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Department of Pharmacy, Chungnam National university, Daejeon, Korea

ABSTRACT

Xenoestrogens are chemicals with diverse structure that mimic estrogen.Bisphenol A, a monomer of
polycarbonate and epoxy resins, has been detected in canned food and human saliva. Bisphenol A stimulate

cell proliferation and induce expression of estrogen—response genes in vitro.

The purpose of the this study was to evaluate cell proliferation of bisphenol A in the presence of a rat liver
S9 mix contaning cytochrome P450 enzymes and Cu(II). The fragmentation of intact DNA, a parameter of
apoptotic cell death, was evaluated quantitatively by diphenylamine reaction method. Bisphenol A induced

apoptotic cell death in a dose~-dependent manner. The effect of radical scavenger on the apoptotic cell death
induced bisphenol A was investigated. The DNA fragmentation induced by bisphenol A was significantly
inhibited by addition of radical scavenger to the culture medium. This indicated that elevated oxidative stress
caused by imbalance between the production and removal of free radicals occurred in cells. Taken together,

these results suggest that free radical reacts with Cu (II) leading oxidative stress.
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aj|3t7tel]l dste] =AZFo]}(Colerangle JB et al.,
1997). A2F5 o438 AgAM Al ¢AY
F]ell bisphenol AS AA| AFFENA =&d 5 9]
3 %S AT F 2 "ot e 5
719l AP AANA sHe 2ARIEY A4
I BHAG o)Ate] FAFHYH T HIEFY
o} (Colborn T et al., 1995). o|&| &t A7 A=} HA=
g WEH]A Aeet ofe} in vitroo| M A ZZ
AlE AF3ta dAEZ Al kSl fAA
WS F=351 in vivoo]A] & prolacting] 2H]E
Z7W71 A, A, e ARkt 2318 A5st
g1 dHA den, AzF7] $x5 WAL,
DNA &£4H8 %5319, telomeric association¥} <3
A Helg dod|H, drERAN £4H A
mRNA stabilizing factor®] W&o W3t o224
AFE A= 28-S 3= antiestrogen 7)%-&
S3 WERA el EA el delA 9lvh(Atkinson
A et al., 1995; DJ reed et al., 1995). & Al A| =
bisphenol A2] AP A3E $3) rate] TlelA]
fEH & S9 mixtureE AME-EFl o™ hALA BAJ3
o] u}-& bispheol A2] dlAE2AAE odolr 7] 9
3] E-Screen assayE 3] &rolr ke bisphenol
A°ll ol3] AAIS] free radicals} 1ol w2 AREA
AEH AT apoptosisE FEIH=AIF dotdr] ¢
&) DNA fragmentations 330t} Apoptosise
A27} 5 v oln] Fu|El AFStlA AP} Z=
I 7HEAA FEHeR FE58 Dol A
Jolu Mzl F& o & AlZ WelM o8 4=}
Eo] oA o] oAl YAE] 2 (mem-
brane)ell 28] £ AR A o] k3= A=
E-9o] 2}=M (phagocytosis)el] 2]& Alg}A]A] H:=
FA-& vtellic) (CB Thompson et al., 1995). AL
ye] A& ke free radical = apoptotic signal
trasduction& 2738} 3. apoptotic death pathway &
gAssicty delx glom (H. Sies et al., 1986)
antioxidant, N-acetylcysteines} 72 thiol reduc-
tants, MnSOD2| overexpression®o] apoptosisZ
Algclar d#A gle}d. =3 endogenous proteing]
bel-2& &Ar3t 71A4E& 8l apoptosisE E37 Al
EZEESS vhojgtla iz I (Y Suzuki er al.,
1997). w}2bA] free radical®] A3} Tof] ul2 A
2 W Abs}-3ddjAbe] ¥ 3k7} apoptosisel] F2.8
o&-& 3= = bisphenol A2] metabolic redox-
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cyclingsl] o)) AA= free radicale] Az el
apoptosisE 513l =%] 2 DNA fragmentation2 &
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Abet g2 M=) breast carcinoma, estrogen
receptor positve MCF-7 cells, hepatoblastoma
HepG2, epidermal cells¢] HaCaT cellsS A§-2-3
AFAhz e Hopubglrl MCF-7 cells, HepG2
cells and HaCaT cells2] uje¥o}-2 10% fetal bovine
serum (FBS, Gibco BRL, Grand island, N.Y., USA)
T 1%&) penicillin-streptomycing 3233t Dul-
becco’s modified Eagle’s medium (DMEM)8- A&
shieh 3~49 ket Adelo skl on] Apauay
el do)s) A4E HagsA 109 oY
o= Ao A Aol A x
4= 3ol 5% CO,E FF3F= 37°C Dual CO;
incubatorel| A wj) eF&}d v}

1. E-screen assay (J|AE2 REM 2{4H)

1) CD-FBS H|= (FBSLH 2]
H7H)

Serume] oAEzA FA-E HA4FE7] 99
FBSS t}e3} 7o) Aalsledeh 0.5% charcoal
0.05% dextrang FBS¢} FURu|9] 3z {4
100mle)] =ef TET 0] 2,500 rpmel| A 108 A

AAEGsd AH F A5HL WY pellets
dslet. 7)ol mlE] HodE FBS 100mlE H7lst
of Aler} 6087 10 cycles/ming T} 3
2,500 rpmel| A} 158 A= gARe st Qo A
o8-8- 0.2 micro filter (0.2 um, Nalgene)oljA] o 33}
o] CD-FBSE A4t «47]A 42 CD-FBS:
—20°Cell A3t et

2) MCF-7 cells Hjet

MCF-7 cells-& 4A A7} vlokst & well culture
platecl] A ZF EF317] 315 A flask 2] v =] &
233t F A el wix]F A|713te] PBS buffer
2 13 Al™3 & 0.25% trypsin-EDTAE 7}3}e]
Azg Zstde. 2 F Az wifdE 15ml
conical tubedl] EAF}e] 4°Colla YAIE=] (1,500

steroid hormones
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rpm, S min)k & APSNS- aspirator2 A Aok
A a2 v xS conical tubeol] 7}3led M EZE o
2 3}3t & hemocytometerE o] £3td M| EZpE =
53 DMEMENA|E 7kste] AT M (5
x 10°cells/mh 2. 243tge}. 2 F 24-well cul-
ture plateol] Z+ well®d 10,0007)¢] M xB8L 7}3}

o 96-well2] A% welldd 2,000718] A xH
< 7kt 5% CO7E dASHAl fAl=EE 37°C
W F7]ell A 24475t vkt & ZHzhe] wellol
Eoldle WAIE A7sie dAe i A=
=X A2 M AT Charcoal-dextran¥E] FBS
(CD-FBS)E 5% &-4-3t DMEMu| | & 90 ul¥ =zt
wellel]] 7}8}31 bisphenol AS z} = E 10 wlAl
welloll H7pstgdet o] o Az B2+
ethanolZhe A 718 wix|& AlLslsion 7 well
%} ethanol?] FF =57} 0.5%8 24 ¢== 3}
9t} 2 & bisphenol A7} 715 well plateS 5%
CO, WoB71614 607k (1444178) o stai .

Y MZUEE 5F

(1) SRB assay
MCF-7 cells®] 24458 2837 9sted A
EAS ZFo]23} SRBE cfolo] ZHE s}

WhAlE= 41E]E o]-2-3F SRB assayE AHE-31¢]H
SRB (sulforhodamine B)£-98-2- 1% acetic acide]|
04% (wiv)®] FE=2 Fulsiaict WddE A7
& plate®] 7z} well-& ice—cold PBS 500 pl (96-well
plates: 150 u)= F3 #2353}k Cold-10% (w/v)
trichloroacetic acid (TCA) 200 ml (96-well plates:
100 ul)& 7+ wello] Po] 4°Col|A] 3087 Mz 2
TANFS TCAS W Fo AZE LFEFS
£ AFgsted 5 AFE 5 35~40°Col 4] A
942 o2 7 welld] mAE A2l SRBELY 250
ul (96-well plates: 50 u)Z FolFgr} 107 o
Asdg ¥7 ohg 1% acetic acid2 washing
solution2] A7zt gloid wi7tz] s A= M3}
o 2% =] ¢k2 SRBE A A3}t Plated A
oA A AFAT Fell Z+ wells)] cold-10mM
Tris buffer (pH 10.5) 500 ul (96-well plates: 100 ul)
2 o) 2087 S50} Fo Axzsh A SRB
Z H9oh A5 50uE 96-well platesel) A
microplate readerS A}8-3led 540 nme] 34 o)) 4]
EFAxE =T 96-well platesol|A] A&+

Aol Frhiye] A3 9 Apoptosisel] #HEF A 253

$ A7 =g 27
(2) MTT assay

Mitochondrial dehydrogenase activity2] indexZ
YellE= MTT colorimetric reduction assay S 43}
sl AGEAA U AZAEEE SASA
wjekelg A A& & 500wl (96-well plates: 100 )
2] A1A3F viAE Y3 7+ wellol] phenol red—free
mediume] 2mg/mle] =2 A ZY MTT medium
250 Wl (96—well plates: 50 p)-2 go] 37°ColjA] 34]
Zb wioFet ok 7 well22E] RAAHA WX S
A 718k & dimethylsulfoxide 500 pl (96-well plates:
100 ph)& Y4t} Formazan 271 43€ o7}
A plaeZ <F 1087 AFAZ1 o8& microplater
reader2 AR4-3led 540 nmellA FFeE A4 A
o}

(3) NRU assay

NR-£-8-2 0.4% aqueous stock solution .2 F1]
3le] DMEMO.Z 1:802] uvj&2 M3 & AL
ol 24217k Fet HAAIZEL 1,500 gell A 1082F
QeI ohe 2l Aol Agstaleh. W
£ A|A3t 3 NRo] %315 o] 9)= 20012] DMEM
£ Y2 )& vital dye7} viable uninjured cell2]
lysosome .2 EojrleE 37°C 5% COxo| A} 34
Zbgst wiekstdeth AlgAZA FEA 92 NR
2908 platedl] A AAT = 2+ wellS 100 ut (96~
well plates: 20 pl) formal-calcium -4 (1% forma-
ldehydeg} 1% CaCl) o2 MAH3 3F 200u (96-
well plates: 40 ul) extraction solution (1% glacal
acetic acid-50% ethanol solution)2 2z} wellol] o]
Al g A 2ol F5 NR dyed FZ3)gt}. 5~ 102
7} plate® £Eo] F ©& microplate readerg A}

9515

g3t S40nmel ] FHEE SHsH
4) Tamoxifeng] MIZZEAME 0|28t E-screen
assay

E-screen assayol] AF2-3 tamoxifend] %8 2
Ast7] $ste] MTT assayE AR&sled MCF-7
cellso]] W&} tamoxifen®] MFEEAEL &30
96-welldl] welltd 10,000 7§2] MCF-7 cells-& Hl]
kL 24A]7ke] At F 10% FBSE ZF3=
DMEM | sufofeltell 5, 10, 25, 50 uM 2] tamoxifen
£ 7 welloll Xejslar sl oFslsdet. vk 664]7ke]
At F MTT £ welld 50 WA ik Al
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MEE 37°Co| A 4A)17F ot okl ok 7t well
2RE mediag 2AAHA AAT E DMSO 100
W= 7t wellell @¢i=}. Formazan ZAA A7} 4319
W72 plated 10# F<F & EEF F micro-
plate reader& A3l 540nmollA OD & &
Attt E-screen assay S Ap&3te] A 222 E
4 ZA3s}7] 98] 17B-estradiold} bisphenol A7}
rEe A" welld] tamoxifene] 50uMe]
A Aeq & well plateE 5% CO, wljF7]x] 6Y

ZF vieksk oF-2 SRB assayj o # MZYZEFE S
Aste] 22 3k MCF-7 cells®] 2488 F
st

5) CHAL EHdA0IMe] HAEZAIY

E-screen assay g A}4-3le] djA} Ao wh& ,q]
2ZAEE &A37] 98 S(10%) mixe] 9l
bisphenol A7} ¥ =2 (0.05~5 uM) zﬁa]tﬂ- 3
well plate g 5% CO, W] o}7|olA] 627t wjokst of
£ SRB assay o2 N EAYZEE 2A] 3l iz
2ol W& MCF-7 cells®] ZA18-8 T3}

2. DNA fragmentation

4x 10570 ¢] A £ bisphenol AZ = (30, 60,
120, 250, 500, 1000 uM)Z  x]2]3}ed 1247} wj|oF
2% PBS=Z AAH3 ©}& Trypsin-EDTA 23}
AZZ 343 F YA} cell pelletd A3
t}. Cell pelletel] lysing buffer (0.2% Triton X-100,
10mM Tris, and | mM EDTA, pH 8.0) 400 3 4
o] lysis AlZ1 F 13,000% goll M 1087 LAl82]
3}o] intact DNAE =33} pelleto.2¥E] DNA
fragmentE EF3te AFSNS He]slgdr). Intact
DNAZ =z g8} pellete] lysing buffer 200 )l&
£ }& pellet suspension3} A< 200 plof]
% 0.5 N9 perchloric acid® g-& Zof 95°Cel|
A 1587 WA A3 pellet®] DNAE
diphenylamine reaction .2 A gkslodv} 2v] 23]
2] DPA reagent (0.088 M DPA, 98% v/v glacial ace-
tic acid, 1.5% v/v sulfuric acid, and 0.5% v/v of 1.6%
acetaldehyde solution)Z Ztztel] dolZF o} A2
ol 12x]7F wjef Ze] 200 WS | 96-well
polystyrene microtiter plates® 7] ¥ ELISA rea-
derg o]8-3ted 540 nmellA ODZH-& A3
DNA fragmentation®] oF2 t-2-2] Aoz AAks}
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At

DNAfragmentation(%) =
2x (73542 OD)
pellets] OD+2 (%5 HS] OD)

x 100

7 =

1. E-screen assay

1) SRB, MTT, NRU assays H|l

Prollferatlon assayel] QloiA] opofsla e E

1S Hrketr] M Sy e 7]—\r§}2} =t
%5}7} 27w oleg Wl Ay
sensitivity 7} F-A15= 7] Hosi. 24 Hx4
£ Ale A B} 7hdsl colorimetire assaysE A&
e Aol g3 AEsimz duAel A=z ByEE
Z2x-ulH el SRB, MTT, NRU assaysE o] £3}4.0
o, 24-well plateso] M ZAM$E odujalyd A7
10,000/} AHgstlch el B4 5o BB
AES) dAE2ANE ZHsked glo] E-screen
assay?] A3 5%+ hormone-free negative control
of A3 MEARAE dod: xR TN
Bisphenol A2) 7% A3 =+ NRU assay = A 9]
3l12= SRB, MTT assayolA] 5nM=E vehgd oo
Hd N ZFA FEE A7 ¥y 25 500nMe]
oo} (Fig. 1). WA %<l 500nMei|A PE (pro-
liferation effect)zt-2 SRB assay”} 4.473+1.9,
MTT assayx 3.774%0.92, NRU assay= 1.719%
0.662 Jel} SRB assayZ} 7} ®17ksr Zlow
Jehgem 1 ojstel FEaME che 24wy
o] u]3) PEZte] =7 e} bisphenol A2] o 2~
EAAL Fotsled 2 sensitivityE HoF
Ao} 500nMeil A H ZA1g& bl F 1 o
o) smAME PERel B skl SOuMe
A AN EAWE 2% 1 olstz e ol
71-& bisphenol Aell &3t M| EEA]ol| 7)elst A}
2 Alasgo.

2) E-screen assay2| A38i5}

# 2ol = Estrogen receptor (ER)-positive human
MCF-7 breast cancer cells (E—screen assay)& ©]§-
g Az APS \yE ek wEe] A4
Ha 9t} 7)ol A= E-screen assay?] 23S
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E-screen assay: comparison MTT, SRB, NRU
8.07

=5 B SRB
£ 7‘0: O MmtT
S 6.0- O NrRU
2 4
‘_S_ 5.0
2 ]
3 4.0:
S 3.0
[~5 d
£ 201
E o
210
0.04
5aM  50nM 500nM  5pM 50uM

Bisphenol A

Fig. 1. Concentration-response curves of the E-screen
assay for bisphenol A using MTT, SRB and NRU
assays. Proliferation experiments conducted in
quadru-plicate wells at least three times. Data rep-
resent the normalized absorbances were measured
by Microplate reader.

95 24-well )41 96-well plateE A}-2-3F AlFL
280819t} 96-well} 24-well platecl|A] 28]
2] bisphenol AS SRB assaysZ o}&-3}e MEZ
Al &35 A¥E AI} sensitivityE SR 5HHA]
FARE A7 dejzch zeiv WS
500 nMo| A PEZFS 24-wello] 5.181+1.5, 96-
wello] 4.836+1.22 Veh} 24-well3} 96-wello)
A8 §AEE sensitivityE e} 17B-estradiol
< 7ER) 2 96-well plateo]] 2,0007)2] M ol =
¥ (0.001, 0.01, 0.1, 1, 10nM)E 23+ & SRB
assay g ol &3l MEZAEE AT AA:
Fig. 28} 7} )

3) Tamoxifen?] MZ=AE O|&+ E-screen
assay

Bisphenol A%} 722 A9 oA orE=
A 4 245 59 Az saAe 3
43l NEEAZE eiE tamoxifens}e) o X
2z $8AdM2] ZHAL E3 MCF-7 cells®]
M ZAAE 24519 o) TamoxifenS AAE 3 &
bisphenol AZ 2|8 Z3} bisphenol Adl] 2|t
MCF-7 cell®} Mz ZAFo] 33 Pl & &
& £ i} (Fig. 4). Tamoxifen®] F=AdAL
23t nmEZoeol &S SA 3= MTT assay

E-screen assay: comparison 24— and 96-well plate

8.0+

4 17 24-well plate
7.04 96-well plate
6.04
5.0
4.04
3.04
2.04

4
1.0
0.0

Relative proliferation vs control

SaM  SOnM  S00nM SuM  S0uM

Bisphenol A

Fig. 2. Concentration—response curves of the E-screen
assay for bisphenol A performed in parallel in 24-
well and 96~well plates. Proliferation experiments
conducted in quadruplicate wells at least three
times. Data represent the normalized absorbances
were measured by Microplate reader.

Inhibition of proliferation in MCF-7 cells
by tamoxifen and ascorbic acid
5.0

4.5
4.0
3.5
3.0
2.59
2.0
1.5
1.04
0.5

Relative proliferaton vs control

T

005uM  025uM  05uM  2.5pM  5uM

Bisphenol A

lD Bisphenol A O Tamoxifen (10uM) & Ascorbic acid (10 uM)

Fig. 3. Inhibition of the proliferative effect of bisphenol A
in ER-positive MCF-7 cells by cotreatment with
10 umol/L of the estrogen receptor antagonist
Tamoxifen and 10 umol/L of the antioxidant Ascor-
bic acid.

& ALg-8l9dc} Tamoxifen& 2|3t & Az J&
& 24 27 5x7F 71l ol mitochon-
drial dehydrogenase activity7} 3 743l 50
UMoll M e A ZYZE] 10% A=z Frasigo
o o)A AN drEsA el Fo
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= 8
2 (=9
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T T T T

0.5 5 50
Bisphenol A (UM)

0.005 0.05

Fig. 4. Proliferative effect of MCF-7 cells grown in 96~
well plates after 6 days incubation with tamoxifen
(pretreated 50 uM) and bisphenol A in culture medi-
um with 10% charcoal dextran fetal bovine serum.
Proliferation experiments conducted in quadrupli-
cate wells at least three times. Data represent the
normalized absorbances were measured by Micro-
plate reader.

Aee % 4 ek

Bisphenol A%} tamoxifen®] oJAE=A 2.7
AL =3 A EZ2ES biological estrogengl
17B-estradiol?} ®]w3ted RSk} MCF-7 cells®]
AzFo] 10% o5tz Zt4g 50 uM tamoxifeng-
bisphenol A9} 17B-estradiol S 7 H == =]g]
g wellell @ol& F Al 2321 §-2 Fig. 304 2X%
o] 50uM tamoxifen& 22}t A= JEES 1002
2 Bore ¥ w7} 2r1g4s MCF-7 cells®] A
Zgo| Z7)sladck 3l 17B-estradiol ¥ A] MCF-
7 cellse) AEEE 2A Z7HARHFig. 5). Bisp-
henol A¢} 17B-estradiol-& ¥]A] bisphenol A= 5
uMel| A 170.88+43.52%2] Hd =2 &3r} e}
Jow] 17B-estradiol-2- 1 nMoliA] 241.59+24.65%
2 ) 2z} Jepdel 53] 17B-estradiol
orAl Alglol| A} Yeld 17B-estradiol &}#| 2] MCF-
7 cells®] A4 AFshe Hexl 1 nMF} 4
st¢dc}. E-screen assay?] 23 hor-mones 7}
S he dzzel A AEH hehich

4) CHAL A0 2] dlAEZ A

) AFEFAdol| w2 bisphenol A9] ol AE2AAE
olat7] 915k 0.05uMellA] SuMe] bisphenol A
2 S9 mixe} 37 wiek & & MCF-cell®] AE

0001 001 0.1 1 10
17B-Estradiol (uM)

Fig. 5. Proliferative effect of MCF-7 cells grown in 96~
well plates after 6 days incubation with tamoxifen
(pretreated 50 uM) and 17B-estradiol in culture
medium with 10% charcoal dextran fetal bovine
serum. Proliferation experiments conducted in qua-
druplicate wells at least three times. Data represent
the normalized absorbances were measured by
Microplate reader.

450 4
400
350 4
3004
250 1
2001
1504
100 1

504

0 v
C E 005 025 0.5 2.5 5

Cell proliferation (% of control)

T T T T T T T T T T T T 1

Fig. 6. Effects of bisphenol A on the growth of MCF-7
cells. The compounds were tested at concentrations
ranging from 0.05 uM to 5 uM for 6 days. Results
are expressed as the mean=+S.E. of four determi-
nations. C, E indicate untreated control and 176-
estradiol (1pM)-treated cells, respectively.

zA)5-& v|wsk A7} bisphenol ARHE vkt 2
3} (Fig. 6)oll B)8] S9 mixe} & wioFA]l Al LA
Fo] AagE sk (Fig. 7.

2. DNA fragmentation

Apoptosis:= endonuclease®] ZAJ2}ell 2l nuc-
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3001

Bl

C E 0.05 025 0.5 2.5 5

Cell proliferation (% of ontrol)

. 7. Effects of bisphenol A and S9 mix on the growth of
MCF-7 cells. The compounds were tested at
concentrations ranging from 0.05 uM to 5 pM for 6
days. Results are expressed as the mean+S.E. of
four determinations. C, E indicate untreated control
and 17B-estradiol (1pM)-treated cells, respectively.

=
@

501 {1BPA
454 M BPA 459 +Cu(il

DNA fragmentation (%)
W)
S
1

10‘ T L) T + ¥
30 60 120 250 500 1000

Bisphenol A concentration (umol/L)

Fi

-

g. 8. Effect of BPA treatment on the DNA fragmentation
of HaCaT cells. HaCaT cells were incubated in
serum—free medium with various concentrations of
BPA for 48h. After incubation, HaCaT cells were
harvested. and the amount of DNA fragmentation
was determined by diphenylamine reaction as
descri-bed in Methods

lear DNAZ nucleosome F7]¢] Aoz Hlsl=
DNA fragmentation 0. 2. A2 ¢]=x1t}. Bisphenol A
o &3] MCF-7 cellsel|A] E3]A Q] apoptotic in-
ternucleosomal DNA cleavageE 24 35}7] 93l Bis-
phenol ARHE Xe|dt dzZ3} AR A7)
bisphenol Ag} Cu(IDE 7 H=3 APFo=
HE] DNA sample$ <] diphenylamine method &
=3 DNA fragmentationg &A 3}t MCF-7
cells-2 serumo] gl vjA|oA] wjoFslgion] 124

7HESE of3 %=9] bisphenol A9} 3 vl F3led
=} Fig. 8¢l 4] B.Xo] 12A]7} vl o}5-<t bisphenol A

WEu|A A Aol iy el 273} 9l Apoptosisell #& A 257

50

40

307

204

DNA fragmentation (%)

(4] T T T T T ¥ T T T 1
0 10 50 100 200

Vit C concentration (pg/ml)

Fig. 9. Effect of Vit C concentrations on the DNA fragmen-
tation by Bisphenol A treatment. After incubation of
HaCaT cells in serum free medium containing 6uM
BPA for 48h, HaCat cells harvested. DNA fragmen-
tation was determined by diphenylamine reaction.

b Wi FAl7] AP ZAME Fxel #A G
DNA fragmentationo] Joji}x] ¢koke-S o 4 9l
o} o)lg}= xAH ez SOmixet Cu(DE 4 i
okA] MCF-7 cells®] DNA fragmentationel] o3t
oJgFo] 250 uMel7}2] &F o|EH oz F718l9d
t}. 250 uM 2] bisphenol AS =28 A Lej| A
DNA fragmentatione] Z |z deojytor} 250 uM
o]AFe] bisphenol AS #2]A] DNA fragmentation
o] xZH FA £Foz dojyn. o)ie
bisphenol A¢] A g]e]] whE cell death”} apoptosis
7} o} necrosisell 7]Ql%F Aoz AR} o]y
gt A7) free radicaldl] 7}Q1T-E& dolr 7] 93]
8x1EA 9l Vit C¢) ¢33F-& diphenhydramine me-
thodE Edle] Lol A 250 uM2] bisphenol A
& ZR A% VitCsl ¥ob) 2hees
DNA fragmentationo] 7}4~3}9]vH(Fig. 9).
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o xEzA B4 AT AP HFe) 2Ao0
2 =44l in vitro A|E*¥H ] E-screen assay S A
Al8}dr}. E-screen assay= Soto(1995)2] ®} ¢l
we} AlA]dte] 17B-estradiol®} bisphenol A7}
MCF-7 cells®] $2]el] nX|&= J3k& FHEst Ax)
4F-EH oz A=z PE2EE F7HFHHY
(Villaobos M et al., 1995). dubq o 2 Soto o] &
" MCF-7 cells2 W=7, AdulioF 314 2
B3z Fol wel AEZAE Y AER] Ao
£ veligdr B33 v} 99 (Gaido KW erf al.,
1997). 22} £ d3 A3+= Soto(1995) ¥ Kor-
ner 5 (1999)9] Ao}l fAbslodet. & AfAA A}
43 AzALE AP SAVE AAE 9
8] w]=- 913 3] (National Cancer Institute)ol] 4] o]-&
&3 9t WW F MTT, SRB, NR 2AH & 214
st o). Tetrazolium MTT (MTT) 2413} Sulfor-
hodamine B protein (SRB) -4 #-& A £ul-S-ol] ¢
8t 54248 243 uhY o] 12 Neutral red (NR)
2AHE AZA Be £ selade) WeE 2
S ol Azeg 24 Yoz
SRB, MTT, NRU assays& A48+ 23} NRU assay
E A3l AHEAL dAERAXNE FA )=
d A3stHet 53] SRB assaye] 79 A2 7|
5 FAsEY 9o dHs=e HASAs =
Ateldl A #2 =g el WEu|A A2
< Akt AEgs wiog wdEeh MTT
assay®] 7-¢- WA= formazanel] o3& A =
7} A|Zbel] wel WEh= A e] 9lovt SRB assay
23 9 959 Az PAsed Agsivin
d=iA lemz oMz wickel| whE Az
Mg FAsted Ay JARAY =z
Ao Fo]&3} SRB| ¢fo]Zo] AFsle] W
Aete g o)43tmz AA HolEE o
S 4 909l MTT assay:- SRB assay®.t} A]7bs}
A7t AA aeFgen o2 APy v]d)
A3 wE el gl WkEAQl MTTe
DMSOE AM&3tote Aol qlslvh =3k E-
screen assay 3 433 7|2 24-well plates of
Alel] 96-well platesE AF2-3tglor] Alge] Alg-
H A=zAeE 24-well plated] A9 EHH o=
AFS8= 10,0000 8 AR4-31e) T} 96-well plate?)
7% dmAdAs} 2,0007] o]s}, 2,0007] o] Ake)
A W& PERLe] vl olelst Ad: 2,000
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A eldtd A MELrt Mo 2tmrl dglon,
2,0007] ]34 749 6U7 wiokol] w2 M2
F240 A o3z AW 53 17p-
estradiol s} o] ¥-& AEZAEE ehle Als
9] 7% &t ZA telydoh o|#)8t E-screen
assaye ofe] AAel® HFshm APERo) oA
E2A $EA AA sk Aol W3 YRE
o ok el stk gEtA olE A 1
8 4 A AEHoz 4Ad Wt AAH
ZAgeA| o] 3o} Bisphenol A9} 722 W
2 Gl BAL o AEaA S8HES 7G5
Nz2AL doglma MCF-7 cells?] 483
zh-gste] A Z5AS YebllE tamoxifend o] 4
sle] WEu)A AefEA = tamoxifene] MCF-7
cells®] gAlAe] A& 3 PEZE A3
edr}t. Tamoxifeng Al43dle] 7ZHAa® A ZAYEF-o
17B-estradiol} bisphenol Aol 23 Z7}sly .o
17B~estradiol3} bisphenol AS ©Zo =2 w3l
2o} ¥R = deiwE]A] gomiy olx
E2ANE 24T 5 9T T drEzA
sglol T AHH ATRE AYLezE B
73 Zo] S8l dlAaE2A 3}8-EA 6] estrogen
agonist = antagonistZ AM-4-3l=Alo] d A=
Hesp) BAR7) oAt Ay ofrEzA
FEA A7 AIE A=F Hrished i
Lol v % shtely A7

& B o Fo| A= bisphenol Aol &7} Abs}A
AE 27} apoptosis® SAH=AE SHelshr] )
3ted S9 mixe} Cu(ll) £A]8}ol|A] bisphenol Aol
2]8t DNA fragmentation& &4 3] £ A3} o] A
% DNA fragmentationo] ojytem DNA frag-
mentationo] rAFEA| o3& A EE Felsteddh
webr] bisphenol Ax M ZWo|A] AEA AEd
2~ (oxidative strees)el] 23} apoptosis7} oyt om
g AkstA| o] )8l apoptosis7} A1 H-g sHelslgc}.
St AZe) apoprosissls EE HAHR S
o &le] bisphenol Aell ]38t apoptosisy p 53,
Bcl-2. caspase, Fas$} 7+& §-ARISo gt A
£ 53 S9ol| HeloH-
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