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ABSTRACT

Bisphenol A shares similarities in structure, metabolism and action with DES, a known human teratogen and
carcinogen. Bisphenol A, a monomer of polycarbonate and epoxy resins, has been detected in canned food and
human saliva. The purpose of the this study was to evaluate the cytotoxicity, cell proliferation of bisphenol A
in the presence of a rat liver S9 mix, contaning cytochrome P450 enzymes, and Cu (II). In the present study,
Bisphenol A in combination with Cu (II) exhibited a enhancement in cytotoxicity which were inhibited by free
radical scavengers. The content of malondialdehyde, an end product of lipid peroxidation, was also found to
increase with concentration of bisphenol A. Also, we examined the change of CuZn-SOD, Mn~-SOD, catalase
and GPx activities in the MCF-7 cells exposed to bisphenol A. The activities of CuZn-SOD, GPx, catalase
were found to decrease with bisphenol A concentration. Meanwhile, the activity of Mn-SOD was unchanged.

This indicated that elevated oxidative stress caused by imbalance between the production and removal of free
radicals occurred in cells.
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1994). o] & L84 A9 I EA5 AHHE
Bisphenol A7} 284 A&z BFHT )
=4 (Brotons et al., 1995) 7L o] &= Az =Fq)
dJirEAF 22 &7} dutn BysHw Q)7
] o] (Bruder et al., 1997; Arnold et al., 1996) ©]
% 53] bisphenol A7} FE& W1 Q& o]ft
bisphenol A7} &) o FA] HAl7 Fe]7tr o] E
Eol2de) guz ASRT Q] dEelct W)
v, B2 ¥ RE ARFA iR Aol &
Ao ®uEes Butk ozl SAVAGT E UA
o WX gkl #AZ kst A7) Es] A
33 9led FHT HERA AN EA L free ra-
dical 4o WFE S VA Aol AFE T 3
t}. oj=- CDC (Center for disease control and pre-
vention)ell 4] ¥-7F3F 48F-2] WEn]A Aol Bl
) &led =AM A3 50% 3EEA o] free radicalS-
HAsta AJAEA, WA, Wl A, W sA W
AAEARE Jepl e sEEde 47 81%, 79%,
3%, 52% 9 51%9¢ BAsheich mheta] )
A Ao) B BAHAL free radical WA LA
g #o] glow HT AFATe wEy 4
2] Al TR HEnA Al EAe] vfg e
FrolME QI7te] W75 FHAIZ Bl oh
g FeFe|HH stelyd k3o U1 BAAAEE
Z7M0E 7FsAd el vt B.3rsled et (Dizdaragly,
1991; Stadtman, 1998). u}e}r] £ A= &
H]A Ao B9 free radical Y& T3 54714
& Yolr wA} DES9} 723 FAMS 7kA zH
thAFA] catechol B3-& 71X &= HAHAE HAIE=
bisphenol A®] A4 F free radical A A] o -2}
a6l BE SH¥de dohud stk $A
bisphenol AS] HAbE BAIBHE Sla) race] 7ol
frel st S9 mixtureE ARE-slslom ALY EAs)
of & MESAI MEFAMEL e dolr
k3t Cu(l)e} 722 mjeke] TEYAE catechol?)
redox-cycling-& A=gvla delx glemz (AM
seacat et al., 1997) Cu (II)7} bisphenol A2] T A}A)|
9] redox cyclingell F]X& QS dolH yz} A}
e AlxzFox X 2AAAE A =, free radical B
Aolj m}2 SOD, Catalase, GPx2] &A1= w3lg o
opx k.
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Abd -2 MlZ=A breast carcinoma, estrogen
receptor positve MCF-7 cells, hepatoblastoma
HepG2, epidermal cellsq] HaCaT celis& =33}
ArA2HE Ropdkgltt MCF-7 cells, HepG2
cells and HaCaT cells®] wl]¢fo]-2 10% fetal bovine
serum (FBS, Gibco BRL, Grand island, N.Y., USA)
I} 1%9] penicillin-streptomycin X33} Dulbec-
co’s modified Eagle’s medium (DMEM)& A}-£-3}9]
o 3~dddetet Adop siglom] A
sHols) A4 HasksmA 109 Fgos
Al oFat Al Zake Agel Agsiae 23l =
Bl A 5% CO2E 3-73F= 37°C Dual CO:incuba-
torsll A} wl eFakalt.

Bisphenol A, 17B-estradiol, Tamoxifen, Thiobar-
bituric acid, 1, l’, 3, 3’—tetraethoxypropane, Proteinase
K, Agarose, Ascorbic acid 5-2] A]2F2- Sigma Che-
mical Co. (St. Louis, MO, USA)o|A] FU3}H ).
Dulbecco’s modified Eagle’s medium (DMEM), Fe-
tal Bovine Serum (FBS) 5-& GIBCO-BRL (Gaith-
ersburg, MD, USA)ell A F9J3dct. 718} A|oF &
4vle 55 =5 198 AHEG

1. Bisphenol A2| MZEEM &X

96-welloll welleh 10,000742] MZ2 ujorstad
t} 24, 48, 7221 7F vlleF & S9(10%) mixE Yo F
At 2 welldll 67Fx]2] %%2] bisphenol Ag} 200
uM Cu (IDF ol 72417k wjFstit. =3 bis-
phenol Al S HIZkdR £4& Fehurl s
5 N9 plac® ARgste] ok shie] A 724
7} Fo)) bisphenol A7} A 3HR] = WA= wF
D F 247 o dsEeh AE AEEES MIT
assay (7] . 20008 AHgake} 23 shie.

2. Bisphenol AS] MZZAME =X

AL Aol A bisphenol A2] FAlE-& A3}
71 #3ted S9 mixZ A}L-3}e] E-screen assay 3 4>
Satsich Ag sk A gl ALeE Az )
A TR AY Bl AL EelalE T25
om’ Eepa3e) WAE FQ AAZ oHL. phos-
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phate buffered saline (PBS) $t&o} o5 13] HA 3}
At 0.25% 3P4 £A-& Fepamd 500 37t
&ted MCF-7 cellso] EefA3 nigeA R2|=H
(1~2% A=) A 5mlE golM AR
MAE 15ml ARz &A AEHAA
(295x g, 5%) AAXE FAAAGT o, M=E7t
dolelys AR T wiAE Y3 ¥ sy
Nzg DAd3AFA Az5s 2AsUT 2x10°
cells/well2 96 well v oFfhe]] B-F8 & (wellwd uf
gk 100 ) s Fi-g A 5] Mz ¥d
BHA BAE =S sl 5% CO,, 37°CE A )
F71ol A 24X7F i FAIZ] F, welle] So{9lE wi
A5 F - AAsAT A - AESA
A2 A A3 Charcoal-dextran X8} FBS (CD-
FBS)Z 5% 3§-3-3t DMEM H]X] 90 ul& wellel] @
I AFEAY] FEF 0.05uMEE H3 SpM7t
2 zA|Ft] 2 ez 10U4 welld] 7}slg ok
oluf], 8uj 2 A3} ethanol®] FHFE=+E 0.5%7}
2 243190 A 27 H7EE 96-well plate Z
5% CO,, 37°C2. 2A% wlof7]ollA 647k vl
#, SRB assay 2 M Z & SA319c} 647 Wi
F 96-well WoFte] wiA]E F<l - AlAE 4°C
o] B#=E 10% Trichloroacetic acid (TCA)E well
2 100ulq Hrsla 4°Cellr] 1A17HEe A X3}
of MEE wAsGch AL Arskn A
£ Fol Bz B8 23 FRAA 4L
AzAZer Az ik 04% SRB (1% acetic
acidel] 2-3))& wellsd 5014 7}sle] ARZoljA 30
BAx G & 100 ] 1% acetic acid2 43]
A A3t AA2olA AZ=AAH 10 mM Tris—buffer
(pH 10.5)Z well®} 100 ulA 233 }8 540 nm
A FFEE ZAsle HMELE A3

3. Bisphenol A<g| Lipid peroxidation =X

35x10°708] M EZ T75 cm’EekAa=o] uljoks)
A}t 3 & S9(10%) mix, 200 uM Cu (1)} serum
—free mediume)] <] bisphenol AS F=¥H= 72
A ZF wieksledet. jzFL o2 serum-free medi-
um 200 M Cu (N2 whopshaleh. FAHsHA
s} gEZ Al AAARAE AP =S g}
RB7] ¢38}le] SOD (incubation level: 100 units),
catalase (incubation level: 100 units), Vit C (incuba-
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tion level: 50 uM)2- bisphenol AE Jo]F7] 4A]7
ol AL} WgAIZ) F 724120 vl pshalch. HoF
Zg & 747+e] HEE E5 eppendorf tubee] 3
43led 3% SDS 1 ml& do] MEE lysis A}
o) A& test tubeol] &7 F cell lysate 1 mlol] HHF
234 0.1 ml, 40 mM EDTA 0.1 ml, 2% BHT (in
ethanol) 0.1 ml-& A7}t H2E2 cell lysate
YAl 3% SDS 1 ml& AF8-3}¢ ). TBA reagent (1
g trichloroacetic acid, 27 mg thiobarbituric acid in 10
ml) 1 ml& 7} tubeel] €2 & vortex 8}¢J v} Reac-
tion mixture® 90°Cel|A] 2087+ Hh-EAl7] & A2
oA} A%l & n-butanol 1.5 ml-& FelFo)
4000 rpmeil A 5EE<t AAEe st & A
7 % %23 TBARS7I =32 A5dL I3
540 nmel| A =8 =A%} 1, 1,3, 3-tetra—
ethoxy-propane (TEP)2] Al7lpE3z dojAl
Malondialdehyde (MDA)E TBARS A2 93
standard2 A}l e 1~10uM MDA 0.1 mlS
SDS solutionel] #7}3}ed calibrationd}gd .

4. Free radical scavenging enzyme activities

=3

A EWe Cu, Zn-SOD, Mn-SOD, catalase and
GPx9 BA=Z ZAst7| 993t 1x 10909 A
ZE S9(10%) mix, 200 uM Cu (II), bisphenol A 250
uMs} T75 cm?® flasko|A] 3U7F wiokdt & phos-
phate-buffered saline (PBS, pH 7.4)©2 % monolayer
cellsg 38 MAs)F o} Trypsin-EDTAE AL
sto] NEE 33 T YAE sl cell pellets&
Agle}. o 7]x HojA cell pelletd 150 mM NaCl,
0.5 mM EDTA, 100 mM phosphate buffer (pH 7.5),
0.25% sodium cholate and protease inhibitors 2. ©]
Fo]Zx NEP bufferel] suspension At} Cell lysate
£ 800gold 5¥Z QAES Jad F
free radical scavenging enzymes®] #4-& ZA3)7|
93led Aol gl Catalase activitys 240
nmel| A F4x9] 7242 vehles H0,9] #as
oz &As9d. 10mM H0:& 238h= 50
mM phosphate buffer (pH 7.0) 1 mlo] 20 u19] cell
lysate & o] HH-5-AlA 240nmel|M FF=F &3
3t v}, Enzyme activity:® 240 nmoil A H,0,9]
extinction coefficient 43.6 M 'cm™ '] & o]-&3}e]
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Al AFsgd e}, GPx activity: enzyme activityZ7} NA-
DPHe] bl ool WARe ol 43to] 243}
4} 0.01 M Tris—HCl (pH 8.0), 5 mM EDTA, 0.23
mM NADPH, 2 mM glutathione, 1 U/ml glutathione
reductase, 0.33 mM t-butyl-hydroperoxide2 =3}
= 1 ml9] reaction mixtureol]l 20 ul€] cell lysate
< 9o ¥H3A]A 340nmell4] NADPHO| 3=
o ZF4aE &AslgTh GPx9) activity: bovine
erythrocyte GPx (Sigma)9] standard curve& A}&-3}
o] A A8kl ). SOD activity:= pyrogallol®] A
38 A8l enzyme activity® =3} |
mM EDTAE #%338l+ 50 mM Tris-cacodylate
buffer (pH 8.2) 200 ul&} 0.7 ml H;O, 100 ul 2 mM
pyrogallol & X3%3l¥= reaction mixturedl] cell
lysate 20 ulS H7}sted HFEAZ] £ 420 nmol| A
F2=8 243195k 4B pyrogallols] oF
2 420nmoA] FF= =712 veldth Mn-SOD
2] activity: cell lysatee] 5 mM2] NaCN-& 4°Ce]|
A 1A17F ¥E¢A)A CuZn SODE 28447 &
reaction mixtureo]] cell lysate 20 ul-g 27}3}o] Hb
SAIZ] & 420nmellN FRFEFE FH3le] HRT
7} vl wslgdo}.

Zdn 9 ¥

1. MlZ3of st bisphenol A2 MEZEM

ZF N 2F] 50% S A 5= (ICs0)= MCF-
7 cells2 89.46 uM, HepG2 cells2 271.62 uM,
HaCaT cells-2 164.63 uMo|¢lt}. MCF-7 cells®]
3% 7HE 32 ICso#kE 7HA ohE Al e w)s]
bisphenol Aell 7} 7174344 Hk-8-3}91 o= HepG2
cells-2 7F4 -2 ICso3t-& e} (Fig. ).

2. 89 mix Exl5lof|AM bisphenol AS| MEEA

7z M 272 50% FHAA F=(Cso) HAME
A3} ZZA] HaCaT cells®} HepG2 cells®] 7%
1000 uM o] 3lell M= ICso & FF & Usler
MCF-7 cells®] 7% 702.5uMo2 yeh} japg
A3 EAA] 2 Mol 3 M E:SA ] HAEA
2} FAstelN vt A 2T Aoz eyt
(Fig. 2).
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Fig. 1. In vitro cytotoxicity of bisphenol A in MCF-7,
HepG2, HaCaT cells. Each cells were cultured with
indicated concentrations of bisphenol A for 72 h.
MTT assay was performed as described in Methods.
Data represent O.D average = SD from four separate

experiments.
120 1 £1MCF-7
B HepG2
100 + [JHaCaT

80 tit
60 7|
40 +

Cell viability (%)

20 1

0L ‘
1.5 15 30 60 120 250 500 1000

Bisphenol A concentration (uM)

Fig. 2. In vitro cytotoxicity of bisphenol A in MCF-7,
HepG2, HaCaT celis. Each cells were cultured with
indicated concentraions of bisphenol A and S9 mix
for 72 h. MTT assay was performed as described in
Methods. Data represent O.D average =SD from
four separate experiments.

3. S9 mixe Cu () Ex3tollM bisphenol
A9 MEZ=M

HYALEAY 3 EAslell A FIHE AEFEe] Cu
(IDE A71e A3 AEF] ZA Fashe A
7} delgel Az Z7he] 1Cse2 MCF-7 cells
94.05 UM, HepG?2 cells2 233.36 uM, HaCaT cells
£ 126.15uM o2 }eh} bisphenol ARt A E9}
v F3l-S 735-oF wlws] s MCF-7 cells®] 7-$-
9} ok7t Eolx S B HepG2 cells?} HaCaT cells2-
2388 elxl}(Fig. 3).
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Fig. 3. In vitro cytotoxicity of bisphenol A in MCF~7,
HepG2, HaCaT cells. Each cells were cultured with
indicated concentration of bisphenol A, S9 mix and
CuCl for 72 h. MTT assay was performed as de-
scribed in Methods. Data represent 0.1 average +
SD from four separate experiments,
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Fig. 4. Levels of thiobarbituric acid reac¢tive substances
(TBARS) in HaCaT cells. Results are expressed as
the mean+ S.D. of four determinations,

4. & MEFoijMe| x|Hite £

HaCaT cellsell M= 50 uM7h 4= d=a3 vl
slod 2| dajatabe doylx] ¢igkert 100 pMel)
ARE G204 A At Fotstr] alat
sk 250 uMell A= TBARSZEe] 1.452 nmol/mge.
2 Az el daded ws 2 xlaatzst
52.57% Z>}stedc} (Fig. 4). HepG2 cellsoll A= 100
uM7A1E TBARSZR] gle] f-oj4d gl wzst
Aot 250uMe]A] TBARSZEo] 1.027 nmol/mg
12 FHdE vehd dz2e vle 18.45% Z7}8)
't} (Fig. 5). MCF-7 cellss] A= 100 uM o] Abol) A

1.4+

—y
hie]

TBARS {nmolimg)

o o o o
o £ E-Y fes} fs 4] —_

0 5 10 50 100 250 500
Bisphenol A {uM)
Fig. 5. Levels of thiobarbituric acid reactive substances

(TBARS) in HepG2 cells. Results are expressed as
the mean 3 S.D. of four determinations.
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Fig. 6. Levels of thiobarbituric acid reactive substances
{TBARS} in MCF~7 cells. Results are expressed as
the mean-£S.D. of four determinations.

o4 A A=At F7bsted 250 pMellA
TBARSZ ] 1432 nmol/mg oz Hdz Jept o
Zol wld] 63.53% X AAARE Frbt vlelgoh
(Fig. 6, Table 1).

5. SAEEENIZL X Etibatol olxs HE

MCF-7 cellsellA] catalase, SOD, Vit C= Xj&l =}
AbEHE 717} 8R.7441.34%, 95.98+3.15%, 91.42+
6.45% A 53T HepG?2 cellsel| A catalase, SOD,
Vit C3= 237} 74.65+4.15%, 78.01 +£4.6%, 78.53+
4.7% A sked. o] HaCaT cells®] AL catalase,
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able 1. Comparison of cytotoxicity between MCF~7 cells
HaCaT cells and HepG2 cells

ICso, ].LM
Chemicals
MCF-7 HaCaT HepG2
Bisphenol A 89.46 164.63 271.62
Bigphenol A-+89 mix 702.5  >1,060 > 1,000
Bisphenol A+S89 mix+Cu(fl} 94.05 126,15 233.36
* (Celis were incubated for 72 i, The cells were harvested with

trypsin—-EDTA.
* [Csg values are the concentration producing 50% inhibition of cell
growth compared the control (n=6).

100 ~

£ 1
g
S 90
o
z
»
S 804
LY
Qn
.°)
8 70
5
o
S 60
8
£
= 50 ; .
Catalase SO0 Vit C
| CIMCF-7 W HepG2 W HaCaT

Fig. 7. Inhibitory Effects of Preincubation of Human~
derived cells for 4 h with ROS Scavengers on Lipid
Peroxidation Levels in the cells incubation for 72 hr
with 5 uM (HaCaT), 500 uM (HepG2), 100 pM
(MCF-7) of Bisphenol A.

SOD, Vit C= 7247} 81.3343.46%, 82.1+3.82%,
84.76 +8.26% A8t} MCF~7 celisof A&
SOD>} HepG2 cells® HaCaT celisell A& Vit C7}
A &Z7F P =2 vebeh (Fig. 7).

6. gitsig Lo BEE

MCF-7 cells& 250 uM2] bisphenol A8} 72A]z}
wb2 A7l Az} SOD activity”} Wzl ®E <
30% FAasld o CuZnSODE HAeH= cyanide
2 Aa3ke) MnSODSE activity 3 &% 23 v
73 wimsle] AolB melA 9wt (Fig. 8),
GPx¥ MCF-7 cellsel] &} bisphenol A2} %7t &
7latoll @t activity7} 7H4s (Fig. 9)3kelen] cata-
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Total SOD Mn SOD
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Fig. 8. SOD activity in BPA~treated MCF-7 cells. Lysates
prepared from cells grown in the absence or pre-
sence of 250 M BPA for 2days were tested for total
SOD activity, based on the inhibition of oxidation of
NADH by superoxide anion. The assays were then
repeated with sodium cyanide in the reaction mix-
wre to inhibit CuZn SOD.

80 -
80 4
70
60 4
50 4
4D -
301
20,
10 +

Q- S . < —— . :
0 5 10 50 100

Glutathione peroxidase {pmol/min/g)

Bisphenol A (i)

Fig. 9. GPx activity change in BPA~reated MCFP-7 cells.
Cell lysates prepared from cells grown in the ab-
sence or presence of the indicated dose fo BPA for 2
days.

Table 2. Catalase activity in control and BPA-~{reate

MCF-7 cells
BPA {uM) Catalase specific activity {umol/mg/m’
0 1148
5 10.92
10 9.58
50 8.87
100 7.51

# Cells were incubated with the indicated dose of BPA for
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lase activity @3 4] Bisphenol A ¥=7} Z7}5he)] u}
g Azl vle) 47k FAade AFE Boo
(Table 2).

o #

th A& 3ol 4] bisphenol A2] M EZEAW3E
ool 23} bisphenol A2} A el 3t HAJo] =
Al Zr25td et @ebA] bisphenol Ay 7F fAlel] 2|
3 AEHA el G A=z datEy A £
Al Zb dARE e kg AASA 0] A A
& oAt ook olei AFAAE vigesw
bisphenol A2} bisphenol A metabolites.© 2.¢] 13}
A el A} redox cyclingg %3}t free radical®] XA
o BE odolr 7] 5t Cu(DE AHE-3tdH) Cu
(DE WA A7t A3 S9 mixell &3] 7HAH
QR MEZFAl S9 mixE H78HA] &S W
F Z7)stivt. oheba] DNA strand scission 343 &
Cu (I)9} free radicale] #dd& o 4 Q%) ot
gt Cu(I)E o5 w)A]olA] bisphenol Ax S9
mixZ& A] redox cycling® #A* semiquinones}
quinone2 AI&lm o] FHAA] free radicalS 3
Harn AR Az Al 22 <
Fel4] Cytochrome P450 oxidase/NADPH-depen-
dent cytochrome P450 reductase systemel] 238k
catechol estrogen®] redox cyclinge] free radical Ay
Ag doFlo] WA e (Cavalieri ef al., 1997)
Peroxidase ¥ A] catechol®} catecholamine® qui-
none e 2. A 3IAF) o] B 1= ¢} (Bolt, 1979).
weba olElgt AAE-S ZEgElE W cytochrome
P450-class mixed function oxidase &-& peroxidase
78 HAEL bisphenol A2] AEE ZA1A)FA bis-
pehnol A8] fARA| & catechol %25 2zt 5-hyd-
roxybisphenol A& 3Aslm o]2}dt redox cycling
#HA o] Cu(del] s &A15 o] free radicale- A
st F2Fu. e QA WA copperel 7
2 w|gkg42 Fenton reaction®l] )3} free radical
AA-& A=3ht catechol compound®] Als}e] 7|
Q1&}l= o2 o]7] pathway7} Z3}= 2 bisphenol
A2] redox cyclingE-3} free radical A2 o] @2
A7E B3 #HAF oF & Aol A HAN
2] bisphenol A} copper®] AF3 282 Cu(I)/Cu

(D2] redox cyclingg A}=3}eq free radical2 YA
& DNAoI| A3t Fel|A] A4A W] copperst
9] Arzzalgo] 2]l free radical®] WA AFsHH
DNA €4} (oxidative DNA damage)& <o 4 g}
t}(Roy et al., 1999). A= bisphenol Ax 7 ol A] T
A}= wro} catechol =& F%2E 7}# 5-hydroxybis-
phenol Az UX ALHT o] AL redox cycling &
713 free radical, €3] DNA damage$} cytotoxicity
£ Yo 7| hydroxyl radical- & At o AA
o} o]# & FA Z= Cux 27|92 5-hydroxybisph-
enol A2] semiquinone intermediate2.9] Al%S &
ZI A7) quinone form o 2 A}3}E™H A superoxide
aninon2 A 3}A o} A2 SODE supero-
xide anion2 hydrogen peroxide® ZA%A|7| A=
e Cu(De} 22 wage] F&o]o] Ex|dlo
gl Ao] ule =2 hydroxyl radical& 3AsHA
2 Aolel o]#38t free radical®] A& F<elspr]
slal AN AAAshe} Barshate] 94
= HIE 243 A} @Al seX7) okt 2
7Vl ARyl Jehon gpx S38 A2 54
AgAsl FHy HA4E vepie = FHd
AR F=rt fALEES. welA] ol E
A2 283 » bisphenol Aol 28 M) Z=A]
< bisphenol AE A& Hlxo] el AAFAL
5} g=sl Bo] on) PAH HLES Bl
24T Aoz wob Azue] s xiFol
cytotoxic lipid peroxidation product= %€ M ZE
H35kA] Zellee o 4 dH

T *ﬁ

]
Ho

287, 23] In vitro Aol & HAE F2] UVA
F54 AAA A, 7 SA TR 2002: 1703):
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