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Estrogenic activities of more than 90 chemicals including food additives, foodstuffs of plant origin, and some chem-
icals, which could be orally ingested, were examined by assaying estrogen receptor (ER)-dependent proliferation of
MCEF-7 cells. Among 66 food additives, 17 compounds stimulated the proliferation, but their concentrations giving max-
imal cell yield were higher than that of 17f-estradiol and their estrogenic activities were weak. Flavonoids had relatively
strong estrogenic activities. In the assay of ER competitive binding to human ER« and ERf in vitro, the antioxidant #-
butylhydroxyanisole (BHA) had the capacity to compete with 178-estradiol, while the capacity of o-phenyl phenol
(OPP) was too small to calculate. Both BHA and OPP induced a decrease in gene expression of ERo and an increase in
that of progesterone receptor in a time-dependent manner. These effects were similar to that of 175-estradiol, a though
much higher concentrations were required for these compounds than 178-estradiol. These results may suggest that we

should be careful not to ingest excessive food additives.
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Bl 17- T A RS VF =), PITFIVAF
IVARZ bo—)L (DES), #EFI 7 x> (TAM),
4-t ROFI¥EFT 71> (4OH-TAM) IZ Sig-
ma/NHHEALKZ. -7 FI)e ROoF> 72y —)b
(BHA) d Fluka 25, o- 7z =)V 7/ —)b
(OPP) 3 nfbpkn oA L /=, ICI 182,780 1%
Tocris Cookson Ltd. 72 5 A L 7=. MCF-7 fifaiZ
Dr. Soto, Dr. Sonnenschein (Tufts X2%%, Boston)
FoftEIN.
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1. MCF-7 a8 58 R MCF-7 i 5%
ARRIBMTE (FBS) HM& LNy 2 ZEA — 7 IV E;
#t (DMEM) #Z My, 37°C, CO, 6% D5 N Tk
REE#EZ(To /2. MCF-7fildiZ 96 7 =)L 7L —h
IZ 5% FBS &4 DMEM % f T 4000 {& /™7 =)L
ML 2. 24 WIS EL, HEMABMEZRE
%, T4 /=) (¥ 0.1%, vehicle) TIFMEL
7Ab&W%E, 5%CDHuS (Fry—d1—), 7+ k
JNEE M) EF 7/ =)Ly BAE
DMEM (FEEBHEH) THRL, &7 o)Lz
6 HiER & L7z, W% T L — bRz REL,
24 RREILA B BROR7E LU 72 %%, CyQUANT i i s 5
HEF > b (Molecular Probes, Inc.) % W\ T2
FERREE D S M B & HIE L 7=, Vehicle O A D%t
B2 100% & L CHIHOREZFET L 2.

L&D MCF-7 il 35 fE ICH 22X b
A7 AEHIHI ICT 182,780 DB IZ DWW TIE, #Bk
BRI THRROMBEHEZ RIIRET, 10°8m
ICI 182,780 377~ 6 H#EEE L, MM OREE
ZHE L.

2. EbIRMOTFUORBHEEHRARAR G
FTZAbOF 28k (ER) #anad i
Ligand Screening System—Estrogen Receptor o Jx T}
B (TOYOBO Co., Ltd.) ZHWT, 7O hka—)Lic
ey, ER%¥>)N\Z7 & HRP EEF#H T AR5 4 —)L
EHOWTHIE 2T 72, (LAWK 22B/EROMEE
RV BT IR 3X 1077 M DES #1E R TOWEE %
100%, DES MEEL B WEF O EZ 0% & L
T, IbEWME RIS RO EN 5RO 7=,

3. RBKELRFRE  EBRHEIEEHRICHK-
7= 10 IR X % & MCF-7 fll il 2 #4408 T 24,

8 P ALIEE%, MIfEZ[EX L, RNA % Ultraspec
RNA Isolation System (Biotecx Laboratories, TX,
USA) ZHWTHIIL /2. ERe, 7YOF X710
2%k (PR) O7 54 —%ZMWT, RT-PCR X
JrZ{To /2. PCREMIE 2% 7 HO—ATIVES
VKENZ X D43 L, SYBR Green (Molecular Probes,
Inc.) THMAE, BEBEMEFT > MA—-F CS-
9300PC Z M\ T, PCR EMDERZIT>/z. ERa
KUOPR ORBIREIIE % -7 7 F > THIEL L.
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1. MCF-7 ffRE5EAER  MCF-7 il fa ¥ 5E 1F
HAOH2EMOREEZZEEI /Y T 7% Fig. 1
12, FlmAMBEEZ R T RE (Chw KOEA
DRE (Chx ZHEADBED 17- TA TV F —
VELEMD %) (RPP), 178- TA S PF—)b
EHNRT- e RIEGERRE OFIG (RPE) % Table 11
A9, 1073M £7213 1000 ug/ml £ TEEEICL T
B 2 R S TR W E B & Table 2 I2/R7 .

1-1. ERARILERKIEEY BHEMEELT
BRIV E LS OEH 23X /=. MCF-7
faix, 178- T A N5 F—)VTC6 HEULE 217>
&l A, 10°2M RN S HEEIER 2R L, BE
KERNZ ER L, 3X10-1UM THED 4 £% (400%)
A DmAMEMZRL - (Fig. 1A). DES KU
TAM ® RPP 3% 44 0.003%, 0.0003% TdH >
=, WENHHEOREE RPEIX 178- TA KT
F—=IVEFTHEL WL X)L E TIEME L 7z (Table 1),
40H-TAM @ RPP 13 0.3% TH 2 A%, BEHEIEHIX
TAM 2 XT/NE <, RPE36.5% TdH o /-.
Fang 53 Q%5 Tld, E-SCREEN assay T 178- —
2RI TF—IVOFAOFEE (RPE) % 100% & ¢
% & 40H-TAM 137N L DK< RPE 22% Th > 7.
Andersen 53 OEIC L B &, MCF-7 fl i EsE s
BraHWEGES, 17- T A NI P4 —)V CTUEL
MIREE O bO—)VITHRE 75, TAM TH
5.5 f%ICHEINL, recombinant yeast estrogen screen
T hO—)LITHEXR17- XA M T P0F—)LIZ
2.6 %, TAMIZ 2.2 {51280 L 7=, S EIOEBRIC
BT % TAM N 4OH-TAM D H45 1F 13 Eb ik iy
BV, HEARMIZZNS OWMEICHELL TS &
ABN5D.



No. 6 445
A B)
500 400
400 - 300 L
300
200
200 |
100
100T ?
0 | SR [ N SO Y N B | 0 | | |
0 102 101© 10% 106 10% 0 108 105 104 103
Concentration (M) Concentration (M)
(©)
500 400
S 400 300 L
[~
S 300 |-
g 200 -
= 200 -
o
o 100 &
35 100T
(&)
0 ! ] ] 0 1 i I
0 10 105 104 103 0 10 10 100 1000
Concentration (M) Concentration (ug/mi)
(E)
400
300 |-
200 |-
100L
0 | | | | | | |

0 10°10% 107106105104 103

Concentration (M)

Fig. 1. Proliferation of MCF-7 Cells

Cell number after treatment of cells for 6 days with the indicated concentrations of chemicals is expressed as percentages relative to that of cells treated with ve-
hicle (0.1% ethanol) alone (100%) . Each point is the mean of eight determinations and SD values were less than 5% . A @: 178-estradiol, O : DES, A: TAM, A:
40H-TAM; B A: BHA, @: OPP, O : piperonyl butoxide; C @: morin, O : hesperetin, A, ferulic acid; D @: carthamus yellow, O : cochineal color, A: monascus

color; E @: coumestrol, O : genistein.

1-2. E&ERMY
O MALBikAl BB IEFNICIE % < D&k

M, RARHSRIE S HW SN TWS, ELE; IR
ELTHEE<HW5SNTW5S BHA 1213 MCF-7
fiad BE G VE W38 8 5 41, Cpax 5 X 1075 M, RPP
0.00006 % T & > /= (Fig. 1B). Soto et al.'? %
BHA ICIX T ZX bOZ HERM®H D, Cpax, RPP &
bRADHEREFLWVWEZREL TS, £
BHA ORI T, 7 AU HofER E TIIR
EAIELTERICHEAINTWS TBHQ FUZD
E#H TBQ IZISHI N EFENE TR0 SN zh o 7z,

BHA & HEHICEIA< HWS5HTWS BHT 121

WREER DR ooz, 7 IR A Rz fs
DE Y VIIEEBA IR O T d & W IEFERE B 2 R
L, 100*M OKfIZ RPE 99.2% ThH o 7-. FHEANR
RN F VIRl EEE RPN R 57z (Fig.
1C). Breinholt and Larsen? |3, recombinant yeast
screen S O8N MCF-7 fifa s sladBric KD €Y >, A
ARLVFOIA MOF AEHZHELTWS, )L
FURT IR A REEZ R D7) T > DBLHE R
Tho, WHERAEZET 2087 )V EFEHICIIT
Z by AERIEED S NRho . T OMIZIE
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Table 1. Proliferative Effect of Chemicals

Chemical Crax® RPP (%)? RPE (%)9
17B-Estradiol 3X10-1'm 100 100
Synthetic Steroids
Diethylstilbestrol (DES) 1X107°m 0.003 106
Tamoxifen (TAM) 1X107° M 0.0003 105
4-Hydroxytamoxifen (4OH-TAM) 1X1078m 0.3 36.5
Food Additives
Antioxidants
t-Butylhydroxyanisole (BHA) 5X107° ™M 0.00006 66.8
Morin 1X107*™m 0.00003 99.2
Hesperetin 1X1074 M 0.00003 73.9
Ferulic acid 1X1073Mm 0.000003 68.7
Nordihydroguaiaretic acid 1X107°Mm 0.0003 29.2
Propyl gallate 1X1074M 0.00003 13.8
Ellagic acid 1X1075M 0.0003 10.6
Rutin 1X1073m 0.000003 40.5
Guaiac gum 10 ug/ml — 47.3
Clove oil 100 ug/ml — 21.2
Fungicides
0-Phenylphenol (OPP) SX10-5 ™ 0.00006 80.1
0-Phenylphenol Na (OPP-Na) SX1075w™ 0.00006 51.7
Coloring Agents
Carthamus yellow 1000 ug/ml — 66.8
Cochineal color 100 ug/ml — 25.1
Monascus color 100 ug/ml — 11.4
Insecticides
Piperonyl butoxide 1X107*™m 0.00003 10.6
Naringin 1X1073Mm 0.000003 66.0
Substances Naturally Present in Plants
Coumestrol 1X1077"m 0.03 86.5
Genistein 1X1077" M 0.03 71.0
Genistin 1X1073Mm 0.000003 134
Daidzein 1X10-°Mm 0.003 115
Daidzin 1X1073Mm 0.000003 58.8
Resveratrol 1X107*M 0.00003 59.9
Naringenin 1X1075 ™ 0.0003 90.6
Biochanin A 1X107°m 0.003 90.4
Puerarin 1X1073™m 0.000003 82.6
Chrysin 1X107*™m 0.00003 45.0
Apigenin 1X10-%M 0.003 60.8
Chemical Substances
Bisphenol A 1X107°m 0.003 101
4-n-Nonylphenol 1X10-%m 0.003 74.3

a) Cp. is the concentration of the compound giving maximal proliferation. b)) RPP (Relative proliferative potency) is the ratio
between 17 B-estradiol and xenoestrogen doses needed to produce maximal cell yields X 100. ¢) RPE (relative proliferative effect) is
the ratio of maximal cell yield of the test compound to that of 17 S-estradiol, expressed as a percentage.
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Table 2. Nonestrogenic Chemicals

Food Additives
Antioxidants
L-Ascorbic acid
L-Ascorbyl palmitate
L-Ascorbyl stearate
Butylhydroxytoluene (BHT)

Preservatives
Hinokitiol
Propionic acid
Sorbic acid
Sodium benzoate

Catechin

Citric acid isopropyl

Gallic acid

Gentisic acid Aspartame
y-Oryzanol Saccharin
Quercetin Saccharin Na
Sesamol D-Sorbitol
Sodium isoascorbate Xylitol
d-a-Tocopherol

t-Butylhydroquinone (TBHQ)® Others
t-Butylquinone (TBQ)? Hesperidin

Fungicides
Biphenyl
Imazalil
Thiabendazole

Sweetners

L-Arabinose

Phytic acid

Coloring Agents

Amaranth (Red No. 2)
Erythrosine (Red No. 3)
Allura red (Red No. 40)

New coccine (Red No. 102)
Phloxine B (Red No. 104)
Rose bengal (Red No. 105)
Acid red (Red No. 106)

Red cabbage color

Annatto red

Beet red

Tartrazine (Yellow No. 4)
Sunset yellow FCF (Yellow No. 5)
Gardenia yellow

Curcumin

Riboflavin

Fast green FCF (Green No. 3)
Sodium copper-chlorophyllin
Brilliant blue FCF (Blue No. 1)
Indigo carmine (Blue No. 2)
Gardenia blue

Cacao color

Substances Naturally Present in Plants

Berberine
Epicatechin gallate
Epigallocatechin

Epigallocatechin gallate

Glycyrrhizic acid

Luteolin
Myricetin

Procyanidin Bl

Procyanidin B2

Wogonin

Interpretation of nonestrogenicity was based on no cell proliferative activity in the range of concentration up to 10~3 m or 1000 ug/
ml. ¢) TBHQ is a major metabolite of BHA and it is a food additive as an antioxidant in some countries, but not in Japan. b)) TBQ

is the metabolite of TBHQ.
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OPP I3 /KICIETIZ< Wi®, KiEMED & W OPP-
NabBERRMMEL THEHAINS. WFEZE 2X
10 4MOEBEFTHEMICIEMI T TS pHIZEWN
1d72<, %7z MCF-7 fli i 3458 D #5 5T K ZE1T 720
ZEMS, LIFDOFEETIE OPP #f W iER2E R
9. OPPIZAERANTREM TN PHQ AEKL, &

S5ICILEN5 & PBQ TSN, ZhsDR#EY
WX oy AERERh- . EZ IV, F
TR =), AT UIVITIIEEER S 2ho
7z,

Q@ MREE  HKEEELLTHEAINATWSIE
DHTNIFF I REBFRIATIV ONTXHH)
WX hOaFr AERAND S 2 E2®E LM, W
SEFANRZZEEFBR T N UL, VIVECE, JO
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® %  BE BE<OBENMEHINTY
5. HGROERTIE, XZ)VF# (Carthamus yel-
low), OF=—)Lfash, TTFAWABEDORAA
F1Z MCF-7 ffa345a e A 23388 5 1 /- (Fig. 1D).
NRZNF #1Z 1000 ug/ml TEMEZBAITWVWD
7%, #\WRPE (66.8%) Z/:;RLU7=. IF=—), &
T 2 H1 A 3213 100 pug/ml T KA Z 7R L 7278,
Z DOFEEE RPE 3 /NS o7z, T A O
TR b NI RO RIS LKL T
BRI NTWD72D, W7 iSOy M ER 2
FEOMZDOWTIIAEIOER TIIME L Than,
IN S LSO AERITITIEEERILEED S s> 7z,

® Bk  ExXoZ)L T hFIROTA MO
TUERIZOWT, INETHEZ N0, 4
EDOEBRT, DTN TIED2NEEMER < Mgk
TERMNHO, NT X SOy AERANRBI N
(Fig. 1B).

@ =oft  EHRRFFUF BT L—-TT
W=V ETETENDHRITHO, 7IKR /1 KK
WEERDFY T ORMEERTH S, FUF
121, FUAH Y (Chax 1X1075M) XDFHND
O OMMIEFEER RO SNz, AZARY D 2EA
ZARVF > OEMEERTH DM, TANOT AEHO
BB ERANAXR L F 2 &R, T2 MO
7 ERE IR 72

13, {#EMICHFETIHS Bfs LU TEIRT
% W HEME D & B Y Sk DAL AP DWW T MCF-7
MR BR 27>/~ TNETIKZAZ O—
WATFZZATA 2 D FZAF 2,994
AV LART hO—=)L, S ;Y 2
SO EFHZ A YT 20 TES D
SVRER, EHTIANOT > ELTOHREND S
7%, SREIOFER TS 205 OB E s A
MASLNZ, ZAZMO—), ¥YZAT14 I2L?
M B A 4R 2 Fig. IE IR L 72, & HIT Chax
1077 M THWIEFEE A Z/R U /2.

TII) EREIZEEND T TR /A ROEHE
KT, 1> L1 glycoside DS ANLIE % HITT
LMBETH DM, YA 22 EFEEERPPIZ/NI WA
IANOF AERMREO N FZAF 2, YA
Ty, FUFY, AZRRY D UIIEHER OIS Z
REETNTNTZZATA >, Y14¥1>, FUHF
=, NARXRVFUREOTZY AL X b

o7 AERIFEL <5<, R, AARY D 2IZiF
IZX ~OXF AERERD SN o7z (described
above). —7%, BILBFIERID 1 D7 )L tF izid
IZ ~OaZ AERIEBRWD, ZOREARTH SV F
RN X hOory AERANEY sz Utk
F, T AY DI A SO AEH OWEY N H
5, GEIOEBRTIIERTERD S NLBNr> k. B
EBEFIE L THWS N TWS hTF 2 USNADOED
sy, TERTFFOHL—K, ITEHTOATF,
IEAFOATFAL =N, KUOEHMEHERY 7
/ > 100 (data not shown) IZH T X hO4 EH
IR 6NT, EARKESOHRTIERAZRTHDIX
Bholk., U2>dMko7os 7= 2 B, B I
HERIEERD s Naho 2. EROMY, HEIZH
HWELE L THHWS DD, ZOMSD 1D, 7
FIU F CBRICERITED s o 7.

14. Z0f  THRFIRE, RNUI—FFx—
MG EDRBNSELT 2 HREEDOH S, EX
71/ —)VAIX, MCF-7T#ilaZHW\WTI105M®D
BE (Tablel) T1I18-TA NI A=)V EHEE
OHFEZ R L, THE TOHED & RO # R
"moiz. BEOWREICHEDNSEAIT O 2L
T/ =IVIZBVWTSH, TNETOHRE2ITHINT
HEWIZ MOF AEANED SNz,

1-5. ICI 182,780 (C L DiMARtEFEIHIEAER &
SRR 7s & O H T Rz E WL RPE #o- L7z, 1k
28R TdH % BHA, OPP, HEMIK THSEY
2, NARLVF, yAZNO=), FZATA
O EEEERICDOVWTIT X a4 i ICI
182,780 D & &N 7=, ICI 182,780 H & 12 il iz
BEEERI IR o T, (LB R K2 R T IRE
&L, ICI182,780 DREZZILIE D &, BEK
RN HEEE O M A R S5 (data not shown),
10~ M @ ICI 182,780 iRIIFFIZ, WENHIFF TSR
WHEFES IR S Nz (Fig.2). 22 Emb, Z
N5 OIEMIC LD MCF-7 fifld #4513 ER 2/ L
FIANOT AMEHTHD I EZ2RBL TNS.

2. ERFEEHRAAR EBOBNHREOHT
Lh#:E W RPE 278 L 7= BHA, OPP, £U >, A
ARVF 2, ZAZX b O—=)b, FZATA DN
TERMAHARBZIToZ. & b ERe, ERB &KX
IDWTHEHERE (ICs), KU DES @ ICs f#
2100 & L7zE&ED, {LEY ORI GS BFE
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Fig. 2. Inhibitory Effect of ICI 182,780 on Cell Proliferation
by Chemicals
The concentrations of 17f-estradiol and chemicals were those giving
maximal cell yield (Fig. 1 and Table 1). Cell proliferation was examined in
the absence (at 0 M, black bar) and presence (at 10~ M, white bar) of ICI
182,780. Each point is the mean of eight determinations and SD values were
less than 5%.

Table 3. Relative Binding Affinity of Chemicals for ER« and
ERp

ERa ERpS

Chemicals

1C5® RBAY 1C5® RBAY
DES 3.0X10"8Mm 100 2.6X1078M 100
TAM 3.8X107"™M 7.89 5.3X107"™M 4.91
40H-TAM  7.9X10-8m 37.97 5.7X1078M 45.61
BHA 2.0X107*m 0.015 9.0X107*M 0.003
OPP >1.0X1073Mm —  >1.0X1073m —
Morin 3.2X107° M 0.094 1.5X107°M 0.173
Hesperetin 3.8X107° ™M 0.079 2.8X107°M 0.093
Genistein 1.3X10"%m 2.31 9.4X1078m 27.66

Coumestrol  1.9X107¢M 1.58 3.7X107 "M 7.03

Each value was the mean of a representative duplicate determination in
more than four experiments.
a) 1Cs, is the concentration of the compound that inhibits binding of 174-
estradiol to ER by 50%. b) RBA was calculated by the equation: (ICsy of
DES/ICs, of competitor) X 100.

(RBA) %K/ (Table 3). 40H-TAM I3 Hzf)
RBA WK &L, TAM X 0 EWEFEZ R L /=

BHA @ RBA fE)N/NE <, ZBERITHT 2 H A%
MM HE gV Z 13, Jobling ef al.'® DR & [FH
HTho. OPPHOLTNICHERIETHHBDODZED
BERE IC HERkDD I LWL TERNo 2.

v b ER ZHWERHEEHAGHARTY TS, OPP D
ICso IF R EL Fox DGR EFAL, BIATFHRETH
o7, 'Y, NAXRLF I3 DES & HANTIEHE

Fig. 3. Gene Expression of ERa and PR Detected by RT-
PCR Following Treatment of Cells with BHA and OPP for
48 h, with Expression of f-Actin mRNA as Reference

Electrophoresis of PCR-products was carried out on 2% agarose gel.

(A) The bands of ERa (314 bp) and those of B-actin (838 bp) are shown.

(B) The bands of PR (533 bp) in the upper panel and those of S-actin are

shown. 1: none, 2: 1010 M 178-estradiol, 3: 5X10-3M BHA, 4: 5X10~ 5™

OPP. A typical result of five experiments is shown.

WZHWIEE e E R L. TZATA >, T AX
~O—)Lid ER ICH U BB AT & <, R
ERBIZHA LT Mo 7z, Kuiper ef al.'® &, b b
ZHEERZERNT, W& ERa & D ERB ITHN
ENENWZ E2#EL TWS,. BHA, OPP, £
2, ANAXRLF TB W TIE ERe, ERB D 713
FTlRRWEEDNS.

3. SBRMEEMLRFRIE  MCF-7 Mg 5 E H
MWHO, BERHINSELEMY BHA, OPP 723,
s @ ERa KU PR OB T HBIC KT T2
DWTHEH L. filuz BHA, OPP (WIFhbd S
X1075M) THLEERE, Hifd7» 5 RNA ZHfitH L,
RT-PCR %1757z, MALE KR OMLEY)ULEE 48 i
#% D PCR EY OEBXIVKE R % Fig. 3 IT/RT.
Figure 4 IZI3MLEMIC L 2 SR OB T RIEE 2
Otime 2 1 & L T#HL /. MCF-7 fiigz 10-°Mm
17- TA ST F =)V CUHT % &, ERa I3 #ERF
BNz L7=. BHA, OPP THLH L 7= MCF-7 #ii
TH1UIP-ZTA LT PF I KDY, ERa
DOPANED 5N - (Fig. 4A). PR OFEHIT 178-
ITARTOF—IVITXOREFIZHE ML, BHA,
OPP THHY % & 178- TA b TV F =)L & FKRIC
PR OFEBUIRERAICHEML = (Fig. 4B). 176- T
A RT A= )VLEIZ X D MCF-7 ffifld ® ER i#fx
TOHEENRHIHIEN D Z & (Saceda ef al.), 30 KN
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Fig. 4. Gene Expression of ERa and PR Detected by RT-
PCR Following Treatment of Cells with BHA and OPP with
Expression of f-Actin mRNA as Reference

Expression of ERa (A) and PR (B) at different time points, 0, 24 and

48 h, was determined by densitometry of electrophoretic bands, taking the

value of sample/f-actin at zero time as 1. Induction is calculated with the lev-

el of control cells, treated with vehicle alone, as a reference at each time-
point. Values were the mean of duplicate determinations and SD values were

less than 5%.

PR OE&EMAAEES NS Z EAY (Nardulli ef al.)3D
WEINTVWD, FRERIOERTH NS OHEE—
U1 TAN T PA—NICL DB LETFRIE
D&k ERLE., 2O EMS, BHA, OPP @
MCF-7 fifldicatd 2 T A boy AEf 2T 5
ZENTEL. MELEVMEDBRETIGEVHDOD
17- TA R P F =)V ERMEMOFERZRL, K
HRIVE > CHEUOMIENEREZEICEEG TS &
NRBI N,

% £

B 2SO RBERMYIRE 90 UL L&Y
2DV T MALAT A HISE MCF-7 fll i B it B i1 &
LZIZAMOF AERAZEFNE. ZOMEE, BhEm
MELTHEHAINTNWS 66 {LEHTH, EROTN
H D% 5 MCF-7 #ilfd D ¥l e EE R 2 H 3 %1k
BN 1T H D ENHS MRS T

INET, A AMIEZEH W BHAZISD - &
O OPPY 2 K % M35tk &, BHA, OPP ilj#(ZD

WX/~ recombinant yeast screen assay,2” ER #
AHEARBRECD OFERNS T A b OF AEH DL
ENTW5. SEIOZEE T BHA & OPP 7 MCF-7
Ml ER 28352 &, TAMOT YA
ICI 182,780 & Fl W= EERIC K D T S ORI 5E
ERMNZEEICHFI SN2 E1E, 25 OWmEITH
T 5HbDTHS. LML, ER, PR OBELETHH
WCHRIFTHEERG L 2®mEITR<, SEEOT
RT-PCR i & O i @ ERa, PR D FHIHED LA
"5, BHA, OPP D3 20000 fEEWH DD,
17-TA N PFA = IV EHEUDIERDH B Z &%
R L /=

BHA 13 LBs R4l & U TR (EHE 72 EI12iE
InKEHINTWSDD, Ty RAERDHNLREY =D
DRTFICH OABEMEEZFRET 2 ENMEINT
W5%. BHA ® 1 H#FAERE (ADD) i3 0.5mg/
kg/day Td %73, Ishiwata et al?? 12X % &, HA
IZH W T BHA @ 1 HEHEEE IS 0.105 mg/day
THD, ZHUIAKE S0kg DA\ T ADI D) 0.4% T
HB., IO EMS, BEFNICATEE LRNEE
Aobnb. UL, BRAICHXTFITEZENE N
b, BEOEMDR-> 7 KREBIIC K DIREIZHA
KED BHA 282 n[fetk 2 d % O THRLE LT T
HAD.

OPP IMAES DB EDTERIE L T fE
DTSN, 2%DRETHEETSHE Ty M
B > 2B RT 2R EOREND S.2 £/- OPP
@ ADI 1% 0.2 mg/kg/day TdH 5743, 1 HF5E
Wi 11.5 ug/day TH D, LA D ADI 10 mg/day
DK 0.12% TH 5.2 ZDEICIEND &, OPP D
MCF-7 B HEHE D Crax 1 5X 1075 M & PLb ) &
ETHs, LLEBRHMON EERETE SN
THBY, EREEOMIT in vitro DEEFERZ1T
Tz < invivo DR)IVE AMNEH OBFHT R ZRIX 7
5730,

OPP ENXEVERICHAT % OH HDALE )Y R
BAEEMIm- 7 22V 7 = ) =)V EA B
B, JAamMTAHIELTHEODNS p- 722V T o
J=IMH5H., INSEESRBMY TER0BN
OPP OBRMEAERTH B Z &G, BMEERNERERM
Y1 OPP 125k & U TR AT 2 ulREME 2% 2,
IZ MO ANERZEHFNZ. TOME, Cuxld s
H121075M, RPE |32 ¥4 40.8%, 82.4% (data
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not shown in the Table) T, p- 7z =)V 7/ —)b
I OPP XD T X bO%F HERDRNZ EDVh >
7= . Routledge and Sumpter2?® |2 & % &, recom-
binant yeast screen {2 & O I§EHAY p->m->0- DJET
IR a7 AEHENMWI &, Blair et al.!? 787 =
Z)7x/) =)Dk b ERANDEEHH 4- (ICs
9.80 X 1075 M) >3- (2.45 X 1074 M) >2- (>1.00 X
10°4M) DIETHRNWZ EZWELTWVD. p71
IV T = 7 —)VIEFRE 11 AR E BT O FEDIC
5&,mg<mm—mwmm,@g<wm
ppm), fJE (0.0l ppm) M5, HHE - BE DK
WA ENTWS, AE® 0.01 ppm 1347 5.9X
108 mol/1 C, MEVIKRETIEIH DN, BEEPT
BN NS, BYEEICEK D ARITEDIA
ENSEMBEMHNEZS0(EEDH D, T 51T p-
7 =)V 7 =/ —)LiZ RPE 7% 82.4% T HLlHY & U
ZENS, BRICASEGEOZEITEHTRET
IaneEZIS6NS.

SRITA SO AEHAZRLUAEEY TERD T
WD S 72 DIF, BRI R TZNLS DG
MEHT IR /A RETHo7=. LML KREHKD
TZATA A A D EIGD, NAZTDHICE
FND5T7 IR A REITZADAURBREDDRADTE
MEER®SMmb I L 257 0—)L 2 EEEICT D
LR EDEMRICERARBETDIHOSNTBD, A
M- BEERAIODVWTHEROH D EIATHS.

A 2 RN R T S0, EMREERICK
LB ORI DLW EE T 5 NEND )
sl LiL, BIRETZYZAT51>, ¥11
A2IREDT TR J A NI HERA KR B Tl A
FEER 2RI DICHL, YZAF 2, ¥1920&
2T IR/ A REOBKEARTIE, Y27 Uarict
ANTEERIZ S < Bz o 2R 2R Uz, OB KL
A I /E A S € TO MRS RICKIT T HEIL
INENWbDEEZ OGNS, £, TAM 132 ORH
¥ AOH-TAM &3 Bz 8EM 2R LZZ &,
BHA & TBHQ I3 B B bEHERLEZ & EMN
5, flfiad OEMICHTEERE R EDRERANDEFHIIK
3 RNnEBEZIENS.

BRI R CBHICEENDRD TR EITDNT
IA O AMERZH#HNTZ. Z0OH%, BHA ©
OPP 72 EVWK D OYWEICT A b EHD &
L ENHERTE ., TA MY AEMZRLZAL

EMEITNTIIB-TAR T PA =KD EBEET
TERZRLUIZZ ENSIEROEEITHW EMREI N
2. LWL, KRBIZHDWIZEARITEIRL 2D
A7 BEETEIRN,

HEE  MCF-7 fifid %z it 5 3 117z Tufts KO
Dr. A. Soto & Dr. C. Sonnenschein IZ7E# 3 5.
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