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Abstract: Recently, the environmental residues of bisphenol A (BPA) and tetrabromobisphenol A (TBBPA)
have markedly increased. In this study, the cytotoxic effects of BPA and TBBPA on Hep G2 cells were stud-
ied. Hep G2 cells were incubated with different concentrations of BPA and TBBPA for 24 h, and a set of bio-
assays were conducted to measure: cell viability (evaluated by MTT assay ), lactate dehydrogenase (LDH)
leakage, oxidative damage degree (evaluated by SOD, GSH and MDA), reactive oxygen species (ROS) for-
mation and cell apoptosis. The results showed that BPA and TBBPA inhibited the cells viability, increased
LDH leakage, malondialdehyde (MDA) content, and ROS formation, decreased SOD activity and GSH con-
tent, and induced cell apoptosis in concentration-dependent manner. All significant effects were observed at
concentrations of 1 uM and above for BPA and TBBPA (P<0.05). Collectively, the results of cell viability,
LDH leakage, oxidative damage degree, cell apoptosis and ROS formation demonstrated that BPA and
TBBPA have cytotoxic effect and oxidative damage to Hep G2 cells ,and can induce Hep G2 cells apoptosis.
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B E.gFk, RE ABPA)FIERE A(TBBPA)EIRE T 64K E 2RI Mt 4, KA
J& e Hep G2 A% 7 BPA 4= TBBPA —At{L-&-d) 6 a0 . Hep G2 “mlie Al FIRE 49 BPA
#2 TBBPA % 5% 24h /&, #nltafi® /) (MTT). SLERBLABE(LDH) R b £, Il & B (MDA)FL R A
S K(GSH)Y A 2. A2 B AL B (SOD) Faid M E(ROS)K-F VA B s i B T 1 L5 — A 5] 4547, 4
R &9, % BPA fo TBBPA R EKE 938 m(>1 uM), FEK Hep G2 mfittE /) T, LDH #k F 7+
%, MDA &€, SOD % /5 GSH A2 E T, ROSiT&4 &, @RATHNEMm, BPA f= TBBPA
xt Hep G2 = A& 4m o2 M 49 AUEZ 5T b & SACARIGAE R . .

KGR B A; IR WE A; AR Hep G2; fafidt; BAHith; FHEA

1 518 P RS JIE 55 22 B v 20 A B S IR Pria eSS,
X A(bisphenol A, BPA), f&—FiEEAHILT N T AR N AR B EREARL S RHE T

OB, 1k oA ot S T P R kR IR . B LA SR Tk (Sala, et al.,2010), BPARTLLEIS7E

FEMER: 15 (IREEIL G R A E A H 0890113), Widks AT IR DUR B3Ry il i 4 T R RO e A FA

BT AR G UH (1 2004Q001 )AL 4 A2 2 52 5 H 5. DYBAUIA (tetrabromobisphenol A, TBBPA) ZBPA
(2006ABA284) %%
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AR B, TR T 2 A FHRAR R . H T
TBBPAMIN TEHEAR, I HA GRS BN, DRl
AR I i R BELAS T R A = A A o (HATAE A
WIFUKIL, TBBPASTEMIEHFELAAAE, IS RS
1 28 (de Boer et al., 1998), JfCAETTRMIFN K&
B UL S NAR AR S T8 [ 474E(Chu, et al.,2005;
Thomsen et al., 2001; Sjodin et al., 2001),

Hep G2 4N 52— R QU 5e A NSRRI T i
T AR, EAORER TN IE S IS8 BT M R 7F 255
MITRE, WORE T — RSNV AR P ) TARAT I AR
filg, W1 CYPIAL %5, X Hep G2 4 Al hy SeAar b
KACEGPFENER) — AN B R . &4 MR W BPA Al
TBBPA iX Pt &4 Hep G2 e 4H i ) 25 250 F)
WFFTARIE

2 MRIFNAE
21 EEH@RSRAA

BPA, TBBPA, RNAse A, 2°,7- A —SH 5 t%E
T LRER, AR RN — HEH(DMSO)E H Sigma
/AT (St. Louis, MO, USA). 4Hfss754E. B EAG
A M35 H Gibeo 23 7] - BPA 1 TBBPA fil DMSO
BCHI IR EE R IM IAEAFH,  IERRRE AN R, 4
CIRAT-

2.2 1UE%

CO, 7+ 4H(55E FORMA ZAwl); HP8453 /36t
FETECE Bl 23848 A F])s W FR{X(Molecular Device, M2,
Union City, CA, USA); CK2 8% Bk, 1X51 %Y
9% BB (H A Olympus 2 #)); it 2 40 B 4%
(Beckman-Coulter Epic AltraEpics Altra, Coulter Corp.,
Miami, FL).

2.3 RIS SEAN

Hep G2 4 i ) 3T iR R 2 40 i P b ot o 4l
MuksFR A e DMEM 853748, & 10%i64- 3%, 100
UmL™" # 3 2 M1 100 mgmL ™ $5 55 2 . g1 % 9746 37°C,
5% CO, i F:46

Hep G2 4L LAAEFL 1x10* A1 e 1) 25 B2 P (E 96
FUbRH, WiRERE SR 24 /NI, BERRIGFREE, A 200
uL AN DR B 2 R Ak A W R BT B 5 R S Ak S R
24h, Ll DMSO 1E R FHIXTHE, DMSO fE- 4R35
AN 0.5%. [R—3 96 FLAR b, I AIRE—
DMEFWEHR =AEE, G MRB A EE = 96
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MR, 4IRS, AT MTT X%, LDH B
HORE, VETEE(ROS)K, A LB AL B (SOD)
A W H BK(GSH)FITA [ (MDA) & BRI E, LU
RO T ARSI, DAPEAS S i 2 S5 4 AL

2.4 EIRSDHR

P 50 2 7R 0y ¥ (E (means)=SD . A T HLA 35
J5 2253 HT(ANOVA) ELA B B 21 1) 22 ek, P<0.05 2o
Zr . I RSER A SPSS 13.0 AT #c
AL BE(SPSS, Chicago, IL, USA).

3 R
3.1 YRR (RIE T

MTT 45590 1 fror, BtiZs BPA &5 TBBPA /i
(1380, Hep G2 dNMurIigtEbtiE FRE. K 1 Hm L
F i, TBBPA &1t KT BPA.

7 [C1BPARZ TBBPA

MTT reduction (% of Control)

Control 02 1 5 10 2
concentration of compounds (uM)

Fig. 1 Cytotoxicity of BPA and TBBPA on Hep G2 cells with MTT
assay. *P < 0.05, compared with control.

1 MTT 753646149 BPA #1 TBBPA R *f Hep G2 BOF{4(ER.

3.2 dRaREH A

LDH B BGREE 45 Rl 2 Fror, 5% 4i L,
LDH (IR A BEAS BPA A1 TBBPA ¥ J3 fity 1k iy ik 35 4
Jn(P<0.05). 2 B FE KT 1 uM i, TBBPA [f) LDH
Js & L BPA K.

3.3 ROS FEE

ROS FiE il 3 fizr, 1 BPA fl TBBPA ik >5
uM i, x4, ROS KIZERBES BPA 5
TBBPA ¥ J5 ¥ 34 K111 6 2 19 N (P<0.05), Jf H. TBBPA
) ROS “E i kT BPA ) ROS E .

3.4 AN SOD. GSH. MDA &£

BPA }2 TBBPA %5t Hep G2 41 g 4 SOD.GSH.
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MDA =W 4—6 Fin. KT 1 uM ) BPA
J TBBPA #Jn]fff Hep G2 41 f4/N 1] SOD % =5 GSH
TrEEC, T MDA EEFhm, HXTRAM YRS
NES-9E

[ 1BPA 7 TBBPA

LDH leakage (% Total)

Concentration of compounds(uM)

Fig. 2 Cytotoxicity of BPA and TBBPA on HepG2 cells with LDH
leakage assay. *P < 0.05, compared with control.
2 FH LDH BM77 5% A9 BPA F1 TBBPA RE X Hep
G2 MEMHER.

160 - [ 1BPA ZZATBBPA

Fluorescence units of DCF

Control 02 1 5 10
Concentration of compounds (uM)

Fig.3 Effects of BPA and TBBPA treatment on ROS gen-
eration in Hep G2 cells. *P < 0.05, compared with control.

[ 3 BPA 1 TBBPA SRE X Hep G2 ROS 4 F AR

3.5 FERAARML(FCM) #MZAREET

7GR EoR, BE% BPA 5 TBBPA % F5 K E 1
WK, YN TR IRW T R, M ERERIRSE L 25 uM
I, TR AR
4 g

SCHRIRIE, BPA B T HA W HuAE A anEsk
ERMNEA, BB MM, A S BURSN IR S
FLSCFEA i (Sertoli cel)[FIPHT, {HAE<100 uM I FEA

To4H i EE 1k (Hiroshi & Kazue, 2003), 1125 H 30 45(2005)

(IS5 REW], >50 uM ) BPA XF AEAT 41 £L202 A
B0 MBI, AR5 SE(2006) 1) 45 R K B>50 uM. (1) BPA
X IRAREE TR G B 2 e 2o AR g d 1k, R
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BPA X AR M AN #E A fE %5+ . 1T TBBPA
SR RS TG RRAE A 2 W L, R4 TR 52 2]
RVE, DR LEE B A PR IS A k= . AR
7R, TBBPA HATHUIRBRT- P I A58 ME B 2
(Kitamura et al., 2002, 2005).

5| C—1BPA Z TBBPA

SOD (Umg™ protein)

Concentration of compounds (uM)

Fig. 4 Effects of BPA and TBBPA treatment on SOD generation in
Hep G2 cells. *P < 0.05, compared with control.
[E 4 BPA #1 TBBPA RE%f Hep G2 41 SOD ¥ M. *P<0.05

FRABAEENRLLEREEESR.

] [_1BPA 773 TBBPA

GSH (mgg™" protein)

»
b

Fig. 5 Effects of BPA and TBBPA treatment on GSH gen-
eration in Hep G2 cells. *P < 0.05, compared with control.

5BPA #1 TBBPA &#&*f Hep G2 GSH HIZIE.

[ 1BPA ZZATBBPA

ein)

MDA (nmolmg prot

Con

rol 02 1 5 10
Concentration of compounds (uM)

»
5

Fig. 6 Effects of BPA and TBBPA treatment on MDA gen-
eration in Hep G2 cells. *P < 0.05, compared with control.

&l 6 BPA #1 TBBPA E X} Hep G2 MDA KIE M.

MTT K5 LDH B i 45 % 1, BPA 5 TBBPA
Xt Hep G2 4iMuss A AMMoBEME, Al4n pvs o FR1K,

978-1-935068-16-7 © 2010 SciRes.



R
LDH B 1. 1 uM £ BPA F1 TBBPA 5t 7] 1 Hep G2
S 1 A= A PIE A, TBBPA [8:PE KT BPA,
W7 EoR, KT 1 uM ) BPA Fl TBBPA #:#1Y
AFEA A ROS Thimy, [RJI I B4 i iy e b i
SOD 1 GSH 7KV-F# A, IG Brck 446 4% MDA 5 &34 i,
HAR I EAIEA S A A ROS KT8 1) 3 AH
o RUPX RS WLERI NN BN ROS H[RIR, B
I T 40 A T4 B IR KT 5 38 s P PR A A 5425 o
ROS /2T G 2 —, IEFEDLT, 4iH A4
WS PEAAE T PERRES, — PR A T i, wh
S ECEAMN BN, i ROS FEAREZ, I nfdk—
AR RAE . FER AR LA T, 51K R4
HAER, TER MDA IG5 4k =4; - [ A LA
TETH R B L RE ) W RS, 2 SOD A GSH 45,
D5 IX ey R AN RS IO 3G M nT PP HLAR BT AL
e A B0 T F2 (MR IR & R B, 2002) . B4 56
R BPA HATE A VE T, A7 0TS i A B
AL RSB (Bindhumol et al.,2003; Ka-
buto et al.,2003). ASLIGLELEN 1 pM ) BPA Fl
TBBPA il n] 23 K40 /¥ SOD. GSH I JF
i flg B 8469 MDA W2 T . B8 BPA 5
TBBPA %74 e FAK Hep G2 411 i B8 AL B AT 484K
YRR, A i & 2B g o 4k, BAT i
IEH

20
[ 1BPA 7Z TBBPA

apoptotic rates (%)

i
.
.
.
.

Conrol | 02 i s 10 2
Concentration of compounds (M)

Fig. 7 Effects of BPA and TBBPA treatment on apoptotic
rates in Hep G2 cells. *P < 0.05, compared with control.

7 BPA #1 TBBPA £E3f Hep G2 AT RHZM.

AN TR AESE PR R Al A R AET
SENUARI—F A BN, AE4E DL ) BREE AR 2 Jr 1
RAIFEWCAEEMER . AR Ry, blE R
FEIRFEMIIER, Hep G2 Aludd - F bz BT, R
BPA 5 TBBPA fef% i 5 /@40l Hep G2 K AETIT .

TBBPA /& BPA [F<ifUAT4EY), ©AIZi i AH1L,
W RAT AR, 2 AR IR I R AN . FR
e — 2R e 45 R OR R R I EH) K W], TBBPA Hf

978-1-935068-16-7 © 2010 SciRes.
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WETEIEET BPA, ARG H TRIUCE, REF14&
A NE SRR R VA GVAS &5 U 37 & S ol N S ]
MATHFTRT 51, R HUAY) TBBPA X Hep G2 [
BEPERON LETE =1 )57 1 BPA SR . nTRE S T3
ShR AR, AT DO AR R VR AL, R
R BEPE RN, T T AR I ZE S, Al
F1#5 % IR AN 52 4 —F(Kitamura et al.,2005).
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