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Effect of Vinclozolin Administration on the Gene Expressions
in Hypothalamus-Pituitary Axis of Immature Female Rats

Woocheol Lee and Sung-Ho Lee'

Dept. of Life Science, Sangmyung University, Seoul 110-743, Korea

ABSTRACT : Vinclozolin (VCZ) is a systemic fungicide commonly used in fruits, vegetables and the wine industry. VCZ
and its metabolites, butenoic acid (M1) and enanilide (M2) derivatives, act as anti-androgens through actions on the
androgen receptor. Although there is growing body of evidence that VCZ's action as an endocrine disrupting chemical
(EDC) in male reproductive physiology and pathphysiology, no evidence on the VCZ's EDC action in female is available
yet. Previously we found that the prepubertal VCZ exposures could effectively delay the onset of puberty in female rats,
suggesting the postponed or weakened activities of hypothalamus-pituitary-ovary (H-P-O) reproductive hormonal axis. The
present study was performed to examine whether the VCZ administration affects the transcriptional activities of reproductive
hormone- related genes in the same animal model. VCZ (10 mg/kg/day) was administered daily from postnatal day 21 (PND
21) through the day when the first vaginal opening (V.O.) was observed. To determine the transcriptional changes of repro-
ductive hormone-related genes in hypothalamus and pituitary, total RNAs were extracted and applied to the semi-
quantitative reverse transcription polymerase chain reaction (RT-PCR). As a result, treatment with VCZ significantly
lowered the transcriptional activity of nitric oxide synthase-2 (NOS-2) which is known to adjust gonadotropin-releasing hor-
mone (GnRH) secretion in the hypothalamus (p<0.01). Similarly, the mRNA levels of KiSS-1, G protein-coupled receptor
54 (GPR54) and GnRH were significantly decreased in hypothalamus (p<0.01) from VCZ-treated group. As expected, the
transcriptional activities of luteinizing hormone- 3 (LH-3) and follicle stimulating hormone-3 (FSH-3) in the anterior
pituitary from VCZ-treated group were also significantly lower than those from the control group. The present study
indicates that (i) the inhibitory effect of VCZ exposure on the onset of puberty in immature female rats could be derived
from the reduced transcriptional activities of gonadotropin subunits and their upstream modulators such as GnRH and
KiSS-1 in hypothalamus-pituitary neuroendocrine axis, and (ii) these inhibitory effects could be mediated by NO signaling
pathway.

Key words : Vinclozolin, Hypothalamus-pituitary neuroendocrine axis, Gonadotropins, Gonadotropin-releasing hormone, NO.
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butenoic acid (M1)3} enanilide (M2)= =22 $8A12 1 & ot=2 Edg 283th VCZrt 319 A9
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2 A% 21978 2 WA A7) BREE WAA W)
SRR EE)

protein-coupled receptor54 (GPR54) Z12]31 GnRH mRNA

2 =
=75}7] 9159, total RNAS 32319 Shew

VCZ Falitol A AlgaHE9] gonadotropin-releasing hormone (GnRH)S] #l 5 22 gto] &
(NOS2)9] AARAL tlzzRL folabl 22strkp<00D. A8, Vez Fele)
T AT tHp<0.01). o=,

o5 Y} A
BRI Adeti-o} Helral o] 14 FAA45
3 uE G AL FFELTS(RT-PCR)S AASHAT

& nitric oxide synthase-2
AlFaHol A 9] Kiss-1, G
VCZ T2 w&lA)|

luteinizing hormone- 8 (LH- 8)3} follicle stimulating hormone- 8 (FSH-8) FAIEA = 2ol vlste §-235HA 748t

AT (p<0.01). ol Q75 E3) P44 92 DA VCZ wFA A7) AN AR AR s

AAWE

W] %] GrRHSH KISS- 108 AHASE =59 150 JAZHAAES) A Bl gae] ols) ob)5 3, obvhe

nitric oxide (NO) A&7

A 2

DicarboximideA] 24191 Vinclozolin (VCZ)& dwuHy
o7 AF %, 87, FHAE, 74 5 FHolu Arse
T A} Hols AN, vl 1Y T A AAAHCE %
HESHAl AHE-E= UlEH1Al el =4 (endocrine disrupting
chemical, EDC)°]tHKelce et al., 1995; Gray et al., 1999).
VCZ9} 11 tARHEERQ] M1zt M27} & k=224 Wl EH)
A AU A9 vl k=24 484 (androgen
receptor, AR) T A3}o] A%t SAHE ARSSHAY, £
i AlZoA AAEH S S ARE-8te] ZR1E lth(Kelce
et al., 1994; Wong et al., 1995; Nellemann et al., 2003; Mo-
lina-Molina et al., 2006). 13 9] 431 313 VCZ (100
mg/kglday)E 697t AT A7, HA W BA = i
SJatA AR, F LHS FSHE 54 =99 480
Z 918t ©3]8] A%atth(Kubota et al., 2003). Y417]
ojn|7} VCZol &% 9 (in utero) Fol Bjoju= 7 A7)
9 "= A A 2 ©]/H(Gray et al., 1994; Matsuura et al.,
2005), AFE7] FHAI9E A S o] AR e A A(Gray
et al., 1999), AA|7] A F&Alo A
al., 1999)9} th= Al Ao BAEHA
(Matthew et al., 2006).

VCZZE A5 (postnatal days, PND) 509 o] 9] A<= &=
7o Aelehd ARE7] JRAIZE A E B FEAEY
A7} Fash=u, PND 359914 49€714] 100 mg/kg/day
2 AT5EAS BdoXe L} ARG FATE 9
SHA| 7HA38t4la(Ashby and Lefevre, 2000), 2& %
PND 2298 793t Foid Rl T2 A4
o] A7} FASk ST Ashby and Lefevre, 1997). 91415 of
T5E olf71¢) PND 219744 VCZE A3 Zho)A

A
% 7Z+2~(Monosson et
T A2t 29y

2720 o5 28YS AT,

4
=
rr

7R, FR40 A, AP A
4 o, 341717k 7] (anogenital distance, AGD)
7F AL, A7) JIAE 7Y AR FrosiAl A A=
THMatsuura et al., 2005). VCZ& A}&7] 7jA19}F FA 0
GnRHS} LHE #HI7L S7kske 239 Alds-H a4
(hypothalamus-pituitary, H-P) 328 Zd|& 93 Fr}.
A 7 3F o) VCZ (150 mg/kg/day)S 547+ AT-E
gt 23}, HstrAdlA GnRH 84|, LH 2|3l H kA
Eo]ZQl o ~EZA 84 ¢ o3¢ truncated estrogen
receptor product (TERP) mRNAS] ¥do] Z7}3514 th(Pa-
nida et al., 2008). ¢J41 Z7]9] ojnjo| A Euk B 43712
VCZE v Y Z1F (10 mg/kg/day) 3t A}, A)datRo]
preoptic-anterior hypothalamic area (POA)°| 4] GnRH 3] €]
=7} stk B % QltkBisenius et al., 2008).

g otmg A4 B2 VCzZrt dACAM Yl AAE
ol thet A7 A s Ao} F=gkd|, o] bisphe-
nol-A (BPA), octylphenol 18] genistein 52| A ~EZ
A =4 Wr A3E sjHstr] A B7] HE
ot} 1 A3 & k=244 &9 di (2-ethyl hexyl)

(o=}
X

(o

R

=34

239
phthalate (DEHP)©] 9+ 3F <] AE7] i WA= &
ol st AFZHE VCZY EE AR 458 5
ATHRasier et al., 2007). 2412 DEHP9} VCZ& ¥3] &
A A7) AAE TS DAL, Fadt AFselA] =
FAXHE 584 B3-S 7H2A)ZtHLee and Lee, 20064,
b; An and Lee, 2007). ¥ AFA=2 VCZ Fojol| 93)
T A FIAM Y A7) AR A de] VCZY F ¢t
22 g3l oz AP s 814A]- A (hypothalamus-pitui-
tary-ovary, H-P-0) $2& = &4o] wHH7] W&ol
3 7Pgstdetl, AS7HA Wi ZoiEA 7} AE7] GnRH
o FHle] #AE A= UFE A BEAA 2H R0l



Dev. Reprod. Vol. 12, No. 1 (2008)

B2E 5449 mRNA B8 P3S Hlasin 85 2HE
Q=8 ZHsE FEAA olFo Atk & AT 7)E
o AFHAS FPAA T8% GR B9 AR5
FA % Ao SRR 4EEE B GAAE B4
o FIAE Vezel E3HE 23Tk 4, ARl 4
29 e FE ARSE GnRH 4] 498 244

1 Enhanced at Puberty-1 (EAP-1), glutamic acid decarbo-
xylase67 (GAD67) “12] 1L nitric oxide synthase-2 (NOS-2)
o A EE FEE AT B3 GnRH 2
o] 9 24 AAE de] ¢HA KiSS-1, GPR542] ¥He oF

% GnRH 2489 st9] BAQl HakrA 9 LHe} FSHY
kg kA zZA}E T

o
(18~227C; 12213 24, 12713t &%F), Helok & A7 A
fr2% Ael(ad libitum)ol| A} A3+ Sprague-Dawley (SD)
strain BFE AHEsIATE AF 219(35~40 g B.W.)E 1]
A< ok 379 VCZ (10 mg/kg/day; Sigma, USA)Z
o B FAKY A, R Fo 2= DMSO (200 «L/animal;
Duksan, Korea)E FAFSIATE 552 WY £ 10419
FA & AT S5t A7 AFE st 2
A o] ot AL )X A4S ALE-e A T2 (vaginal
smear) &2 Seto|=d] £¥ 9 A FIAMEE A5t A
gelst SAlo SAAIZTE A § FA] HekeA 9

|
} Z3}d] total RNAS F=3]
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2. Total RNA +%

Total RNAT guanidium thiocyanate-phenol-chloroform
extraction method (Chomzynski and Sacchi, 1987)°] w2}
23199tk 1 volume2] water-saturated phenol, 0.2 volume
9] chloroform¥} 0.1 volume2] 3M sodium acetate (pH 5.2)
£ 243 2320l 718k 1.5 mLe] microcentrifuge tube
A B £3 5, 4T 12,000 rpmeol| A4 2087 94
2)ste] A=l A& microcentrifuge tubeoll &7 &
9] isopropanolS- €] — 20T oA 1AI7F o] B s}
th. RNA 3252 4°C 12,000 rpmoll A 20%-7F 941522

;Roiﬂﬂmé
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0}0% pellets AABIESE g & 43S AASFAT Pellet

£ 70% ethanol= zﬂ AAste] F7] FolX AZAZATH
RNA7Z} 2bd3] 7x=7] 217l 0.1% DEPC-D.W.ol <5<
F9th. RNA &9 spectrophotometerS o]&-3}o] 260
nm o A g &sl ot

3. Semi-Quantitative RT-PCR

1 g9 total RNAE T3 22 dTy primer (0.5 1g)}
AccuPower™ RT Premix (Bioneer, Korea)E A}&-ato] 94
AAZEE 3433 cDNAS} Tag DNA polymerase (iNtRON)E
233t MasterCycler (eppendorf) PCRS A13)3}9]aL,
$4 FHA4E2 EAP-1, GAD67, NOS-2, KiSS-1, GPR 54,
GnRH, Cq, LH-3, FSH-g°]len, J%S 3 control
PCREE GAPDH primerE A8-3t%ch 2 A3 A}8¥
primer&3} PCR 271 Table 19 71&3t4th. 4 219
PCR AHEE-2 1.5% agarose gel (FMC Bioproduct, USA)Z
A7) GEste] Esdon, 05 xg/mLe ethidium bro-
mide (Sigma, USA)Z 4135}od Gel-documentation program
(UVI BAND)E ARg3ste] Ztzhe] Ml=e) Aes S35
.

4. &7 A

2% Aol FAZ A2l Student's t-teste]l o3} o] Fo]
Hom, P-value 0.05 o|3+2 EA|H o7 Sositia B43}
act.

4 3

AF 21YRE FAE Adete 4% 3R 8
71 A AR de] AREHE Aol dold
@ A, F FA S xol va Vez FelEaA

SJ3}HA Z7F8FtHAN and Lee, 2007). AF=7] A< B
Y 25 AR FAA5) BN WA A7) AN
of FE3HE AFEH GnRH 2EL AT N 245
+ Enhanced at Puberty-1 (EAP-1), glutamic acid decarbo-
xylase67 (GAD67) 2|1l nitric oxide synthase-2 (NOS-2)
o ABEY HE B3 2R A 24 el
EAP-13} GABA $4 &9 GAD679] @32 VCZ £
Tol thzzol vla) v AL ngoy felde gl

1 8419 A}
1k
=
.?_
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Table 1. Primer sets for semi-quantitative RT-PCR analysis

4% w3} 41

Gene Gene Bank No. Primer sequence Product size(bp) AT(TC)

F 5'- CCATCACCATCTTCCAGGAG

GAPDH XM 214287 576 50
R 5- CCTGCTTCACCACCTTCTTG
F 5'- AGCCCCAACTCATCCTCAG

EAP-1 AY 879229 380 64
R 5- ACGCTCCTGGTCTGTGCTC
F 5' - CAGCCAGACAAGCAGTATGA

GAD67 M 76177 404 57
R 5 - GAGATGACCATCCGGAAGAA
F 5'- ACACACAGCGCTACAACATC

NOS-2 U 61282 427 65
R 5- ACAGAAGCAAAGAACACCGC

. F 5- ATCTCGCTGGCTTCTTGGCA

Kiss-1 NM 181692 339 62
R 5- GGAGTTCCAGTTGTAGGCTG
F 5- ACTGTCAGCCTTAGCATCTG

GPR54 AF 115516 599 63
R 5- TGCTGTAGGACATGCAGTGA
F 5- CGCTGTTGTTCTGTTGACTG

GnRH NM 012767 234 61
R 5- GCTTCCTCTTCAATCAGACG
F 5'- ATACTTCTCCAAGCTGGGTG

Ca BC 063160 294 60
R 5- CGACACTCAGTGCCATCGCA
F 5'- ATGGAGAGGCTCCAGGGGGT

LH-8 NM 012858 425 66
R 5- CAGAAGAGGAGAAGGCGGGG
F 5- CCATGATGAAGTCGATCCAG

FSH- 3 NM 001007597 304 63

R 5- CTTATGGTCTCGTACACCAG

F. forward, R: reverse, A.T.: annealing temperature.

(Fig. 1A, B). ¥bd, A48 GnRH &9 =87 249]
A7 487 NOZ FAshe 849 NOS-29] B3 iz
ol Hls] VCZ AgrolA FoJskAl EATH1vs0.68, p<
0.01; Fig. 1C). < GnRH W& 9] A A 242 d
2] 437 KiSS-1-GPR54 A 2~Hl o] AJAbalE uhe oAt e
F239t}. GPR54 ~8-AE 53l GnRH #HIE &5t
ATk KisS-19) Aldstto A mRNA & VCZ F
o] thztol| e ol o7 7443849 31 (1vs0.38, p<0.01;
Fig. 2A), PE7FA 2 GPR54 FE3F VCZToll A ) Zol] H
& frolabAl 7438k tH(1vs0.57, p<0.01; Fig. 2B). KiSS-1
3} GPR549] W& 749} 7 A48 GnRH mRNA 4
F% VCZ Fol7ol A f2sHA 74819 tH(1vs0.59, p<0.01;
Fig. 2C). H-P%9] 19 @A 2A A48l 2 5E ¢ GnRH
A& k= HakeA] AYGolA 9] glycoprotein hormone Ca
subunit®} LHS} FSHY] AB-subunite] & okAHS ZALEE 2
7, Ce 9 H3L VCZ T3 o] & AolE Kol

A FANH(Fig. 3A), LH B-subunit %3¢ 2% VCZ &
ofito] TR T8 WA UERSTH1vs0.55, p<0.01;
Fig. 3B). SAF3HAl, FSH mRNAS] 2 sl tfz7tof| 1)
3 VCZ Folo] of8kA H3kth(1vs0.68, p<0.01; Fig. 3C).

2 dAFlMe A APEsHR-HskrA SollA ARE7 9}
A% FAAES Fdo| vA = VCZY s ZAL

AE719] A2 e, Y€57](circadian
rhythm), 2~2E# 2 59 2734 213 (environmental signal)
o} Az EE A ghrelin, IGF-I, insulin 59 T4 Al

CH(Parent et al., 2003).
A7) NS FESHE GnRHE) 54 710l e gluta-
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Fig. 1. Effects of prepubertal VCZ administration on the expre-
ssion of EAP-1 (A), GAD67 (B) and NOS-2 (C) in the
hypothalami from the rats sacrificed at PND 34. Animals
were sacrificed on the day after V.O. of control rats.
Semi-quantitative RT-PCR was carried out as described
in ‘Materials and Methods’. Values are expressed as mean
+S.E. (n=5 per group).

**Significantly different from control group, p<0.01.

mate9} kisspeptin 10| FQ3 JTS Fo] Y H=H|,
GABA?] A4 0] 713 glutamate= 344 22 % GnRH
el 288 THIE F7HA71M, KiSs-1 AL 3 Ak
9l kisspeptine 1 84|91 GPR545 %3] GnRH £H|S
7884 A=gcHEbling, 2005). £3], kisspepting A7
O] Al 3ol Fofsid x7] ARE717} AL, S A

A 71 A38l%(Thrombocytopenic Hypogonadotropic hypo-
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Fig. 2. Effects of prepubertal VCZ administration on the expre-
ssion of KiSS-1 (A), GPR54 (B) and GnRH (C) in the
hypothalami from the rats sacrificed at PND 34. Animals
were sacrificed on the day after V.O. of control rats.
Semi-quantitative RT-PCR was carried out as described
in ‘Materials and Methods’. Values are expressed as mean
+S.E. (n=5 per group).

**Significantly different from control group, p<0.01.

gonadism) A}l A Kisspeptine] E¢Ho|7} YAH R
kisspeptin/GPR54 A| 288 A}&=7] Zg)o) wj$- % @ s}
(Seminara et al., 2003; Shahab et al., 2005). GhnRHS] 1]
T E3 oy aid FARIAREY s 2™EY. 1 F
GAD< glutamateol| ] GABAZ 9] A3H-S vl7fsl= a4
), 7 7Y FrAARRE ks 242 tE EAFEH67KDa,
65kDa) e = Ea)s-tl(Michelsen et al., 1991; Bu et al.,
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Fig. 3. Effects of prepubertal VCZ administration on the expre-
ssion of Ca (A), LH-8 (B) and FSH-3 (C) in the pitui-
taries from the rats sacrificed at PND 34. Animals were
sacrificed on the day after V.O. of control rats. Semi-
quantitative RT-PCR was carried out as described in
‘Materials and Methods’. Values are expressed as meanz
S.E. (n=5 per group).

**Significantly different from control group, p<0.01.

1992). ARE7] oA A171¢] AldeHs: H&-5719 GAD anti-
sense oligomers FUg 2% GnRH THI7} 7184,
GADG5X.t}= GAD672] antisense oligomer’} GnRHS] #
Hlo] W& Geo] ¢ Atte Bt Jth(Mitsushima et
al., 1996). C140RF4% O Z <A AARIAIS] EAP-1%

4% w3} 41

718 A8t GnRHY| FH]o F3ks mA=d|, 4A
7183 AdsH-e] EAP-19] WE Z717} A7) 3
S BABE 891 F shuele Eavh 9lthRampazzo et al.,
2000; Ojeda et al., 2005). A]4+3}50) 4 W= EAP-1S
glutamate, GABA, KiSS-1¢] GnRH9] #HE Zd3l= A
o #Hofste] A A NS5 Yehf=E, EAP-1 Z2RE
AANAE ARE7] B8-S defshe #AAEY BEs 9o
Ast7] Sl ARE7] AHA Aol o] F7bskaL, siRNAS
o] &3lo] AlFetE EAP-1 T8-S JAAZ] ZHA = A}
F717F AQE AL, AA 719 AT o) o] e Hil
7} 2dth(Heger et al., 2005). NOSel| ¢J3 d45E NOE
Aol A gt Ael7lss Feshe 2eE 2 dHA A
<=H(Knowles et al., 1989; Snyder et al., 1992), &3] A
2 71#EA NOT 27, 4, 2, Fa#Y 753 &
H 2ol A Fag AR AAHT i, &
3 G FAAAHF NOSF GnRH 4] 7] AdaAA 7} 2
a#) A Qlth(Rosselli et al., 1998). GnRH7} F& W=+
preoptic area (POA)°llA] NOS9] & s”o] GnRH =&l
7 g go] HAZARPHS Fall 1A, in vivoel
A NOS AAAE Aes 27} GnRHY| W57 EHI7} o
A= A THRettori et al., 1993).

waprA QoA EHlEE A= 22820 LHS} FSH
= AVgEHE GnRH £Hlol| o8 2251, AAE=A A4
< H8 daY HHHEE A5Sh=dl(Maurer, 1987), LH
o} FSHe A1719] A4 &4 £88 1t olygt HPO
o] W ME Fag 9ES gtk s A AF A
o) FAstR gk A7 JHAIAIA o] & A171(PND 8-21)
o] E% FSHe 802 Z7lHEd, old FSHY 3¢9l
7k ARE7] o)A A1719] HslEAl A LH- B, FSH-53 1
23l GnRH 84 W] 02 91sle] A HthMaurer,
1987). H3kA A FSH- 4 9F GnRH 484 2] mRNA &
&2 PND 1299 AAe] ©]21, LH-89] %= PND 18
7R A& 5skal, GnRHE Z2FAIE PND 8%l A]
1097bA] v Bt A3, FF FSHE Ag Aoz 7h4s)
AL, PND 11958 1397H4] Fo@2 we 25 LHS
FSH 25 #-28H 74319t Melinda and Robert, 1997). 3t
A, $AY ARE7IE AN A=A S Fdete Wi
v A Ao &2 9] o = dichloro-diphenyl-trichloroethane
(DDT), methoxychlor, di (2-ethyl hexyl) phthalate (DEHP)
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f

2 = 2= 9tk DDTV} vlAlE g =2=d H|A

Fej o] davt yehdal 8% d2EZA A7 4
| B35 3 (Guillette et al., 1995), PND 6¥+-E 10¥7}
7 DDTE A2g o)A GnRHY| #5447 I LH7}
#9384 743k tH(Rasier et al., 2007). %3}, methoxych-
lorol =2 A 7]E A5 3} dad] JAEZA 849 A%
ato] AAR] s 289 A4S Wslsh=rl(Gray et al., 1999),
w8 ot= 274 EA<l methoxychlor7} o AEZAA
EAE AEste] A ARE7IE FYetAl XA HE
% JtkLaws et al., 2000). 3, A x]Fol] DEHPE in
VivoE =58 A, dAa9] o2EZA A A3t AaF7)
A%, 2EaL Fujgo] FEEHIA, SAVE AodE BEA
(cystic) F47} &3} tH(Davis et al., 1994). 2 AFAE
o] o]d HiloJX DEHPE ARe7] MAE tizae] A%
35.3+0.7U0 A 37.3:0.74 2 FosHA A AAF L, Has}
Ago A dAEZA F&A @, B subunit, ZZASHE
TE&A 283 LH $8A49 Lds FAaAZTHLee and
Lee, 2006a,b). 715414 3= (organotin compounds)$!
triphenyltin (TPT)S PND 23¥¢3#E Z2374Ho] 2 w7}
155(6 mg/kg/day) 2 AFFoIg A3, tzae] Hlsj Ab
=719 AAIZE FeJstAl AE oY, A5 E(2 mg/kg/day)
Fof 27 Q3] tixd Hg) frosiA FXHA
TH(Konstanze et al., 2006). VCZAE A xA Q] FARo 2
e 2o]& glyphosates ¢, o+ EFolA & =R e
g od2EZAN BHE A&gth gV ofjv]RH 24 &
olf7] A17174A] glyphosateS %23+ oA oju|d A=
A2 EA o] YA gkout I AEsdA A4e A4
agko] Yeietl, 8A7] $AY 744 BTt st
I HAY AL solRen, AFET|Y] dF HAELH)
E FAL 5 YEHoE Fasila, GHAA e AT
NAIZE freJstAl A A= Atk Dallegrave et al., 2007).

2 A7AEe 4 dFelA vezell o3 AT A
Aol VCZe] & =gl Bt gt AlGoHE-H kA
-2 (hypothalamus-pituitary-ovary, H-P-0) 3 2% = &
39 agh folgka 7PgstdeH], ¥ 97 2de UA =
1 7HAE AAshe Ao E A £3), A7) /IAAA
o] GnRHS} 3588 S Hole NOS-29 749 VCZ
Folao A thzto] Bls) frolatAl Wao] At GTh(Fig.
1). GPR54, KiSS-1, GnRHS] W& HA] ARE717F 7A€ Of

}

o o
1o ofy ox
ool

o
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ol Hlste] o 73] ARE7] o] F B¢l VCZ Fof ol A
Ho] f-laHA| WkthFig. 2). ol ARR7] HAIS AR e
GPR54/KiSS-1 A|2=€o] o]u] AlE7] A7} & tjz3
H|3)] VCZ Folitol e 848152 &ol A7) A7}
A RS AALSE 3L, GnRHO 28] £H)7F 24 H
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