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The effects of bisphenol -A (BPA), a monomer of plastics used in many consumer products, on
vitellogenin (VT'G) synthesis were examined in primary hepatocyte culture of olive flounder,
Paralichthys olivaceus. The hepatocytes were precultured for 2 days, and then estradiol-17p
(10 M) and BPA were simultaneously added to the incubation medium. The hepatocytes were
cultured for 6 more days and then spent medium was analyzed by SDS-PAGE. BPA increased
the rate of VTG to total protein concentrations in a concentration-dependent way, and a
significant difference was obtained at concentrations of 10-¢ M and 105 M (P<0.05). In
particular, the rate of VTG to total protein concentrations was 26.36% at 10> M of BPA, and
its level did not differ from the control level with E, alone. E; and/or BPA-primed VTG
synthesis was markedly inhibited to about 80% of the control (with E;) by the addition of
tamoxifen (107 M) to the incubation medium. Furthermore, In vivo E;-primed VTG synthesis
was significantly inhibited by in vitro E;-free incubation of hepatocyte to about 22% of the
control (with E;) on Day 6. The effect of reducing was delayed in a BPA concentration-depen-
dent way. These results suggest that BPA induce VTG synthesis by estrogenic activity through
estrogen receptor mediated response and prolong VTG synthesis on vitellogenesis in olive
flounder.
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Fig. 1. Chemical structure of BPA, DES and E,.

¥ 52 AlEe Z§E] s ABNAEZAl Y 9
ekE o2 ALRHT ¢lE A A=z diethylstil-
bestrol (DES) 5= 315 9o}

Bisphenol A (BPA)= 44 A&elA 4147V B
2 AL FeaEar]z de] AMEEHT s &g
22¥Ql polycarbonates} o FA] $x¢] FAHURZA,
FAE B AR " AAERlez ol &FHI SlE
DESse} 1 ¥AbFx7) wl-$ FARE EAeldh(Fig. 1).
BPAS] E, §AzH8-2] w2 Krishnan et al. (1993)9]]
geia deyx)7] Al=bsledrr. 2E-S polycarbonate £
712 BFs B& ARE3e] MCF-7 A =& wiofst 4
7}, progesterone 5=§-#|7} Zd3lon] 1 ¢ EA-o|
BPAojet 1 X w3lgic}. o] ejell = BPAY: E.9 FYUs}
Al ¥ slA 2RE E, receptor (ER)E 7 %3}l prolac-
tin®] HujE FAAFIYT B 1FH 3 (Steinmetz ef al.,
1997; Chun and Gorski, 2000) 5 ©%2 dFEo| 23 =
a2 gk
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(Miyakoda et al., 1999). =3}, E,2] 799+ ER®] &7/
dl ERo ¥ ERPe] #53 vigz ZHgsie wid
(Ikeuchi et al., 1999; Xia et al., 1999), BPA¥x ERp}:=
Ep9} 5U& zH8-& 7} A%, ERoell WA : E; 214
2] agonist9} antagonist®] A& RF JIXE Hoe=w
B35 T 3t} (Hiroi et al., 1999). 18] 1, Long et al.
(2000)2] B e £)3pw, BPAQ] E; fAbahg-2 wleksl
HZFol] etz 7 2HEukse Hxd £ Aol 7
o} o]A ¥, BPAx= ER#} #I3 =] ¥y 2H4-& 1
Wik Aoze AT glo oA s|fgEel o
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(Lindholst et al., 2000). 7)1, BPAS) Ale] W&t o
32 £Al2] Oryzias latipesdl] SlolA in vived| A& =
Zoll o ARRPNA B389 A3t Y w-Asl4e] On-
corhynchus mykissol| A 2] 33t H-FLE2<Q] vitellogenin
(VI®)9 FAF= Ho] ¥ 1H 3 9t} (Lindholst et al.,
2000; Shioda and Wakabayashi, 2000). 2221}, o] F-¢l|
alelMe] A A4A712) in vitros| A BPA7} oJw & =t
48 FiEte Ao g e 83 deA SR gk
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A Paralichthys olivaceusi= A Fv} st s okd T4
A A& A F 640+24g2 AE AHSES. AXE
0.01% 2-phenoxyethanol® w}HE AlFl &, g 3s 2
o] 2+H& Fejstdrh 7HEH| Ca’to] ZiHA ¢
ZF-4 buffer (120 mM NaCl, 1.22 mM MgS0,7H,0, 4.7
mM KCl, 1.25 mM KH,PO,, 23 mM NaHCOQO;, pH 7.4)&
¢ 1087t F7F8tgc (5~8 ml/min.). 2 % Collagena-
se (0.3 mg/m]; Sigma) W A¥A U39 (0.98 mg/ml;
Sigma)g 3§38+ #F4 buffero] ¢ 2087H(5~8ml/
min.), 2mM EDTAE A7}3le] Ca?t gl Mg2+& A 73
HF4 bufferel] o 1087F 7zt #FslE #F F
ZHA-2- 100 ml H] o)A Yo} Ca?t-free HF-$ buffer
2 33 MAHE ¥, 50mle] AFE buffer el & 27}
Az AA FAAFS B4R M ZE pipeto 2 o
¥ AR Fol] YAE2] (700rpm, 28)E 33 uhE
gted HAAAM E o] 9o R MAAME, Y A=, Al
z9] g 9 HYF HrE AAsA

X FAskE Heldt 250 ml T/C &8 (Fal-
con)ell 2x 107708 Hol wioFalalet. wiokell: 0.2uM
bovine insulin (Sigma), streptomycin (100 pg/ml), peni-
cillin (70 pg/ml) 3 NaHCO; (23 mM)& H7}3 Willi-
am’s medium (Life Technol. Inc.)& ¢} 8-3}ac}. A=
ok 20mlE A7Vt wheFstoich AR wiokE 3
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47t Yato, worel 39 Aoz mPsigl.
2.BPA s X wW3ld ot & VIG §4

E; (Sigma) % BPA (Aldrich Chem. Com. Inc.)¥ 95%
etz 483t ¥, 3YUzke) AR wloF Fo) 10°8~10°
M9 F=8 A7lstd AYg Psigicl 281, tamoxi-
fen 10°M%& A7}stod BPAS} E,9 2874l tjaled
ARSI Mo e AWAN F 3 Hoe 5aa
o 14]1¥-2] (3,000 rpm, 20 min.)& 3} &}ic}. 343 wj
ofl-2 trichloacetic acid (TCA) 10%2. T a8 3 A
2 ¥ 5% TCAZ 33] AA3lget AMAZ DA
sample buffer (0.175 m Tris-HCl, 8 M urea, 1% SDS,
0.5% mercaptoethanol, pH 7.4)2 £-8) Ao}, uzl.e
Laemmli (1970)2] H}l¥je] ulz}l SDS-PAGE=z. Re]s}
o], coomassie brilliant blue R-2500.2 4087+ <33}
Aot ¥ VIGY -2 SDS-PAGE ¥ Al A%7]d)
vehts ofF 4 Eo| whlalel ¥R} 175kDag)
Aol whglel. VTG "l = (175 kDa): densitometer (Bio
-Rad Lab.; Model GS-710)& o] &3} & daiale o
gk VTG9] optical density 2|8 Al E= vehlgd.

3.VIG §4 #X= 2| BPA 37l wE X
A4 VTG 4 a3}

VIGe 34 f=x YA el E; 1mge oA
% 100g % 0.5mle] propylene glycolel] £-3]3led FA}
2 YAt FA; F 5949 Y2 RE N EE B
23te] wiokE shgich 247 ALAuieke & 3 E,
BPAE 37lsle 39 717 oz wokd & 348l VIG
Ao Wg zAbslgeh BPAY =& 108~10°M
2 Brelsich VIGS) RAMEE AR e
v ool A 9] VTG o} 10022 3o 39 = 6dq] 7+
AT AR VTG g HAE=z kst
ehict

4. $AEH

A¥ A3+ One-way ANOVA-testE Al A]3}e] Fis-
her’s PLSD-test& 3 3lgc}. 412 $2]AL P<0.05
2 g3 22y HAE A3 Arcsine?] 432
AR F 54 NS 3o
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Fig. 2. SDS-PAGE showing the effects of BPA on the in-
duction VTG (arrow) in hepatocyte cultures of oli-
ve flounder. Spent media were analyzed on day 6
after BPA addition. M: molecular weigh (MW)
marker. CBB stain.
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Fig. 3. Effects of BPA on VTG synthesis in hepatocyte
cultures of olive flounder. The activity of VTG
synthesis was estimated for the relative optical
density of VTG to total protein after SDS-PAGE
on day 6 after BPA and/or E, addition. Vertical
bars represent the SE of mean for three experi-
ments. *P<0.05 for control (without E, and BPA).
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Fig. 4. Effects of tamoxifen (10® M) on the synthesis of
VTG by cultures hepatocytes stimulated by E, and
BPA for 6 days. Hepatocytes were primed for VTG
production by incubating with E; or/and BPA for 6
days and then tamoxifen was added. The activity
of VTG synthesis was estimated for the relative
optical density of VTG to total proteins after SDS-
PAGE. Vertical bars represent the SE mean for
three experiments. *P < 0.05.

A 175kDacll 73&t €4A4A& 712 VIGE] WH=s) o
Ebstet (Fig. 2). BPAS] H7le] glojM: 108M ¢ 1077
M9 FxoA VIGS W=7} Jehtx] ggtert, 1076
Mol A oFsiA VTGS sh=r} S8stgdon 1075 Mo A
+ 7% dA4E 9 VTG =7) velytd (Fig. 2). o))
] optical density & w]wsle] & e & VIG
2] ¥]-g-2 Fig. 3o el c) 10°8Ms} 1007 M) BPA
A7HE R Ex9t BPAE H7IsiA] ¢e dlzer:
VTGE] gAde] o]Folx)%] ¢ko} & bl g} )&
< 2~3% A=E Jelligldh aevl, BPA 106 M9 3
THEIME 7.65%2 2Fel Bls folskA Frlele,
BPA 105 Mol A= 26.36%2 E, ¥7}72) 31.74%¢ &
ARgE £21E el (P<0.05). E;9) BPA 10 ¢M-&
TAlel b 7Sl VIG 49 44 9 gAzte
< JepiA g3 E, 37§98 $3E Jehiy
oH(P<0.05). VIGS] Ao vehd 2 F3ke)A tam-
oxifen 107 M2] H7l= oF 20%9 Z4E eldo
(Fig. 4).
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Fig. 5. Effects of BPA in vivo E;-primed VTG synthesis.
Oliver flounder was intraperitoneally injected
with 1 mg E, dissolved in propylene glycol per 100
g body weight. After single injection of E,, hepato-
cytes were isolated 5 days after injection. Hepato-
cytes were cultured in the medium containing E,
and BPA for 6 days. Vertical bars represent the
SE of mean for three experiments. *P<0.05 for
control (without E; and BPA).

WA 2RE 7 2E FE])5le] BPAS) Fa3 A7) Q)
o]X 8] oJtell tiste] 2AMEE A3}, VIGE §AL E, 8
7P b2 dzFelME 697 ke Fel uiel
°f 78%7t ZAF K} (Fig. 5). o|# ¥ 734+ BPAE A
7hstell whel iR 73k el i) Fig. 3649}
Zol, 25 FH7E2 VIG] §4do] o]fo]x|x] ¢ BPA
10 M3} 107 M9] Hrlol M= VIGIAY FraA s
< 2o v)E {5 RolRE AEe ehig
H(P<0.05). 18] 31, v}gke] VIGEAE Sx3 BPA
107 MM & wiof 6ol 36%2] 7rAnte] yehyith E,
o A&A<l Hrhe el 3l oF 23%2] 718
P, vl 6ol = 12%2 A el ol
g Ep9] Hrlel]l mE W3l in vivos} in vitrod VTG
FA4%5Y Aold Jal Vel Aoz ARG

I &
VIGE #HZe AEe JRuAE ndsld Fo W

Alol] o3k p|HE Aoz AT E JFo 9le]
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Jobling, 1995; Hashimoto et al., 2000). =3 714 Zujjof
& o| 8% invitro?] AL SAANY = 32§ 7
£ dFe de] AH4Ea gle] (Kawahara et al., 1987,
Guyomard et al., 1990; Liang and Jost, 1991), W&} =]
24714 #evied JE3 Agudolstn & £
et

$Hz=F EAE Fo 4% HFEHEL E; #A
45 FA) AL 34 FIE Vo] U Aoe
odelx] gle, Beresford et al. (2000)-2 &% M Zol Q)
o]4] BPA % 4-nonylphenol?] HrlojAx= E, 379}
TUSHA M=ze] Wzt F2 Aol gl Aoz M)
2 9ok o] 279 A= BPAL A ze 4=
9 Aol Gee AN g Ao Jehidh

Steinmetz et al. (1997)-2 BPA7} YeliE E; $AH2
42 A5 E, ¥} 1,0000 o] 39 myzolM 24
€ 7HE ez Bysa givh 22y, Sheeler et al.
(2000)2 E,9] 100W)9] =l A HE awys
o] 23 ER element®] E; Wh-go] Yehi:= Aoz Wy
3t ¢l 28], Long et al. (2000)-2 2] A Z o)
wel BPAS| ®IZHde] Mz a2 Yele ez 1
W83 Yk 14Y BPAS] E, #AHHES AEE 3o
A GeE 1 Yws} 2eE Aow oA &
A72] ZAslelAE= BPA 10°6Me] oA VIGY] &
Aol Yeh} 1075 Mol M E, 106 M) #Hrl2st A2
FAHEE X8 Jelfe], BPAY = oEH oz VIG
Aol F7HE e Aoz ey w3 VTG A o]
=¥ »E F71d tamoxifen 10 M-E& Hr}sle] 397}
W eksk At VIG 42 FU3HA oF 20% A 52 A
2348 Jel ot Tamoxifene E,o| ER#e] H3&
AR oz oA s} (Jobling and Sumpter, 1993), BPA
2] ER 7 #8 5% &7] sl mXEe g A
8o} (Takai et al., 2000). wehA], BPAd] & FA49
VIGE ERE 743 E #A104el o9 Anety 3
At

D, o Fl Yl A 4454179 BPAY) =253
& Asole 228 2art dehbe Aoz wus
3 3)t}(Shioda and Wakabayashi, 2000). o]2]3 3-3}
&9) Bar 4 Al Hxege) gERel o
HE $E5% Ros oj7Axy 9o BPAY 22 3
EAL AEAY WAAA 32250 dE AN
2] feedbackZzt8-0 5 o] o]Fo|RR| ¢gomz E,
FAtEE BrInes A&Ad S} e Aes
AAA & Q7ol4 BPAGl SlHA VIGS] Aol
FEHA %2 108~10""M FEdM = Exoll 93] VTG
2] gAel frEH e HEAME VIGHAY 7

24%e et Byl Hr1EA gk 3l wlma}
o A)&H VIGHAS maE Uehi: Re= w3
Hieh o2zt Az WRulatge] me] o8 wly
AHQ o] Atell wE R3ge] AE 2N A
Aol Qe Aew AR gk Yozt BAz=E
9] E, 44124 2k oh]e}, el wXE Ay
Jgrg volsls A7 Ea o] Foldol & Aoz A
At

y e

Egl~Ho YAm2 o] 45 = bisphenol-A (BPA)7}
vitellogenin (VIG)2] Aol v 93F& x| b
A2E 29 wifste zAREGS. A EE 297 AMA
W oF& 8}g] .o, estradiol-178 (E;) W BPAE ulj ofofoj
A A7 DA EE 697 vk F vk &
343l SDS-PAGER 2A38l¢dc}. BPAE: = o=
Aoz F Al gt VIG v]&e Frislglen,
1076 M3} 10°M¢] F=ollA {23 o] & Jeplget
(P<0.05). 53], BPA 10°M9] Fxo|re] & vhfzlq
o3k VTG ¥] -2 26.36%2 E.7H& 3718 d=23 #
2|gt xolE e A gt Ex9f BPAE ©E =
A A8l f=¥ VIGHA-E wikdo] tamo-
xifen (1076 M)& M7 oz E&8 Hrg A9 o
80%E 234 dA =Y} 18], in vivoslA] Egel
& f=%¥ VIGHA-L invitrodA ZHMEF 6Y7t
v ofgel wiel Ex & AH7HEE W29 of 229%71A] A
HAc} ol g FAaI= BPAY x o&Hoz A
d8E 2F4E veiddd gt JX|elAe] BPAE
E; receptore}e] ¥b-5-& %3} daE 2 zhgd] os)
VIGHA & F=3t3, 33 7oA e VIG A& &
A1 A &AF FbgAe] Sl Aoz &)

AL AL
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