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1999 FRAUEPEHT 5 FRBASATINT LO, B AN HEME . (RSN EE T, 5 R BELIARI XS LO, 40 i ¥ B #ik /£ A, Hvh PBDE-47 -
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Abstract: To test the toxic effects of 2, 2, 4, 4-tetrabromodiphenyl ether (PBDE-+47), 2,2",4,4",5pentabro—
modiphenyl ether (PBDE-99), polybrominated diphenyl ethers 206 (PBDE-206), hexabromocyclododecane
(HBCD) and tetrabromobisphenol A (TBBPA) on normal human hepatocytes (LO,) in vitro, the human liver
cell line LO, was co-cultured with these five brominated flame retardants respectively. The inhibition rate of
LO,cells was detected by MTT (3<4,5-Dimethylthia zol2-yl)2.,5-diphenyltetrazolium bromide) assay, and the
cytotoxicity was evaluated in accordance with the criterion of GB/T16886.52003/ISO10993-5: 1999. As a re—
sult, these five brominated flame retardants showed inhibiting effect on the LO, cells in vitro experiments.
PBDE47, PBDE-99 and HBCD showed dose-tesponse relation.

Keywords: 2,2, 4, 4-tetrabromodiphenyl ether (PBDE-47);2,2°4,4°,5-pentabromodiphenyl ether (PBDE-99);
polybrominated diphenyl ethers 206 (PBDE-=2206); hexabromocyclododecane (HBCD); tetrabromobisphenol A
(TBBPA); liver cell (LO,)
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I PBDEs X S 56 4 1 B AR IR A28 < 9 43 s A
IR G E Y HA — R EA — N8R
PEEH o PR A 27 2 38 2o R A I AN A5 HBCD LA
JRAVIRZS Z TR K 5 N LT e 2 A2
KB TBBPA &1 3 22 36 BN S50 sh i I 44
SFERE 2RI HAr, s i BRI 7E
ZHL IR X B B — e R B AR A 5
ST ANFANIE B ARGE o IR AR B i s
B WA Az 5, AU A 25 D) Rl 32 2™ H
i), PRI I, AR AF 5% SR FH D Y 3 {1 40 0 s o L £ 9
(MTT E)FRIT 5 Fivis I BERA D A JH-48 L (LO, )
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1 ##l5 7% ( Materials and methods)
1.1 MR EN#

X% MCO175 — 5 Akt F 46 (SANYO A ],
H7R); SW-CIHF AUig L TAE & (5 S 1A 7500 42 2
2SS FE ARG BRZAT]); RT2100C BEARAL (P [ B #f )
Hrik{UA%)

#5f): MTT (Sigma 72~ 7], £ [E); DMSO(4E T-4E
YT R LA BRAF L SR >99% )

ST 40 BT 40 B2 (LO, ), CCTCC % 5 A
GDC079 , 14 H 2RI AR L o
12 ik
12,1 MTT EDE 5 s BEAZR R 0T I 4 e A AR
FH 52

AL RP 5 15 5% FH 0.25% SRR 1k Ak 34t T
X B BT 20 M, PR AT A0 B % 10 % JiR 2R 1l
TH(FCS) ) RPMI 1640 15 7% Wi Bt & AL 5 x 10° 4>
mL "' YR, BB P HR 4.5 ol s SR )R
[Fi) Sk B2 A, B LR 100 WL ¥R R 5 x 10° 4>
mL " 4

)12 TR | O Y S o e WS o 1 Vi

AR I AT B 5 10% FCS 1Y RPMI1640 555
W 200 LS FPRBEBAFIAS [ 52 95 v B2 40 AL A
NI R 2535 37 55445 200 L, 5 i BHR 75 v 22 D,
21, B2 EE S A 8 A PATAL AR SR AE
HHIFE 24 ho (0 Fidi 96 FLAR N R FR I, BEFL N
A% 10% FCS ) RPMI 1640 5535 180 pL Al S
mgemL "' MTT ¥ 20 L, i A A bR E; 548
LRSI R 4 h R IR R IR EALN B R, B
FLAnA DMSO & 150 pL, M ERZ k% 10
min , 8 B F IR o8 ™) o 7R IR G A 4%
b PERE 490 nm AN E 25 2H B WO EE(OD fH)
122 5 PSRRI 24 J= 200 B A X 34 5 28 K
PEPFAT

HR I 2 74 45 2H OD {R i35 45 20 4 O AH X 3 5
#(RGR). RGR AR

RGR = SZ 5041 W GE/ P PE L ROETE X 100% -

Fi I8 GB/T16886.52003/1S010993-5: 1999 #5
HEVPAN 25 LIl AN B B 1 o MBI A v R 7 1
) RGR {H: 0 &%, =100%; 1 2% 75% ~99%; 2 %
50% ~74%; 3 90 25% ~49%; 4 H 1% ~24%; 5
HH0o
123 Hdmabsg

K H SPSS13.0 Gt it o 4R Ak kAT 75 25 53 Bt (a—
nalysis of variance, ANOVA).

2  #Z52( Results)
2.1 MTT 3R 5 Fb iR FELBK 7| 5ot BT 40 e 4 K AR A
%

K MTT 5 B B X BB 2H K 5 by BELJZA 7]
SIS H AN E(EOD ) W 2. i3 2 i,
ERAME X B4 L4, 24 PBDE47 W E N 20 pg*
mL "B, LO, 40 2B K ZZ 4 i, oD A AL T B
XA (22 R EA G2 E L P <0.05),40 ~80 pge
mL " 'i}, H OD H & E L F R A (5 Al
R 2 P <0.001); 5 PBDE-99 ¥ H31.25
ngemL "', L OD {EAKFRIM: X L (22 5

F1 FEBFIKIHKE

Table 1 Flame retardant concentrations in experimental groups
BRI B % e 1 2 3 4 5
PBDE47/(ng*mL " ") 0.00 5.00 10.00 20.00 40.00 80.00
PBDE99/(ng*mL ") 0.00 7.81 15.62 3125 62.50 125.00
PBDE206/(pg*mL " ') 0.00 1.00 2.00 4.00 8.00 16.00
HBCD/(pg*mL ") 0.00 5.00 10.00 20.00 40.00 80.00
TBBPA/(ug*mL ') 0.00 125 2.50 5.00 10.00 20.00

TE: 1523345 o 5ERER 1 b 5 BB BT S2 gt 21, T IR



572 EF #

g iR

F2 MNRARSEHWAMA OD (X £ 5)
Table 2 Optical density of controls and five brominated flame retardant groups (x * s)

21 5 PBDE-47 PBDE-99 HBCD TBBPA PBDE=206
B4 % 2 0.688 £0.076 0.676 £0.068 0.712 £0.190 0.811 £0.030 0.736 £0.110
1 0.649 +0.093 0.650 £0.110 0.640 +0.139 0.622 £0.056™"" 0.632 +0.108"
2 0.631 £0.074 0.625 +0.117 0.609 +0.055 0380 £0.055™" 0.567 £0.101™""
3 0.591 £0.094" 0.534 £0.108" 0.607 +0.138 0.128 +0.025™" 0371 £0.121""
4 0.523 £0.089™ 0.505 +0.092"" 0.578 +0.058" 0.168 £0.026™" 0384 +0.039™
5 0485 +0.100™" 0391 +0.144™ 0496 +0.111"" 0.159 +0.018™"" 0.177 £0.098 "

" SR RN, 22 R B FEP <0.05); ZRAEFEBFEP <0.01); ZRWILEFEP <0.001).

HAS 4 5 L P <0.05); 125 ng*mL "' A}, H OD
HRER T A (ES AR R EZE L P
<0.001); 24 HBCD 7£ 40 pgemL ', H OD fE1%
TEAIMERT R (= R B A S iH2# 2 L P <0.05): 80
wgemL I, H OD fE B E% T B v B 2H (9 5 B
FAEH BEE L P <0.01); 24 TBBPA £ 1.25 ~20
wgemL "I, H OD {E B E% T B BE2H (9 57 B
A H I E R L P <0.001); 24 PBDE206 7£ 1.00
pgemL i, H OD (A FRAE 4l (22 5 HA 5
B X P <0.05);2 ~16 pgemL '}, H OD {H &
FRTHESBAEFEARERER P <
0.001). LA Z5HEIR,S PR BHIAT 45 SC 50 1k B 41
X N ARG 24t i 35 5 A A [ AR B2 A B o
2.2 5 AP PR An 24 5 BT 40 AR e R R
HHE RGR, FIBr 5 Ffrisd BELAA 0 XTI 4 it LO, AH
X HETE R R A M EE TP R LR 3. WNER 3 R, &
18 GB/T16886.5 - 2003/1S010993-5: 1999 #75ifk, LA
FAE X IR ok 2 i, 24 PBDE47 ¥ 5 ~40 pge
mL "B EE N 1 28,80 pgemL B EEME R 2 4
24 PBDE-99 ¢ & 7.81 ~31.25 ngemL "B}, &1
H1 9,625 ~125 ng*mL "B}, T A 2 9 24 HB-
CD ¥JEH 5 ~40 pgemL ' BF, FEPEHR 1 94,80 pge
mL "B, N 2 94 24 TBBPA WKJE N 1.25 pge
mL B, BPE R 1 2,5 ~20 wgemL "B, FEN 4

%% 24 PBDE206 ¥ K 1 ~2 pgemL "B, &M A
1 %%:16 pgemL ', VR 4 %o

3 i1 ( Discussion)

MTT S5 773 a7 LA o B 1 ) 07 2 35 5
YW A # P A5 G B R B fe 5 KN
IRAEFREREED . MTT 9 OD {H A5 fk s e T 3%
21 0 A B R T %) 5 T R T 8 B R A A
YA B PE At R 2 B R ) — T A i
PERISE . MRS SC I B R 7, 5 RIS BELIA ) %
JF4AE LO, BEPEPFS 1 203 4 90, TBBPA WKE N
5 ~20 wgemL 'l PBDE206 #J¥ N 16 wgemL '
W REPEf R 4 G, BLES SR T A IE— 21 5 R
505 Yy W B S W B A o R SE A A A
SR AR 2 YE S A R A, 5 R IR A
AR, e 2 AN PR T8 R AR MR BT, 1 S 56 ML )
BRETUTF—L LR . ALK SRS,
{YM PBDE47 #:ME4: 5 TBBPA £ 44 HH H #A%
AHEUER] PBDE47 X AR EEME/N , 847 7T GRS R
FRBELIARIVE F T 40 A HLEEAS 7] , PBDE47 218 Pk
B, 1 TBBPA J= M2 Stk d i, S0 7 Tt
— B RIE o 25 TE ST LT A5 20 B B 0 ] S5
FEfih b g X HAE T AL I A

R3  MABEXIEER R AEEEITR

Table 3 Cell proliferation percentage and cytotoxicity grade of five brominated flame retardants

P PBDE-47 PBDE-99 HBCD TBBPA PBDE=206
RGR/%  #PEH  RGRY%  #FHMEH  RGR% HMEH  RGRY% #MEH L RGR/%  #ES

A= % B 100.00 0 100.00 0 100.00 0 100.00 0 100.00 0

1 94.13 1 96.19 1 8981 1 76.68 1 85.79 1

2 91.66 1 9236 1 81.19 1 46.78 3 76.96 1

3 85.95 1 79.02 1 85.19 1 15.82 4 5038 2

4 76.05 1 7475 2 81.19 1 20.75 4 52.15 2

5 70.56 2 5789 2 69.56 2 19.62 4 2397 4

4 RGR: 4l AA ST 195 2R
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