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ABSTRACT : The purposes of our study were to optimize the conditions of the screening and testing meth-
ods for endocrine disruptors, to characterize these assays using several compounds with well-defined
endocrine activity, and to compare the sensitivity between these assays currently undergoing validation.
Two in vitro test systems, MCF-7 cells proliferation (E-screen assay) and competitive binding to estrogen
receptors (ER) were selected to evaluate the estrogenic effects. 173-Estradiol (E2) and diethylstilbestrol
(DES) were used as a positive control in vitro test. Also, E2 and ethinyl estradiol (EE) were used as a posi-
tive control in vivo uterotrophic assay. In in vitro test, E2 and DES showed a strong estrogenic response at
concentration of 1.0 nM. In uterotrophic assay, E2 (0.3 ug/kg) and EE (0.3 ug/kg) produced a significant
increase in uterus and vagina weight in both immature and ovariectomized rats. Although we did not com-
pared the specificity between in vivo and in vitro assays, these assay systems may serve as a good tool for
endocrine disruptors screening methods. Our data indicate that these assay systems exhibit some differ-
ence in their sensitivity to the same estrogenic compounds. Therefore, as a first rapid screening assay for
estrogenic activity of unknown chemicals, at least two assay systems should probably be carried out with
a view of high sensitivity and standardization conditions. Also, a careful validation tests are necessary to
obtain a reasonable degree of reproducibility.

Key Words : Endocrine disruptors, MCF-7 cells, E-screen assay, Competitive binding, Uterotrophic
assay
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EollA kst gejalEl st = 9l (Colborn et al,
1993; Davis et al., 1993; Dhar et al., 1998). =3t 1 3
= AlteME FT 50354t BAde ARG 2 A=k
Hale} fuljk, A3k, ARG 52 A7)l A=
S A o] A s HAFHA /M AAE Aol 9l
= 7o = FA 3 9ivh(Sharpe and Skakkebaek, 1993;
Bnnbaum 1994). v} o R-Eef 79 HEuA A&
AR FAEE B0 AFA R oYJAE Ptk op
2t Abe] EalAle] st G FEATIER A
g AL o 7R HESHA HHAA Akt wfEiA
olo] whEl Zh=2o] |rt A FhdalA A= 9lem,
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2 FAME WEnA Aol A 9 AEY Y &
gt A7 A AARSZ A9 AlFE FAZE eliE
et

dvbgo 2 fFuAl AelE4 (endocrine disrupting che-
micals, EDCs)o]8F A A 219} A7, ukg- A2
713 g 58 AT 280 A, ¥4, o)F, WAl
9 gA 9] A 58 TR A S 9
e fojolt}. 53] ol 3EHEAe] Aol FY=EH x|
F 2R3} Zho] AEiral s oW I =Erolula
= 223 gt A w5 U YES ¥ RS RS M=
WEH)A Aol muEE a9t opel SA7IH AT
2 QA Slledekel] Azt Akst A7) E] AYE 3
o, AF7HA] o] 3jEEAlFo] iR Aol zkg
2 vehd 7EsAlel gluk ¥ o3t vl ek Klowz et al.,
1996). o¢} 23 F Aol #338led vi5 EPAGHHE)
A= HERA AolEd 7N Al 7S 93t =
EEZ /i w2 ) oakS dAsle] FAskA gl
o 2 A3 el AolEA dFE 98 ARTITE
EDSTACMIEHIAIANEA AN 9 Alf A9 d3hE
TABIITHGray et al., 1998). =3k W5H) 4] Aol B4 A
P A2 FAIZ 913 OECDS] A3 YoM E ARt o
oA Eo A gt ohe} o F W FAFFERA] L 9F
AHLE ¢8| glvh(Holmes er al., 1998). L ¥l oh
2}, o] 5 A5l wigt A AlgwS F-sl] Sls) o=
Al FEATHEeE 7 FogdFTIRE A A3
Hell tig} prevalidations: M5 Fell let. dEME
FHIAATFAE FACR BAH ol Ao
H, SElelellMx ofo A3t A7 BSAS <lAlsled
7 ARI\R A AL FALE F A AFAEE 4
Halolom EAAel A& AAEk Q.

wepr £ dT9lM= v EPAS] EDSTACS} OECD
oAA] AAJgE HEB]A Aol B A gl Al S o AE
2 2 g2 A A Hrlel| B8t in vitro F in
vivor| 8-S E5131aL S AlEEA ) disld 7 AJY
Wel & - 3 A= vlzskax) i

. A2 ¥ 2y
1. AlEER

17B-Estradiol(E2), diethylstilbestrol(DES), tamoxifen,
Hepes, ethylenediamine tetraacetic acid(EDTA), dithiothr-
eitol, 99% ethanol, corn oil, dimethylsulfoxide(DMSO),
sulforhodamine-B(SRB), trizma base % dub¥o = A3
of] 22edAl FFHEAEL Sigma Chemical(St. Louis, MO)
Al A F418ki}t. Hydroxyapitate(HAPY= Bio-Rad(Her-

cules, CAY A F-41313 21, Dulbecco's modification
of Eagle's medium(DMEM), phenol red free DMEM,
phosphate buffered saline(PBS), trypsin % fetal bovine
serum(FBS)2 Gibco BRL(Gaithersburg, MD)AFll A 4]
3lojem, AkedA 02 Ful|sl= charcoal-dextrane activat-
ed FBS(CDA-FBS):= Hyclone(Logan, UTyA}ellA 38}
Aot WAk 5-914149) [PHiEstradiol (PHIE2)S Amer-
sham(Arlington Height, IL)AJollA F-J8}g] e},

2. NEHEZ ¥ AMSEE

Al5=2 54 WAl 52 Sprague-Dawley 97 A
=% A EerEAA A5 =AR14(Seoul, Korea)Z
HE| Eof ulol AAAIZE Bt 3] ALE3F F AJE]| A}
L3R}, AR L &5 2242°C, FE 55+10%, F
2 1247 AEERAEE A ARSslE AR
o} & Afgweidet

3MEF Y odfgxA

Abed frakedH| £5¢1 MCF-7 Ml 2% Soto(Tufts Univer-
sity, MA)Z3-8] Befikglch MCF-7 M %= 5% FBS, 1
mM sodium pyruvate ¥ 7.5% NaHCOy’} 37}d DMEM
MRS 718l 5% COt 37°CE FAIEE= wjek)elA
FAH o Al st

4. E-Screen assay

E-screen assayy Soto 5(1995)2) ubHe} wle} AlA)s}
vt MCF-7 HMIZ2Z dAA|ZE wiekst £ 96-well culture
plate(Falcon #353072, Non-pyrogenic)oll A E=S- £53}7]
35 A flask o] vl S mEsl F Alg ol wixE
A|7sle] PBS buffer2. 13] AJAHE ¥, 0.25% trypsin
£ 71sle] AZE FElE 2 F Aol S 15 ml
conical tubedl] EF3l] 4°Cell A UAE=21(1,000 rpm, 5
min)&t ¥ AFSY-L aspirator® A AT A w)
A& conical tubeel] 7}3led MEE A 33 F hemo-
cytometers ©]-83le] ME4ZF 5383 DMEM HiAE
7ty dAeke] M ES(5x10%cellymhE 2A 3T
% 96-well culture platesl] 7} well"d LA =F(100 pHe] Al
FARE 7Bl 5% COyt YA FAl=e 37°C Wik
71ellA 2447 E3t wekst F A7) wellel]l £ e
WA S A AsEAS. A1E-E wiA]Q) 5% CDA-FBSE £
3= DMEM 90 u¥ 7+ wellell 7}8l3 A|@E224S 7 3¢
=82 10pM wellell #7151}, ol SANEEAR
= DMSOeHS #H71sE wiA S ARS3lglem 7 welld



DMSO9] HFsx7t 05%F 93] 4=F 3ot 2 F
AlFEA o] A7be 96 well plateS 5% CO,, viF7]ol| A
647 wioFs} T SRB assayell ¢s] MCE-742£2] 24
& T3k (Soto er al., 1995).

5. 02E23 X2 HAHXN HEAEH

As3H(773) B1YAl Sprague-Dawleydl 2 =2
o] &3] FAE AASL 10Tl TS HEIAT
2-g-e] A AAL FAZE 543 F cold TEDG
buffer(10 mM Trizma base, 1.5mM EDTA, 10mM
dithiothreitol, 10% glycerol, pH 7.4)5 1 g/10 mP¥ 7}3}ed
polytron homogenizer(Cole-Parmer Instrument, IL)YS- o]
3led 4°Coll M A B8l v}. =1 F ultracentrifuge(105,000
xg, 4C)2 60 min?t FAE2 815} 445 (estrogen re-
ceptorg FH)S 15mi®] conical tubedl] FHdlo] iz
FEE ST F 2 mg/miE A3l Ade) o]L=
7R -70°Coll A B35l e (Shelby er al., 1996). WA test
tubeol] YA PHIE2 (10 pl, 1x10°M HEEE)E o
2 cytosol F5(0, 25 pg, 50 ug, 100 pg, 200 pg, 300 ug)
£ 713 ¥ 2F volumee| 500 Wt E%F 50 mM Tris
buffer(pH 7.4y 7}314F. 2 F test tubeZ roller drum
S o443l 4°CollM 20417k F4t whe-AIZl F PHIE2
NAERA $gA o] AT EE A sl

A73A A3 A138-S PHIE2 (10, HE5E 1x10°
M)y} 10 u/®] radioinnert competitors(E2, DES, EE) %
100 W®] cytosols 713ked % volumee] 300 ur} 5=
50 mM Tris bufferg 7}sle] A3 ¥ vortexdle] 4°C2]
roller drumellA] 20A] 7} 52t ¥hS-A17v}. 2 F free ligand
25 AAERA LA} AT ligandE EEIEP]
sl T 60% HAP slurry(*]3 Aol 50mM Tris
bufferZ. v|g] EA1HE 718k} A1 TS ice-cold water
batholl A 2087 ¥IX|ahHA SE 7FH 22 vortexdt ¥
600xg=. 4°Cell A LYAEelshdet. A2 W=l 2.0m/
¢} 50mM Tris bufferS 7}8l 33] washingdlsitt. 23
washingZt §- 2.0 m/2] ethanol(99.9%)2 7}sle] HAPS} 2
88} receptor-ligand complexZ F23}ic). 1 § UAk
2] ethanol A-5-& #3}e] 10 mie] scintillation cocktail®]
£ vialell 7}8le] radioactivitys £33} F | AERA 4~
SAlell Hgk A A& T

6. D45 SES 0188 XJu(HYS AlH
AF 183 ENDS 09 el ¥A% Spra

gue-Dawleydl FH AEGFNF 20~30 g)Z F-ofite} 2907k
AEA Bl 3417 F AHEE 4 72 omlely &
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w2, E2 9 EE T2 = Fejsioich. AF 2090
AlE=3]l E2 9 EEE 77} 95% ethanolell £33t ¥
corn oilel] HEH95% ollekg-2] HEFE7} 5% oY) sl
39720~2297) R dnh FdFS 2R 03
Hekg® 2 SUA3P BRAem] FodHEE 4 mikgS = v
d AFE SAs ATl met AEsI APEA F
oA WY TL Aol AAEIH. AFEES WA
Fol F 24813l BE FEE FF &A1= Abgsle z)
T, A B daE A A AlAste) 4]
& skt =8 AL wet TAE FAHT F AT
453t Whatman paperflell 21¥2 -85 A73t
FAE 3

7. H2ENSES 0|88 X2H|CHELS AlH

71738t Sprague-Dawleydl @7 A= 553, AF
130£10 g)F 12} Ald3le] 157k A3 3oA 314
7l F 328 AASE. FAAATEL i YA
9 4FAFE 150 E T ATHH7 180~190 g
7733 S EHS At Al A 13 F AIFEE
E2 9l EEE YUs 83 9 U oz 3UzF g4
3ol 3|8} o5} wH(OECD, 1999). »HA% Fof $ 24
Al B FES Fof £AUE Apdsle 27 2 A
= A& AN A7sl] FEe SAsldd =3 =)
T wetTAE A3 ¥ Whatman paperl] 2213 4
|NE AT FAZS SAs0)

mz =
1. E-Screen assay

E @7 ME Soto F(1995)9] HPHT Fro| o AER
A AEEAZA dex ¥ E2 9 EEE HHREA
2A ARS3l] ARRE SSHA| EQ] MCE-7H 2] S4]4)
U2 dEe AlEslsich 1A AlZEeiok vXe g3
2] S ZAEsSP] f8) FUd 2eAM QL= @
v}=) 2 9l= FBS % CDA-FBS(Hyclone)} £ F-lA]
Az3t FAd=bxie] A (KFDA-FBS)S A7isle] Al23
Aol w2 d3E ZEslect. 2 A2, HyclonerAts] &
Aetde] AR B d7aea ZA3 3 (KFDA-
FBS)e] MCF-7 cells®] A EZA]o) oJ8S n]x|#] gk}
EAS & g A= Fig ). =3 E ATelME dub
22 MES] o] &FE HHol 5nM E2& AHr)sled
MCF-7 A 3E2] Z2]e] mX& 33 vlwslgdeh wisk 6
U7HA] 5% FBSE #715E wizlell M= wjof Azl we)
MCF-7 Al 28] $41& 371 43S VeIl Fig.
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Fig. 1. Effect of sera on MCF-7 cell proliferation in culture.
Proliferation experiments conducted in quadruplicate wells at least
three times. Data represent the normalized absorbances were measured
by Microplate reader.

2). o] 5nM2] E2Z 718} 5% CDA-FBS =] A] uj
gt 7352} TU3 EIoh(Fig. 2). dbdel] B ATFelA|
2418k FH (KFDA-FBS)E A7Ht wix|olA MCE-7 Al
EE 6Ud7HA] vk dls 2] S0 A odEks )
2R ke ALz ePdti(Fig. 2). Al3E2 = DESY
E25 Z47b Sx10MMHE] 5x10°M7EA] wfekelell 225}
o] E-screen assayS- A3+ A3} g5F F7}o) wle} MCF-
7 AEe] FAS FAANTE A JehiddekFg. 3).
Iy 5x10°M o] FEeME 238 MEEAE
s %S RolohFig. 3).

2. 4FN FEHUSAE

A cytosolel] Sl AIAERA £EAE o] 83t A

1.0
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Fig. 2. Typical patterns of MCF-7 cell proliferation by 17B-estradiol.
Proliferation experiments conducted in quadruplicate wells at least
three times. Data represent the normalized absorbances were measured
by Microplate reader.
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Fig. 3. Dose-response curves of 17B-estradiol (E2) and diethylstil-
bestrol (DES) on MCF-7 cells in culture. Proliferation experiments
conducted in quadruplicate wells at least three times. Data represent
the normalized optical density values were measured by Microplate
reader.

A AFF cytosol Wl e dAEZA £S89 [PH]-
E20le] AA=E SAsp] ¢le] dAs s=o PHIE2
0 i, 1x10° M) AL cytosol 55 ThE2A she] &4
3ldet. 2 A o AEzA 842 A8 [PHIE2Y
¥ cytosol F=ol| W|H 31 (°=0.955) A} )8 7
e e sichFig. 4). ©15 Aol 7]&ske cytosol
200 pgel & AHS pashe=d 7Pt A ffo 2 ap
HHANS. wetA] A7 cytoso ] AAERA 84 F
e dA=] cytosol(200 ug)+ [PHIE2 (0.05~1.6 nM)E
7Vate Ak AxE ZAs9c 2 A3 PHIE2 ¥ %
of wie} o ~AERA Aol Aol sl A
Rl (Fig. 5). AFF cytosol A AEZA $gA]of tf
g PHIE2 A% K} B, = Scatchard analysisZ AlA]
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Fig. 4. Binding of the estrogen receptor by [*H]17B-estradiol at
different concentrations of Sprague-Dawley rat uterus cytosol. Cytosol
were incubated with [3H]17B-estradi01 as described in Materials and
Methods. Data are representative of at least two other experiments.
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Fig. 5. Dose-response effects of ER binding affinity with different
concentrations of ["H}17p-estradiol. Cytosel (200 ug) was incubated
with various concentrations of [*H}!7f-estradiol as described in
Materials and Methods. Data are representative of at least two other
experiments.

sle] it 2 B, KA 200M, B, & 444 fmol/
mg protein® & AMEE G (Fig 5). 4712 A aje} 5
B W3t A AR A M= cytosol 200 pgel
A = 9l PHE2Y =5 oF 1.0nME AHslg)
webA] AAH AT vhgAId-E cytosol 200 pg? [PHIE2
(1 nM) ¥ radioinnert competitors(E2, EE @ DES)YZ zHz}
X107~ 1x10°M 7))o 2B 8ol 3t A
A AP AEE vlasidvh, 2 Ad APER ZF 9
AEZA o ik APure-E £5F SN0l ule} o
A= ke Jehygleh =3k DES, E2 ¥ EE9) IC50
2= 272F 0.550M, 1.0oM & 10.50M ojglch. w9
= A olaERA gl ek gl EBs
DES 3 E2¢l] v]3}ed o 10~200] A= ofat Ao eyt
Fig. 6).
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Fig. 6. Competitive binding assay of 17f3-estradiol, ethiny] estradiol,
diethylstilbestrol on estrogen receptor isolated from the uterus of
Sprague-Dawley rats. Cytosol were incubated with [*H]17B-estradiol
(1X10° M) and competitors for 20 h at 4°C as described in Materials
and Methods. Data are representative of at least two other experiments.
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Fig. 7. Effect of 17f-estradiol (0.3 pg/kg) and ethiny! estradiol (0.3
peg/kg) on uterus (wet and blotted) and vagina weight in immature rats.
Control received corn oil only. Data represent group {meantSD). The
number above the bar represents the animal sizes.

Vagina wi.

3. Uterotrophic assay

AgHI A S A GEE] wet AlEAS] e
£ EAsl] Slste] ArlskEe) vids Hms) Gk S
Qo] Zhzt B2 PR REL] E29) EES £
YW FAARE FUI Shd vl AR vidE R
Sof B2 03 pgkgs 3947 sl Fogt F Apgx A
FAE 54T 23 A7) wet @ blotted FAIE &
o uls} A2t oF 3.7 © 3.08 oA E71E vehulgl e,
A FAE o 2.9 71 Bedoh 28 0.3 pe/kes)
EEE w4 A =o) 73} FoA] 2 FAE oF 29 F
742 Jelgigleny A FA= 15919 $715 veligict
(Fig. 7). vhadel] xS g=e E2 0.3 pg/ked 3%2H
3R T3 F 23 & FAE SA3 AF A7
wet @ blotted FAl= shZR2ol ¥lsl] 242k oF 3.6 2 33
s oAb} £71E viehiglew A Al oF mief F)
£ B9} ubde] 03 ug/ke®l EEE 1A E Pof 5

500
wmm 173-Estradiol
6 8 Ethiny! estradiol
ADD
£ 3001
3
©
o
S 200
2
100 -
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Vagina wt.

Fig. 8. Effects of 17f-estradiol (0.3 pig/kg) and ethinyl estradiol (0.3
ng/kg) on uterus (wet and blotied) and vagina weight in ovariecto-
mized rats. Control received corn oil only. Data represent group
(mean £ SD). The number abave the bar represents the animal sizes.
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3} FoiAl ATEAL o 2,16 ol4ke) Z7hE vhehigle
™ 2 S 290 2742 JehiickFig. 8).

Iv. 1 &

WEHA el Ed A g AP gt FEs) Y
validationg #13F 771 A AAA L2 F5 F8=3 3l
Lw] 1 Ase] Hal FA sk 2 glvt. ey ofX71A]
ol Al digt 2= W A M 4 A+
Zpd o 2pol S veh 1 glem £3), in vivor] 32
A4 T E sl wepr] st AbelE vehd
g3 Tl ot

E Aol e A Ao EAle] dlAERA EA
g3t Ay #59 EA22 in vitror| & (B-screen assay,
ER binding assay) @ in vivor]§ (utreotrophic assay)s
AAjsle] o AEZAA BRSO HE S vl Y A
W7ke] AFAS vlwslaial 3¢l E-screen assay:=
Soto £(1995)2] vPHel| ule} AlA]5le] MCF-7A| %2 &
Alol| B2z oS AESIGH. L A3 £ dA7elA] E2
9 DESE MCF-7 Al 28] 52 & 45218402 F7H
71 73S vehlle}. =3t E2 Y DES?| o AEEA
24 Aol A e i Soto o] I
MCF-7 A 255 w22, Aldeger 3l 9 B3ix7] 5
o wpel MEFAE Y AYEE| FolE eplrhsl ¥l
&} v} gloh(Villalobos et al., 1995). Lev} B o Az}
+ Soto 5(1995) ¥ Korner 5(1999)2] A3} fAFsI
o}, =3t A EFA]ol vlXl= FBSS| <I¥ks wjwgt A,
HycloneA¢] CDA-FBSX.t} KFDA-FBS7} MCF-74| £.9]
FAel °d3Fe AR dethie AS 4 5 U Fig.
2). o|#jgt A= A= Aol ol Al I
2 A ZZAAAL A7l °J3FS A7) wEez ke
o, w2 AFeAE Soto $(1995)0] Alkst E-
screen assay AlEH-S F¥slglon] B AgHL u|AE
o] 2E2A B4 A o4 - ol AdEes
A& 5 el I18vt E-screen assay= AlFEA 0
dlaE A $gAlel AR 2Hashs Ao dg ARG o
T s o] stk et o) 5 AR BEE 4 9l
= AR pgAle e A AgueAEe] &
T}

NAEZA LA et A AR Ao
= 37 Foll ke dl~E=RA FehEA ] estrogen
agonist B=¥ antagonist®. 2H-g-sh=2el M= A s}
A B3] oAt A EY = ZAAA Al AEZA
gAlol N3k Ak A=E Frpshed w9 felgk
upgE shuekar A A €8} Qlek(Bolger et al., 1998). -
in vitro WERA Aol 4 73 AP oR Al 5l A

7ol dAERA $EA e A APHRSS o4
g EuA Aol Ao g AXEEY lvi(Tong er
al., 1997). =3 White 5(1994)2 rainbow trout® €]
N2rEZA FgAe] dg 20k AH AgukL =
A& A3} ol5 HFEAL E2 He} oF 10°~10%19] E2
oA AAaERAl B3-S YePNT Bsigich
g A|HEA e E A AEZA FFEo] MR Abo|dt
ol 2 e 72 AEWelA o)E EAe) HaAA
ofl zlojA o] = A2 Hrslge). o] o] 5 EAle
NAERA AL AEY AAERA S8R E HF3le
Vel Zlolglar Barslge 2 AT T ol AEZA
Aol ek 3734 AAE A7} DESZF EEXE} 100
wle) o feklA] T AERA S vehle
AR Frl=E gl

Ag2) FAol A3k W2 o AEZA A} 2)3A
ol #e] gloma o AERA FAERS it A
Hoz o] g%} (Reel er al., 1996; Odum er al., 1997).
7P dubH 0 F. o] 8-E= ApgHtubAIg Y A EE A}
T A wsto|vt Ak ML) AFsH Wslew diA
A %2 o] 4 gluk(Clark and Peck, 1979). Odum 5
(1997) AF 22~25U732] w|Ads P =ol 17B-estradiol
benzoate(E2B) 10 pg/kgs I3l 347 Fo3t F Ag
FA 718 #AF A 2ol vls] 36 Axe S}
& Vehligl ot 26~27d3NME A5 S0 £
+ yeh A esiela Bast vt Qo e w)E
=5 o] 43 AlgeME AASE 717 Adle] g T8
3 o REZA F7of o3t HelA oAEZANe] %
o wa} Lafe) o AERANA A A ofago] )
o}, o] 52 w3t 2] AU FAIE AN FA RS o £
ARZ o]4E 4 slokal 3¢t HbHol| Ashby 5(1997a)
< Aol AF Az ANFAE AT Halol edgke
v 2= slerEAlel] H4-Roha A A sl v YubdeR 1
Sako] E28 AlF5Eo] Foia] AT A54E HE
322 23] ANFA 7 SrHECRL g} 3 FoiF
ol w}E v|Woll M E2 10 ugkes FoA I35l A5
o xgakla] ksl sk AEE Jehiiglot
A FASIVE ke Fd Ea ol v)e) 2.5~
3.000 Y Fod A Zoll BAIG ] FARIE TR B g v} 9]
}(Barton et al., 1998). EES 3|55 & 7}t o AE
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