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The in vitro effect of bisphenol A (BPA) on ovarian steroidogenesis of the longchin goby (Chasmichthys
dolichognathus) was investigated. Oocytes taken during the maturing phase (Vitellogenic fully vitellogenic
or germmal vesicle breakdown stage) were incubated with BPA (100 ng/mL) in the presence of exogenous
precursor *H-17a hydroxyprogesterone ("H-17¢OHP). Steroids were extracted from the media and the isolated
oocytes, and the extracts were separated and identified by thin layer chromatography and gas chromatography-
mass spectrometry. The identities of the major metabolites were progestogens [17a-hydroxy,20a-
dihydroprogesterone (17¢202¢OHP) and 17a-hydroxy,203-dihydroprogesterone (17¢2080HP)], androgens
[androstenedione (A4) and testosterone (T)] and estrogens [estrone (E;) and estradiol-1758 (E:)]. BPA treatment
inhibited production of estrogens in all the maturing phases and progestogens in the germinal vesicle migrating
stage. Percentage yield of estrogens was decreased with increased yield of androgens. In conclusion, BPA
had an inhibitory effect on the conversion of *H-17¢OHP to estrogens and progestogens. These results
demonstrate that BPA can act either estrogenic or anti-estrogenic effects.
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saoldt Bejv HiEuAGN e
% |ol] AMA3l3 e AEHT Akt
Hi e, 53] ojHgt EFL FAYEe
I o Xoje] A} el XH A2 A3
2 gk ofue} B Agojo] AV ZEg HJsHo}Oi
EAY Z44d4S 23k ) (Fent and Hunn, 1992;
Van Der Kraak et al., 1995).

OJFE oz & AFelMe WEHIAZRER-] A
oz AAMxe] wHg Astal, TFHH B = AR
v 28 28§ walste AaAe] H37] 24, $Ae GA
s, 4 zEE9 BH Ed¥ a8 &g AaAziva
59t} (Thomas, 1990; Kime, 1998). ©]&#3F ngtEadZo] @
& FE A2EZAH AR ZE-g doT|e d=ERENY
EAZ ¢¥A St} (Sumpter and Jobling 1995).
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shuE ZETlRVo|E SetEa dFAFR Y] YEE, A
AFez de] AHgH T Sl sstE ot Fe7tRv|olE
So2EL 48718 8 I AR, AFAFAE AE
7], ¥ 181 B FF8 o)z 2E AE R (Brotons
1995), =3+ X3} A5 o= Bo] AL&-EH I YT} (Olea
et al., 1996).

o]f+9] A471% el tigk BPAS] A8 ¥ 470
TR o] E vitellogenin®] &%= &7}, vitellogenin 34 F-
=, GerE A 9l zona radiata protein 4 =, 183
ANEERA S F8A9 FE 28 F AAERA thArg
ol Befste BaA AT Fol AFH %o (Kime, 1998;
Yokota et al., 2000; Arukwe et al., 2000; Lindholst et al., 2000;

2000).
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dolichognathus)®] 224 dradal, &3] 13}
AZALI] 328 8L e 4 2Hlzol= 522 Ol
HAol ofd FEE WA=A ZASEA (in vitro AF) ©]
=2 A7 g FAA HAsids Frbstazt o

AL (Chasmichthys
Y4715 du
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Age] A8 AEe dedvle 2R 4596 24
SUMNN HHT A 5472cm, AF 1439 g9 453
FA ST,

O ME 22| 3 oHiet

A# o]= 2-phenoxyethanolZ P13 F B delZ2 $AHATH
WAz AE AFH Sl TBSS (trout balanced salt solution,
Jalabert and Fostier, 1984)% A3t 5 A-S9jollA] GRAIE
S S Byt GAZRE GEAEE 23 & 24
well platesol] welld Leibovitz's L-15 (L-15) H] %l (Gibco)
I mLoll 20749] GRAMEE 24zt B33k 5 Ao FA4
2 Zol= AT E A2 *H-17a-hydroxyprogesterone (CH-17a
OHP, 1.5 ﬂCi/mL)Q}' bisphenol-A (100 ng/mL, Aldrich)% A7)
ghod 18T ol A 24413 v Fat At TBSSS}F L-15 w4 9
pHE 7.7, AF A% T E 300 mOsmE 2 A3

AHZO0IE SEE HAIZE &M

80% NEr& 2 dRA|F o} uiFelE A HHsete] U4l
e H odehE 45HE AXAIT F 500 4L Eoll B34
#A YA dichloromethane &2 2¥W F&38lo] AH Zo|EVHS:
At 2HZolE FEELS TF 2HZo)=9) FAd HE]
7HE 4 gheT AAA] (60F™, Merck)ol A2 A 3 L
H E3-8-1] (benzene:acetone= 80:20)Z0 A 2-33] ANHY
ok ABAIZE F ke vhe AZAZ FH A4 254 nm) e =
EE 8= FU|E dAERY vhE-g ERIs T ek =
o veld EFE2 WAMIAIIY (autoradiography, Fuji Bas
3000002 AgeIsgon, Aekel ¥ wgel s o
7122 M=% Zet 5mLe] E3HE1) (dichloromethane:methanol
=9:1)2 823 3§, gas chromatography-mass spectrometry
(Shimadzu GCMS-QP2010)2 o] &3l Z+ tAt = 2L 43}
Ak ARE3E columng DB-3MS (60 mx0.25 mmx0.25 zm), &
T ZZ WL injector == 2807C, oven 2= 80Tl A
258 FABIAGL, F 25 E 5T/mine & 3o HF2=7)
300C7F HES & & 582 300CE FASI=ES 3t

g 1

datg o] g Ag F21 (378 0.74 mm) GEAEZRE
AXH TLC S tARE-Z -2 testosterone (T) + estradiol-174
(E2)9} androstenedione (A4) + estrone (E)) 5 & E31
et on, dFIAL 45 HFo] GEAXE (4 0.80
mm)} B g A o] o] B == A]HQ GVBD (473 0.97
mm) HFEAH L] o= 17a-hydroxy,20ae-dihydroprogeste-
rone (17a¢20a¢OHP), 17a-hydroxy,204-dihydroprogesterone (17
@2080HP), T+E, 718]3 A4+E, 59 XFE 27 U3
o} (Fig. 1).

dEAE g Bl met AAE hAMEE, A4+E, T

+Ey, 17¢20aOHP9} 1722050HP] 313== TLC o] W3
& &8 ¥ F GC-MSE EA3 3, A4, T, E, Ei, 172200
OHP 123l 1702080HPC] *H-1720HPS] HARZ A2 11
At o5 =2 A4Hgo ti3 BPAS] AFE AEHEol=
HAFEZ UEbAd A3E Fig. 29 #2Th

%7 074 mme] FEA XS] 79, BPA AT FE estrogens
(E:3 B2 22l thAlE-o] 561%% thET 15.12%00 HI| s
2 e BTy v3EA 2], & W 0.80 mme] WEAE
M= vlAIFA 2 estrogens 2 E 2] AFE-©] BPAE 19.54%,
WET= 23.69%F WENG S W, progestogens (17220aOHPS}
1722030HP) 2. 2 9] tALE-oll= W3yl gle Ao 2 el
t}. GVBD ©AS W44 0.97 mmel 9ol BPAY} pro-
gestogens¥} estrogens 22 9] ALE E5F Agsle oz &
ZE A} ¥V androgens (A4S} T)O. 2 9] ThALE-& th 1o
Hls} =A JEbsTh

in B
243t WAl we} BrAS] AHEEE Zvkehn eut
oleigt o] $MEAT Aol BlAE A oj3t WY
T, 194 B el 84 F HANE 2AY S AE

HETSH ABAEL =F Aot

AZNA EHFZ2 WESE 3 in vivo, in vitro 2E BIE
H¥ BPAT estrogen 4 veidttn &elA glow
(Krishnan et al.,, 1993; Brotons et al., 1995; Milligan et al,,
1998), o1 7oA = estrogen FAMEHE-S 3= ASE HIE
o} (Sumpter and Jobling, 1995). A1F-E T3 A FFE A
estrogen< 4747 A2 75, AR5 28R O, wiE
Azl F235k 9L It (Fairbrother, 2000). 53] o]&F
o 4= vitellogenin A4 HE7}L estrogen A4S YEH=
indicator® AF&-F o] $kon (Sumpter and Jobling, 1995;
Smeets et al., 1999; Arukwe et al., 2000), vitellogenin J-g oIl
AZA] 98-S 5 E; ¥5 WH3E estrogen B4 HER
AFE-E T} (Giesy et al, 2000; Monteiro et al., 2000).

B AT = estrogentiyt ol 2t HF: A3 i)
}+= progestogen B33} o]59] /4% g0 BPAV} oj®
kS U] X]=A] steroidogenesis bioassays ©]-8-8o] FA}E}
At Aol s G333 A7)0l BPA AT estrogens
(B3 Epo.2e] 8] qAE, 283 HFAE7]E estro-
gens (E, 3 E»)¥ progestogens (17¢20¢OHPS} 1722030HP)
o BRE JAEd Y 53 449 %, EF 17¢2000HP
HOE B9 17¢2080HPE Y] thAE0] O ZA) Z4=H Aok

2 A7 date JAYse J83E47%E GVBD HA 5t
o 445 E;, $%=o BPAZE A3 A8 &1, T3 GVBD
HANA BAEE F8 2EHZE0)Z, 1722080HPE] FTE)
5 AL s Ao E EESY Ry RE uid
ARA7A oloiA e 29 AN 749} 1722080HPS] 74
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Fig. 1. Autoradiograms of radioactive steroid metabolites produced from *H-17ahydroxyprogesterone  after 24 hours incubation
with isolated oocytes (20 oocytes/mL/well). 1, 17a-hydroxy,20e-dihydroprogesterone; 2, 17a-hydroxy,204-dihydropro-

gesterone; 3, testosteronetestradiol-173; 4, androstenedione+ estrone

F 9 Rez gzg.
AFAA WAHR AFA
AHE ANG dFE E

SR

Holl 2

Al (GVBD)E ¥ 3§31
Fajel, A kst wo]

(atlantic croaker, Micropogonias undulatus)® 3% 7] YR A E
E BPAS} FAKE 288 3= Aroclor 12549 =E A HY
GVBD2} sl =7 dAE 0™ (Ghosh and Thomas,
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Fig. 2. Effects of bisphenol A (BPA, 100 ng/mL) on *H-17a-
hydroxyprogesterone metabolism by isolated oocytes. The
percentage of radioactivity associated with each isolated
steroid was caculated to the percentage of total steroid re-
covered from initial TLC. 17¢20¢OHP (17a,20a-dihydroxy-
4-pregnen-3-one); 17¢2080HP (172,205-dihydroxy-4-pre-
gnen-3-one); A4 (androstenedione); T (testoterone); E,
(estrone); E, (estradiol-178).

1995), dx 2] G A XX TBTS Aroclor 1254 % 2]l 2]3)
GVBD$} o] AR AH (Back et al, 2001). ©]2§+ 2187
22 At wloje] A9, GVBD A7 F8% 8-S
3l 2HRolZ T2, 172,208,21-trihydroxy-4-pregnen-
3-one (17¢208210HP)2] Z=£-Alol Aroclor 1254°] Z%}3}
o] 170205210HPS} 2328 224 GVBDE 'Iajditt
31 A93E9th (Ghosh and Thomas, 1995).

AuE o] 74 exogenous precursor$! *H-17¢OHPE H-E]
o] thatgell #eddhs A4 4ol BPAZE A AL FES
Ae Aoz 4Ey &3 717 7 e 2HE
o= FgAld U Foze A7 ez,

BPAS} FAFeE ZH8-& sl TFE estrogen =2, PAHs
(polycyclic aromatic hydrocarbons)= 7PAHH {9l LEQ
Platichthys flesus®] a2 2BElZ0]= 328 FAS W3l (in
virro A @)8k] TS} E,9] A4S At it o] 2ish

2713 2 Rol=e] BEEAE B8 vl = v Rrke
Hae] 2EHEo|E 84 &40 3shEAo] FPHORE A3
28-S gozn Axtro g AH o= Aol ZAHETin
3FATH (Monteiro et al., 2000). PAHs®l &3t & A7} coho
salmon (Oncorhynchus kisutch)®] FEA XM= 2= Tk
(Afonso et al,, 1997). 2} o] 5] AF] AH8H o F9
A gl G A7V G Aol i A5 de
AEECIJ OB E0o 44 Wl 238 TS & A7
X% BPAY =" FU5FY FHIAF7] FEAS
estrogens (E1 3} E») o] JAIHAT o8 A&
in viro DS S8l o|FAAHEH, in vivo AP XE PAHs
of =&F At dloje] 8F B, =7 ZAHUGT
39t} (Thomas, 1990).

ey FAMFQ Xenopus laevis®] GRAE ASHH LS
estrogenic S EHEA &% o5 JTFE LA = Ao
2 R E At (Pickford and Morris, 1999). Arukwe et al. (2000)
2 o] A9kt Aof(Salmo salar)oll TH3F in vive BPA A E]=
8% vitellogenin®} zona radiata protein &= 3}ol] o}F-¥
FE v A RIF o, LFE (25, 125 mgke) e
olE9] TEE T/ EH estrogen S VERATIAL
&9t} Sohoni et al. (2001)2 fathead minnows (Pimephales
promelas)E U302 BPASl W (1-1280 ug/L) LE]al
=E2AIZE 43, 71, 1649) AF d3}, BPA 64 g/l TR
1649 =& Fo 4A 2 F vitellogenin HE7} F7}38151 .2
o, o] AA FAWE AN A BPAL] estrogen B/ ¢
ekalthal A3t

Sumpter and Jobling (1995)2 BPA7Z| v &3 F-A| 7|40
o] ZrM| o)A vitellogenin T3S =3t S A A1
=, 27322 BPAY] =¥ offe dai&5S £3IME
ok &9tk 1 o= BPA7Z) o F AAE 4w g2
g Alole ouix] BulE wekA]7] 7] wjFolekar st
Aot

o] 2} 7+o] BPAY] estrogenic effects®l] T3+ AHte A=
RO in vivosk in vitro P& FAOl &8, dadds
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