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In vitro Effect of Endocrine Disrupting Chemicals on Occytes Maturation

of Yellowfin goby, Acanthogobius flavimanus

Myoung-Hee Park

Department of Marine Biology, Craduate School,

Pukvong National University, Busan 008-7397, Korea

Abstract
To invesugate the effects of xenovestrogens on steroidogenesis in vitro, the fully vitellogenic

oocvies of vellowfin goby, Acanthogobius flavimanus were examined Five steroid metabolites.,
172.70,7 dihvdroxy 4-pregnen 3 one (17 2 20 8 OHP), androstenedione (34). Testosterone (T},
estrone (E1) and Estradiol-17 4 (E2) from ovaran oocytes were dentified in the presence of
H pregnenclone, H 1T a hvdroxyvprogesterone, and ‘H-androstenedione. The flly vitellogenic
nocyvtes were incubated in the presence of xenoestrogens such as diethyistilbestrol {DES),
Nonviphenol (NP, bisphenol A (BPA)  and  246.2° 6" pentachlorobiphenyl  (PCBIO4)  at
concentration of 100 ng;J,mll with precursor 17 e -~hydroxvprogesterone (17 ¢ OHP) 50 ngml b
The major metabolites, T, E2 and 17 ¢ 203 OHP were analyzed using radioimmunoassay. NP
stimulated T svnthesis. but inhibited 17 ¢ 205 OHP synthests. PCB 104 inhibited T and E2
svnthesis weakly, but there were no significant differences. DES and BPA did not affect in
TE2 and 17a205011P The effects of PCB104 and NP were tested under various
concentrations (0.1, 1. 10, 100, and 1000 ngml ). Even though "I and 17 @208 OHP synthesis
were mmereased at concentration 1000 ngml ' statistical difference were net found. However, 1

e 1000 ngml © of NP stimulated 17 ¢ 20 3OHP production. The results of these eXperiments
demonstrated  that  only  PCBIOd  of the endocrine disrupting  chemicals (EDCs)  had

antestrogenie effect on steroidogenesis m vitro of yellowfin goby



I.Aq &

Sirdh s el Fade de RonwA dAg e Rolel Bl Y
Ul Al gl =S R Ao AASHA 2lE AAAE duke] A
b slgaai elNHa 9ok (Woodward et al, 1993; Van Der
Kraak et al, 19920 Yoon, 1998). W2 H| Al N ED 2 b A0 §
Spstizd, HEA W AzA T gk, fVIE R, Az thol
FAaE Teal ol aERA R AR E So] oli=dl o] Uiy
HdelZd & DES (diethylstilbestrol), NI (nonviphenol), BPA
(hisphenol A). PCBs (polvchlorobiphenyl) & ol ~E 2 48 42}
Aggtona ol xe2ad #H4S JeER i R AR B ds s B
Tr ¥t (Matthiessen and Sumpter, 1998; Kime, 1998).

o A EH A Gl EA S g E $27 o fFellais obA
ol 8 ol RERMQ estradiol 174 (E2)7}F HAbolAl =8 wx
oA A (Glesy el al, 20000, E2¢) o8] st u)i- b Eogh
°l W HAE A, vitellogenind}t W ZE A Aol song radiata
protein?] kAol fFravelvt . B uslErl (Ackermann et al, 2002
Christensen, 1999; Jones et al., 2000: Lindholst, 2000), 2l ofv]g}
Aol ¥rebs A A7 testis-ova?l S0 F = 5 okAlal @ Aol 1)
Ebb v (Tabata et al, 2001. Yokota et al., 2000}, oje¢léh o ~E=&
WA W E A el e ogh rlolsrel Ay ke S A

of Wi opslAlgl o BM AgahAe] et FAL FHow o] Fof



AR e A A b Rlol Rl e A4 =) 7
S A Gy oWk @4 vitellogenin %2 Z7F el Ak g
s o AT el sE Aot (Janssen ot al, 1997, Nimrod
and Benson, 19955 Orn et al, 19981 Sohoni et al, 2001). 3l o] &
tdloll tem gl ofulo AlA] A AkEl Sk} gpojo]l Z U] Abgpo] ofE i
Alvbebsteh ol elsk Ao o] A A g wfeha)l Abgko]| uj i A

LN

ol Gk oflel thgATlsE olol® bAlel i oo

offiel e uRul Aol ofak Maw WA 2y BWE AN

Sel, 9El ol R Ao AlAbsEEL oM A A A A 2]
v St bt Fol )8 FAEYr (Nagahama et al, 1994) 5
Aaret whakE Ao E27F SHEEAd ¢ oA Ee] del) iy

(germinal vesicle breakdown; GVBD)eF ufghe] HE AL fioy-
172,205 - dihvdroxy 4 pregnen 3 onc (17¢2080OHP)?} =g 3t}
ek A it (Goetz et al, 1987, Van Der Kraak ot al, 1984). ul -]
Aol e & Aok sk Al A A sl W] o] 2Hgslo] A
A S nekstub e obe] A L AINE (Thomas, 1989 - 1990), 4

Aol rmek sl Ao adMe] 4 sy Relns i o)

o

A LA LS e
J

WS (Acanthogobius flavimanus)- 59 (Perciformes)] =

Wrolal (Gobiidae)ell Ssh $-gjubel Mol whal, Fob B D ods)

o



.%5_
Ackel AR Ao MAd= AAd olFoly] wlEel (Kim and
Kang, 1993) &b Aol ¢S vehdls AET o qlad Big

ofyel (Kwon et al, 2000) &Aool Z 2o 23 9jshA ] 7}

by
O
i
-0l

FojEos ¢4l glr}l (Ohkubo et al., 2003).
AT T EEEE gidow WRAME n piro WYL B
3 MAHE A mHE)E 3RS ubelar, ol AER A R A%

w1 »

EAol ol 4 B2 WHdgel owl g vlaled Loluaw



Ao AbEH FHWRE eyt FAEE 1Y9RE 39 Alold)
AP G oA A A 148214 cm, #HF 52.8~26.1 g?!
dagh bzlg idew &9tk Hdol= 2-phenoxyethanol 0.3 mi/l

2 oA A ARE F viradeeld deols vas w3 st

TBSS (trout balanced salt solution)® A& st Y Ao] 0.729] 4

0799 HHEY F w¥o] oL Aatelis WAl Ys GTATEES
Atk HAY et b WA ol gste 7trte) dmAme

w-dl¥H F 24well platesol welld Leibovitz's L-15 (L-15) vjoked
(Gibco) 1 mldl 30 4o WEAZES zhzt 2338 5 12T A 2447+
wiz 4847 wigEkich. TBSSSH Lo15 mjkele) pH 79, 5w

= 300 milliosmol® =4 &9 v}

Fig. 1. Photomicrographs of [ully vitellogenic ococytle in vellowfin
goby. GV=germinal vesicle; YV = volk vesicles (x100).



2. ~HRolE 3 =2F A7EA R Wit A FoEA Hot

oA AdHE AHE D g2 FAEY] Yl WAldo
EAR 2gRol= A FEA *Hpregnenolone (1.3uCml ') Ex
H-17a ~hydroxyprogesterone {1.9uCiml '), “H androstenedione (1.3u
Cml ') (Amersham)-2 L- 15 wjobele] so} wjokzo]of @713

O EE AR Edo] Ao A ezl maR Ao n)ae=
daEs zAbekl fsE, wEAE cE ol ApEH 1Te
“hydroxyprogesterone 50 ngml ' @ W) 58] 4 Z e 2A 9] bisphenol A
(BPA, Aldrich), nonylphenol (NP, Aldrich), diethylstilbestrol (DES,

sigma) 1# 31 246,26 pentachlorobiphenyl (PCB104, Accustandard)

il

2y Ay FRAHE FZA7elAt. in vitro Ao A o]E B A
of gt HRAEe S EgE ol fste] AAgEulg P TE

2E % HCG 50IUml ‘& d7hg A4 % 2389

Y R0l FEHEL EF AHERo|EY EAo A
o w27 (B0FP, Merck)el ®ERAZ 5 wHgy &340
(benzene : acctone = 80 : 20 2} benzene : ethylacetate = 80 : 20) =

oM HAAMAE AR F g2 WE A2 dAEAEY vy



& ElL E2v 89= F7|&, Post 17 OHPS: WA Aekg #aja
WA 254 nme] 2k el A Zelshod o)

aF el yebd diAME A E L AR AR (autoradiography,
Fuji Bas 300022 A&edsted o], Aeel ® wrio] shd =i A
7HA =5 ek 5 e £3-89 (dichioromethane : methanol = 9 :
1= s e AL A S gaschromatography -mass
specltrometry(GC-MS)2 A ghel 514 o}

Ao AMEE GC-MS #AEzPe FUv 27 2707C,
splitless mode& o] &3to] F3i8k% v} interface®] +-S& 270Co|H,
DB-5 column (30 mx0.32 mm 1LD)E& AF&3}9ic).
wejahe] $Xs B0TAAHE 240T7H4 20°C/min < &, 240°C o A 5
Bl 260C7bA] 2C/min 18l 265CHE 300C 74 15C/mino 2 A%
A

1l

W e eh FAE T

HfEst dRAEe  widAe g rAstsle] =g e

il

i

(cthvlacetate @ cyclohexane = 50 @ 502 23] F& F estradiol 178,
testosterone  (T), 17,208 -dihydroxy-4 pregnen 3-one (17¢208
OHP)Z =ttt atel FAal B2 n dejel 4 Aida et al. (1984)
of whe]

c}

A
2
b AR A S A (radioimmunoassy)ell 98] A5



Rabbit anti-E2-6-CMO-BSA &4, anti-T-6-CMO- BSA &4, =L
g anti-17 ¢ 20 8 OHP-3-CMO-BSA &3+ Cosmo-Bio Co. Ltd.
(Tokvo, Japan)ell A +$6t5% 1, standard 2 £ 2 Steraloids Inc.
(Wilton, NH,  USA)E5¥ TUetAT. EE HALEEA
[2.46,7-"H)-estradiol-17 8, [24,6,7 *H]-testo- steronet Amersham
Life Science (England)=4%8 F)3t9 1, WAL #2172 20 8 OHP+=
Young et al. (1983)¢]  wyel  ofsA (1267 Hl-17e
-hvdroxyprogesterone 2 H-6 44 Hdgog d& 3 TLC & &
2 3k S ALgstdTh

E2, T 2913 172208 0HP RIAAS] ol HA AEae 7zt
125 pgnd *, 10 pgnt |, 10 pgm¢ ! o192, assay W (intra-assay)S
assay <F (inter-assay) W AT E 50% FAZ oA xAe A3,
EZ RIAAIAIM = 34 (n=3)9} 11.5% (n=6), T RIAAINIM = 23 (n=3)
2t 125% (n=6) 18l 172¢2080HP RIAA G A= 32 (n=4)9% 95%
(n=8) o]t}

E2 #Ale] wWal82 estron, estriol 28l3 Tol]l disted z+zF .59,
0.9% &3 001% o, =1 29 thg 2H ol 2EEd o3
A 001%  elste]  wAEE deHld T @A e
dihydrotestosterone, androsten-3, 17-dione, 11 -ketotestosterone ~IZ)
il androstenedione®l| wistedd ZF7F 2.7%, 05%, 0.5% 2E]li (.35%0°]
N2, HE AHEolus 2253 E 001% olete] wAES Yerdoh

17220 80HP &A19] wAEL 17,208 -dihydroxy -4 -pregnen-3-one



(17220 OHP), 17 @ 208 .21-trihydroxv-4-pregnen-3-one (2058 -S)
12l 17« -OHPAl Wisked Zhzh 39%,  1.8%, 0.8%°)% i,
Progesterone¥ & AHZolmd 22 5= 001%9 wA&S UE

Wo.



m. 2 s}

157 dRAxe 2gzol= dgAER F4

=AM=Y  H=7l dAa (FE 0 079 mmyE giAoe s
H pregnenclone, "H-17 ¢ ~hydroxyprogesterone =% “H-androstenedione
= A7 EHE Arletd AdE ~HZoE AR 2L Fig. 29 #u}

"H-pregnenolone® 28 A E A golmEe TLC Abe] BAL 17
a2080HP, T + E2, pregnenolone (P5), estrone (El) 59 B&EZax
x5t E v} (Fig. 2-A). "H 17« ~hydroxyprogesterone = 58 A5 2~
Eol=i= 17¢2080HP, T+E2 I1&]y Ele| whxp Qe
2-B).  “H-androstenedione®. Z 38 MA ¥ A Tol=52 E29 Al
El19 W31 o As 9 h(Fig. 2-0).

fHel A bl dyEdsRE A" Fe giEEE F 172208

2. DES, NP, PCB104, BPA7} A 2H 2ol T =22 YA
Aol M X= 4%

Ha3gd 3 38 (germinal vesicle)o] o] %38}7] Al&tsl= A4 T
(4 072 mm)e GERAELE dydoer ~HRZorE Hygd (7o
OHP (50 ngmlH¥ A~Eza4 WEuAZei2d DES, NP,
PCB104 1&)it BPAE 2t7F 100 ngml ' #7bete] wiekst AE Fig
4, 59 ok



| T+E2 =
e | T+E2

§ |17020BOHP

B |1702080HP

Fig. 2. Autoradiograms of steroid metabolites from mature ovarian
oocvtes of yellowfin goby incubated with 3I—I—pregnenolone (A),
"H-17 @ -hydroxyprogesterone ~ (172OHP)  (B) and °H-
androstenedionc (44) (C). The metabolites were scparated by thin
layer chromatography and developed with benzene : acetone (4:1)
and henzene - ethylacetate (4:1).
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Fig. 3. Mass spectra of steroids produced by yellowfin goby ococytes
identified as androstenedione (A), testosterone (B), estrone (C),
estradiol -17 8 (D) and 17 ¢ 20 3 ~dihydroxyprogesterone (E).
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Fig. 4. Effects of DES, NP, PCB104 and BPA 100 ngml ! on steroids
synthesis of vellowfin goby oocytes. The fullly vitellogenic ococytes
were cultured with precursor 172 OHP 50 ngml* for 48 hrs.



+ HCG 50 IU
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Fig. 5. Effects of DES, NP, PCB104 and BPA 100 ngml ' on steroids
synthesis of vellowfin goby oocytes. The fully vitellogenic oocyvtes were
cultured with precursor 17 aOHP 50 ngml ' and HCG 50IUml " for 48
hrs. *! significant differences from 172 OHP control (P<0.05).
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HCGZ A=38h4 &2 A3+ 5, -HCG stell A DES, NP, PCB104
12l BPAE 17¢OHP 79 vlis] & uwl, T, E2, 172205 OHP

e

A
=

Aol obid s v AR ekt (Fig. 4). HCGRE 2p=h& i
A7 & HCG 8tolM Tel %% 1700HP tiz19 vlus) 2
DES$t NP Ad7ellA #elstA 7kskaly (22 p < 005), BPA 4
dFeAME FrhstRA Rt fel@ Aol itk PCBIO4SI A= kg
o] FAadds wAoew Fow Aboliz HelA wrdv) E2¢) A $n

PCB104oll A1 <k7be] zha# Aol Babs|l ol 170 OHP 2 F9e] &

,d
tio

23t Zol= §1AUt 17¢2080HP AA %R 17¢0HP 279 v
ws] # uw DES, PCBI04 2¢]3 BPA A8 59 ze)l7t ¢l ot NP
AP FAMT T4 d4S B9 (Fig. 5) (p <0.05).

3. PCB104¢ NP9 ¥=4 HAE
Yol 076 mme WYEAHEZE Aoz 17¢0HP 50 ngml ‘7
PCB104, NPZ 7bz} 0.1, 1, 10, 100, 1000 ngml * S & H7is & A

sH ol AYAAE vws] B Fig. 6 4 7, 8 99} 2rh

(1) PCB104¢] &3

"HCG slell Te] 44 it 1000 ngml ' 2E 7ol 718 =3
o, 1 ngml ' oAE ¢kzk FrhstA ot fold Aot Atk E2el
ZA9-% Teh FAR AYS BAth 17205 0HPS A4 e 13 1000
ngml ' XN 714 %A dEbd (Fig 6).

+HCG sl e T A %%+ 1000 ngml ‘oA 713 =4 el
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Concentration of PCB104 (ng mI'")

Fig. 6 Effects of PCB1O on stercid synthesis of yellowfin goby
oocytes. The fully vitellogenic cocytes were cultured with precursor 17
e OHP 50 ngml Y and various concentrations of the PCBI04 (0.1 to 1000
ngmi " alone for 48hrs.



31 + HCG 50 IU
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Ing. 7. Effects of PCB104 on steroid synthesis of vellowfin goby
oocytes. The final vitellogenic oocvtes were cultured with precursor 17
a OHP 50 ngml ’, HCG 50IUml* and various concentrations of the
PCB104 (0.1 to 1000 ngml ) for 48 hrs. * significant differences from
17 OHP control; x: differences bewteen treatments (P<0.05).
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30 -HCG 501U

_ Testosterone
S 2t
[4]
Q
1]
E
> ir
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= 1500
g
Q
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E
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Fig. 8. Effects of NP on steroid synthesis of yellowfin goby’s oocytes.
The final vitellogemc oocytes were cultured with precursor 17 OHP 50
ngml ' and various concentrations of the NP (0.1 to 1000 ngml ') alone
for 43 hrs. x: Differences between treatments (P<0.05).
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3. + HCG 50 IU

_ Testosterone
£ 2
o
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E
> 1 J
e /T/
0
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Fig. 9. Effects of NP on steroid synthesis of yellowfin goby’s ococytes.
The fully vitellogenic oocytes were cultured with precursor 17 ¢ OHP 50
ngml ', HCG 50IUml ' and various concentrations of NP (0.1 to 1000
ngml 3 with HCG 50IUml " * significant differences from 17 @ OHP
control: x: differences bewteen treatments (P<0.05).
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pal
=

E22) AAe 1720HP 7 vwa 2 o, 019 10 ngml |

off
"

dalqtell Al AsdAS YEhgn (p <0.05), 0.13% 100 ngml ' A

a2
—

doll Frelgt Aeojrb vhebuivl 1720 80HPY] A $-% T2 &4

(2) NP2 &3

“HCG stell A Teol E2¢9] A2 NP9 wuo d3+So) o o
ol gldew, E2v AAde] 214 A2 100 ngml ' A4F =
ngml © Abolell Folg ol WAtk “rvlv 172203 0HPS i+
170¢OHP fzqtek vjus] B o v A% pola Z7F 848 udo
o, 53] 100 ngml A b =& FS wlv} (Fig. 8)

“HCG stellAl = T} E29 A4 49 F¥zbel 598 2o 2
wolx ket 53] E2ol 49 100 ngml ' AR L2 A9 ms
NP 2ad-feltd Qs ddes Bdon) folsh Aol vehbx) gheboh

17a2030HPS M4 &S 17¢0HP thx+2 vwal 13 100 ngml '
ANA FretetAl Frkstd el (p <0.05) (Fig. 9).
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o Ak 4ol EAwLe] waRHE AAEE A Ay
molr TR TS e oAb WREYA FAoEd Lol o

©w 17¢2080HPe] Al wlA s d2ERAd WEeAgelE A,
DES, BPA, PCBI104 re]lir NPe] d&& =AFshsivt. DESe2F BPAL=

7b2 71 sheepshead minnow (Cyprinodon variegatus)®t T4 71 &

m‘r

ool Al vitellogenin 343 FE8ts dA~ERAA Bd857 2dea ¢

C e

o} (folmar ct al, 2002: Lindholst et al., 2000). Z2¢jiv} 2 A ge]x9)

\L‘i:
Lo
g,
41

] 19] 11'J:

o

D47l A% dzoMel E2 @AolE obnal st
WA ekelo

PCB104+v= ol A= 2 AE-3] (estrogen receptor: ER)9F 28 o)

ki

of o 2ERAY BHo] =& Aoz HuEUAM (Fielden et al,
1997), %+ Aol i E2el 4AdE dAaA7lE Ades vEREcl PCB
T3E9) Aroclori2ddel =29 Atlantic Croaker YR A Eo| A& o] 9}
e Aot s eldd (Thomas, 1989 - 1990). 4 =3F <ol f 9
Haol A E27 cytochrome P450 aromatase &2~ &) A=t
(Young et al, 1983). %X, Rana catesbeiana® 7% <t== 7o)

o] mael EE Asiste] E29 B4E #HAAFe] RuHUC (Yu



et al, 1993). =3t <teol~EZAA 222l polyeyclic aromatic
hvdrocarbone}l x| ‘W 4-9] cytochrome P450 aromatase 412 # &)
stel E29] A& odAlA g Aoz deldA (Monteiro et al, 2000).
TAds drAdadae E2 Adel  AA4d 2l PCB1047}
cyvtochrome P450 aromatase®] 48 A7) QHEY ~ERZ A A o

z 7ted Aow Azt

—= 1z

TE olvlg T2y Aol Wl A WAL dEge 1A
Aojth, Az PCB wol waxl ofrolAlA] At Aojo] H& %
A S, Z1E et L)y gy Y] 1] Wl T A A el E A
Yol R (Billsson et al., 1998: Waring et al., 1996).

NP% PCBl049F viszebsl 100 ngml 'S #9218k 01, 1, 10, 1000
ngml ' FEolAM E29 AL AAAA foleh Aol AUt
(p>0.05). £3& 13 100 ngml A 17¢2080HP AAZ=AE3S
LT Giesy et al. (200002] 2 aroll 23 NPel| =& ¥ o] 79
E2 %7 Z7FT e NPT 3 H oz o o neER
et okaith 4 nonylphenolell L-Z® AN FHolje] A I E2

2F Tel F%7F zHAskd A, o] HE follicle stimulating hormone

(FSH)el = 9lgh B el Aol Hsle wjiEeleta 5%
(Harris et al, 2001). ¥ 248 % NP vH4 2 aromatase $H4 2 &3

Fol vk G gol s BAEE suRels mARAE ¥

ity

gAY 17220830HP7 T HesREZo R e on ofn)add
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Hoin vitrodl M VR AES] GVBDS wl@Gico] v vrhet gasl gl

-

= Ao E vhepytoh ggba NPel 2zt 17208 0HPe %71+ E2¢

grash el By dudy HE40 dUE F 5 AL A

2

ofet Abmylvh QFEJoAm R A4 WiuA Gl dng L8 Fof

LW TG AF 17e20B0HPE B A e 27

Ao ® HIEYY (Van der Kraak ot al, 1992). & & FofjA] NP

F

= 17208 0HP2) A4 & E78te] GVBDS AHahg 2267 +7)
s FeE F AdS Aol AbE
wAWEI W] 172,208 .21 trihydroxy -4-pregnen-3-one (208 8)
7t AdssE 228 Alantic CroakerolA  PCB &g&E09)
Aroclorl254y= 20852 GVBDS wiifr=5 A AlZh (Ghosh and
Thomas, 1995). 23+ Aroclorl254: 2ol A 3= HCG3el A 9] A&
FREE SHAIEYD (Baek et al, 2001). %M 52 Xenopus laevis® W
RAE Aol E2 W xenoestrogend A4S gatvl o
T o2 RwaEAdY (Pickford and Morris, 1999).
ol e walE o ~ERZAAN WEa A Gl g dEe] Gty
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