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HFIAEPRAZR ) TiO, s, i@ wE E )y 204 T/ NN K L TiO, (Nano-TiOn) s & St TiO, (E171)IRAMGRI
B0 50, 150 F1 500 mg/kg BW), i#4E 14 d, LA4iFokE R BAPEXT B, RIG45R5, KM SeA1bigtn,
TR R BOE I IEST S AL P REFE $7 .0.25 .50 . 100 pg/mL /) Nano-TiO, 8¢ E171 7&%?&5&1@1\?& AMLI2
AT, K AN TE S B M 4R (reactive oxygen species, ROS)HI & & 8558 &0t 14 d BURLEE)R, AEEYIK
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ANERFFIE = A 7 — s B 8RR 5, T E171 X708 B BFE B S8 Ak P BB A 24 18 W1 A )5 4539 S 2L A9
Nano-TiO, ¥ &R MCANMLTE 77, B FH= 4y ROS K-, T E171 2 100 pg/mL Ji it v B 41 74 tH B4R B )
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Effects of nano-grade and food-grade titanium dioxide on hepatotoxicity in
mice

LING Min, ZHANG Wei, LU Luo-Ding, LIANG Jie’

(Institute of Toxicology and Risk Assessment, Jiangsu Provincial Center for Disease Control and Prevention, Nanjing
210009, China)

ABSTRACT: Objective To investigate the hepatotoxic effects of nano-sized and food-grade TiO, on mice liver.
Methods A total of 80 Kunming mice was randomly divided into the control group and TiO, exposure groups with
different particle sizes. The mice were intragastrically administered with nano-sized titanium dioxide (Nano-TiO,) or
food-grade TiO, (E171) suspension at doses of 50, 150 and 500 mg/kg BW for 14 consecutive days. Purified water was
used as the negative control. At the end of the experiment related biochemical indexes were determined, the liver
coefficient was calculated and liver antioxidant indexes were detected. Mice AML12 cells were treated with Nano-TiO,

or E171 suspension at concentrations of 0, 25, 50 and 100 pg/mL, and cell viability and intracellular reactive oxygen
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species (ROS) content were subsequently measured. Results After 14 days of exposure, neither nano-sized nor

food-grade TiO, exerted significant effects on body weight, liver coefficient and liver-related biochemical indexes in

mice. Nano-TiO, induced obvious oxidative damage in the liver of mice, while E171 had no significant influence on

hepatic antioxidant indexes. In all dose groups, Nano-TiO, reduced cell viability and increased intracellular ROS levels.

Decreased cell viability and elevated ROS content were only observed in the 100 pg/mL E171 treatment group.

Conclusion Under the research same exposure conditions, the hepatic oxidative toxicity of Nano-sized TiO, is

stronger than that of the food additive E171. This research provides a scientific basis for the safe application of food

additive E171.
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AL (titanium dioxide, TiO,) &I R LI R IRE AL
Y, NEGIHH R, XAakH, HEAEHNCEE . &
Pri R | B @SR aE! 1, Tio, VR —Ri e Sh 3 (s 2E 2
BN A = e i A, HARRR R £ S s 5 -4
S E171°7°0, 2 EE TIE fel/F TiO, M M e FINEM 3R 7
FXREMPEH, BEAES RN ERER 1%,

AR, HENABARN AR, &M% TiO, (E171)TE
LA P 0 R PR O L AR RO R . RS H il i
AR E171 nlikgE 2yl feScikdiaE, e
M E171 MR AT 00, Krlgs R ABL, 298 36% M ikik:
REEDORGS . B THRBRANKRET, 20
HORTE T H A F I U P A 2 e 0, XA S IR BE e A {4
RN 233 L5 W R AR R A= W58z, Rt AR
it B A 5% Wi T LR PR A L RO B ) A R
(European Food Safety Authority, EFSA)F 2021 4E %4 T 2%
T B171 (B BB GRS, 451838 E171 Y TiO,
4K IBURL (Nano-TiO,) AT A 1T DNA HE Wi 240 Y (o 14451 15
FRAR SR LR HET, E171 MRS 0y e 4
A 2Z 272 e,

T 5% 22 B Nano-TiO, JFURL 1 M A8 4 5317 I T 2 5|
EHXRE, ATFEERAMGREENMGESE, A
JFMEHS2 Nano-TiO, ki FR R EZEE Z—, FrLIVF
Hi Nano-TiO, FFORL XS M (14 35 14 S mel 2 PPAR oK R %2 4
PEM B ARP P BEIABI RN E171 K& Nano-TiO,
XNRAS . RS R, RS S e Re HE bR M il A= 1k
FEARSE T T SEAT HL AR, HLE R/ BUE # I (AML12) 41 fify
P9 3 Ko 40 B P 76 44 4 (reactive oxygen species, ROS)H R
Wi, RIFAK S SR TiO, /2 75 23X /N BRI 7 A= w44,
h TIO, 75 £ fh T 22 42 7 TR LR} 22440

1 MR5ERE

1.1 XE5RF
TENAI G2 TF20 200KV 3% &t i, 7 2 i % (32 [E FEI 28

7] ); SPECTRAMAX Ji#tr{¥ (35 E BD 2wl ); AU640 B/E Ak,
ST (H 4 OLYMOPUS 24 1]); Scientz-11D 75 i 21 L i
PEBLCT BT E DR e BRA FD); CO, ALl 746 (35
[¥] Thermo Electron /A F]); PL203 HLF KK 1 mg, EH
METTLER TOLEDO /A #)); DT5-4B i B OHLEAERTHT
JEANES LA BRA FD).

Nano-TiOy( 4l B 99.0%, 3£ [E NanoAmor 72y #l);
E171(40E 99.2%, VLA HEKARHEA A A, Ak
PG (T ER AR A RAR); DMEM/FF 12 KRk
(1% R RIRGW 58 Z IR AW (3EE Gibeo A H);
A AL W) I A B (superoxide dismutase, SOD) . N — &
(malondialdehyde, MDA). 4% fk 5 fifi(catalase, CAT), i
JEIIA HEH Ik (reduced  glutathione, GSH)I & i £ (R &t
A TGS, INERRA T 20,7 - R0 E
Z MR OB
DCFH-DA). /\JikIH#& 45 % (cholecystokinin octapeptide,
CCK-8)(EH = RAMH AL R ).

1.2 SKIEzh5reE R AL IR

SPF 2 fat bR B RPN 80 K, AT 25.0~30.0 g, Mfi/E
B2, T A A AR S50 B B AR A BRA F AR £ 4
Pft, ANEFENERSE 3 dJE, XEhET AR E I REYL Y
RELIG AN BRA, A 5 A 5 REE /N
B R/ B Nano-TiO, 85 E171 JRE W Gl 2051k
50, 150 #1500 mg/kg BW), #%4E 14 d, BER—IK, LAglig
IKAE R BT B . SCE AN L 2 i B 20~24 °C, W%
40%~70%. W) E ROK . B, BRI R BR N
22 VT SR T 2l FP O B B S Bt e, e LS
2022021,

1.3 ‘mppEFRFnAb IR

/N EUF(AML 1 2) 20 S b (R 2% B 20 A %2 . 4t +
10% 10FBS il 1% 5 2 R AWK FE R R IR A WA DMEM/F
12 JEgdhh, B 37 °C. 5% CO, BFRAthH MEgR . sk
A0, 25, 50, 100 pg/mL A Nano-TiO, B¢ E171 ZbFRAHNI
24 h FIFHEIANAEIS F1, AbBE 6 h I FRMIZHAE ROS /KF-.

(2°,7’-dichlorodihydrofluorescein ~ diacetate,
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Nano-TiO, il E171 B A AW R &S i
MBI E171 MRST STE5, Ea s BE R LA 1. ([ F 9N
KW 43 AT B (Nano Measurer 1.2.5) %0l & 45 S #4740
Mr, FEHEE TiO, Tk i P kidz . ABESE h e AT 321
T B, A {681 ) B8 0 S FH K (AR B9 BRI o) B B,
PR 3 min i A2 YR B R, BUECELA .
INERHE KA M E FR
HEH 14d )5, FRESCE/NRIRE, KA IRER DR &
MBS0, S IRFHE 30 min, 3000 r/min 2.0 10 min
Je W BRI, SR 4 E A A4 BT ASORI 73 R
(alanine aminotransferase, ALT), K44k % fif} (aspartate
aminotransferase, AST). /% [ (total protein, TP), &
(albumin, ALBY/K -, AbZESNY, FREUFM4aX i, 115
JEARHAR . BLO0.2 g FALZL, il S%IFAL 53K, SRR
MARF A SOD, MDA #1 GSH & & .
1.6 CCKS ZmpEsE 4

/NELAMLI2 4Nt T 96 FLACE R 5000 4N/AL,
WE 4 AL, BRI 58 4 0 RE S N A [ Mk RE Y
Nano-TiO, 5%, E171 Rk, K577 24 ho YLt g 51
FLHMA 10 pL 1) CCK-8 I&H, WFH 2 ho FMER AN
450 nm ARG RE, AT R
1.7 #Rf8 ROS E

/NEL AMLI2 ZHJER0 T 12 FLMRAP, 9040 5%10° 4

1.5

A

WA/ %

BI%

301

301

20

10+

ANf, BE 4 AL, FRANH TS A EE I A R EE 1Y)
Nano-TiO, 5 E171 1B, 4235t 6 h G BER ISR EIR, SR
JEEEFL 500 pL AIAHREE Sy 10 umol/L () DCFH-DA &,
TEREFEAE TP E 20 min J5 FEEAR AT R
1.8 B R

S48 LB P Y5 (A5 v i 22 R o SPSS 13.0 3k
AT 20T E t AR IR, P<0.05 AW 2ZE R HA S H¥ 5 X,
B34 F Graphpad Prism 5.0 #4647 21

2 FER5HH

2.1 TiO, ki HIFRAE

BH T BMEF Nano-TiO, UKL A & Kokl
60.28 nm, /INKIAEN 22.24 nm, PRI R(37.73£7.79) nm,
E171 Pokif fokif2h 306.53 nm, fie/MRifeh 38.03 nm,
SR AE S (115.62452.26) nm, Hi 100 nm DL F0kL A4 5
FZh 43%, DL 1,

2.2 HERBFIR MR TiO, Xt /)R A4 K AT AR R AN
)

YL I1A], Nano-TiO, Ml E171 4% Fl 5 YL # 41/ R R
DLH S, OK R IR R W U o A5 /N
PRE AR Y B R J5 22 R B 0 G 12 78 L (P>0.05), #5741
0 JHF I 2R B0 S 0 BRALAH L, 25 3 TSI B L (P>0.05),
W3 1. Z5RH/RZ Nano-TiO, fl E171 YediJa, FEARFEM
JINER A R R

22 26 30 34 38 42 46 50 54 60 64
WU PPRLAZE /mm
38 65 92 119 146 173 200 227 254 281 308

WA k42 /mm

7£: A. Nano-TiO; B. E171,

Bl 1
Fig.1

TiO, ML 3§ L T I8 (B PR ROk A2 23 A

Transmission electron microscopy images and particle size distribution of TiO, particles
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Table 1 Effects of TiO, particles on body weight and liver coefficient in mice

— A A E /g QiR iR /g JH 1%
W HErE i3S A i i3
POpi 20.70+0.72 20.30+0.87 28.78+0.86 31.56+1.41 5.22+0.43 4.87+0.52
Nano-TiO, (50 mg/kg) 19.90+0.72 20.68+0.76 27.52+1.59 32.78+1.08 5.14+0.40 4.824+0.40
Nano-TiO, (150 mg/kg) 19.82+1.38 20.90+0.62 27.14£2.26 32.04+1.45 4.85+0.41 5.28+0.25
Nano-TiO, (500 mg/kg) 20.26+0.98 20.22+0.73 27.74£1.65 31.32+1.60 4.83+0.28 4.87+0.33
E171 (50 mg/kg) 19.96+1.15 20.04+0.66 27.48+1.60 31.34+1.11 4.98+0.49 5.09+0.20
E171 (150 mg/kg) 19.58+1.04 20.22+0.83 26.92+1.60 31.42+1.57 4.84+0.43 5.05+0.23
E171 (500 mg/kg) 19.50+0.31 20.44+0.46 26.94+0.93 32.24+1.17 4.65+0.41 5.00+0.44

D 325 55 (P>0.05), T3 3. 255Ul B Nano-TiO, 1 E171

2.3 YKREFEFE TiO, ¥R AF AL IR ILERE

=010

2 2 7] DL, Nano-TiO, i H = fl i 41 5 %5 BRAL AR EE,
WERE/INER Y CAT 5 M 354 & 235 T I (P<0.01), il 41
WERE/NE, MDA 15 Pk BRZA FHE, 1 GSH Fll SOD &k
55 %t BB A AH b 20 B 2 FRAR(P<0.05); E171 4% F) 20 i M e
/N B 2T AU A Tl 1 5 L 7R e B AR L, 0984 W
223 8 0 (P>0.05) . 45 54878 Nano-TiO, & T & il &
FH/NERJFAE SOD \CAT .GSH 75 PEFEAIK, MDA ZKF-FH i, 5l
R
2.4 KRR EEK TiO, X/ NRIMEFE HIErrrIE N

/N IE A Ak 25 S 7R, Nano-TiO, /N B 7 it
A AR/ RS R B LTS ALB 5% BEZH AR L B 2 Tt
1 (P<0.05), {H 25 /& 2] 50 EH ¥ A L5 = 19 i 58 [l
(25.25~34.70 g/L)/N, T HLI&A HBUEH B 19 7] & R R R,
DRl G 25 SRANHE R A S o A 45 791 e L 1 i 7 A AL A 3
A IR 2 R (P>0.05); E171 4557 - A LT TP ALB,
ALT. AST %5 I A b6 05 5 RN IRALAH 1L, R BoR

PR /N B EAR 5 2B AR F8 B it R T

2.5 YRFHIERE TiO, XM R AMLI12 FEETEE
FE Y520

d P 2 \JA, 25, 50, 100 pg/mL A Nano-TiO, 7EALFH
AMLI12 4l 24 h J5, &0 AIEAXEE R0 50T
F&4 90.08% . 81.46% . 76.96%:; i E171 ZbBRZANL 24 h )5,
HA 100 pg/mL Ab B A 20 i AH X A7 1 5 K A1K 55 B 2 o
91.57%. 4EHHE7R Nano-TiO, ¥ AMLI12 41/~ AE FEE 4
E171 3%,

2.6 KB FE SRR TIO, X/ F AMLI12 488 ROS
oAl

B 3 25 RIR, ARFIEHKE R Nano-TiO, fEALH
AMLI2 40/ 6 h J5 ROS 7KF- 5 XF REZHAH Lb I 0 2 T =5
(P<0.01); E171 AbBRZH{XAE 100 ug/mL U R v R A
ROS #4475 (P<0.05)., X778 Nano-TiO, 7EA&
U EE BTk AT DR SR 40 A 2R R ROS, T E171 R
TE W = AT A BEE = 41 B N 9 ROS 7K,

&2 Tio, Fokixt R AT AL S LB A

Table 2 Effects of TiO, particles on antioxidant enzyme activities in mice liver tissue

CAT/(U/mgprot) MDA/(nmol/mgprot) GSH/(nmol/mgprot) SOD/(U/mgprot)
bilbeeil
e T e i s T e T

i HA 27.68+2.81 27.2042.01 296£037  2.6840.45  492.10+48.82  508.15433.70  417.01£22.78  418.19£10.65
Nano-TiO,
(50 me/ke) 27.42+1.51 25.4442.56 2774062 2.9940.25  491.14429.02  509.60+14.94  409.74+13.42  404.80+18.00
(Tsa(‘)“;g]?g) 21.56£1.73%%  22.0242.06%*  305:0.74  3.01£0.26  473.30£30.83  483.61442.32  408.10+22.01  406.34+12.85
(I;Oa(‘)“;g]?g) 20.03£2.99%%  21.30+£1.48%*  4024047%  425:041**  428.81429.08*  450.57+4530%  389.96+15.05%  393.86+23.30*
s OEnl17g}kg) 27.432.87 28.5742.87 2974060  3.05+0.41  508.34+40.51  495.41+12.26  414.59+13.44  415.4348.39

E171 27.60+1.37 28.0443.18 3074048  3.1340.42  491.44431.43  489.49+22.61  410.33+14.67  410.63+15.19
(150 mg/kg)

E171 27.911.37 28.85+1.90 3.08£0.08  3.174#0.44  470.93+47.69  477.29431.69  406.44+11.06  413.54422.54

(500 mg/kg)
e SXTERAAA L, *FRoR 25 5 B 35 (P<0.05); **FIR 22 i B % (P<0.01), % 3 [,
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Table 3 Effects of TiO, particles on hepatic and serum biochemical indices in mice
. TP/(g/L) ALB/(g/L) ALT/(U/L) AST/(U/L)
e Z
i 5 e M T LS e B Tk
PR 60.70£3.56  61.77+2.78  27.83+0.89 28.13+1.53 40.65+£5.33  37.07£529  129.53+16.56  126.30+18.22
g%nr‘;';/}% 58.18+3.16  63.23+2.18  27.83+1.01  30.42+1.03**  383842.96 37.80+4.63  132.43424.82  133.15+30.49
Nano-TiO> g0 53,313 61052251 28.5561.00  28.8741.33  39.6243.61  40.0046.00 1312242439  128.12414.88
(150 mg/kg)
Nano-TiO> ¢ 1o 500 62425166  30.204324%  28.90£0.82  41.18£3.81  36.68:3.40  137.38427.60  126.85+22.77
(500 mg/kg)
(50E1:17g}kg) 59.20+6.26 62.18+5.47  28.72+2.06 2920£1.37 3777173 37.65£2.23  134.38+18.82  123.57+25.03
E171 58.90+6.54  63.00+3.71  29.4242.16 30.48+1.74  39.93+2.63  39.05£3.79  135.87+17.51  128.77+14.85
(150 mg/kg)
E171 60.4242.83  62.9244.15  28.25+1.83 28.25+2.80  39.67+4.70  39.90+3.49  132.63+16.95  131.32+16.44
(500 mg/kg)
¥k
A0} —= B 100k o _
e s - *%
J—— S
1= == :
RS = pa
iy o e
luad ren : 2
4@;— 50 g 50 . o
0 0 S 222 2t S
0 25 50 100 0 25 50 100
Nano-TiO,/(ng/mL) E171/(ng/mL)
ST HRALA e, R 2 F il B35 (P<0.01), & 3 [,
B2 TiO, ks X /N Bl AML12 40 35 1 f352 0
Fig.2 Effects of TiO, particles on the viability of mouse AMLI12 cells
A 300¢ . B sy
£
T =
——y
— |L
< 200 1 <100}
M =
o =
# #
i) 3
B 7
-1 jusng
100 + t = 50}
0 0
0 25 50 100 0 25 50 100
Nano-TiO,/(ng/mL) E171/(ug/mL)

i HXTHRA

A LE, *F7R 285 i 35 (P<0.05).

Bl 3 TiO, MUkixS /N AML12 43 ROS )51
Fig.3 Effects of TiO, particles on ROS in mouse AMLI12 cells
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3 iHieSEe

YIRTIRRE SR . S5HA BYICR, dKGUBR S
WS RAE Y OB AR e, HRAL R ks, SR A
SERONA KA T AR BEE TIO, BURRARSE /N, B IR E
Oy FRCE PR B B30 2 Tio, Bk vk AL WIA N,
F 5 FBOG T A A R 15 1k T REF TR AR -, Bk F
PR . WM Nano-TiO, FEAFIFERUR, &4 aiad it
{9 ROS, FTHEAAC -, JEmT S EOF R S,

AT T/ NRASFHIE 0. 50, 150 F1 500 mg/kg BW)
i Nano-TiO, Fl E171 {R 2K 14 d B b HE R, A EE
YRS B AT TiO, X /0N BRI AR o o % HF O 22 500
L5 AH 26 B A= AL T8 AR 3 & H BB B . Nano-TiO, &b
¥4l SOD. CAT. GSH G HEYREAIE, T MDA 7K-FF5, #
AHUARBUEABE T TR (AAHFERREE IR T, EL71 X/MR
B TSA LM REFRAR S A B 2 A2 R ZEAMAEZKF L,
25, 50, 100 pg/mL AY Nano-TiO, 7EALH/MRATF(AMLI12)
4 24 h FHSEARANRTE 7, HF SR ROS /K
1M E171 2 100 pg/mL Sk AL A H BLAN ARG J1 R B,
ROS Fridhn, XL T Nano-TiO, H E171 XJ#l
PP B A ARG RE R, PR . AR AR
S50 R R TiO, MAE W)= SRR KNG 2%, Rids
R B PE RN ARSI E171 B 43%50k 4k
TR

G 0.2 g/kg 8% 1.0 g/kg R A9 Nano-TiO, ¥ SD
KRS TR TR, WA SE 3d. 74,1 gkg AER =
AT, BHLABGEES 1 d WRTHE, WALEE
FEA, JFEJF. B BZH4U0% DNA B K0 B I m, Bt
FALTEDR SOD KA b H Bk AL /KT AR L2 50 =
HAET A AT A E i R E bk 5T 0~150 me/kg (Y
TiO, X /NS T 2 R R Yess, 4550 & 45 Tio, A4 4%
AALMEE MR T X 4], HAFI RN E R IFHAFE
RECHIMIE ALT . AST. BliPERERREG . FLRRN SRV S
TiO, A TR A0 ke SRR T AR A TS 45 51
AT, FAEW T TiO, R HIFITI R R A EZHE,
RIS 20 A B AR

AN Nano-TiO, F) 2 = PE VA W98 2 50 R FH B i
k. MERSAEST . 2R TR RO SR R AT (R,
EHE AL, TiOy VB —F & s FH sl 38 5 258
i MRS IR AR, BT, Z R —Ssif s 4 imIEA
REAR AT MOV EA TiO, VR S IR A A 4 2 e AR Y. O
BB E171 BB AR5/, X it E171 47
U ATA B, 4R 2% F Nano-TiO, F9BE SR #1710
AN FERURL I RS RN R R @R 7 R & F 800 E171 %4
P PE AR 25 5%t B BT, T A A 5 A 4 K R
) TiO, X IE R S A B AT T — X e, BN E171

VS £ A USRI ) 2 A PR IR A T — I S5 M (i
Al o
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