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Effects of estradiol-17f (E;) and 2, 4-dichlorophenoxy acetic acid (2, 4-D) on vitellogenin
(VTG) production were investigated in primary hepatocyte culture of olive flounder, Parali-
chthys olivaceus. Highest survival rate of hepatocyte were observed at 27°C, which markedly
declined equal to 50% of those of 15°C. Vitellogenin production peaked at the concentration of
108 M E,. No effect was observed on VTG production at various concentrations of 2, 4-D.
However, a low concentration of 2,4-D (ie, 10-8 M) only appeared increased VTG production. E,
or 108 M 2, 4-D-primed VTG production was markedly inhibited by the addition of 108 M
tamoxifen to the culture medium (P<0.01). Inhibition was not affected by combinational
treatment with 10 M E; and 10 M 2, 4-D. These results from the current investigation
suggest that 2, 4-D mimics E,, but the mechanism of reaction in inducing the E; receptor are
different in VTG production in oliver flounder hepatocytes.
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Aatez 317 @ ol th3}l biomarker@A] VTGol| 3§+
A7 s AysEw %lU]-(Sumputer and Jobling,
1995; Hashimoto et al., 2000).

VIGE o794 ol o} ¢4 fresdle 2282 £
7} GFR ez WA 95 FAMEe] Oncor
hynchus mykissel| leiA e} VIG #4-& E.8] 9% F
duto g fxF o]z x]ut (e, 1998), WAe] Anguilla
japonica®] o) QANE B¢l 4% FodzE 4
o] o] FoJX|X] %7 growth hormone ¥+ prolacting
FA Fosledol mho] FAHE Aoz A=A Qo
(Kwon and Mugiya, 1994). 18] 1, F%¢] Carassius
auratus®} 5] Gobius nigerel] $le]r{= testoster-
one, methyltestosterone % methylandrostenediol® 7
L FAz2Eo o3 VIGH Ao fESE Aoz
B 715 37 ¢)v}(Hori et al., 1979; Le Menn et al., 1980).

o go] A #Ae] 2ol el HEPA A, 71
3 Ak HEEe] ez f4He] FAHPozH
AefAE A 73 et o]8 g LHEAE F Ex9
AL 2H8-g Sl Y EBNAE aHFoRA AE2
WA S AT BAES #Hs=Eoley &
S BAZ 2Rl A& Y AEA Fo 5SF, 1
i dioxins, polychlorinated biphenyl %! bisphenol A %
€ TPt 100 Fo] Y= EAE] £HH sl
2 F AzAd =¥FHeo] 9l 2, 4-dichlorophenoxy
acetic acid (2, 4-D)¥ 1950%1¢] Fekos FEHo]
19953717 FyA AFE45o]F A axin(AEIZ=2E
o A3z, wFAl W Ak EE HAsAl o
452 &4 o]t} (Short and Colborn, 1999). =& #|%
59| 2,4-D& =f{ AAE I ez o
A xFo] vz o]4FHE Aoz deid U
(Joseph and Chennubhotla, 1999). FHE6] gleirs= A
32 433}, 3 triiodothyronine ¥ trtraiodothy-
ronine®] ZrA w4 Wl AL Feke] 7b4 74, A1 9
2348 wid Feo] BaE 3 ¢lo} (Charles et al.,
1996). =8+ AA17E 2,4-Doll &% Leydigh XA+
steroid Al o] &A% u¥ld, in vivod|AM 2] A testos-
terone ¥ ¥ Z4H4dvy B3¥ 3 9)v}(Zhavoron-
kov et al., 1998). Cheney et al. (1997)2 2= | Fol )
o]A 2,4-Dx A¥x i @77 xFellE E9 &
ARgh g Ababg-& el gl e, s EeME 238 o
Adke Aoz H3stm Qi 0|k 3o 2,4-DE ¥
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o}

e o LY

LA 22 uf o}

1A Paralichthys olivaceus= 20001 2¥Y|A 6Y4
AA AFdtr sfFdFad AFR A F 640+ 24
gel NAE AM&stydo. YA+ 0.01% 2-phenoxyeth-
anolZ vl E Al F, 2t ¥4 AL sk
ZHEHel Ca*t & 718l ¢b #F-& buffer (120 mM
NaCl, 1.22 mM MgSO, - TH,0, 4.7 mM KC], 1.25 mM
KH,PO,, 23 mM NaHCOs, pH 7.4)8 ¢F 1027} @73}
At} (5~8 mi/min.). 7 ¥ 0.3 mg/ml collagenase (Sig-
ma) ¥ 0.98mg/ml A& A 4R (Sigma)S 33 &
& buffere] ¢ 2087H(5~8 mVmin.), 28|37 2mM
EDTAE #H7l3ld Ca?t Y Mg?tg& AAZL AFE
bufferell °f 1087+ 77} #F3l 7/ F AL
100 ml w]lo]#He| o] Ca?t-free ¥F-4 bufferz 33
A g ¥, 50mle] #F-4 buffer ol R7t9i=2 &
A BFARAZ S 24 M 2R IYer oL Eed)
o ZHA 2 | FHAIF] Fof U E-2] (T00rpm, 2-7)E 33]
HhEdle] ZRAAME oo AR MAAME, By A
z, Az A Y Y3 F)E AAAH-

2 SA3E A8 250 ml T/C Ee}A=(Fal-
com) 2x10°%702] Mx U=z wjfatgnt. wl el
0.2 uM Bovine insulin (Sigma), Streptomycin (100 ug/ml),
Penicillin (70 pg/ml) 3 NaHCOj; (23 mM)& 3713
William’s medium (Life Technol. Inc.)& °] &3} 7+
A vioFed 20mlE H7psle] wi oFsldet. AR i F
23Uz Wty vkl 39 HA oz wakskelct.
e w = 15~30°C2] HoA 2.5°C 7oz 7475
AA sl HAH 2=F A

2wl kA X AES
ok 2o AEE mebe 98 MUY F= F 0.08%
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EDTAE =%#3%F <Al buffer (137 mM NaCl, 2.68 mM
KCl, 8.09 mM Na,HPO,, 1.47 mM KH,PO)& H7}3)
AFAA WFPA 2RE PN zE B2 AZ 0.05
% crystal violeto] Z%¥l 0.1 M citric acid=2. 2] uj
GAEE 247 B¢ AT, AET AE £
Thomas 8 FAALHE o] &3l A A3l

3.E; ¥ 2,4-D¢] ¥ x wWale) wE VIG §4

E;(Sigma) ¥ 2,4-D (Dr. Ethrenstofer GmbH)*= 95%
etEz g3t ¥, 3U7ke] A wiof Fell 10°M~
107° M2 =& Arlste APE Hatdot vifye
E; 37} 0,8,6 ¥ 9UAE 3|43l 3,000 rpmoiA] 20
2+ AR E sgoh 18, 2,4-D2) 247
At zALSE7] fl3ted 6 Bt E; Y 2,4-Doj} 93
VTGS A& =3 F E, 2342 ¢=% tamoxi-
fen (Sigma) 10° Mg AH7leliet. 2 d EA& A8
Laemmli (1970)2] ¥ el] ulz} 7.5% SDS-PAGE= X
2] 8}e], coomassie brilliant blue R-250°.3 40%7F 4
Asteet QX VIGS 88 SDS-PAGE ¥ 4447
o Jehtes 3 83 o] whiidlql BAsF 175kDa
9] Z 7}l wsiel

4. AL

A3 ZA#= Student’s t-test £ One-way ANOVA
& AA|3}le] Fisher’s PLSD-test® 3j3l9ony, BA4%
A2 P<0.012 #dsiset SAlE ZAdAe 24
arcsine?] $x|2 A F FA £HE sl

42 #

Lowjtajxe] A&E

Wx)e] 744 2= collagenased] 2] & wiEl o} 85
x 108708 M 27} EElEglen, 29 YEE2
90% o|Ate. = eldt}. Fig. 14 15~30°Ce) 7+7+9]
Aol HE v A Ze] YEEE epd Flelt)
WX 9) wiek ZHM 2= 27.5°CellA] wloF ¥ 49 2 8y
o Zb7} 14.9% B 17.9%2 7tasted 714 & J=2&
& vepisich 22, 20~27.5°Coll A 9] wll gz el A
£ #FAg Aol vehtA] bkl 17.5°Cell gleiME
AEEe] /M ¥ 27.5°C Aol vla] F95hA @
L AEEFE e Yo (P<0.05). E3], 15°C2] A&
AME e F 49 W 8ol 22} 39.6% U 47.6%% F
23| AELEe] Fadigled, Y& Az sleiM= b
Mookl vep s 22 dE flelE]E AR
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Fig. 1. Effect of temperature on the survival rate in pri-
mary culture of oliver flounder hepatocytes for 8
days. Vertical bars represent the average (mean+
SE) percentage of five experiments. *P<0.01 for
27.5°C. (—o0—, 15°C; —e— 17.5°C; —o—, 20°C;—m—,
22.5°C; —— , 25°C; —4&—, 27.5°C; —¢—, 30°C)

3=
2.E; % 2,4-D¢] sxd3e & VIG $4

E; 10 M~10"°M2| F=& H7}sle] §AR VTG
SDS-PAGE Z 3 Fig. 29} ot 4 <Al wjef
Aol E. 8 H7MEE ¥ 3Y 1A o2 23] wmIpsiglen,
FA-L 6dA 2 wickd g FH5dle] AN 2 A
3, VIGS] Wi=x E; =2 Z7iel ot gaAe] ¥
otz 10°¢MeilA 7}k AsA elstel. vbd, 1075 M2
s redME 238 N ga gEiA = A
E YeElfidel o]W2] optical densityE w)ms| 1w,
108M, 10"M % 105MeilA] Z}z} 0.08,0.14 2 0.269)
£ & JepiicH(Fig. 3). & AYA A3 43 o
F=2 E; 10°MollME VIG Ao F43] Fasle]
0.108] X% Jepliglel 183 B, & A7lskx] 4
Yzl Bl EF Ar1g 2 E A2 sle] VIGY
o] #3H & $£XE JeERANT(P<0.01). ©]¥
& HAztz Hof, (X o] TAE wiok& o] &7 VIGE]
FAolE E, 10°M A F7} 71 At Aeg AR
o},

2,4-Dx 108M~107°M9 58 Algslgdon, u)
A 3 HH oz sl wiF F 0dA 2} 6UNR
o] 34 =hfale] SDS-PAGEAE b+ (Fig. 4).
2,4-D9] H7lel] w2 wiof ZHM 29 PEEE EF A
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Fig. 2. SDS-PAGE showing the effect of various concen-
trations of E, in the oliver flounder hepatocyte
culture on the induction of VTG (arrow). Spent
media were analyzed on day 6 after E, addition.
M: molecular weight (MW) marker. CBB stain.
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Fig. 3. Effects of various concentrations of E; on VTG
production in primary cultures of oliver flounder
hepatocytes. Spent media were analyzed on day 6
after E; addition. Vertical bars represent the
average (mean+ SE) of three experiments. *P<
0.01 for Es~-free culture.
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Fig. 4. SDS-PAGE showing the effect of various concen-
trations of on the induction VTG (arrow) in the
oliver flounder hepatocyte cultures. Spent media
were analyzed on day 0 (upper) and day 6 (lower)
after 2, 4-D addition. M: molecular weight (MW)
marker. CBB stain.

A7 e Aoz e (Fig 4). 97]4 E.& 37}
ol wek VTGS §4do] o] Fe]x 175kDa B-IZol| 7%}
3 JAAE 7R VTGS i =7} vehde) 2,4-De) A
7ol el 108 Me] Aol Hrle glejM:
VIGS] el vepsteont, 7 ®e} 2 107,10 Y
10°Me] FreMe 2383 VIGS] §4& A¥ et
=) ekske}. 223, E; 108 M3} 2,4-D 10 ME 54
ol 71 APglME VTGS A o] 7hsiA el
ok & A HE VIGE) $Ak .0 Atel o
8 30.1+2.3%2 X8 Jeldig e, 2 4-D 10°8M)
A7l M= 18.44£1.8%2 $AE e Aot (Fig.
5). 18] 31, Eo2k FAlell 10°M2] 2,4-DE AHrha A9
Zol e VTGS Aol 302+2.3%F Jelfe] E,
€ 2502 HWh A¥ZH fod zele dehiA)
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Fig. 5. Effects of tamoxifen (106 M) on the production of
VTG in the oliver flounder hepatocyte cultures
stimulated by E; and 2, 4-D for 6 days. Hepato-
cytes were primed for VT'G production by incuba-
ting with E; or/and 2, 4-D for 6 days and then
tamoxifen was added. The activity of VI'G produc-
tion was estimated for the relative optical density
of VTG to total proteins after SDS-PAGE. Verti-
cal bars represent the average (mean+SE) of th-
ree experiments. *P<0.01.

%sketh. Tamoxifend E; 483 (ER)$}S] Z el i3
Agae-g 7k ZAgAz gelx 19 (Jobling and
Sumpter, 1993). 2 QFoAM= E, £+ 2,4-D2] A}
o o3 FAF VIGE tamoxifens] FHrlol &JaiA
VTG &4l o] f-2]3A A= gl (P<0.01) (Fig. 5).
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P Ze] ke ZHFY SAAE dE AMEEHR
sl 2™ (Inoue et al., 1989; Guyomard et al., 1990), A}
TEQ 2F, FMF MR AH R 3220 Ay
of #3 AFE 93 FyA o|4FH Ut(Kawahara
et al., 1987; Liang and Jost, 1991). o} Fol| leir{e] 7H
Az vk wWiAge], FANEoE dAloz o FeH
$t o1} (Peyon et al., 1993; o, 1998), E-5-7-2] A} =l ok
o wiaj] M=o 23 3 Al gley v]FF Aol wet
B3], & A7l AMEE A9 AL Aol /E A
o2 ¥ ZAMZ wigkl #E A7 AFT oo
o]F 1L Fo wet M 87, 53] HApLe] 7E
oz s N Zefofel o] &EHE FEHA JiyEEas
(collagenase)®] 2}8-3 A zof] A e 2x Ao &
g A AP Qo) o] FoiAof &k 2 AFe] 156~
30°C i<k i loll M ZHH £8 wi k3t 23, 27.5°CH )

F2xoM N E7}F 7} B2 YEEE R,
Wk A E] YEEL 17.5°C o]l FAF] o}
A 7A%FE Jeplige Yt oz YR Aty &
22 11~23°C2 od8A sloewz (FYPFAAEFY,
1987), VTGS A& A% ZHAE wisk HAAL=E
27.5°CollM 2] A& & F-8 jolg YeliA U2
20~25°C2] W97t e Aoz A3

I AE2 WEvAE mEkste] F2 Ao ofed
FE X ez 4R 332 R A7 F=2
VIGE biomarkerZ 4 Apg-3led AP glo}(Sum-
puter and Jobling, 1995; Hashimoto et al., 2000). 18]
v, I s RRo] invived] ATEE AAIH z2H47)A
£ Tt $ s o] QAW Aeeed VEL
2 AR oleE Hel Yot o]of] 2 ATl
28] M ZE okt AzAle 2¥ES e 2,
4-Del] o8t VTGS A 2 Fu)o gt J3ke H3
319} 2,4-DE MEe| &43& 718l M Z2RE
obu] :Abe] HARAME-E WHEAIFIE oz BuET )
t}(Cheney and Swinehart, 1984). w}2lr] 2 QA=
28] wiokel slo] 2,4-Deol| 28 Hxw} &448 F
g THM Z o] AEFo] PolAl Ao oiFE Fglon,
2,4-D 10#~105M2] F=ME E; 7179 A&
of QlelA #2138t 2ol & vtepiA] ksket. e, vk
717ke] 12941 HE& 7td o, 2,4-Def| & A xte)
£4 Bl dalidE 2ATAQ A7 REFHARA o}
& Zlog oAA

2,4-D2] WEu|A 242 A = DV ko
ZdE E8t AR 24-& JepliA|El 2 EeM e
238 2 #ge] JAHE Aoz RIFHID %
(Cheney et al., 1997). ¥ Q7oA VIGE 10°M %=
o] E.& H7Iet Aol vl fel3HA 3 207
sl et 108 M9 2,4-DE w502 A3 AR Z
A Aol o] FoiFH et 1By, I EolAE VIGH &
AL A o] FARA] edsterd, o] AL EE AHIIEHA
4 2T H Fo8 AolE vepliA] st 18jn
ER}2] A3eE Adsh= 7lez 9de)xl tamoxifen®)
HrAel 8 VIGS] @4l ANRE Ao veht,2,
4-Dt Exsh #4148 $o) VIC P4 E fFEshe
Aoz FAIAG 18, 2,4-D2] VIG ¥4 2H4-¢] E,
o} Y =gl A8 A S, B8 2,4-D2) F4)
FoAE VIGHAE AT ez FEFHAx oM,
VIGEAS AAl&d= Jeptz] it o= A2
2,4-D9] #-g-o] VTG 4 & =37 AL E,
9] 23 oA o Aoz JAZIG

A ZANA 2] ERS ERa ¥ ERf7F 7z &4 31,
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dut e 2, B9 7§l ERa W ERpE 7538 vl &
2 A¥ste Aoz d8iA 9 oh(Tkeuchi ef al., 1999;
Xia et al., 1999). 12|}, nonylphenol-2& ERas] 43|
ERpell %-& AgE 39 (Kuiper et al., 1998), E;7} ER
2] Age Asgtr B 3537 9o} (Lutz and Kloas,
1999). 2,4-D2] 9+ o|ujgt ER#} ojujdt w|g= 2
& Fevtel dsiMe ofz Byl 2 o FeA
2,4-D2] 108 M2 @5 B =M VIGHA Eu9
E¢} 2,4-D9] F4A| FH7lM= VIGHA A &)
vehbA] ke 7L, ojEjdt g 9be) Ageky e A
olell & E,° z4AE 4 dE zezdzg 5%
71A o] EAEE Aoz FAE A

M, 2,4-DE ol $4le EEE IFstm e
Aoz 43 Qo (HEd, 1998). ho] LAl ulskE &}
e pEA ZAEgse WEejAe] <d3g uxy
(Hankinson, 1995), cytochrome P450-8 -§-%3l= Ao
2 gAX 1 )} (Heimler et al., 1998). wrebA] 2,4-D
o 2% VIGe A2 ERA:= Hx9| Az &izt
4& AR A 2 B =9 rsAsE WEsln
UE Aoz ARG, o)gdt 3122 HH& ¢4 ER,
VTG £ A 4 cytochrome P450¢] w8t 2148 o F7]
ol Fojzjof & 7lo]r}.

o[ AFe] At Mt o], Ao wjok ThA o glof
A2 VIGHA-Z Ex & 10°M 552 X3ge o 3
H2)& veldois Ao| @ 181, 2,4-De 3
7t QleiME A=l 10 MM E8b #AHEE =hg
€ 7Rge Ae] wEzc a8y, s E VIG
2 §Ado] AY o|FAA 9= A T& 7Y W, 2,
4-D2} ER¥9] #o| oidt wo} M2l A7) 4
28 Hoz AR,

¥ e

Estradiol-17p (E)$} 2, 4-dichlorophenoxy acetic acid
(2,4-D)7h I8 W78 YAl mAE e 9A
Paralichthys olivaceus ZHH| 28] = wjof& F3le =
Arstglet. WA 2] HEELE WFEE 27°CellA
714 A Jebden, 15°Coll e gE&o] 43 7
asted of 50% AE&E Yehh o) Bpoll 218 VIG
o] AL 107Mell M Hej2)8 epglct 2,4-D 1077
~10°M9) B7bel sl VTGS AL olReolAx @
et 2, AEEl 108 MAlME VTGS §A4o] &
7Vt E; ® 2,4-Dell o8 A€ VIGE 10°M
tamoxifens] #7lol o3 folsiA ARSI en (P<
0.01). ¥ A+ ZHIIAM Ez9} 2,4-D9 FA] Hrl=

VIGS) §4€ oAstA gsteh ol=ig ABE 2,4-D
o) Aol Eosh 4AME 288 1N 7)%, VTGS el
1M B, +4M01) e PN Mz e ges
299,

A A

£ 97 199949 59~20001d 449 AAE AF
g g T B F AT 2 SR

B EH
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