 B 723, real-time PCR % V72 E B2 BT CTIE, W
NOFETH ERa mRNA OFBLEBNIFRD S0 o7z, THUEE =M= E I
AT F o =ma—a PN H %< O ERa BHEMIRAFAET 5720 L2 S, ER
D & 9 R JEFIPH CTRILT 5 \EFIC OV TIE, TEY ST K B AR LAY A2 5 23
BEFELLTLVEOTHL LB X BN, AT TIE, real-time PCR 3 LW
ISH/IHC —EYEOWT IO FIEIZIB TS c-fos DFBABIIFRO Lol
WEOWETIE, c-fos WRHLENF AT F o =a—a  ORE L ZhIcs & Hi<
LH V=V EHE L TV Z & ME SN TVWS[20, 31] » 2 HDOME T
FARTF v =a—8a »OIEHEIZES T c-fos DIEFBLZRDS 60%F2EE 2T 5 K,
KiSS1 FERMIEUITIZEMNR R BNRNZ LD, c-fos B KT KiSS1 DOFEHL -
DAA I TITEREEN DD Z EPHEE SN D, WEOHREN LH — U H O
14:00 Fiifz DY TN W TWDHDIZx L, ARETILKISS] BB LA 2 ERE LTz
16:00 DYV > T NEHNTND Z ENE, 2D ORBREMOEWEROMEICE
L TWDAMREMEN B 2 Tz,

M LH #EOKGTTIE, LH Y —2 0 v — 7 B3 FBEE D 16:00 (2% L, EE
P HRETIEL 17:00 & ORBIET DHAINRD BTz, F£72, EE0.2 3 X 20 pg/kg #

HBRTIIEY— 78O LH BER IOV — VD HEEREN I TR 57—, LH

20



— VIR O F AT F o EBLY GnRH == —a U OFHEIZ L D FR I
52 EMNB[32], RETHRD L2 KiSSI mRNA BHOE TN Zn SO LH —T D
HEFCY — VI OBIEICFE RN TN D b DRI N, £ LT, Zhbd LH
T — Y OREMZEILIL, Fig 1-8IIRLIZE I RBHA DI =X LEN L, BRPE

BT D HEIREECHE A M 0 RS ILIC %S LT B2 bz,

BrA RN (G SN A b aF U ATMOES IR R B 5
Z, FRZT A a7 o REHEOS AL, SR TR OMREL /3R 36 1T 2 Mg Y (P
F2) PR L, FIUTEES TR D AVPV (2351F % KiSS1 F&Hiks L OMEE# o
EURR RO 72D 2T ERMBNATWD, T ORI &I 22T
bV, UK FIEBIZ I THRERERE 2 Hl 9~ 2 B 2 e iR A R L9~ 2 & LSRR
HEBZBLNTWD, —F, TOMEN/NSWEEITIE, ERRO X5 2w oZA4b
Z O RO 2B I H v, MR O X 9 RBERMEORBENBO LI, &6
ICARBEOFRERND, TORIBEOELE LTHF AT F o =a—a BT 5 KiSSI %
BLOWIHLN A BD Z EBRH LN oT, ZRHOFET, KHEOZA Fu s
VCIXRIRRL O TR | & 2 &0, BUR NES TIIHMERULIZ M D40 & 2 OETE
72 % KT L TERY, S HITHEC > TATEEED TIRAEIME T L72BRIZ, Z
D DOEEMNBEFIEIIAIE L LT D aMREME 2 /IR LTV 5, REE T — Va3
? KiSS1 FHHEMIE O NBD b= Z Enh, BENREEO—2 L L TT Y
TATRFARTF o= a—n OMIBEE KRB L THD RN HERE Sz

21



B, TNIRFARTF = a—n r ORBOBITERT 200, Ho50VIEH—T%
FHRTDLTA M T AR T LHEEZEMEOERTISERT 200 ZRET 720121, &
DR OBRENME L EZ BILD,

ARETRO LN X 572 BE & GHEIZEBIT 5 LH — P DMLl L OREIIE, AJH
HEICB T 272D —HE L TEMT v FTHLROOLNDLZ ENFHLNT
B0 [33-35], ZHHDNFWEDEALA TNt o MEE I 11| 1ZHeBRT TRz 5 2
EMHESNTWD[36] , £, WFEINOHD LH Y—YOEMIZINA T, ZlT v
N OHR TEBIZI51T D KiSSI/GPRS4 & 7 U v 7 DR F M O SEIC B Ty
SNTWDZ ENDB[23,24,37], XAXRTTF o =a— OKEEIK T2, INEIZE-
THELD—HO LH % — Y ORI ECABEIEZ Lo (5] & &) 12725 T\ 5 AR
PEARIZ S TWAH[23] » AFEIZBWTYH, EE20 pgkg &ERETRO Bz —#O
TS Middle (N) #E CTRIBRICHER S 4, FrERBICEE 2R L7127 v b
BLOERT » MECHEEI L2338 i 2 & v, EE #5850 young adult
HNCER D B IV AN G55 DAL TS REEA AL O F WL ZFWK L T\ 5 Alhe
PEAURIB S T,

7o, REIZBITDH 90 HOOHEERFERIL, HAERMOT X b u b A REIC &
S THA L B EIROMRNWFAR RN, WTH b 1%ICTR DL 5 a4k
Sz R DEACIZHETES TAE L TWDHRTH D, i, Fox OWFFE=ETIE, FriclTiE

BHNC BEICHEBE SN T v MCBIT A FSHEEOK T (A% 14 Al =N

22



b2 ERo BB (42 10 i) FOEFEREICR T 2 R e AHL TERY
[38], T DDA TR ORISR (b > TERZEROA M RS

&2 9 HAMREMENE 2 BTz,
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/NG

ARETIL, BREBORIMET L EREBICBITOXF AT Fr=a—n O
BT D720, FAERMIC BE Z1REE S4172 7 ~ b O young adult ] (P8 H11E
IERD 2B DX AT F =2 —nr 2 KiSSI/GPRS4 7 AN+ Khr v
VAT D FERTL R B AT o 7,

ZORER, HAERMIZ EE IR L7277 v FTIE, LH =Y 0 v — 7 KFfH DOIFEE
& —THEDORA, 725 TNT AVPV IZE1T 5 KiSS1 mRNA OFBUK T A3 74 5 41,
[FIRFIZ KiSS1 mRNA BEMEMAEIC 31T 5 BRa HBEORK F LR O LN, T b D
AVPV R REY72Z840IE, UK TE- FERAR-PEARENZ 3517 2 LH ¥ — IS O B Re
EEAZRELTRY, RICERMEICHET D Ao RMIEL) O0%F5T 5280 T
HLEBEZ b, o, ZNDOMBRNDWRICK T 52801E, BRZEFHKT v b
BLXOERT v FORGTTRD BT Z Enh, ERE L ATHE O MEEE LIX
—EEELLL TR Y, BREEN Ao B L) 2B L T\ 5 ATREMENS
bz,

£72, TNOOEAEBOT IO MR OZIZEBRT TELTWEZ &5, LH
P— T DORFFTR KiSS1 mRNA DK T & Vo 7 PN o363 O BHA AL 3 B R B D

PR & L TR TE D aTRetEniifs S e,
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H-
R

SARMEE R b a7 O AR VLR TR IS & DB
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%1 EOERTIX EE OFANRBIRZEIC LY, LH ¥ — 2 0E8 5 L UK T+
ANTFr=a—n BT 5 AVPV KRR KiSS1 BIIKTRAA LN, T b0
FRIR N 3R DEAV S B ISR O BIIFRIEIC /0 9 5 Z L 2L MR o7, 55 2
T, FAERMOM,S, Zh b2 bz ZFAREDO X b a7 2% LT
DFETEZMAFTT 20 (BREBEOHEAM) 12o0WT, H1ETHLNI RS TE

FEEBOIREZ O TR E1T - 72,

51 B TH DTN MW RITKT T DRk % 705080, AR RN AMAIPEIC i G- L
e 2 ha U TIROME) IZR L TREEL 52 TNWH 2 EICERT S EEZXD
o, MOMZIE, £DOBROEIRTEIZEBIT DRy N —7 DFEL, LI
Ba L 72 AETHAERE DS ICH K B2 KT TRE LOBERER o AD—>Th
Do WL T, AAS (RIEEH~HAERRS) (20w S SRR E TR R
RONREPEHIRAR LT AZLY, MOIEF R2HEMERFEIND Z ERMBNTND
[39,40] . 2F YV, ZORHIIHNKMED X ha A EZ AT 5WEITERE S
Bity, IEW RO vt Z3EE S, BE O AETEBERE D TE I B K 7R 5%

RIFFTZENTREIND, BREEZONTY, FRPILIERBA N =ALIZL->T

DELZEALTTND O EHER SN DD, —H T, FAERPMONRET 2 ~ e

(2R 2 BN SO WD TEREM 7R BFFE R & 23D 720,
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FHOIE, % 1-5 BHinE 7213 1-15 B E T H p-t-octylphenol |ZHEEE S 727
N T, WTNORETHHEEORIEIERFRO 5D b OO, WO ME M
b3 5 £ TICE L IRNE, A% 15 Al E CIRE IR (1S » A) O, A%
5 HlinE CLDREL T2 o728 (6 v H) I L TN -T2 & 2 LT
W5[8,39] o E£72BIDZ —T"TlE, estradiol valerate (EV) %Z/E% 14 AT > b
(CHLEREE 5 &, A 50 Hilis L 0 RO RE 2RO S, Atk 71-90 HIZEBT
LIEEMWEM 2 AT 28 OEIGITHRED 2% E TR LIEZLE2mELTND
[41] » THHDFREIL, MOMSENRTET T 5 LB TWD AR (%5 A
WRRITR) [42,431% S HIZH AT, FERMOMNS =R ~a 7 A2k 58 2 fEfRf
LTWDHZEEZREBLTWDA, ZHET Mo RRA v b ZEEIC
BN LT FE A X W EI2AFE LRV,

ZIZTH2ETIE, HAERKIRIT L EREEOHIW] 26T 570
A4 0,510 8LV 14 BOFHAR T »~ M EE ZH[AIEZ PG L, SRHCBT 2%
WARBIOF L LH % — U8 L OVKiSS1 mRNA HEAE) (R OZAL) 725 NS

A OZEAL (RIDZAL) ZHatRIcma L7,
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Mt LTk

B R L OB E &M

HTHR 14 H s OMEME Wistar Hannover GALAS 7 v & (HARZ L7, n=37) %X
W=, 51 2R B2 MR Donryu 7 > b &2 W =28, BB D RHHZE
EEEEIZOWTHRGET D720, AR TILE Y~ %H# & LT Wistar Hannover
GALAS 7 v h & HWTERZIT o7z, ERMEIIERZ IR Y 7 FF v 728 E
FHOTZARY I —Ax— MUZIAE L, IRBEERI B8 =EN (RE, 24+1C; fH
SRR, 55°C + 5%; BAREE ] 12 B5f], B 5:00-17:00, W54 17:00-5:00) TEH L
Too F o AT 2 [EAZHA L, fE WIS R (CRF-1 5 A4 U 0= Z)LEERIRR

Nath, HA) ZAEEL, /KEKZ B HBEKSE,

A==

EE, EB B X' P4 DN, 725 ONZ EE OFREE HiEIT TS, EE OHE
%, F 1 EICBWTHRREREZHE R LIHESL LT 20 ngkg xR E LT,
F U H MMEB X OEST

BARIINA T 2 bR D728, T _XTOMRR A HA% 24 FRHILINICE D TT

ZobL, 1 EWHT-0 OlREEZ 10 Lo <582 K 5 EAERAIZEIN 0 41T

28



EBiTolz, 7 v F MMuth, REMWEGE S BECEID M (0=7-8 7 Bf), RFFREEICITBEA
(i) Z4% 0 B, ZOMOBEZIE EE 20 pg/kg 244 0,5, 10 £7213 14 A
B ENENHEIR TG Lz (ZNZHPND 0, 5, 10 B LN 14 B, A% 21 AIC
HESL1E, SEEOLEMIT 2-4 IEZ LT —VICIUE S0 (n=30/group), 4% 23 H 7>
O JERR 1 oo HE A 0E LR U 7o, TEEBR M RERR A4 130EE S H R DI A A 7 ORREL A Bk

L, HEHe=21 7, —icRBBE JORENE 238 T & Tilkfe L 72,

LH ¥ — VB RLE

10 FERFIZ EFER 2 A L O8I >0 T OVX 2 Elii L (n=108f), 1
MPRIZE 1 B L AERIC LH Y — VB RALE 21T o7z, £ D%, I — V% H D 16:00-
17:00 (-2 OBy 2 Wrsa iR M. (n=5,8#F) L, & | mDOHIEIZHE U T real-time PCR H
OV TNV ERSEL, RNA fiH £ T-80°CTHRI1F L7, 20 oI oW\ T,
51 BEOHFECHE L T ISH A0 7 VA ER L (n=5/FF), #Y)E T-80CT
RFF LT, E£72, BFITHEB XOBEREZI1TV, 10% P HEE R/~ U o TEEH

Z HE Y0 U7-%, JWHERMRR A0 2 36 LT,

HERHE=FY T
0 oEM) (n=16/%f) 1%, MEAMZEHME=2V > 73572 40 i E T

Baiket L=, 78, BHERFEOHWHNITRR L7 5 HEO A X T2 L > Tirbh, 4-
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5 BRI A 7 VO EFEEEM 2 1B, 2 LIS B TR E A &l L7z, RS,
TG E TGRS 5 B L7256 13881 (PE), FIEHRM E 23R8 EIR

1M 5 AR L2 S I3 R 61 (persistent diestrus) & L7z, 40 HEERRFIC

TOEEA Y TNT IR THIRL, IR, FERBIOELZ IR L THEAHE

U7z, BB L 722913 10% k@R L~ U o CHEERIC HE Yeta U7-1%, J5 BRAL R

ks, ARFEBRGTHIIFE R (ELLE R R AEIEAT) OB ERMELZE S
ICHATEKR SN TEB Y, B OED T FE sk D' B RS2 I8~ L T =

iz,

E &R real-time PCR
FIEOFEZE LT IAEZRMBEL U TOT I ~v—-Tr—7%y ;D real-
time PCR % 3Zfii L 7= ; KiSSI (Kiss1, Rn00710914 m1), KiSS1r (KiSS1R, Rn00576940 m1),

Gnrhl (GnRH, Rn00562754 ml),

ISH

1 BEOIFIEIZHE T T KiSS1 mRNA BBIEME O H 217 - 7=,

FRIVE CEIE
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551 EOIFIEITHE L THIE 2 £ L7z, HIENS K OHERLERENL, LH TZ

LI 3.27%8 LN 17.74%, FSH TENLI 4.01%FB LT 16.71% TH o7,

FEBH 1 B H{L DIREMRRRE R X O b L5

TARRREIFIC, &% 10 £7213 14 BIZ EE 2% 5 L8k CTHER 0 o B4 bR
R HAIZT=, EE BRI G2 K DR 0~ A R Lo, RN o R
LIZ L AR 7 B b % el 9~ 5 726, PNDI0 3 L OV PNDI14 #f CIEfER 0 0¥ A
(2, XIFE#EE, PNDO 3 X OVPNDS # CiX[F U Hn (EBIORD &4 Y 70T VBT
TEEMETRL (=48, IR, FEBIOMEZRH Lz, SRIRL7Z8EIL 10%
AR R L~ UV CEERIC HE Yefa U7 %, EBRSAIOMBR 2 i L7z, £7-
[FRERR 2 VY, —RPUA & L THL ERo B (1:1000, sc-542, Santa Cruz Biotechnology
Inc.) %, “IRPIARRS L OFEEE & LT Vectastain Elite ABC % > K (Vector Laboratories
Inc.) ZfH L7z ERo (23 2 il P e 247 o 7o, Yot L7oAEARZ Y,
WEOWME38E BB, TENRE LR E/IXMEICE T 5 ERa BRI (2 27)
U T ORI > TENENEM Lz ; 0 B2t 1, 38t Q0%LLT) ; 2, #45
HIBPE (20%-50%), 3, P4 LL EBE (50%-80%) ; 4, KEBTBHME (80%LL L), &HRE
BT DA a7 E, SERCTEESISERIR L 10 5% (200 ) ORA=a7 &4

L CEH L,

31



MRt AEAT

Bartlett fiiE T4 a Mt L72t&, A H, KE, SEERENE, Frtri

B, mRNA RBHL L1, ISH GtEfifa%ids X OV ERa B A 2 7125\ T, —ollE

ISEOHT E 7713 Kruskal-Wallis BEE AT 77, BEENRD LNT-HE1E, XTRE L

EE #5125V T Dunnett D2 B HIHRE 2 50 L7z, MEAEIE=4% U > 7 Of5R

\ZDUWNTCIX, Fisher O IEFEMERBEIZC LV I LT=, 728, AEKE S TE2AE

EZH EHE LT,
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EES

—RIRER, RERS IO N B

RERHIM A E L, BB L BREOREIIL N2 o7z, Fiz, Fh5ICBH
TOREOLEEGRD bV > T, FREOFHIER O H s & B 0RO K E %
Table 2-1 (278 L7z, XFHRRE L ffz L, PNDI10 35 X OV PNDI14 BE CHE 2R R 0 o F.414

AL, R ARFOKRES Wi CTHEICET LT,

HEAMHE=2Y 7

40 i E TOMEEHIOHERS % Fig. 2-1 1R Liz, ®REETIE, 13T X CTOEKRT
4-5 HJEHAOIES 22 S 2% 29 s £ THERF STz, £k, REVEAE 2 24
DAEERDEIS IR 2 TN L, IEFVEE I Z R EROEIS 1L 40 1H T 43.8% £ T
KT L7, —J7, PNDO, 5 3L 10 BECITIEF B 2 R EROEI & 13 X 0 R4
22 HARTN L, PNDO BETIX 17 i, PNDS 38 L0V 10 BETIX 19 @Eno 5, *HIREE & b
L CTHERBIEDIR TGO b, ERER ORI TIX, PNDO #ETEHS O T
DECH RN B B, 21-29 WERIZANT T PNDS 36 KO 10 B & OFIZHEH IR
AEENRO BT, PNDS B XL 10 BEXIZIZRROHER AR L, 40 @lE TOW
< ODOIFRIZIV T PNDI4 i & OFEEHFHI R A AR D b L7z, PND14 B3 25
WS E CHRPREE L IZITFBROHER 2R L, ZH LRSS REE L 0 B TR OFIE O
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TRHLIIZN, WEHFERRA RO bRl

TE B real-time PCR

LH ¥— PHEZNC 1T DHUE TERRTHE (AVPV) F 7213744 (ARC) @ KiSS1 mRNA
% Fig. 2-2 127k L7=, AVPV T, KiSSI mRNA O¥H &3 PNDO, 5 35 LTV 10 £f
TXRERE L bl U CHEICIR T L, EE ZWgEE L7- Hiis & FHES L 72 BB E O T 23538
D HITe, Fo, MEHFNAEZITA LD 27203, PNDI4 BECH LT i stBlE
OWIMEMHFRD H A7z, ARC TiE, PNDS BEIZI T KiSS1 mRNA OF E 22581
K TRAH BN, ZTOENOHETHERBEBEZEIIRO bR oT, £z, 20
iz AVPV (281 5 KiSS1 B i s - (GnRH1 3 X N KiSSIR) DFEHUZ OV T K
FEATo72n, XHEREEL EE £ 5RO KiSS1 BEER T O A B 72 3 BLA B3GR

BV o T,

ISH
AVPV B L OV ARC IZB1T M7 KiSST mRNA 5144 % Fig. 2-3 B3 LN 2-4 |
ATz, 3= BV) FICR W TR FEHAD KiSST mRNA MRS 358
5L, AVPV TiX, PNDO RHIZISUN TR DB 720855 & KiSS1 B AR DA
BRI R BTz, REEOBEMEE OWEFFE L O KiSS1 FHEMMIEsk DA & 728

DIZPNDS BLO 10 FETHRO BTz, —77, PNDI4 FETIid, KiSS1 mRNA 5
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Wtk DF B /2 1T 5T, Yed real-time PCR BLXOWEERIE =% 1 o 7 OHE R
ERIERIZ, KiSSI BEfiins ol ¢ EE 2R L7= B & OFIEE N A H 7=, ARC
TIX, KiSS1 BEfiagk o o3 037280728 PNDO B L V5 BEIZB W TA LN, ##’

HPENCHEBERBDIIERD SN o T,

MEF LH B X FSH BE

LH 3 X O'FSH IR % Fig. 2-5 1ZR L7z, T _XCOMIEIEL, ARG TICHE T D
LH =YD — 7% THh D 16:00-17:00 OFIZY 7V v 7 ENT-[44] . KEEC
BIF 5 LH REEILRIREE, PNDO, 5, 10 3 LT 14 BETEALEAL 11.64 £ 3.87, 5.56
2.56, 6.73+2.07, 2.70+0.95, 10.32+2.51 ng/mL T&H Y, PNDO, 5 B LN 10 #IE
WTC B — 7 LHIBE ORMEME A7 D20, st AR A B ETRO bk o T2,
—J57, PNDI14 #£0 LH JE 136 IREE S IZIFRRE Th o 72, SRECE T 5 FSH B
ILKRFFREE, PNDO, 5,10 38 X OV 14 BECEILEAL 19.25+£2.40, 13.36+2.35, 20.44+£1.94,
14.23+3.48, 28.80+1.68ng/mL T&H ¥, PNDI14 FEIZIU T FSH i FE D i B 7] 28 F»

ST, MOFES D THEHFAINCAE L FSH IR EDOZENIFRD b ivgno7z,

BEEEB I OVREEBRE
40 O+ E B LYo EEER L ORI EE 4 Table 2-2 12, *7-, [RHEH
(2B BEREORFN 2R INEARRR S 2 Fig. 2-6 (27~ L7z, JFETIZ PNDO, 5 B LW
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10 BEIZIBWT, S & bl U CONBLEE Sds X OMHXT B EOF B2 23380 6
Nic, £72, ZNUHORETIE, JIREEDOIKT & FHEE U CTHEEE D & B DI B ZH
MH B, FERLRINR OIS L ORI O & FIRFIZERD Hivic, —J, *THRE
F L UVPNDI4 BETIE, 1JE TN TOMREKRTRE « FEEMD SRS/~ R Ja R
YRR HERR S 4, 2405 ORETIEZ < O %l £ TR Z MR L T2

EDRR E T, FIRRRICER I L7 OO E TIERE AT ITERD bh o7,

FEBR A R UL OWREAE R A I L O b 25

SPRRRE (EEBH 0 23 IE% 720 8E) B X OVPNDI4 #F (B O A RHL L2/ IckiF 5
RER 2 IR J L OME ORISR, 72 b NTHREC ST 2 LR E 7213
® ERo JEHLA 27 % Fig. 2-7 127k L7=,PNDI10 3 KO 14 #F (FERE 0 23 8L L 7= 7%)
TIE, PIEEEIROFEL & 72 2 8 A B KO RIIA b T, IR, FEBIOETZED
DO FEE T RITRD ben o7z, £, BEIZEIT S ERa BEA 27 2R M L7k
B, XEEEE, PNDO, 5, 10 BL O 14 BEORB A 2713 L TF LN 3.88 +0.10,
3.90+0.14, 3.93+£0.10, 3.93+0.10, 3.90+0.12, E TZNZEh 2.78 +0.30, 2.80 =
0.18, 2.78 £0.10, 2.53+0.26, 2.70 £0.16 TH v, [EH D B LOFIICED ST,

PRI RB T DR FRIAEZEITRD b - T,
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O
B

AFETIE, PNDO, 53 LT 10 BETHVT, AVPV IZ31F % KiSSI mRNA FEHH &

ONKISST BRI DIR TSRO b= 2 L h, EREELZFHFE T HHED EE I

LT 2 A3 2825, 7y MIAERKTIIAZ2R< L 4% 10 A £ THERr S

NWTWEZENRIHL M 5T, EildD AVPV IZE1T 5 KiSS1 mRNA O ELHNH] X

HRPED T A | 1 7 Ak D AR KR T EB- T AR -PE i O SOSHE O T 27wk LT

BY, RO TR L MIEH LH B E OBMERIZZ G L T\ D b 0D & HEE

IND, FEANEICHNWEZY TN A ZAPNNS o722 &G, RETIX LH

IR EE DR FRIRA B I DR T2y, FEROMERIT L 0 £ < Ofil% L

PR CHIE L2 1 EOFERTHHER SN TV D, £z, RFFETITERLEOHEET

o5 TREMEHORIREI ] bAbN TR, WEMMTRRE TRO b7l

FERDO¥EINF L OB DR %t - T IRRZERNE L, [FIREOME A B2 R B 1L LT

W22 AR LTS, 26O PNDO, 58 LN10 BElCBIT 5 B2 ki, &4

BRHDFANRTF o =a—n IR HREREREZRELTRY, FARN®RHE T

HAEVMSNAMED = A b a7 AT DM EMERF L TV D LB b b,

AFCBI Db 5 —DOBREARL, FAERMT A | 75 REC R T 5B

(BRI EILOMRS) ([CHREE HisE OMEANALNTZRTH D, PNDOFETIE, 5

AR A OB 17 Bl ) & e MFFx OMEO@RE L1TF-HL T
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72[11] » —J7, PNDS BL V10 BETH 19 W@ #nH & B MR H o RIS E N A S iz
D3, FEBLDN I 5 T2 R & 2 D% DI/~ — R |3 PNDO #f & bbifg U T 5 N THEBIE L
Tz, TR Z, AVPV IZE1T % KiSSI mRNA FEHLOMEHT TiX, real-time PCR
FOVISH OWFHOMHTIZI N TS, BREE HEsIZAHE L7z KiSS1 BEDEK T34 5
LTV, T OFERIZ, FAERKOAKMET X~ v 7 A3t 5 &S MR D3
RN L > TEM L, BEFHITLEEHEAEWI L2 RELTWVWD, —7,
PNDI14 #ECiE, MEEHE L OVKiSST mRNA FELOWT I OFHTIZ I T H B e A
fEIRH NIRRT Z LD, BREBOENMOT KA 2 N3 PND14 fHIIZ
{EAE L TV D ATREPE DS RIR S 72,

JEAENT TRUR FER O M) DSHEIT T 2R CH D Z L d, IR - SMAMER
MO ARNVE AN T DEREZERFHIEWRHTHL Z RN MbNTWDH[45] . 7
y BT, HHEICZ G 18~27 ANZ OIS T2 LHEESNTND Z &
5[42,43], MR Z 21 A SUE L7cSa, BRI &Rl L IR (4 18
Hiin~41% 5 B#n) DR (CNS) OMMEMIITH 5 LB 2 BTV 5[40,
46] ., £7z, fHiF~0 diethylstilbesytrol (DES) #5-DFHHI[47]TlE, Swan ©H D KEAL
7R BRI IE A I AU, vaginal adenosis (DES #% 5- 8835 CHERS 9~ 2 FEMEBEME DO |
FIERESLE) D33 DAVIERI D 85% A3 TR 14 & TIZ DES M A= I1F CHB v, 4F
WREE 2 HNCHEYY 3 5 22 LA O G- CTIREPEFNITERO b ro T Z & 3 L

TV 5[48] ., DES #5612 & % vaginal adenosis DFEHL A 71 = X LI 50 TlE g
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DD, Zi O OFREL, AMAMET R b v 7 A3 5 S WA TR R (R iR 2 0)
WAFHEL TS T EABRL TWDD, KEDOHRND, 7 v FOFAERM T4
<& HAM% 10 i (B N OIEIRE 3 #IITHH4[49,50]) F THRM= R ko 7okt
T O L R L CWAD Z RS, IV BHo=X v VIggETEH, X
NRIFrma—mrOEEFELEVSTHICRALRWEBENEEEZELD IV X7 B35
ZENRHEREINT,

RO RARA » MZOWTIE, 2 E CEENICKREE L 7R EMIE E A
EHELRY, Cruz BT, A% 1, 7B IV 14 BERO T » MIEBIT 2 EV 10 mgkg #%
B3, ARl 7k B A4 11 & SR OB % L 5 SRR O R 2 5] E i 29743,
Atk 21 £330 BIOE G TIXINOLORENBOLNT, 7 v FOKRILE
WNIF AR~ RN CTEET D 2 L2 H|E LT\ D, £, 4% 14 Bk
T2 RN OW T, [RMFE 7 v— 7" 23 4% 14 HilsD 7 » b ~@ EV 2 mg/kg ¥ 5-
(XD, B T70~90 REmOMERBBENMET L2 Z L a®E L TWD[41] , AET
IX, PNDI14 #EIZR 1T 2 MEAHISC KiSST BA~DZBITIA S TIER D> 720y, bRk
DOWFRHE L, FAERT v NOKRAEVESHNER 14 B E CHEF S TnE =
EHRRELTEY, HObh T BV O -HESIIGICEWNZ 2 BET L5 &, £%
14 HICTORBEBICIZL Y SHEOBRENVNETHY, ZOIFNT A brr o
iR, W2 T > FORKSCHAT D Z A X 2 ZEDPFEFRITHE LT[R E 2 b

e ZIUH—HEORERIY, Dl tY, E% 14 BB A0 R fa oz
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KT DRESMETII N2 N D BEFF SN TWD Z L 2R L TR Y, EREED T
DT RIRA » FR3AER 14 BEHTRICHFEL TVD L DOIGREZ SR L TND EE R
bivd,

ARETIE, BREBORTY 2 MGEES 2 %6t & LT Wistar Hannover GALAS 7 v |
WY, %1 %O Donryu 7 v FOFEF L L, PNDO IZ EE 20 u g/kg & % 5-
U T2 S B AR T 31T 1 LH 236 KOV KiSS1 mRNA Fo ik D 284k
ICHRMM TR ERBTRBD GNn oz, —F, WEME=41 7T, W& T
IKF (40 ) (2317 2k RO IEF S BIHERF =134 50% TH Y, Donryu 7 v FDORE
FORE (40 W CIEH PR R WIHERFER 0%) & il UCHA © 2SI 5 PEE ) & # s
L TV B ERDEIG D E Do T2, T OEF T IS 1T 2 M JE I PH SR O E W LR
fEEtExoNnb, LEXD, KETHWERETHLERZEFTREKRICEBIT S
KiSS1 & BLOAR T o B ] o0 L5 1R 2358 &, R AR BLO Rt 23
IR SN2, [F URAREEZ &S L5E OB EIE LRI oW T, SRk
TEWRALND Z ENTEINT,

FLARETIE, A% 108X 14 BIZBIT 2 EERGICED, HEHEIZBW TR
H O RIMEAFRD B ATz, BER 1 o R RIZEARICEHEO =X ha 7o 2 g L
TR B DTV DS STV D M[16, 41, 51, 52], T OFEMRBEA =X
LITH BT 72 o TWZRW[52] o IV OFEFR AR ZE TiX, PNDI14 FRIZIBWTHIE

PEINDREILN Zr IR o T2 Z L, BB 1 O R ITHLR T E8- T TR it dui
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HClEe<, HAERBICERE L= EE OFEICHT HEEN BB LD Z NS

Wiz, R PITIANEET A b e F o N —E L~V NIEET L 2 LIk TREH 2 L

Mo, BIZBT 2T ha 7 UEZMEOERP—RE LTEX LN, Iz

X % ERa OIEBUENT TITMER 0 0 BB LI L A B IO SN o T~ REDRE

KRG, AL 10~14 HOFERBIRHA, HAER & g U TR A o Bk

LTCEVEZMERENZ EDNRENTZN, ZOFHBEA N = AL ONWTUIEI B R D

AENLEEEZ b,
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/NG

52 WO, SMAMED = Ak r S AR VIR ER I K D RO R A B 5 )
2T 5720, A% 0,510 LT 14 HOFAERT » MZEE Z#IREE L, FURTHF R
NTF o ma—n O ERIRICBEZBEO RO A EZ MR LT,

ZOFER, %0, 58X 10 BERC EE 20 ngkg 1B L7-FEICBWT, A% 11

BB BOIRE T D KiSSI mRNA OFEHUK T, KiSS1 Ltk oL
L O LH B — Y OREFHER AR bivlc, FEOFETIEL, b D2 b L tHEI L THE
YR O RHFRBL RO b, BrAERMICIRE L7z EE I X DB EENIFBLL T
WD EBZ BTN, % 14 AERIC EE Z#M8EE L7 PNDI4 FECIZZ N D O— @O
ARG Y NG ERA /e it

UEOFRERNS, 7 FTIEHAERTH (4% 0~10 Hip) 23 RAEOT= A Fa s
AR U THestE 2 AT 0B BEOHAM TH Y, lARAM O RRA o MIHAE

BB TH 5 41% 14 RImATRICHFEL TV D LHER I,
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F1IEBIOE2ETIE, AR b oREWE E L TEE 2V, 4
IR ERIZ K DR A O B & Z ORI O W CEE 2t 21T - 72, 583
UL, R E & AREINA e X ha P UiEE A AT BRI A a2 w

KEY 2L —%— (SERM) IZZEF L, BEREERIOL®EME L SERM O B4 g

SERM (F, #HfkEIRA e X ha 7 o 23t X a7 g2 BT 5L & Wkt
ELTHLNTEY, ZORENLINAL (FEXFT T xr) RFHERE (Tr¥
T x) ORFEEE LTS BRI TWA[S3, 54] . 2@ SERM O a7 Rk
(A buFrEiidhie A f s U AER) 1IZoW T, 1BFRICBE 5 AR e
EDHRNE AMRTFHEMBE T L SRS TW DA, CNS 2T U E T 5 TS
WMCOERIZOVWTIEHED I<HENTELT, FTHAERINRE LS50
CNS DFEFESDFHENT DWW TIHAE D72\, Pinilla 12 LA, #HAERT v b~d
TaX 7 o UV BIRYEX VT = U ORE , PR 0D R 1 oM R O
TFRPEEU LV DER T E WS EENEL D Z ERHE S TW5[55, 56] .

I HOHETE, SERM O AL IR 3% D% O CNS 3 L OVEFREEE DFE 2%t
TOWENR) AT RFICRD DD EERBLTND, TRETOETRTELX

NS, BURTEFRANRTF o ma—a URNEDOREREOS —7 v Mo TND A
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REMERE 2 B 523, SERM SHTAERM D CNS RKF ART F o =a—m Zxt LT
TA N ANEREAT H00E 9 b E T, SERM O IR IC L 5 EERD
DA T = X LT BN o T 70,

ZZTH 3 ETIE, EBME L L TREN SERM ThH7rF v 72 v BLW
FEXTT7 =, FERT  FOMOMSEIZKRT S SERM O Z2 Rk
Lz, FH/ERH SERM BREEIC L DBERVEORBLL XF AT Fr=ma—n~D
HEICOWT, 1 ETHLNZ LB BO RIFEL b L IR 21T 72, S
LIZAETIE, AT v MRV TEIRKRBREZ 5512 L7 SERM 5 EHR % E
fii L, SERM DF AT Fr=a—a AT 5T A ha UAEEOFEIZONTE

MREEZAT > 77,
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Mt LTk

ERgER X OB E &M

F1ETHWZBEFEEMSE TS CrjDonryu 7 v b+ & W, iEIRME % 3258 1 (n=28)
\Z, youngadult #] (7 8#n) OMfAZFEER 2 (0=30) I L UFERR 3 (n=35) IZEH L7,
SEARIE IR Z IR Y 7 N F oy FE2MEFEOTAR Y H—Axr— MUNAEL, IR
BEEH S B =N GREE, 24+ 1°C; MXHREE, 55°C +£5%; BARFEW 12 KR,
B3 5:00-17:00, K5H 17:00-5:00) THE L7=, Fv 7 IXHIC 2 BB L, fHE M
AL (CRF-1 5 AU = 2 VEERER A 1L, HOR) A48 L, ZAGEKZ Bl

K EHT7-,

==k

17a-ethynylestradiol (EE, CAS No. 57-63-6), raloxifene (RLX, CAS No. 84449-90-1),
tamoxifen (TMX, CAS No0.54965-24-1) 3 X OVICI182,780 (ICI, CAS No.129453-61-8)
I% Sigma-Aldrich  (St. Louis, MO, USA) L VWAL=, T OOHEBRWEITVT D
DD Tl (CAS No.8008-74-0) |Z—WhiafE S ¥, ZOH I~ IMEAEE L L THE

FEIZAR L TR L7,
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ER1

BB ASA T A2 PebRT 57280, T XTOMREE AR 24 FERILUINIZED TT
2L, 1 BEW DD O EEE 10 TEENR L < %D X 5 BIEAICENO 1
AT oTc, 7o MMutk, REMWZEE S BEICHEID 41T (n=5-6/8f), #AR (1% 24
RERILLN) ICBERToH 5 <l GFFREE), RLXO0.1, 1, 10mgkg (£ 24 RLXO.1,
1,10 #) FE721X TMX 10 mgkg (TMX10 #) ZHEIEZTHEG L7z, EE, RLXBX D

TMX OHEIE, ZHFE TOERCIEEDRE 225 | Ba B o BB BLN A5

M

NHHEE UCEIE LT2[55,56] . A% 21 BICHEAL:, SO TEMWIT 2.4 LT LI
F—UICNAESIL (n=26"group), 1% 23 HOEM OO EEZEABLE L, B
BH M HeRR % 1L S HEOEA X 7 OBRMABMG L, HERAME=21 7, —fikhE
BlE S L OVRERIE 2 3B T & Citke L7,

T OHKITEH 2 IR LT HE L RIERIC, A R 0 I ] 2 AR LTV 2
RIZHOWT LH Y —VE R LE (0=10HF) Z1T\, =T H O 16:00-17:00 (2
WTEEER M. & 7 (3FEVRE & (Z 2 n=5,/#F) % FEJi L T real-time PCR ¥ 7213 ISH
DR TEY 7V v T & To7-, 720 0@ (n=16FF) 1%, 52 =R L7l
FEMEITHE - T 26 Hiis £ TRk ZzE =2 U 7 L, 26 Hiis TT~TOEMH

DALFREEE (R, T8, B) BIOWEERENE Ui, 78) #FE ML, #

B U 7o AR VRIS AE » TR ERRLAR AR SR 2 52 L 7,
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L)

RLX BLW TMX OFEELEIFART T =a—a Bl bR ha 4k
PEIZOWTHREET 5720, BT v &AW FE IR Z FE i L, RIFFHZLLT O
FE TR TR S L OMREIC I 1T 5 KiSS1 OSUGHEZ2 i~ 7o, B2 TiE, 3
TOEY (n=30) 2O\ T 7BERFFZA Y 70T VBT COVX 2506 L, 2
%, &EWE 6 B (n=5/8) 1ZEIV (T TENENLLT OB E A 3 A ME A &
TG L7z ; Il (RFFREE), RLXO0.1, 1, 10mgkg (£ 4 RLXO0.1, 1, 10 £f),
TMX 10 mg/kg (TMX10 #£), EE20pg/kg (EE20 #f; BHfExtiR), Z o 3 HELE H 5
I X B FEIEKABRIL, in vivo T A b 17 IR HEO FEFSA ST 1 b o —
NELTHLSNTWD[57] o B & ik G- D) 24 BRI ICHI L TFER &
OEZRE L, FEEOIELOMH ML TEICNY I U7 L, 0%, FEITFE
SR B LOYPR &L OB Tl L, BEEL L ONERREZOFREEEZ L
AVRIE L7, ZHUTzx, OVX IZPES KiSS1 ZHLDZ L (AVPV THILMK T L,
ARC THELN LHT5) 2= X ba U H T 2FEMZFM L, SERM #4573
R TFICK L TR ha P AEHE R T 203 & it 2720, R T2 L Cai

oL U4 E| L, real-time PCR T KiSS1 mRNA FE 2T L7-,

EBR 3
R 3 T, RLX BEXORTMX OFFIZBIF5H— 2 ka7 U AEMIC W CREEd

48



%728, EE O EIERERIZH T % RLX £ L OV TMX OMFIER % ik L7z, Kk
3°ClE, B2 LEERICT R TOEMY (n=35) 22O\ T 7 T OVX 217\, 2
MK EWE 7R (n=5/FF) (T8I0 1 CTENENLL T OWERYE % 3 AR A
TG Uiz ; 2~ GeHBRRE), EE 1 pg/kg (EE1 HAEE), EE 1 png/kg #5-%12 RLX
0.1, 1, 10 mg/kg (F£iE4L EE1+RLX0.1 #, EE1+ RLX1 #£, EE1+RLX10 ##), EE 1
ng/kg %512 TMX 10 mg/kg (EEI+TMX10 ££), EE I pg/kg #%5-# 12 1CI182,780 500
ng/kg (EE1+ICI #f; BAtEXTHR), ICI182,780 (X ER D7)V T X T=A & L THILI
Tk [58], FEEKIMENEHOBESRWE L LTHER Lz, Z0%ITER 2 &
FIBRIC e G- DF 24 BERIZIC B L OMEMHL, M) I U7 2EEL T
DREEB I OEEEELX TN TAHIE LT,

¥, LR D SEBRGH R I~ TR (7R & AT IeaT) OB 38R
MHEEERICFAKR SN TE Y, B OB BV X ESE R OBy FEBE # 4 IHSF

L T S vz,

EEH real-time PCR
FBIEOFEZELCH IV ERL, LTSI A4 ~—-"T 2 —7% v hDreal-
time PCR % J&fi L 7= ; KiSSI (Kiss1, Rn00710914 m1), KiSSIr(KiSS1R, Rn00576940 ml),

Gnrhl (GnRH, Rn00562754 ml),
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ISH

B BEOHEICHE U T KiSST mRNA FPEMIa O 21T - 7=,

FRIEHIE

%1 EOGIEICHE L TIEZ EM Lz . WIENS LOCNERALEFEL, LH T

THEI 5.41%F LTV 12.39%, FSH TENLIL 8.50%F LM 17.34% Th -7z,

WERHAEAT

Bartlett FR/E Ttz feRd L7121k, BEBOH, (RE, &FER, St rRE,

mRNA FEL LU, ISH iR W T, —oEME S 89T £ 7713 Kruskal-Wallis

BMEEIToT=, ABENREDONTZHAIL, REE LS RLX £721% TMX &E5FEIZD

VT Dunnett O 5 HER E 2 5666 L 7=, MEE#IE =4V 78 K OYSER R A O

FERNZ DUV TIX, Fisher D IEFEMERMTEIZ LV R LT-, 7285, AEKYE S%LLT %

HEEZLY LHEL,
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EES

—RIRER, RERS IO N B

AR 28 L, SECB LR OEE XA LR oTo, 26 Bk E TORE
IRpH 70 (R EEHERS 2 Fig. 3-1 12, SFEIMERE 1 B linds K OERH 1 Rf O K H 4 Table 3-1 (27
L7z, TMXI10 BETIE, 118 & 0t BRfE & i U CTHEREEOHEMNN A 51, Z
O REHI NN EERBR Y WL T W £ TRkise L 72, 130 OB I B R EEOBITRD b
niginoiz, £7z, RLX10 38 XN TMXI10 BECI, xERREE L bl U CRERH 013 A i

DRIUERZ B, T 0 2 FETIEFEHZER O RFAEO A TR T bl b,

HEHE=2V 7
26 HiinE COMEBRME=% U 7 Of5 R % Fig. 3-2 IZRx L, xtREETIE, 1Z
(T N TOMEIKT 4-5 A A OIEF 72 M8 #1723 18 Hils £ THERF S, £ D#
P % B9 A EROBIE BN RA2 ML, EFEEZ2 R EEOEE1E 26 #
W C37.5%F T F L7z, RLXO.1 3 K OVRLX1 BECIE, ERPEE B2 7= 3-8
DEIG OHEBIIRHE L A% Th o7z, —7F7, RLXI0FETIE, X0 BENLESR
PEF A Z2 R S EARDOFIS IR L, e fREE & i L C 12 Bl 5 26 s £ TH
BREEGOERFRA LN, TMXI0 FETITE=2 Y 7 Bllalks (7 ) 725 FF
B DA B, RERWIMZ 8 U CIEE Z2ME IR oo 7o,
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TE B real-time PCR

LH ¥ — VRN BT 28K FHERTES (AVPV) 8L U%E (ARC) @ KiSS1 mRNA
FBL% Fig. 3-3 10k Lz, fRE FHEBRTHECIX, TMXI10 #£23V)T KiSS1 mRNA %8
LULORERICTNRABI, RLX10 BHZRTHxREEIC bhl L Cl MBI 23558
D BTz, R TE%E T, TMX10 BEZH UV TO A KiSSI mRNA DA & 7 FHLK
TARH BT, KiSSl BIEE s TIiE, HUR FERTEH I L OMLE 07T GnRH1
B L OVKISSIR @ mRNA FEUFHT 21T - 7273, I KL O SERM # G-HER] CTH E

f@%\éfﬁ%%b mu@%hﬁﬁ)/p 7Lx_o

ISH
AVPV B LN ARC (28T 5 FAY72 KiSSImRNA [5G4 % Fig. 3-4 8 X O Fig. 3-5
2R LTz (Fig.3-5 12861 2 5HA Eoff AL KiSS1 BtEfld DfEKIX) . AVPV T
1%, 53 = (3V) JHPHIC IV THIRR R F 60 KiSS1 mRNA SIS 2355880 B,
TMX10 FEIZ 350 T KiSS1 mRNA B DBEZE 220855 & KiSS1 B ffud oA & /e
DR BTz, RIS, BB PEDTRES 3 KON KiSS1 Al 2 o A & 72 b
I RLX10 BT HFE80 Bz, —77, RLX0.1 3L TUVRLX1 BETIX, KiSS1 Bt is D
JESIEA BT, KiSS1 G MMt 3o B & FIRRE Th -7z, ARC TiE, 3V Dffi

JEEERAR & Aoty & L7z KiSS1 BEMERRa D 3R 3 A 4L, TMX10 B2 T A KiSS1
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BRI DA 2 23580 b,

MEH LH 3 X FSH B E

MyEH LH B8 L ONFSH B E % Fig. 3-6 |II/k L7z, T _XCOMIEILLH —Y D —
7 W% TH % 16:00-17:00 DY 7V 7 &, TMXI10 BETlid¥— PREZNIZ B W
THMEFO LH 2T E A ERE ST, st & i U C LHIREIZN—R T oA &
WL E TR T LT e, F72, RLXI10 BECTHAEZ LH BEORD BNA L
, E—Z8D LH EEIIREEOR 50%ME £ T T LT, RLX0.1 BLW
RLX1 # Tl LH IBEOREBR N A LN b DD, Zis O 2 FEOZE T FREE &
Lol U CHERH P B2 b Tid /ey o 7=, TMXI10 #ETIE, LH 2%, FSH R
THEEERBD N B, IREE L i LT FSH IBENAEICK T LTz, —4,
ZDMOFEIZIBNT S FSH IREDRMEMEM A2 SN2 b DD, WTILORET b xR

B & U TR ERIICAH R BTG b e o 7z,

BREEER L OVREMARRE

26 JEBRIRFO 15 3 L OWNR O K E &I L ORI E &% Table 3-2 12, F7z, [FEED
21T DA REDOMREN R ELARG & Fig. 3-7 12, & BIZZ OJFELAT LOEF % Table
3-31Z/” L7z, RLX10 B XN TMXI10 #ETIE, IPBREEOA BRI TAA LI,
TEEBEOAEZRETIX TMX10 IZBWTORRD bz, WEMMSRE TIX, JPR
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HEOKT LB LT, RLXI, RLX10 X TMX10 #HZd\W TEEEOWA,
SHINA L DM A 5L, RLX10 3 £ UV TMX10 B CIIINR O ZEAE N EHE CTh -T2,
ZAUTIN R, TMX10 BETIE E O IR A PARLIEC 3617 2 B L3 L OURER 4 6 1,
[FERDZALIZREOINVE R T HRO b, FE T, FEREOBA 2 RLX10
F LN TMXI10 BEDOWRETAH B IVie—T7, FEAKO R EEEAIL RLX10 FEZE
W, WIFEOTEZE 726 /N ) B 251X TMXI10 BRI B W TENENHM TR 5

iz,

RLXBEXURTMX DX buFy /HFox bu o EdkoRst (FEIERRER)
2 BLOFERI THOLN FEEEOE{LIB L WAVPY 721X ARC IZEBIT 5
KiSS1 mRNA #HL DO EAV % Fig. 3-8 (T~ L7, Bk 2 TiX, EE 20 pgkg £721< TMX
10 mgkg @ 3 HREEAHEGICL Y FEEEOARBELRBEMAERD Sz, —F, RLX
0.1, 1 BXU 10mgkg D5 TIE, RLX0.1 BHZBIT2EEEED 2L b0k LA
whrE, AERTFEEEOZGITHRO behroT, F5 3 Tk, RLX 0.1, 1, 10
mg/kg £721% TMX 10 mg/kg O 3 HENEH & 52X Y, EE 1 pgkg G-I XD FHE
EHIMOA B RIMBIER RGO G 7z, 72 EEI+RLX1 3 LT EEI+RLX10 #£ Tl
et & U CRE L7 EEIHICT B & [RIFREE oM E- 23380 b, BT » o
FEIZRBT S RLX OBt X a7 AR RSz, K 2 TEEL
KiSS1 mRNA FEBUEHT TlZ, EE 20 pg/kg @ 3 H ME B #% 52 & 0 HE FERTES (AVPV)
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\ZE1F 5 KiSS1 OF B 7258 BRI LUK Ti#& i (ARC) 1281 5 KiSS1 OF

BERRBUR TN LNTD, RLX F7203 TMX 285 L2 ZF O oOBETIX, FUETE

IR EICEBIT D 2D OFE 7 KiSS1 OFBEER TR D o,
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A
b

ARFETIE, SERM O AR HIREEIC K 5B BEOFRIL L R T F AT F o =
2= U SOEBIZOWTHRIEZ T o T2, £ ORER, 1% 0 AiOFAER T » h~D
RLX F721% TMX 10 mg/kg O HFEH 52X Y, young adult #1235 1F 5 M JE W IED
FHEUER L O — VRN EB T 2 M LHIEEOIK TRE O L, 1 BB LOE
2ETOMO =X kv 7 ARO /LR BREE TR O AEH & [FERIZ, SERM Ok
VAR R (2 2 0 AR T - F AR O FEN R E SN D Z L RB S, Zh
b OfERIE, Pinilla HIZ K> TWEICIRE SRR E —HLTEBY, 4% 1~5 1
D7 v MZEIT D 50-500 pg © RLX #5180, MEEHORYEL, IF7 K
B UMDY, T A e SR DT 40— RNy 7 BEEOBLE, SAM: GnRH 2%t
T 5 FHRAKDSUSEIR T 72 EOMBENDWRDOEENEL D Z L RHREINTND
[55,56,59] . £7=, [AMFIE 7 /V— 7134 1~5 HiinD 7 v MZEIT 5 100 ug © TMX
TGAIZEY, I F b oD LIIROZMENEENEL D Z L b EMELT
BY, XEFTIXZNHO SERM BEFAERT v M OHR FEMEBRIZB N T A
Fa T URIEREAT 0 LB LTS,

IHOOBEMO ANz, RETITHAERY O SERM IREIZELD, ZhETO
B CHGE L CX BRI EBOREL LT, AVPV [Z81) 5 KiSST mRNA OFRBLMK
T L, KiSSI BatEfifanssil 356 Z L 2N L, FAXTFr=a—n |2
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R RELTHOLNTEY[44,60,61], RKFETHRO L2 RLX B8 LU TMX10 #EDOZE
%, SERM 23HUR THB- T MR-l & plsth o L FEMRE D R ICRE & 52 5 7[
REME, 7200, o= huZ U EFEIC, FEROKOME Iz LT A b
27 ANERE R L TV D ATREMEZ RIE L T 5,

SERM % ER (2%} L CRREIMERZ A T2 Z &b TE v, /ERT 2MEOMI
FHRE RIS T, MRRN =X ha S o Eidbie A v S U ERHE RS 2
ERHBILTWD[62] . —J7, SERM OFIR TERI L ORI 3 RS9 2 EHIC
ONTUE, =& b u I AGEO A EE S G THE D72 <, —E DR 215 TO7RLY,
Wilson 51%, 480 pg/kg ® TMX BL O 2 h a7 % OVX 7 4 7 ¥/ 21 HEIPE
G L2854, TMX T X ba s X5 LH Wmslc x4 2 5iEH 2R L
7223, TMX O U 5 CIX LH W B L KT S oo Z L 2 LTV 5([63] o
%P, Sanchez-Criado 51, 3 mg/kg @ TMX 573 1EH M5 #13 L O GnRH 7%

DWNZH L TR ha by /i X ha AEHOm A% L, RLX TiEHi= R
caZ ANERORN AL L E LTV 5[64] o & HIZ Pinilla 5 O TIE, OVX
7w b ~? RLX 500 pg/rat3 H 1 A K TH5-72%, OVX %0 LH R 53WAI 5 L THT
fEMAZ7R L, RLX B EIZ LD LH W~D = A ka7 AEH O mTReM: 4 #E42
LTWb, AETH SERM OF AT F o =a—n T bR haZ UAERIC
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HIRIIRNZ EDREE N, FHERT v b~ SERM 51T X 0 BIEEO BN
D LI DOFER LT DR & o, ZORKIIHA S TIX 2o 7208, O
LOOAEEMELE LT, =& bu U AEHOFEORIETIIRAT v hZHNWTEY,
BrER ERREVT » R TR T#> SERM OEZ N R D RN E 2 b b, T
205, SERM IZ K DT A b i 7 AR FTAEAR IS o3 2 B IRME721) T 722 < AR A7 Y
BRAEHALTEY, kDT E - AU £ > T SERM O ER fHEiIERNI 3 2 &
SMEREAL LT ATREMEASHER ST, eds, ARFETIHN L 72+ BB T
TMX [ ZFHICR L THMTIZ= R hrbry, =2 e b Ui R A he b
fEM%Z7R L, RLX [IPFHRFOHIT A haF AEHORZR LTz, 2D OFERIT
SERM O 1-E1Zx4 B 1EH & WGEE L7- i 5 O [65-671 8 —E L T,
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ZNE TORRETIEA LR DS T2 FHEBLL TE Y, HAERBO TMX #5112 &
HFXANRTF = a—u rOFEED, FSH O/ L ARG % 75D ARC (12 K AT
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L7cECHEB LIERERE SN TEV[6,26], L6 OWME TIIH AV OLE
PEAEDRIBENTND Z LD, RED TMXI10 FETRD DT ELO—FRILMN O 1
PEIRICEN L7 0 TH Y, [FAREO RLX BBEICHE L CTX 0 MW ERAENLTH
HHDEFZ B,

TR EALAR P AR 2R TIE, RLX10 3 X O TMXI10 BEC I T 2 RS OB, FEHINI
OB X IR OFMEHELLN A BT, 2 O ITINEEEDOE T &4
BAL Tk, RHIMIC R SHEOEILIZER L2 Th b EE X b, AT,
RLX10 BETIEFEWIEOBE 2t 5 R ERACAEN R BTy, B kiT= X
casy /T AT RO NT O ADEIC LV EL S ERMLENTEY
[68, 69], [RIFE TR LNIEEEDWA N T v 7F AT v DR TFICHES L THD A
REMENZE 2 Divic, —J7, TMXI10 BETITSZA I LT, NIRERDOIHE 225G
NS TEZEMENEO LN Z Enh, TMXI0 HETIEEDIC=A haF Uit
BT L QW2 AR E iz, £70, TMXI10 BECIEIIEE L OURERIcE
(T D NN & BN LA TR A P D BHEE IR BRAE L 3380 B iLTc, v b DE D EME
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% 3 B TIE, SERM OB E R HIRERIZ K 2 BHEEL LOHIK THF AT F =

22— 1 BT D KiSS1 FEHAD BT OV THRGE L7z,

ZOFER, A% 0 BEO T v b~ RLX 10 mg/kg F£7-1% TMX 10 mg/kg D% 512
£V, youngadult HlIZF T LH % — DS, AVPV IZH1T 5 KiSST mRNA FEHLD
XT3 L KiSS1 BEMEMIREDWY, 72 & QNSNS IS AE 5 M JE S 1 o F L2358
B, SERM OFTAERMIIRE S MO X a7 U E L RERIC, 2 E TOETH
FEL CELFAXRT Fr=a—n UOFERE L 2 & BREELFHET

ZENBEBMNTR o, TR A, TMX10 #£ T FSH IBE O Tk L O ARC
2T 5 KiSS1 MRS DWW A4 B i, TMX OFiE T HIREEIZ X 2 MO IEME(L
DRI S LT,

FEAEREABRICE T D SERM O X ha Ay Hio Z b a AR ORKGEE TIX
FEICBIFD RIXBLIORTMX O X b uigEtts, =& b Z PO TMX
WX AP ha U ARER B LA, WD SERM b F AT Fr=a—n
> @D KiSS1 BT B A MITZ eholzZ &b, SERM O X ka7 G
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Voa—arNEZLI, BREEBORBEA NN ALK ARTF o ma—a D3

EREENRS S L TW D TR R S e, £70, BT v P2 HWTEREET b,
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o AR AR LR W IR W IS D RN H 5 Z L h, o= X b
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Abstract

In the brains of mammals, it is known that neonatal exposure to large amount of estrogens

could cause irreversible abnormalities in sex behavior and reproductive function after

maturation, known as “defeminization” or “masculinization”. On the other hand, shorter and

lower-dose neonatal exposure to estrogenic compounds is also reported to cause delayed

multiple reproductive dysfunction (delayed effect), which is characterized by the early

cessation of estrous cycle. Therefore, unexpected neonatal exposure to various estrogen-like

compounds has been of great concern to the development of endocrine and reproductive

functions. Regarding the mechanism of delayed effect, disruption of the hypothalamic

ovulation regulating system has been considered as one of major cause of the delayed effect;

however, the precise mechanism underlying the delayed effect and involvement of changes in

the kisspeptin neuron are remains unknown. Therefore, in the present study, we

multidirectionally investigate the functional changes of the kisspeptin neuron in the rats

neonatally exposed to various estrogenic compounds to clarify the pathogenesis of delayed

effect and involvement of kisspeptin neuron.

In the chapter 1, we investigate the hypothalamic kisspeptin neuron and LH surge secretion

in young adult rats (before cessation of estrous cycle) neonatally exposed to ethynylestradiol

(EE). As a result, decreased KiSS1 mRNA expression in AVPV, delayed peak time and
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decreased area of LH surge were observed in neonatally EE exposed rats, and the percentage

of KiSS1-positive cells co-expressing ERa was also decreased in these animals. These AVPV

specific changes indicate dysfunction of LH surge regulating system in hypothalamus-

pituitary-gonadal axis, and also considered to be related to following “early cessation of estrous

cycle”. These neuroendocrine changes were observed both in the delayed effect induced and

aging rats, therefore, it is considered that changes observed in delayed effect are similar to that

observed with reproductive aging, suggest that delayed effects might means “acceleration of

the reproductive aging”. Furthermore, all these changes occurred before the cessation of

estrous cycle, indicating that these neuroendocrine changes such as diminished LH surge and

decreased KiSS1 mRNA expression might have the possibility to be early indicators for the

delayed effect substitute for the “abnormal estrous cycle” occurred in later age.

In the chapter 2, to clarify the critical window for delayed effect induced by neonatal

exposure to estrogen, we exposed EE to neonatal female rats at postnatal day (PND) 0, 5, 10

and 14, and investigate the changes in hypothalamic kisspeptin neuron and occurrence of

delayed effect. As a result, decreased KiSS1 expression and KiSS1-positive cells in AVPV

were detected, and LH surge also showed diminished tendency at 11 weeks of age in the groups

exposed to EE 20 pg/kg at PND 0, 5 and 10. In these groups, associated with hypothalamic

changes, early onset of abnormal estrous cycle was also detected, suggesting occurrence of

delayed effect induced by the neonatally exposed EE in these groups, however, these changes
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are not evident in the group exposed to EE at PND 14. Considering together, critical window
for the delayed effect is correspond to the early postnatal ages (PND 0 to 10), in which neonatal
brains maintain the vulnerability to exogenous estrogens, and this window was considered to
close gradually toward the late postnatal ages (PND14) being a provisional endpoint for the
window.

In the chapter 3, we investigate influence of neonatal exposure to selective estrogen receptor
modulator (SERM) on delayed effect occurrence and KiSS1 expression of hypothalamic
kisspeptin neuron. As a result, diminished LH surge, decreased KiSS1 mRNA expression and
KiSS1-positive cells in AVPV and early cessation of estrous cycle with aging were observed
in young adult rats neonatally exposed to Raloxifene (RLX) and Tamoxifen (TMX) 10 mg/kg
at PNDO, suggesting that neonatal exposure to SERM could induce impairment of kisspeptin
neuron development and following delayed effect the same as other estrogens examined in
other chapters. In addition, diminished FSH levels and decreased number of KiSS1-positive
cells in arcuate nucleus (ARC) were also detected in TMX 10 mg/kg group, indicating
complete “masculinization” of neonatal brain by TMX exposure. In uterotropic assay, we
also confirm estrogenic activity of RLX and TMX and anti-estrogenic activity of TMX in
uterus, however, both SERMs did not influence hypothalamic KiSS1 expression in adult rat,
suggesting that the estrogenic activity of SERMs could be not only tissue-specific, but also

age-dependent.
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In conclusion, it was suggested that developmental impairment of kisspeptin neuron is

deeply involved in pathogenesis of delayed effect. The essence of delayed effect is considered

to be functional depression of neuroendocrine systems after sex maturation, and serial changes

might indicate “acceleration of reproductive aging”. In addition, early postnatal ages (PND 0

to 10) in rats, which is equivalent to the third trimester of human gestation, are correspond to

the critical window for the delayed effect, and developing brains have the possibility of

maintaining sensitivity to exogenous estrogens longer than the previously expected

period. Furthermore, delayed effect is common hazard to various estrogenic compound

including SERMs, and further investigation are considered to be needed for identifying the risk

of SERMs for reproductive development.
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Table 2-1 Mean post natal days and body weight of vaginal opening in rats exposed to EE at various

postnatal days.
Groups n Vaginal opening days Body weight
(Post natal day) (2)

Sesami oil Control 30 293 +£2.28 79.2+9.2

EE 20pg/kg PNDO 30 304+2.1 83.6+9.7
PNDS5 30 282+1.6 74.8 £ 13.5*%
PNDI10 30 24,5+ 1.3%* 582+ 6.2%*
PND14 30 247 £ 1.1%* 57.1 £4.1%*

a: mean + S.D.

*, *#*: Significantly different from the control group (*p<0.05 and **p<0.01 by Dunnett’s test)
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Table 3-1 Mean post natal days and body weight of vaginal opening in rats exposed to EE at various

postnatal days.

Group N Vaginal opening day Body weight
(Post natal day) (2)

Control 26 28.0+ 1.6 81.4+99
RLXO0.1 26 285+1.5 82.8+8.8
RLX1 26 28.0+1.9 82.5+11.0
RLX10 26 24.5£2.2%* 65.2 £ 11.7**
TMX10 26 233 £ 1.0%* 52.8 £5.7%*

a: mean £+ S.D.

**: Significantly different from the control group (p<0.01 by Dunnett’s test)
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Fig. 1-1 Sequential changes in serum LH (A) and FSH (C) concentration in EE-exposed and middle-
age groups and intergroup comparison of LH concentration at 16:00 (B).EE-exposed groups showed
dose-dependent decrease in peak area and concentration of LH at 16:00, and this decrease was more
evident in both middle-age groups. Data are presented as mean = SEM (n = 4-7/group). Symbols
indicate significant difference from control group (*: p < 0.05 and **: p < 0.01 by Dunnett’s test,

respectively).
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Fig. 1-2 Sequential changes in KiSS1 mRNA expression in the control group in the AVPV (A) and
ARC (B), and intergroup comparison in the AVPV at 14:00 (C) and 16:00 (D)and in the ARC at
16:00 (E). The expression significantly decreased in the EE20 and Middle (N) groups in the AVPV at
14:00, but intergroup differences were not detected in the ARC. All data are presented as mean %
S.D. (n = 5/group). Expression level at 11:00 (A and B) or control group (C-E) is adjusted to 1.0. The
OVX only group was investigated as a negative control. Symbols indicate significant difference from

the control group (*: p <0.05 and **: p <0.01 by Dunnett’s test, respectively).
group (“: p
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Fig. 1-3 mRNA expression of KiSS1R (A), ERa (B), ERp (C), and c-fos (D) in the AVPV at 16:00. No

intergroup difference was detected for any KiSS1-related gene. All data are presented as mean + S.D.

(n = 5/group). Expression level of the control group is adjusted to 1.0.
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Fig. 1-4 Representative images of KiSS1 mRNA-positive cells in the AVPV in control (A), EE20 (B),
Middle (N) (C) and Middle (PE) (D) groups. The number of positive cells was significantly decreased
in the EE20 and Middle (N) groups (E). All brain samples were collected during the interval from
16:00-17:00. All data are presented as mean + S.D. (n = 4/group). Symbols indicate significant
difference from the control group (*: p < 0.05 by Dunnett’s test). 3V: third ventricle. Bar =200 pm.
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Fig. 1-5 Representative images of KiSS1 mRNA-positive cells in the ARC in control (A), EE20 (B),
Middle (N) (C) and Middle (PE) (D) groups. No intergroup differences in the number of KiSS1-
positive cells were detected in the ARC (E). All brain samples were collected during the interval from
16:00 to 17:00. All data are presented as mean = S.D. (n = 4/group). 3V: third ventricle. Bar = 500

pm.
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Fig. 1-6 Representative images of dual-labeling ISH/IHC for KiSS1/ERa in the AVPYV in control (A
and B) and EE20 (C and D) groups. Positive cells show dark blue cytoplasimic staining for KiSS1
mRNA and brown nuclear staining for ERo. Red arrows represent KiSS1/ERa-dual positive cells
and white arrows represent KiSS1 mRNA-single positive cells. Percentage of KiSS1/ERa-dual
positive cells significantly decreased in EE20, Middle (N) and Middle (PE) groups (E). Graph shows
the total number of KiSS1-positive cells (closed bar), the number of KiSS1/ERa-dual positive cells
(open bar) and percentage of KiSS1-positive cells showing ERa co-expression (line chart). Data are
presented as mean = S.D. (n = 4/group). Symbols indicate significant difference from the control
group (**: p <0.01 by Dunnett’s test). 3 V: third ventricle. Bars = 200 pm (A and C) or 50 pm (B and
D).
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Fig. 1-7 Representative images of dual-labeling ISH/IHC for KiSS1/c-fos in the AVPV in control (A
and B) and EE20 (C and D) groups. Positive cells show dark blue cytoplasimic staining for KiSS1
mRNA and brown nuclear staining for c-fos. Red arrows represent KiSS1/c-fos-dual positive cells
and white arrows represent KiSS1 mRNA-single positive cells. Percentage of KiSS1/c-fos-dual
positive cells was not changed in EE20 and Middle (N) groups, but significantly increased in Middle
(PE) group (E). Graph shows the total number of KiSS1-positive cells (closed bar), the number of
KiSS1/c-fos dual positive cells (open bar) and percentage of KiSS1-positive cells showing c-fos co-
expression (line chart). Data are presented as mean + S.D. (n = 4/group). Symbols indicate significant
difference from the control group (*: p < 0.05 and **: p < 0.01 by Dunnett’s test, respectively). 3 V:
third ventricle. Bars =200 pm (A and C) or 50 pm (B and D).
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Fig. 1-8 Proposed pathway for the delayed effect. Neonatal exposure to EE induces an AVPV-specific
decrease in KiSS1 and ER _ mRNA expression and a consequent attenuation of LH surge in young

adult rats, leading to the early onset of abnormal estrous cycling.
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Fig. 2-1 Sequential changes in the percentage of animals maintaining a normal estrous cycle until 40

wk of age (n = 16/group). The vertical line indicates the percentage of animals that maintained a

normal estrous cycle in each group, and the horizontal line indicates weeks of age. Symbols indicate

significant differences (*: p < 0.05 thereafter until Week 40 without Week 20-23 in PNDS5 group vs

control group; #: p < 0.05 vs PND14 group; 1: p < 0.05 vs PNDS5 group; f: p <0.05 vs PND10 group

by Fisher exact test).
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Fig. 2-2 KiSS1 mRNA expression in the AVPV (A) and ARC (B) at the time of LH surge. All data

are presented as mean = S.D. (n = 5/group). Expression levels in each group are normalized to

GAPDH levels, and the level of the control group is adjusted to 1.0. Symbols indicate significant

differences from the control group (*: p <0.05 and **: p <0.01 by Dunnett test).
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Fig. 2-3 Representative images of KiSS1 mRNA-positive cells in the AVPV of control (A), PNDO (B),

PNDS5 (C), PND10 (D), and PND14 (E) groups, and total number of positive cells (F). All the brain
samples were collected during the interval 1600—1700. All the data are presented as mean = S.D. (n =

4-5/ group). 3V: third ventricle. Bar = 200 pm. Symbols indicate significant differences from the

control group (*: p <0.05 and **: p <0.01 by Dunnett test).
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Fig. 2-4 Representative images of KiSS1 mRNA-positive cells in the ARC of the control (A), PNDO
(B), PNDS5 (C), PND10 (D), and PND14 (E) groups, and total number of positive cells (F). The insets
in A-E represent a higher magnification. All the brain samples were collected during the interval
1600-1700. All the data are presented as mean + S.D. (n = 5/group). 3V: third ventricle. Bars = 500

pm (low magnification) or 200 pm (high magnification).
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Fig. 2-5 Serum concentration of LH (A) and FSH (B) at the time of LH surge. All the data are
presented as mean = SEM (n = 5/group).
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Fig. 2-6 Ovarian histology of the control (A), PNDO (B), PNDS (C), PND10 (D), and PND14 (E)
groups at 40 wk of age. Graphics indicate corpora lutea (CL) (arrows) or follicular cysts

(arrowheads). HE stain. Bar =1 mm.
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Fig. 2-7 Ovarian histology and vaginal IHC for ERa in the control group before VO (A and C) and
PND14 group after VO (B and D). Animals in PND14 group were necropsied on the next day of the
day of accelerated VO. Lower graphs show the scores of ERa expression in the epithelial and
stromal cells in each group. Score: 0, negative; 1, slightly positive (<20%); 2, partly positive (20%—
50%); 3, positive more than half (50%—-80%); 4, mostly positive (>80%). HE stain (A and B). Bars =
500 pm (A and B) or 100 pm (C and D).
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Fig. 3-1 Sequential changes in body weight through the study period (26 weeks of age; n = 16/group).
The TMX10 group showed a significant increase in body weight. Symbols indicate a significant

difference from the control group (*: p<0.05 and **: p<0.01 by Dunnett’s test).
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Fig. 3-2 Sequential changes in estrous cycling status through the study period (26 weeks of age; n =
16/group). Estrous cycle in the TMX10 group had already ceased by the start of analysis (7 weeks of
age). The RLX10 group showed early cessation of the estrous cycle, and the percentage of animals with
a normal estrous cycle was significantly decreased beginning at 12 weeks of age. Symbols indicate a

significant difference from the control group (*: p<0.05 and **: p<0.01 by Fischer’s exact test).
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Fig. 3-3 Relative mRNA expression of KiSS1, KiSS1R and GnRH in the AVPV and ARC at the time of
LH surge in young adults (11 weeks of age). KiSS1 expression was significantly decreased in the
TMX10 group in both the AVPV and ARC, but expression of the other genes was unchanged. KiSS1
expression in the RLX10 group showed a slight decreasing trend. Data are presented as the mean %
S.D. (n = 5/group). Relative expression level of Control group was adjusted to 1.0”. Symbols indicate

a significant difference from the control group (*: p<0.05 and **: p<0.01 by Dunnett’s test).
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Fig. 3-4 Representative images of KiSS1 mRNA-positive cells in the AVPV in the control (A), RLX0.1-
10 (B-D) and TMX10 (E) groups in young adults (11 weeks of age). The number of KiSS1-positive cells
was significantly decreased in the RLX10 and TMX10 groups (F). All brain samples were collected
between 16:00-17:00. Data are presented as the mean £+ S.D. (n = 5/group). Symbols indicate a
significant difference from the control group (**: p<0.01 by Dunnett’s test). 3V: third ventricle. Bar =

200 pm.
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Fig. 3-5 Representative images of KiSS1 mRNA-positive cells in the ARC in the control (A), RLX0.1-
10 (B-D) and TMX10 (E) groups in young adults (11 weeks of age). The number of positive cells was
significantly decreased in the TMXI10 group only (F). The insets in A-E represent higher
magnifications of the same regions. All brain samples were collected between 16:00-17:00. Data are
presented as the mean £ S.D. (n = 5/group). Symbols indicate a significant difference from the control
group (¥*: p<0.05 by Dunnett’s test). 3V: third ventricle. Bars = 500 pm (low magnification) or 200 pm
(high magnification).
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Fig. 3-6 Serum concentrations of LH (A) and FSH (B) at the time of the LH surge in young adults (11
weeks of age). LH concentrations significantly decreased in the RLX 10 and TMX 10 groups, and this
decrease was especially prominent in the TMX10 group. FSH concentration was significantly
decreased in the TMX10 group only. Data are presented as the mean + SEM (n = 5/group). Symbols

indicate a significant difference from the control group (*: p<0.05 and **: p<0.01 by Dunnett’s test).
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Fig.3-7 Representative images of the histopathological findings. (A-C) Ovarian atrophy in the control,

RLX10 and TMX10 groups, respectively. Arrows in C indicate the prominent fibrosis observed in the
TMX10 group. Bars = 1 mm. (D) Higher magnification of the fibrosis of the ovarian capsule in the
TMX10 group. Bar = 100 pm. (E) Fibrosis of the oviduct in the TMX10 group. Bar = 500 pm. (F)
Salpingitis in the RLX10 group. Bar = 200 pm. (G) Squamous cell metaplasia in the RLX10 group.
Bar =100 pm. (H) Atrophy of the uterus in the TMX10 group. Bar =500 pm.
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Fig. 3-8 Uterine weight from the uterotropic assays of experiment 2 (A) and experiment 3 (B) and
relative mRNA expression of KiSS1 in the AVPV (C) and ARC (D) in experiment 2. A significant
decrease in uterine weight (an estrogenic effect) was detected in the TMX10 and EE20 groups, and a
significant suppression of uterine weight increase (an anti-estrogenic effect) was observed in the
SERM- and ICI-treated groups. KiSS1 expression in adult OVX rats was not influenced by SERM
treatment. Data are presented as the mean + S.D. (n = 5/group). Symbols indicate a significant
difference from the control group (*: p<0.05 and **: p<0.01 by Dunnett’s test) or from the EE1 group
(#: p<0.05 and ##: p<0.01 by Dunnett’s test).
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