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FE: [ A6 | AR K ZE AR (TIO, ) 5 BEBR 45 (PbAc ) B 16 B T ABE AT 48 i (1-02 ), %t 48 i A 7% B4 (ROS ).
BB EE R E e e, [ i ] UL 1.000mg/L PhAc # 10.000., 1.000. 0.100, 0.010. 0.001 mg/L TiO, 2 DL &
1.000 mg/L PbAc B Rl 3 7K & TiO, 3 A48 32 102 40t 24 h, DL 9% 4 0.1% = B 2 B4 B4 B, 30 pmol/L H,0, Jy A
P T PR R e e T AR I 4 A M, ORR U X 4B A R AR T AL Y ROS AT, AR A Bt K (GSH ) 5 # & 14 4 3% 1t B (SOD )
PAFh e A A AT, [2%] 5 WM. PbAc 3 & 41 X H R E TiO, 22 & 4 A 1, 10.000 mg/L TiO, % %
440 E B R (P<0.05), 5 Mt B | PhAc %3 41 Fn St 7 5 38 A 4 4 3 LM e, 10.000 mg/L SR A4 % % 41 28
A7 MU B K (P<0.05); 1.000, 0.100 mg/L 38 &4 3¢ % 4 28 JiL 3% 7 4 BAK T A M2t 4 (P<0.05), 5 AT B
PbAc A F A A th, £ K E R AW P EF N MM ROSAKTFH WL In(P<0.05), 5 M E A, 1.000 £ 0.010mg/L & 4
Ay Y 2 2 49 0 GSH K F 2 9 B % ( P<0.05 ), 0.100. 0.010mg/L 38 & 4 %= & 41 47 1, SOD & 14 8 B F+ & ( P<0.05 ), [ £
] RFRLAET, KF B 45K Tio, #1 PbAc 3 B 46 T L-02, 73 niE A AT, B %S 43 in GSH Fr SOD A F
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Abstract: [ Objective | To study the joint effect on reactive oxygen species (ROS) generation, cell viability, and
oxidative stress induced by nanometer titanium dioxide (Ti0,) and lead acetate (PbAc) in human derived fetal hepatocytes (L-02).
[ Methods ] The experimental groups were treated with PhAc (1.000 mg/L), TiO, (10.000, 1.000, 0.100, 0.010, 0.001 mg/L), or all
concentration combinations of PbAc and TiO; for 24 h. The L-02 cells were also cultured with 0.1% dimethyl sulfoxide (negative
control) and 30 pmol/L H,0, (positive control). Cell toxicity and ROS generation were determined using methylthiazoltetrazolium
assay and flow cytometry respectively. The levels of glutathione (GSH) and activities of superoxide dismutase (SOD) were used
to determine intracellular antioxidant levels. [ Results | When treated with 10.000 mg/L. TiO,, the cell viability was decreased
significantly compared with the negative control, the PhAc, and the other single TiO, dosage groups (P <0.05). When interfered with
the combination of 1.000 mg/L PbAc + 10.000 mg/L TiO,, the cell viability was reduced significantly compared with the negative
control, the PbAc, and the other combination groups (P <0.05). The cytotoxicity was notably higher in the combination group of
1.000 mg/L. PbAc +1.000 or 0.100 mg/L. TiO, than in the negative controls (P <0.05). There were significant increases of the ROS
levels in various combination groups in comparison with the negative controls and the PbAc group (P <0.05). The GSH levels were
significantly increased after combined treatment of 1.000 mg/L. PbAc + 1.000, 0.100 or 0.010 mg/L TiO, (P <0.05), and the SOD
levels were notably raised after 1.000 mg/L. PbAc + 0.100 or 0.010 mg/L TiO, combined treatment, in comparison with the negative
controls (P<0.05). [ Conclusion | In these study settings, co-exposure to low doses of TiO, and PbAc significantly induces
elevated ROS levels in 1.-02, and subsequently elevation of GSH and SOD levels for cell self-protection. Along with increasing
exposure dose, the antioxidant capacity is declined followed by significant increase of ROS level, resulting in decrease of cell viability.
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HT, AR (Tio ) B Z N, B P Tio, i 5 H
1EIG B AR AR IR e, B T TiO, HA RRIARSL
N, KA R Tio, B P AL R SR T e Sl S
— TiO, B A U A —FE TR RO o B LR S ok P i S
IS Gy AL ) 5 5 S B EEPE RN TS M T A5 5 S BRAR A o

T A A N AR A R DR K AR FE 4 ) i R 24 i
(SIS B IR P/S UTE TRTIiB i a7 e 1 U2 A WAL =
R 77 22 100 (10 1 iy DA T 3 S50 40 B N 4R 38 i SRk e ik
it superoxide dismutase, SOD ), %% ek ( glutathione, GSH )
EPUAAL Y BT RE RS 8 TE BR TG P 44 ( reactive oxygen species,
ROS), {HXROS " A4 2, 2= 53 i Bl %1k . DNA 45145
DL ER FARE . SOD AL A PR, REEM A h
JEVEBRR, RGBT R Ti0, £ 2 0] DL E #4E H S 8 Ak
) SOD KA . GSH & KB+ o, fEmpf rh i 4y
M NSRRI i Bl AT FE o GSH ZK Sl A8 9 S5 i & A=
UrRe R AR . SOD Wi 2S5 AL T GSH E B 2 HT & k)
SERTRITAN A9 3 0 ER L BT B0 A N HORT 4= AL 43
il 5y FHEWIAREY . L, ROS ™A= | 4PN GSH AT SOD 7K
S B A AT BB TiO, 5 3 AN M5 Bl 2 — o A58 S5
REAFFE TiO, S BRERAS ( PbAc ) HEG 282 /5 L-02 iiN ROS ., SOD
GSH KRl AR , 75 AR A9 A NV A D RO
HMLIEPERIAEFIBLE, S 2075 Je e A i i i 2o S 4t

1 #R5AE
L1 EE9K 5 Fo 2w B4R

P25 B Ti0, ( £ [H , Degussa’& ] ); PbAc( EH, Sigma/&
i) ); BE4E 175 ( Fetal bovine serum, FBS )( ZE[H , Hyclone/&ﬂ );
K K A Eagel 52774 ( Dulbeeo’s modifed eagle medium, DMEM ),
1€ I 1 ( Methylthiazolyldiphenyl-tetrazolium bromide, MTT )( 3&
, Gibco A ] ); . H B W K ( dimethyl sulfoxide, DMSO ),
2°, 7- L E W TR (22, 7-dichlorofluorescin-diacetate
DCFH-DA )( £[H, Sigma A F] ); i 4AAL A (P, gkt
FACAE R A W] )y 2 B4 . SOD . GSH Al i 7] &
(R, A AR BT ) At iR 22 o0 [ 7 o3 pr
R4 M Bk L-02 1 [ UK 27 SR B 2 e ol
12 FEMELEE

AN 546 ( 32, Shell Lab 4] ); CK40 B {5 ¥ &l fafc s
( HA, Olympus 23] ); Infinite F200 EEFR (Y ( 31, TECAN
ZNE]); FACS420 a4 ( 5[, Becton-Dickinson 23] ).
1.3 XA Beh) 5 sm A g A

L-02 4 & F5% 10% i 4 1% #1100 UmL B85 R /58 R 1Y
DMEM Fi3RJErfr, 37°C, 5%CO, fAIREE T % . IR AR -4
210 mLEEFN TR, BB KA B AT S50 (1)
TiO, YeB: FRELS00mg TiO, T 100 mLB4L/K 1, 121°C T K
30min, HIA S g/L TiO, i 7, 4 CRIEIRTE. UL DMEM 155 5
£ R B THO, %59 2 10.000., 1.000., 0.100, 0.010, 0.001 mg/L,
S ER—TiO, YeBE2H . (2 )PbAc Yed: FREL 1000mg TiO, T 100mL
ALK, il 10 g/L PhAc A, 121°C R K E 30 min, 4°C

PR7E . DMEM 35 37 375 B PhAc it £ % 1.000mg/L, A PhAc 4t
F2 . (3)TiO+PhAcTR A YR : DL 1.000 mg/L PhAc fi5 HLHG
TiO, i 457 2 10.000., 1.000, 0.100, 0.010, 0.001 mg/L, MIEEH
g,

G TiO, R, TiO 25 YR AERR RIS 2o o i 75 5t 43
v, HAMEAE TiO, YT IR AL Y RERT IR SR8 % 30 s Bt
TR, DUAFS 00 0.19% ) DMSO R 11X 8 30 pmol/L
HaO0, R BHPEXS BR, FIr SEB0ise & 3/ PATHE, B 31K,

1.4 fmfpE A ren

PLMTT V646 0 200 3% g, 1-02 43688 T 96 FLEE Fadl v 48 h
Jei, BRI F IR TR G RE AN 24 h, 240 G FTERETRIE, DARE
TRELZE MR PEFI VR, LA 20 uL MTT iAW, dk2E1E55 4~6h 55
IH, /i 150 ul A= 41 F DMSO, 723 10 min, 11 5 min J5 #7%
WEERS 2 05— B e, AR AT I K 490 nm 40 I 7 S
S (D). IS F7 =( B FR 2R s e i MM D8/ B
X IR AN DAE ) x 100%.

1.5 it A ROS K -F 4

L-02 280 T 6 FLEE IR M, 4 0 % 25 (W) 4 B 35 J7 4500 . 24 h
JEFIHEEFREE, LA D-hank’s JREEVE 236, JIIAZHAREE R 10 pumol/L
) DCFH-DA ¥ ¥ 1 mL, 37 C3#EYEHE B 30 mine W% i DCFH-DA
W, VA D-hank’s JRZEVE 2 30, 0.25% g T 5 A 1S3 200 Jif 2=
L5 mL ISR IR P o IR AN SRS 2545 1) ROS K- (&
K 488 nm, KGR 525nm ), BEANEEFASIN 500040,
SRUTOCIRE R
1.6 Z@fe. M GSH, SOD 424

L-02 458 F 125 mL 353800, 20 e 2 [ 40 M35 4l
24hJEFEIHEEFREE, TS AR, FHAnEEIeRaniEF
LSmLIRERNEE P, IE 8 T 0°CHA BE 108/ 7K TAIFE 10s By
AR B 3R, B e B TR AR R E I E SOD
FIGSH i, FRH M & P A R I 5
1.7 %o

YA IS 71, ROS. SOD . GSH M 25 S LU x + 5 Fon, KL
P07 T SPSS 13.0 HEATSGE 1104 o AR 2H 2Z 8] AR R Jr 2557
HrCANOVA test ) 5.y 2555 % 1 SNK K5, Jy 224855 MR
JH Games-Howell K55 . K656 7K ¥ 0=0.05

2 #HR
2.1 @pEA

L-02 8 T 10.000 mg/L TiO, 24 h 5, 5 B3 1 %} B4, PbAc
Y7 AL e B TIO, Ye TR LA L, 4N S 7 B B R (P <
0.05); SBAMEXTIE | PhAc Ye 74l A Al ik B2 1R & P Ye i 4040
L, 10.000 mg/L VR A 49 15 3540 AL 16 g BH B B AIK ( P < 0.05 );
SR XS A EE L 1,000, 0.100 me/L 1R -& 9175 S 40 i 1% 7 9 5
K% ( P<0.05), W31,

2.2 ROS. FSH, SOD 4%

JITAG Ve BE TR A ) T 25 2 41 ROS 7K SF-BA 28 73 - B e xt
B PhAc YL 3 4H ( P<0.05 ), TiO, Fll PhAc B 2y 75 K 15 41 i
ROS &AMAE (P>0.05), L2,

AN AES T 1.000 £ 0.010 mg/L IR & WU ia, 5 BT
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BEAH EL, GSH KB 8. T ( P<0.05), H.1.000 mg/L iR &
YL B 53 GSH /K - BH &8 555 T PbAc 4t 7 (P <0.05 ), A EL
XTRE, 0.100. 0.010 mg/LIEA P11 4L SOD 16 M & =5 ( P<
0.05 ), IR-E VYL TE T 240 SOD 3E P FI GSH 7K - 522U 4 Fiti 741
EIE R A R, WAk 2.

F1 TiO,. PPAcBIREWRER L-02MEEN (x+5, n=3)
Table 1 Cell viability after TiO,, PbAc or combined treatments in 1.-02

AAEIE 71 ( Cell viability, % )

TiO, ¥ (mg/L)
TiO; concentration 0.000mg/L 1.000 mg/L.
PbAc PbAc
0.000 — 89.3+0.9
0.001 91.0+1.2 883+43

&gk1

MG 1 ( Cell viability, % )

TiO, We (mg/L )

TiO; concentration 0.000mg/L 1.000 mg/L
PbAc PbAc

0.010 90.0 £5.6 87.6+4.3
0.100 89.0+7.6 84.5+2.0"
1.000 88.2+9.1 84.4+0.6
10.000 77.7 £5.4%° 64.8 0.5
BF: % B8 ( Negative control ) 98.5+2.4
[EYEXT B ( Positive control ) 48.1+5.8

[ 1% 5 A Mt A4 ( Compared with the negative control group ), P<
0.05; #. 5 PbAc % & 21 4 H( Compared with the PbAc group ),
P<0.05; ¢: 5 H %k ZFTiO, 3 & 4 4 th( Compared with the
other TiO, groups ), P<0.05; &: L5 3 fi ok &% & 4 4 & 4140 I
( Compared with the other combination groups ), P<0.05,

%2 TiO.. PbAcH RS YLE/T L-02 M ROS, GSH, SOD E&E( x5, n=3)
Table 2 ROS, GSH and SOD levels after TiO,, PbAc or combined treatments in L-02

ROS GSH ('mg/g prot ) SOD( U/mg prot )
TiO, ¥ (mg/L )
Ti0, concentration 0.000 mg/L 1.000 mg/L 0.000 mg/L 1.000 mg/L 0.000 mg/L 1.000 mg/L
PbAc PbAc PbAc PbAc PbAc PbAc

0.000 — 4.63 £0.30 0.21 £ 0.01 8.41+2.50
0.001 4.78 +0.44 8.87 + 1.35™ 0.20 £ 0.01 0.25 £ 0.02 8.90 + 1.22 11.81£1.78
0.010 5.75 £ 0.62 8.96 +2.047* 0.21 +£0.01 0.26 + 0.03" 9.09 + 1.80 12.70 + 3.03"
0.100 6.13+0.35 9.31+2.11% 0.21 +0.04 0.26 +0.03" 9.31£2.03 13.05 +2.07°
1.000 6.31 £0.01 9.70 +2.28°* 0.21 +£0.01 0.28 +0.01°* 9.47 +1.98 11.49 +2.70
10.000 6.85+0.11 10.07 +2.277* 0.23 +£0.02 0.22 £ 0.04 9.64 + 1.65 11.35 £ 1.47
BHM:X #E ( Negative control ) 4.07 £0.93 0.21 +0.01 8.41 +2.50
FHERT IR ( Positive control ) 10.85 + 1.52 0.16+0.03 8.28 + 1.58

[ 17 5 BT A H ( Compared with the negative control group ), P<0.05; #: 5 PhAc % 2 41 41 1, ( Compared with the PhAc group ), P<0.05.

3 e

2 N T H KO 1 ROS 7 {5 538 B R EE R ik Pl 3 8L
1 o ROS 77 A5 R AA AR B OSBRSSO 94 K Sk,
BEVERY RLAFHERR S (I ANAY ROS 2 FEART AL R B /KT,
T AR AR SRS JA , S AR B A, X240
KT T S5O R 3 AN 4 i 2 1) — S AL 2 s 492K T,
A E R, A B A AT AR 2E ROS, R 42K Tio,
REAS IR A SN0 AZAZ 74 ROS ¢,

SOD. GSH RERTE bRk ROS LRI AN A, IR A Btk
T FE. A BT RGE Ti0,( >20.000 mg/L ) 2B AN, 1584 F
RS R DX, B 5 20 M A= 0 431 R AEAE 2 A ROS, g
{248 ROS W] 5 TH 5 F GSH . SOD A7 ASHFSE H TiO, He Ji
BAR( < 10.000mg/L ), SGABIFEIAL, A W5 L IR M #E
RONAE AL S BN 9 ROS, i 41 H AR HLH,
GSH 1 SOD b [Rl Ll T 510,

BRWESE R WIHEFR /N T 5.000 mg/L IE LT, Ti0, fUAL
R HARMK AT A A0 a2 (HY TiO, 2 5k B T i 2
10.000 mg/L LA_F I, 25 5S040 M6 B 2 BT 5 22 A
ABFFEH 10.000 mg/L TiO, EL—1 A A5 ZOH L5 14 B o e
i, {A ROS 7K F-JCHH S T o 3 W] B2 FH T4 KE b HUoF ok
JLAE C A 2 2 i 0 o Fia 1) ) 3 ) sl & R R
HAn AR 27,

e B — R IR TS Y, AR T A aE A

ROS'/, 410l SOD . GSH Px ST & LB 16 M o (PR A 5T
T, W RER (LT 1 mg/L) A4 T2 GSH F1SOD /K 1) B
AR AT R, PhAc A FIES ROS 7K 41 it 2 7
R

REYHERG, EEMRREERT, ROS AR 238, %S
A A SR AP HLE], DAL R A K, 4 GSH A R
GG A BOE 20 GSH' | AR TIO VEFTF, Tio, H %
254 S0D, Ti 25655 T AR FaR Ji 7T 28 SOD i) —
WEEH, FETE SOD L= e — AN B B G PE s, MM 3EsR
SODEPE L, PRIt FEABIZE Hh e B TR A Ve FE, 4
WA LI PUAACBGRE ST, A=A B B f A sk

SR Rl 2 TR A vk B 1 T, 5 b g 2, Bl
% ROSFRELTH i, AMAEHTSAIL R G LU= 2E 98 134 5t 1
Y, MM EE GSH F5E22 3 0, SOD L 7E 4 v Wk 2 119 Ti0, 1
AR, KmHgh ROSTHAE, It GSH A1 SOD /K- K % w5 4 Hk
FEARSETI R TR T RE ST, O MA 260 B RE AR, % 0F5E
TAH SOD 3EPEAE 0.080~0.320 mg/L TiO, 715 Fil Py He s Fhis , (A&
TE BT K FEE 119 0.480~0.800 mg/L 305 Bl N 2218 R [ IR 45 vy ik
J£(0.100, 1.000 F110.000 mg/L ) F IR &9 S 24 ST
10.000 mg/L 1R A 175 5 35 5 KT 1 ROS Flfe A% 1) 4 i 0% 1k o
U BL— PhAc 8 TiO, X GSH A1 SOD /K-35 45 B B 52 i, {H &
RS IR TiO, A PhAc 3 [FIFE P 0AE 1-02 4i i 48 Ak
BOK-, FEROS A U L A0 bt A b R B B R RE )1, TR
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Zi BRTR, FEABITE &M, —TiOo /E T 1-02, fif
ROSBEBL LTV, VA AR RIHT AL SO, e o8 240 M ™ A B 22 14
PUEA AL 5 GSH T SOD A A BE Y AL . RS P01
Ja s FEBURWIE , PUa Lokl - THE ROS BLE T LALR 7
Y BEAVREERFZE B TE, ROSWII R BT, i A Ak o
GSHFISOD /K- TR, I REEA REFHUE AL B0,
B A NS VR TR SRR, X TR AR, AR
PbAc Al TiO, -G W) 3EFVE T T 1-02 22155 S A1 AL Nk -7
IR 3 by o1 Ly 12 U

AWEFE T, XET PhAc W BRI BEE L D, B S VR AT
IIHTINFAEA R, FEIRSERTTE R, 583 PhAc IEHE .
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