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Estrogen Function in Male Rodents Fertility

Ji Hyang Kim, Jin Kyu Kim and Yong-Dal Yoon'

Korea Atomic Energy Research Institute, Jeongeup 580-185, Korea
IDepartment of Life Science, College of Natural Sciences, Hanyang University, Seoul 133-791, Korea

ABSTRACT : Estrogens are known as the steroid hormones and essential regulators of developments, differentiations, and
fertility in animals including humans. Recently, classic focus on estrogens which are considered as female hormone is
changing in the whole field of reproductive endocrinology. Especially, interest in estrogen functions in male reproduction
is increasing more and more, as numerous studies about the endocrine disruptors, interrupting the endocrine system, are being
carried out. To understand exactly the function of estrogen in a male reproductive system, a summary for estrogen receptors
upon developmental distributions in testis will be useful. In addition to the regulatory roles of estrogen in male, unexpected
exposure to exogenous estrogens causes defects of differentiation of male reproductive system and an injury of
spermatogenesis. Also, this review highlights the indicator of exogenous estrogens to perturb male fertility. These approaches
would give the practical information about estrogen roles in male development and reproduction.
Key words : Estrogen, Estrogen receptor, Endocrine disruptor, Fertility, Male.
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ZHZOE T2 AEERAS Z7] wjoboll A 27 <
WA B3, T3 A (bone turnover), A8 3A|, A% So o
8-S FTHKuiper et al., 1998). A4 W] JAEZAL HA
E 28| E(testosterone) 3} $H= & 2 Y| T]-&(androstenedione)
o] aromatizationg £3 2}7} o ~E gt]-E(estradiol) 7} of
ZEE(estrone) 0.2 AZEo] AAHT o] AL FA s}
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Zu}lebA| (aromatase)= CYP19 fAAY AAEEAN HA
1670 9] d&(exons) 28 FAF o] glom, Alghe] 44 159
HAA A YA JTHO'donnell et al., 2001). A9 H-¢
o8 AN olZvletA 7} HH ] | AEZAS FAE
F At o] A= da, A, g, sof 1, A
Z24, AFRAE, ZIAE, HaA, dHEdA, o=
A 5o ot HxA o] gEch AlolA d2EZANL A
233t A 2H]# gonadotropin releasing hormone(GnRH)
o) B84 AES AT AN E JAUAFEZE (go-
nadotropin)] ¢JsjA FH7} FRAFHY, HOo2 JArEZA
o] 2 A= SAEEY FLL EfA AMAIZE
& AotaAl Bk oA BE JAEZAL S8

o Zgael 45 A2E sl Ao
AP EEOE AAHA JAEZAL Tt Lo 93
T A 7139 A JFE F 5 Ade AHde) 1930
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ddjol] H 3 (Wolff & Ginglinger, 1935; Burrows, 1935)5
A, FARNA A AEZ A Uit Q129 HEho] AR
th o} 3o AFEoA YA EY9 A 71A F shist o
ZEgZQ)] dHA A BAA NN A 2EZA Y JEo|
A9 2ol HAtk B3 A HEHA X #E 2 (endoc-
rine disruptors)?t 72> A LHY F YHI A2ERA
9] E4& 737(Yoon, 1998), WAA d2EZAS dS
Walats S T Aol AN FANA JAERA
o g g Aol FUHL U= AFolth wA £
FAgME DA dAd GE JAEZ FE4A9 23 )

ERAY d@E2d k3d A vyl 288 58 d2E
ERo] 3 AYad nAE FFL e B o

HAERA £8X H M2 HE 7™

ANAEZA 484 (estrogen receptor, ER)= 19703t o]l
Jensen & DeSombred] 93] HZZ 795 U HJensen &
DeSombre. 1973). 1 ¥, & HA AEZE e} 199613 ]l
283, A3, A7 48 FelA B o] MFEA 2R
g FEAE ALEZZ-HEERP) L TR, 71EY o
2EZA 444% ERag T AE P e

ol #&A = MR F¥o| ohn, FARI} YA F= A
AL 20 A7k ERad] tidt FAAE= 61 FA4AY
long armel] Y2 &ht ERBA thgh Azt 148 24 9
q22-249] Wzo) A2 Ye Rez gEHx Yt
(O'donnell et al., 2001). o] F LA 7} A X WA o 3§t
1S FEA AZE 2AY FFE Fet dEMe
A F 7 FHE o] £ F 9tk dhvde $4A AT
EHAE ol = A Y FE&E FF AL U AAE 243}
v HHolx, th e Axde F23 vE FLon
(Luconi et al., 2002; Simoncini ef al., 2004).

8 YoM AAEZA FEAE A} fAxe] 2 =
Asle A} AR L3 rHTruss & Beato, 1993). ER 2
¥H32-9](ligand binding domain, LBD)$} &4 A 20|E &
29 A% 7849 oA ¥Fo] Y277 heat shock
protein 90(HSP 90)3} 2+ Al 2 W} At & B Fo] &
AzEE 25y & U 9% ME (nuclear localization se-
quences, NLS)9] +%-2 go7ith oy g2E-A% 4
£ 9] homo/heterodimerizations} & W o]F & thAt &
Az 24 AHpromoter) F-$1¢] estrogen response elements
(ERE)el Zgste] HAl #3E AofstA €t o] AFF

LRERE

ER Aod9 #4 3  AAAAE 283H= ‘genomic
action’® B2 A7} Ho]& wHAH extracellular signalsE
fsle 8 #d AFs s wEx dx 4
(Mangelsdorf et al., 1995; Mosselman et al., 1996). ER2]
non-genomic action-e 1970t = Al X 9o estradiol?] 2
FRH7E EA T Ao R H A A1H 2 Z(Pietras and
Szego, 1977), ERas} ERp BF d@A o EAste Aol &
Q1= 1 (Venkov et al., 1996; Simoncini et al., 2000) A4
Z ERa9 7%, non-functional mutationo] 2483k 73-2-9j
%7] £2}733}Z (atherosclerosis)# 72+ £AE 3 /)%
o] A2 B AtHSudhir ef al,, 1997). &, N X9 AA} L Tl
A 34 FHE 2Hge AEREANY s HEE A
Euto A dojuts J2EZAY L2 W At Hur
= AR Z3 A3 ola7} oF 7= 3, o] 9] W
st 718t Al EE AsAdY AA e BEste FH5 A&
3 WHE-E olEUY AEZeolme FEH EA7|FHo] ofd
- Y(endothelial cells, smooth muscle cells, stromal
vascular cells)ol X 54 A& F3t= ALHoE Ae

3 & = St

£ MA7| 3 2| AERA $8F BE9} &t

—_—

2 5

T 3 7] wjo} wATA Y o] A 7
AEERA F&A Y EXE e AL 73 AR
of Al 2 BN o AEZAY EFHE oS3 B 4 3l
T ©A47F @ F Sloh ERas HAF Bz} Al7]9 Hi o
Leydig A XAl androgen receptor7} & Ao EX 3=
Ro] gel= Y th E3 ERax ElA} A 7]1¢] efferent ductules
o FARLNME TP ALE ¢4 itk 28u "R
A719) AR W RA ERa7b B S=A e obd B A
AA $riCarreau et al., 2002). |88 BRI 5L €|z} A7)
o 27] $3 ANl BAHHO A2 o3 o
-3 Bo Fti(Cooke ef al., 1991). &, ERa¥] 7 $¢+= 47
| &3t ‘34}-@]/\1 B 10428 11597 A &1l E
1 42 23 34 % Leydig cells®} #3t9} ##3}
< 89 & 4 gltKNielsen ef al., 2000). ERB9] €z}
d 4+ gonocyte, Sertoli cells, Leydig cellsoll A &
=™, gonocytesol| A 71Hg ¥ HHE Ho ERadte o
A A E £31 € s #8E 4EE e 20
Holti(Carreau ef al., 2002). BA} A]7] Eote] F 443
Atole] WrE B9 zpolrt A TASH, o] AL °]
T aEAE 27 ot B A T2 JTo] FH3| thE

=

A

N

>

2

o 2 rr & to
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€ AL FE Aot

AR X718 AR WS A 718 Ba WA 28 P
% B A719 A GAFeTE ERaE A4 O AR W3
oA e Holx 9o} Leydig cells, rete testis, efferent
ductules, 74 FollA 7}aA E@ ST} ERBS A9 o
WA 3 mRNA FefE A A A2 A E S} Sertoli cellsoll
A &5 AtKvan Pelt ef al., 1999). AA] AR X719 A
42 W Sertoli cellsol| A 9] o] ~EZA A& Leydig cellso)
U AA 9] Sertoli cellso| M ETH T2 72102 deA OB
Z(Rommerts et al., 1982), Az} Al7] & AZF A&72
AgFE A7]1Y AAEZAL Sertoli cells®] 7153 A7
s B S 2H= AoE Helth

& 712 HoEHA 83 HA Wl Sertoli cellss}
Leydig cellss ¥82 53 7153 A572 o7 €
th. o] A1719] ERae & A718F AR AR 3 YoM &
0 4 9l2H, ERBS 74+ epitheliume] VT ¥ =
o] At o] Al7]dl] EF X Fo]H 2 Z pachytene sperma-
tocytesell A ERB7} 7}st @&@& Ho]w(Saunders e al.,
1998), A3 o 874 7ol = Leydig cellso| 4] ERa¢] &
ol old AI7|HTE wopxl ol REEA dd =
RO BIHF rkNielsen et al., 2000). o]H T 544
o ¥XE vAs FF ANEEZA AN W A}
7] %Ml E(pachytene spermatocytes)’} 2 %3S W &
AoH, o]E sl BjAL] FAAEY A 2 Azl &4
o] & # SU&e F33 & & Utk Fig. 12 n|d& AFH7}
AEL9 bisphenol-Aoju} diethylstilbestrole] L& EH S
o 2417 3o AAH W &S HAZT A 2ERANY
A ZHste] YENAE 23 F SEEAL A
AP W HIAEE AGA S0, 2 HEGHO
2 g2 F4& 2 FhKim et al,, 2001).

AAE L2 ER X0 g A7& vkt Ales
Aot AFHEe 7 Ao|7t FRE B oh AFAE
i FY T dE AAsE st BT
(O'donnell ef al., 2001). A AA W ERa¢] 7%, A3
37 9] Leydig cellso)| X+ @3 o] = W(Fisher et al., 1997),
AR FAF AFFAA T oFF =3¢ A7} 3t} ERB
A= AF 9 Leydig cellso X & E3o] 1= ot 4
A BFHY Afdde BHo] HA P AL HIsHo| 9]
o At Aol ERas} RiR7HA 2 A @AY Aol
A5 Bt AA A4 W Sertoli cellsd| A= ERp 28
o] g} AlFolME Fele] | H(Pellettier et al., 2000),
AF 9 Aol g vk Qivk QA ) o]z} $ ER £34]
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s JAEZAY o4 EF Leydig cells] ~H|Zo|E
B4 B ARAo2 Paa, A YARNREY &
e 2R F YT BAET A7 A 15T
WER A ZHFEEQ octylphenoldl] 28 7S¢, AEA
HEY 87 vk 2487 ok AP AA 9 v7tg
2 &o]l 2YHT AL Fig 29 394 FAE 4 9k
(Kim et al., 2004). 53] Fig. 39| 7% octylphenold] =%
of vl# st Ax W 227 &4, AT §4, A XA
HAF XY F7F 5& FHo) 81 £ gtk

AAHE Yol Me 2ERZA 849 Bxiat opg}
olZrEtA & ZHo] EAste T FoA Evtsitt. Ynty
S 2 ERB= AYAE 7 BAP DA Axof A2
E FE3L 9o}, ERad £X9 g 97 IF A4
W ARAES JAE WA JAE U3 AP & &
Ao B3l ctH(Pellettier et al., 2000). Az o WAME
= elongating spermatids& A 93} 7, A9 E(A type, B
type, intermediated spermatogonia), pachytene spermato-
cytes, round spermatidsoll 4] ERB7} £A)3lt} JAEZA
< Adte otEntetA Y 4= AYME F pachytene
spermatocytesol| Al LA, AMEZ AsEHE FAAA
round spermatids7}x] 7}gk W o| FolFrHHess, 2003).
SpermiationS A XM A elongated spermatid®] 7o A (resi-
dual bodies) W} o}ZutelA] o] AL Sertoli cellsol] 2|3
AFE |7tA {FAE B oluE, FAAE YRR A
X HE Yolgle AEA A F(cytoplasmic droplet)ol]
N A3 4L 2 driJanulis ef al., 1998; Nitta ef al.,
1993). ety AN EE J2EZAL AT 5 Y& 58
T AL L2227 FHE 2EE  URE ¢ 5 U AA
9] efferent tubulesol] &= ERa7} &3] o] ¥ 3= Ao=R
4 A QLo B2 (Hess et al., 1997), A% U] ERas} AH E
oM grEold AXREZAZY FZ 75 t Ar7t o]
FoOlXTH 1 A 8L o8 ¥ A& Aolth

A 8N 3y qAER

Aa HelA AZEZAN e JE gty e B
& 47 AFE0] EXHAPSNT B3, A 34 344
AM ALEZA ] AEsA e &3E UYehlle A=
FRIAZE gt Iy JAERAR BAHE FARY
knockout model(ERa, ERB, aromatase)©] 7]'ZE S 24, o]
£ o]&d HAAAA 77 A HAHNO'donnell et al,
2001). ERa¢] knockout model(ERaKO)L £ Ho|l,
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AEE A4 AHH XY EHZ e A=l YA A v)
7t A g, AR =3} Na'/H exchanger-3(NHE3)9]
B A, B4 AR e ugE o) 2 AT
& 715 %3} ¥4 ) 343 A 3.2 E(luteinizing hormone,
LH)Z B AEZEH 29 o]y F7P7F o] ¢ith(Couse
& Korach, 1999). ERaKO$} t}=2 74 ERB knockout model
(ERBKO)9] Aol Y+ epithelium cells®] ¥ %42 3
HE Agstie FH4 W A2 FAE ZAF HY oy
of i3t 7|et A 1H Yol Y. 248 Gfo]
BAHoH 71Y FHE 2A4FHA EdthKrege ef al.,
1998). 18yt F F&A7F &5 knockout® Aeje)] Zd
(ERaBKO)9| 7-$-dl& A=Al A4 Wl Ed¥ o] ERKO
8 A3 fAkeA vehdH, 9A B Flo) A=A
(Couse et al., 1999). 53] ERaBKOEZ ¢+ AF M= &
2 o) A EE o] Leydig cells?} Sertoli cellsZ A E =
EAL HolE A2 7 #9130 ZH(Britt & Findlay, 2003),
ERas} ERBY] 7152 A4 W AIXEY B4 ek 274
3t Al Aol 2RH 988 gse A0E Bl

7) wjioll, A3 FH o] ERBY] J&g A Ee] gots)
ZllE oEE dAolth AAERAME HAIRA Eie
aromatase knockout model(ArK0)e] 7%, 7)== 71
Fejolu dAo] Zreol mal A EE FA3] BoAAA,
TAEE Y ArKO A= £ s BHom, 244
Aol AolME 15 Y 79 A A 7243 ch(Fisher
et al., 1998). =3+ 1453 ArKO A# Y AL A4 AR
W e Zol7t YehA gouv AEA R 7t 7
4381, round spermatids®] acrosomal dysgenesis 5ol A
AE AQA Fe Bole Re2 HIFHUHMurata ef
al., 2002).

ol AEERAL YRuA ZBEA £
NEEZANY F4H 7| =
HlA AFEF2 AA S A FAS AR 2
Hale AW Ad SEE FA, 2, 24 glA
o 2% 2 2% 59 FL73E XA AYELE A
oJgti(Yoon, 1998). 4¥tx o2 UEHA Ao &

Y F U Z22F £EA7 AFE 2 A, 8
2 7let Y 9% 5 Aol g8 AW FYHE 2 FA
7= Ae® #2573 gltkSharpe & Skakkebaek, 1993;

#oege

PRER R

Skallebaek ef al., 2001; Yoon, 1998). ] 5-1]A] Zoj &3 e
YubAQl J& oA 223 S84 A5 A, &
SAe g 2 )5 W, WA 32EHY A8S 53
ol 75, WA S2EY AA A} £22 vEdt

1. I2EZH wzt EX BERE S "ot 4y

ol WENA 5
(estrogen S anti-androgen) 7+ A U&= Ao| ofuiz}
A= AR AAHYPL W, YnkHo g YRuA wAELLS
AA W E FE&A A thall oW =g 243=std o
A A estrogenic E-& anti-androgenic© 2 Wt} of7)
M AEEZA o4 £ o AE Z 4 A (estrogenicity)
< Hrtste Wl B3 Aele) Baa g 9rt iyl
+ in vivo/in vitro bioassayZ - TH(Eertmans et al.,
2003).

WA in vitro bicassayZ+ T84 A% AR, AlE Z4
A, ]2 E {3 2Hreporter gene assay)S ©]-43 AF &
of EgHeh 2ER S840 A AL - ARHE 3
TS e W F4A4 23 g2 B4 s +
LA A AgEe Hrhske el & 5 ok
AE 4 Bypggos st & 4#d Ao] E-Screen
assay2 A, AFge] §9 A EFMCF-7)7} | 2EZA 5
of §h3-3te] FA 8= FAE o]&dly B4 EAS T
g o AbgstE otk B EH FARE o] Sdhs W
SEE FEA 48t § AX U {4 AAY fEE S
3= Wolth o] o AMEEE FAnEdE hormone
response element (HRE)7} 2] X8 §-Ax9 &4 Eoi7hy
AutA 0 7 AL EE YIE §AARE P-galactosidasert
luciferase 5°] $1tHHoogenboom et al., 2001). In vivo
bioassaysoll = 220 3t A4 7| #e wh-eg E3) ZA}

3] B rodent 3-day uterotrophic assay, 5~7-day Her-

@ M

—

2
(o)

L

shberger, 20-day pubertal female or male assay, fish repro-
duction assay 5o| itk A {9 Ago} APM £ 4
g 5 FAE B ANAEEAN & v & 45k
Rl sl gste Zo] &AM uterotophic assay©] Y, §3
o] = Hershberger assayo[t{Owen & Ashby, 2002;
Dorfman, 1962). #4712 HolEx Al7¢] @33 53¢
244 4A% 447189 BBe NAESAS PAA
£(thyroid hormone)®} +F< B3 U e ¥
pubertal female or male assay ©|tH(Gray et al., 2002).
FollAdes AF plA s q2EZAY ¢ERA aHE
Gopr 7] A WHO R, F 4297 AHA My 2147

3=
¥
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HAE 320 LN Tl AZ, A4 FF, o) 47,
g S 23 ?'Sok—% 4 7} &t t(Hutchinson et al., 2000).
AEAoR o 2ERA o4 24 WrleE W B
Al Fdole o fﬂ BAHF2] biomarkersE 7] 2ale]
7¥ell AFE3EAL e} A Q1 E2}7} cathepsin D(CAT D),
heat shock protein 70(HSP 70), calbindin-DeCaBP-9k) =
o]t}. CAT DE aspartic protease familydl] <3t A U tt
&3t proteolysis Aol Foah= AR U2 glcHBarret,
1977). @AM E da& W ¢ 4 I (vitellogenesis) ol
7153 AN E A W Az A BEsle Leydig
cells3} Sertoli cellsol] T} EA)517 A Ee} ARA XY ¥
gl AT B 157 rH(Oliana & Francesca, 2003).
el 99lo] He CAT DE o 2ERA 9a) 2o
Z7}V3le EA(Cavalilles ef al., 1998)% 7t3 9= Ao=
dHA Slo] AZERA o4 B4 gl HgsA &
9 4 9g A2 ALE Y. HSP 709 A& gk | -
Yi9 2EH 2 WA whEste] wdsie g A=
de] g A JtiIwama ef al., 1998). HSP 70 mRNA +
Z9 54 AERC] AY ] wEd mE SEE ~Eq
20 HhS-sle] HSP 70 Wil A o] 92 F73] ZIpAFIth
WENA @22 F Ak @A F7HE Hole A
o] Ag& oz ZHE W(Snyder & Mulder, 2001), ©]& 3t
S71e] o] o ZEZAN BT QI AdA = 9E
7k 9171 WZol HSP 709] +&2 Hrlsle Aoz Y&
A L@ AR BRI olEE A2E Belth o] g
biomarkerZ H 7 H CaBP-9k+ A& 1 i3 o o}L}i
Zed 22 A8YE 2T JA X W T 28 2F
3= 7]%5& ShK(Christakos ef al., 1989). #}FZZ(myo-
metrium)ol] 3£ 07 B ¥ 3= CaBP-9kE= AHEOE &
B HolH4l ¥h3-& Hole A0 R U4HA IrhL'Horset

‘l
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et al, 1994). 87| % o|43F 4YolA CaBP-9ki | 2E=Z
Aol 9s Z7tE} 84 3 2 2 (progesterone)dl] 28] A =
TE7t A e EoJ(Choi & Jeung, 2003), ©1& &

=%
FA B2 AEZAA 8ol F-251A o]LE 4 9

ol
N
2
d
>i

oﬂi_E_iﬂ oﬂ Jrv} =% %—% el K
W Uehbe 2 ) &%

of &3 A+ T v§ FAZ
Z AEZAANOCE 71 tEF Q] Ao dlethylstllbestrol
(DES), phthalate(PHT) %} octylphenol(OTP), bisphenol A
(BPA) 59 alkylphenol §Fo]th. DESE FA|2ERA
"i/ﬂ 19384 A TS0l 4 24 WA, 22
T B oA, a7 Beld) Az AEA & 59 AEA
Z AHEEAO U, 19709 d o] fAPEAA R B8 Ad ¢
AFEY BAAA o] Aol IAHHEA FATL A7
H A tHToppari & Skakkebaek, 1998; Visser et al., 1998;
Yoon, 1998). A5 % DESo| :Z =312 A9k Fig. 194
Holz AXYE, A4 U HIAxe Z71, g3y Ax &8
Y &) dfuE A& FUT F AUATHKIm et al,
2001). STH2H JRAAIR AHEE = PHTY 7 ¢-ol& Fobd
V1T, AF A, A8 AA Tl el AgEHE B4
2 A YE SUA 7HA di(2-ethylhexyl) phthalate(DEHP)
9} mono(2-ethylhexyl) phthalateMEHP)Z %47} Hth o
A S o AA W U 2HA Y W o] LA o] H i
Me AT Fol F 2427 ool Bl AEXH 29 o]} Z7t
o} MEAAAMNZE A EES] AlEHE AL o8 4=
AUTHTable 1). Yutzo g 3] AMEHE AAl, HAE,
EetiE 5o A AzAA ARNGYAE d ALEH

N )
o, io
.E,

Fig. 1. Micmphotographs of the seminiferous tubules in the prepubertal mouse testes. A, the control group(corn oil treated, vehicle
group); B, the bisphenol A treated group; C, the diethylstilbestrol treated group. Ds, degenerating spermatocytes; Sd, spermatid
head, and Mn, multinucleated cells. Scale bar indicates 50 #m.
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Table 1. Arbitrary representation of the relationship bet-
ween the apoptotic germ cells and the expression
fas and fas ligand gene in the prepubertal mouse
testes after the treatment of DEHP

Time(hr) No. of apoptotic Expression of

germ cell Fas Fas ligand

0 4+ N .

3 ++ ‘s s

6 A ++ ++

’ e tEt ++

12 tHat ++ 1 + o+

24 +++ o+ et

The number of '+' shows the level of mRNA expression of fas
or fas ligand in testis and a number of apoptotic germ cell in
TUNEL processed seminiferous tubules after DEHP treatment.

the octylphenol(OTP) exposure. Fischer 344 rats were

3 )& alkyphenol polyethoxylates F= 374202 495 injected s.c. with 0.2mL olive oil alone or containing the
o} Bl Eo) o8] 72H 02 B H alkylphenols 2 tAH7t gﬁietacirev:;ifl{/eizls ;SSS 11; zﬂ;;gc Tf?iﬁ‘)’%’i
g ol alkylphenolsQJ 24 2 S 2 OTPS} BPAE 5 treated group; C, 40mg of the OTP treated group; D,
& 9tk §3] BPAY A AFE XA, X448 FF, £9 80mg of the OTP treated group. Arrow heads indicate
2838 £Ao 482 AHEEo k& 9¥o) 2 ol apoptotic germ cells by TUNEL method. Scale bar
th mAL AP AT BPAE A7 E43S o AA indicate 100 #m.
7 9 ATl B EolEle AL B . 5
G sloo A% 4 210 548 S, Aemege g o RANIK al 200, 98 R vy
A, A E AAAL Z7HRoman-Wilms et al., 1995) So] #z Oﬂ;]_%io;lji iéou EHEL.-LEt e=el "@*—‘.la ad= T
991tk OTPY] Aol = 2717k A7) =2A7 23 Fig 7"3‘1“;0; " S4PH(Toppari ef al, 1996; Pllicger-Bruss et
29 3ol A HoAR R} Zho] A4 W A4A 2] H|7H A -
. [ Testosterone Luteinizing hormone 2 &
E e dlZERAY 300w Folns) S B S
2 bol2ERAY T, B4 A A6 12 Ha ) 2E
= P 2A 28 RE QRe 30EE g8 2224
£, P ZAze g u, daEEA TREAG k3 A B4
§ 02 H T AA U ol dig 4384 ARES AES Hokoh
°'-w o AERAE S 27] wloh WATHEY ohlz} 44
Fig. 2. Circulating levels of testosterone and luteinizing hor- o g5 9 fAo] ARA 9T FYAth 53] Wi
mone in the OTP-treated F344 rats. Fischer 344 rats A A B3 7o vFAZQ AEZEA 5L 1
e o o e A4 d2E2a A5, cheolehel €4, A2E2d &
montllflr];gst;:;icflj T\Z(IZ?;t:(?’,}S,S[1§]~estrauiene-3,ly7B-diol A 718 E4E doA, Ao HSH R SI) A
17-valerate) used for the positive control group(EV). AAA AEY F7h AAFYAARY ol 5& $A =
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