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ABSTRACT

This paper reviews studies on tissue distribution and toxicity after various
routes of exposure to titanium dioxide (TiO,), widely used in the production of
paints, paper and plastics, as food additives and colorants, and increasingly, as
nanpoparticles in pharmaceutical and cosmetics products, based on data pub-
lished in openly available scientific literature. Titanium (Ti) was detected in the
lung and medistinal lymph nodes, but not in the liver, kidney, spleen or basal
brain with olfactory bulb, in rats that inhaled nano TiO,. Accumulation of TiO,
particles was observed in the brain, especially the olfactory bulb and hippocam-
pus, after intranasal instillation of nano and fine TiO, in mice. After dermal
application of ultrafine and fine TiO, in human volunteers, rabbits and pigs,
deposition of Ti was observed in the stratum corneum and hair follicles, but not
in the dermis. One report showed the accumulation of Ti in the spleen, heart,
liver, lung and brain and histopathological changes in these tissues in mice that
received dermal application of nano TiO,. However, there are serious concerns
about this report due to the housing conditions of animals, which might have
negatively impacted the experimental results. After oral administration of nano
and fine TiO, to mice, accumulation of Ti in the liver, kidney, spleen and kidney
and histopathological changes in these organs and hippocampus were found.
Although this review provides initial information on tissue distribution and toxic-
ity after various routes of exposure to TiO,, further studies using characterized
materials, relevant route of exposure, and dose closely reflecting actual levels of
exposure are required.
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Inhalation, Oral administration, Dermal application, Intranasal instillation,
Injection
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HTIE. 7/ %4 X Tio, DM RO PE I
 5000-64000 k¥ TH O, KETOEERIZ
A 40000 b v & REEE S, FTHIEANDRER
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T5ZENTHENS (Robichaud et al, 2009) ,
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TABLE 1. Tissue distribution and toxicity of titanium dioxide (Ti0,) after inhalation or intranasal instillation.

Exposure Exposure
method Animals Materials/ Characteristics Duration Concentrations ~ Sampling Findings References
/Frequency  /doses® /autopsy
Inhalation Wistar rats  Nano TiO, (70% anatase and 5 88 mg/m’ Immediately ~ Detection of Ti in lung and medistinal van
(Head-nose) (male) 30% rutile, no surface coatlng, consecutive after last lymph nodes. No detection of Ti in liver, Ravenzwaay
20-30 nm in size, 48.6 m*/gin  days (6 inhalation kidney, spleen or basal brain with olfactory et al, 2009
BET surface area) h/day) and after 14 bulb. Mild neutrophilic inflammation and
days activated macrophages in BALF and/or
Pigmentary TiO; (rutile, 200 274 mg/m’ recovery lung.
nm in median particle size, 6
m?/g in BET surface area,
99.4 % pure, KRONOS
International)
Inhalation C57BL/6  UV-titan L181 (rutile modified Gestational ~ 43 mg/m’ 5and 26-27  Detection of Ti in lung of dams. No Hougaard et
BomTac with Zr, Si, Al and coated with ~ days 8-18 (1 days after detection of Ti in liver of dams or liver or al,2010
polyalcohol, 20.6 nm in h/day) exposure stomach milk of offspring.
average size, 107.7 m*/g in Inflammation in lung of dams. Moderate
surface area, Kemira) neurobehavioral alterations in offspring.
Intranasal CD-1 Nano TiO; (rutile, 21 nm in Daily 5 Daily 25 One month Accumulation of TiO, particles in olfactory ~ Wang et al,
instillation (ICR) average size, Hangzhou instillation ug/mouse + 10 after nerve layer, olfactory bulb and granular cell ~ 2007a
mice Dayang Nanotechnology Co., and once ug/mouse/day  instillation layer of olfactory bulb.
Ltd.) every other  (every other
day day)
Nano TiO; (rutile, 71 nm in
average size, Hangzhou
Dayang Nanotechnology Co.,
Ltd.)
Fine TiO, (anatase, 155 nm in Accumulation of TiO, particles in olfactory
average size, Zhonglian nerve layer, olfactory bulb and granular cell
Chemical Medicine Co.) layer of olfactory bulb. Wider distribution
area of 155 nm TiO,.
CD-1 Nano TiO; (rutile, no surface 15 500 24 h after Major target sites for Ti : hippocampus and ~ Wang et al,
(ICR) coating , 71 nm in average instillations ~ pg/mouse/day  last olfactory bulb. Detection of Ti in 2008a
mice size, 23 m*/g in surface area, >  (every other instillation cerebellum and cerebral cortex.
(female) 99% pure, Hangzhou Dayang  day) Histopathological changes in hippocampus.
Nanotechnology Co., Ltd.) Oxidative stress in brain.
Fine TiO, (anatase, no surface
coating, 155 nm in average
size, 10 m*/g in surface area, >
99% pure, Zhonglian
Chemical Medicine Co.)
Nano TiO, (rutlle no surface 1,5,10, 15 One day Detection of Ti in olfactory bulb, Wang et al,
coatmg, 71 nm in average size, instillations after 1,5, 10 hippocampus, cerebral cortex and 2008b
23 m?/g in surface area, > 99% (every other and 15 times  cerebellum at any time point.
pure, Hangzhou Dayang day) for Histopathological changes in hippocampus,
Nanotechnology Co., Ltd.) instillation olfactory bulb and kidney.

Fine TiO; (anatase, no surface
coating, 155 nm in average
size, 10 m*/g in surface area, >
99% pure, Zhonglian
Chemical Medicine Co.)

Max. 15
instillations
(every other
day)

Detection of Ti in olfactory bulb,
hippocampus, cerebral cortex and
cerebellum at any time point.
Histopathological changes in hippocampus,
olfactory bulb and kidney. Increased levels
of IL-1f and TNF-o..

“: Doses were expressed as TiO, unless otherwise noted.
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FFH . R, MO M ONIBLER 2 B O lic B B
Ti L LR RS (LOD: Tio, & L T0.5 4
g/tissue sample) LT TH -7z, Mili L OKERE Y
VOSEIT T At &z, 0/ Tio, BB
TiO, & U T, MiCTIXAFZEAZIZ 2025 4 g, 14
HERIS 1547 pg. HithdY v/ SEiCIXRBE A
22pg. 14 HiRIZ 85 ug WM E iz, £7-.
Bk L — F Tio, &FE%IC Tio, & LT, MiT
IZRBELIC 9182 ng, 14 HIRIZ 7257 g, #iE
BV > SEICIZRERIE IS 8.2,ug. 14 HERIC
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NRTHRP 5 72,

C57BL/6BomTac ¥ 7 A (2223 PU/Bf) D4T
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8.7%. Si: 5.6%. Al: 2.4%. Na: 0.5%. {HZ¥
B 15.2%. X BRNTEYSH A X0 20.6 nm, b
ZIMR © 107.7 m’/g. Kemira) %W AR L 7=
(Hougaard et al, 2010), Ti J&fE ZiAE4EA 75
2B RS H (ICP-MS) Ik b HlEL -
(LOD: Ti &£ LT 0255 png/g) &2 A, #HHK
5 KU 2627 HOBIE) (F,) OMiTZzhZh
38 U 33mg/kg D Ti ki hzz», F, &
R (F,) O, F, OFNOBREALHIZIE
Ti R Ehah 7=, Tio, #BRFIZB T 5
F, Ot K OAAxTE &, BALF HF A EREL
KO vosEkBuIdme., v ue 7y =K
WAL T, B F/RF, OEEHEAFEED
FEEEICIE Ti0, ZBEDOHE I AL N L 5 7=,
11-16 JAEflE F, OE ) ZKKEEABR TIE Tio, 2
BOWBIZAD 5N o720, Tio, BBRE
D F ZEWT, 4ot —7Tr74 -0

N 2RER THED H JuE A DR ASHE K ONED v g
HTOWAEREBDOIRD N A LN, 4 »HETO
TSRO ER CHEIZ B 7 L L Z TR A
Aoz, 4 19 MO Tio, B HOME F, %
MEALEOME C57BL v A LRI L7z Z A,
il F, BAHE & TO HEAER S B (@A A
b7z,

IS OFEBERHERIL, TR~ 7 2 DI KIE
IS A S N5 IRIE # A #TE L7z L ERoT
B RO LA ER S HetE &2 Rm LT
WA, WARBINF ) ROEER L — R
TiO, X MEAN DI IZBIT L 52 & &R
L CTWw3,

3. #EREFA (TABLE 1)

F 7 Ti0o, OLF AL H 4 X121 £7213 71
nm. Hangzhou Dayang Nanotechnology Co., Ltd.)
xR T 74 TO, (TFH & —EH, H4 X!
155 nm. Zhonglian Chemical Medicine Co.) % 7%
HAIERE L, 5 IL/BFO CD1 (ICR) v A
25 g /mouse/day % 5 HRHEH, ZD#% 10pg
/mouse/day % P HIZEIENITEA L7 (Wang et
al, 2007a) . 1 # Hi%D~ 7 ZBERYIF & W T,
TiO, & ¥ v 7 a b a v iRgt X Saokic ko
WEL7z, F 7 ROGT 74 TiO, & & IERAHE
RRAERS, WRLEREE K ORIk 120 A L Tz,
7 74 ¥ Ti0, TidF / TiO, (2R TIBERIZFEAT
LX< KDIRH A DAL T,

77 Tio, OvF AR K, P34 4
Z 071 nm, R 23 m' /g, ME > 99%.
Hangzhou Dayang Nanotechnology Co., Ltd.) &7z
37 74V Tio, (72 —¥8 M > 99%.
E¥H 4 X 1155 nm. RHiE 10 m/g.
Zhonglian Chemical Medicine Co.) D500 g
/mouse/day (Ti& L C300 g /mouse/day) %6
PL/#EDMECD-1 (ICR) ¥ 22, FEHIZ, 150
SENIEA L7z (Wang et al, 2008a), TiO, 1&
MilliQ KIZERE L. 1520 7S EEi L, 2-
3 IR, v 2ORENICEAL -, &
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FEATR 24 WRERIICHGZ BRELL . ICPMS 124D
Ti L)L Z#IE L7z (LOD: Ti & LT 0.074
ng/mL ). Ti O T2 BERFRALIS S K ONEk T
HO. Ti LIS THREELS (71 nm Tio,:
9 280 ng/g. 155 nm TiO,: #J 240 ng /g). K\
TIRERTE < (71 nm TiO,: #Y 200 ng /g. 155
nm TiO,: ¥ 190 ng /g ). /M (71 nm TiO,: £
130 ng /g. 155 nm TiO,: §J 170 ng /g ) KUK
fFZE (71 nm TiO,: %Y 85 ng /g. 155 nm TiO,:
#9110 ng /g ) TR X N7z, MilliQ K% QU
L7 BEEE T, WP oA TE4 50 ng/g
O Ti A&z, Tio, 5~ 2Tk, ¥
FGIZHER U 7= Ml R SR AR §fE (A g 23
s Eh, cAd SRR TH ) 7RI P 2
VISOELNULOBEIMMR AL, 2l THRE R
BRALG, & v os2Blg{b, 714 5 — ¥tk L
T TN I VR RS RO E O
PR b 2 b L Z ISP L 222 b A b iz,
EFCD Wang et al.  (2008a) DR & [AIfkD
F /%7137 74 ¥ TiO, 500 xg /mouse/day
RIS, 1. 5, 10 £7212 15 8], 6 DL/RFOIE
CD-1 (ICR) ¥ ZAD&HFENTEAL, ZhZTh
®1H#% (2 H, 10 H, 20 H, 30 H) I T
LANJL% ICP-MS IZKDWIE L7z (Wang et al,
2008b), \VFHD Ti0, & &, WFhORKRER
RIZHWTS Ti dmEk, wS. KiKEE RO
NIETTHREI E e, IRERPO Ti L ANJLIEHEA
MIBU - THRAISRML 72, WEHh O Ti v
~NUE 2 HCHREIZELS 2D, 10 HERU 20 H
T Ti VARLDHER L, BRASEARICR S &
oty KIMEETIE, T LI 10 HT
ARISEL&D, 30 HZE Tlllkza L L 7
N7z, DN TIEEARB O E > T Ti
LALD ERBRAL NIz, BRERIREE, B AR
— v VHEWEI B B BB IOE MO =2 K O
fa/ N A S A=A, D, R S OSE L 1 m
ST (AR CACY (RSN il O F- S5 S TANES)
WX Wang et al.  (2008a) & [RIBRDZAL 2V
ANz, LFIULA 71 nm TiO, DEFENTEA

i

TIRIEMES A b A4~ (IL-153 X UTNF-« )
LARIEDTPIZ ERLZZTTH 20, 7
F 4 — A 155 nm Ti0, FEAZDIME IL-13
KOS TINF-a L XILOFRED EHABAL =,

INS DFEMERIE, BFENTEAINZF
K7 74 v Tio, & &, BERE I LTI
TLU. MEICETAZ 4R L TEHED, Pl
FRERANDFEIIL F LA 71 nm Ti0, &0 &
7 F 4 — XA 155 nm Ti0, THWZ & 7R L
TW3,

4. KB RE (TABLE 2R U'TABLE 3)

L bRT VT4 TIZE D TiO, DR 7EFEH
ERfi R % TABLE 2 128 L 72,

HeRE FAickFe L7z 13 ADKRS VT4 7
CEY 71 & AASM 9 ARUEAALHE 4 N)
DGR ORIz 7 a7 7 4~ TiO, &
8 ey 22—V EFMO 2 Hilix T, 9
31 HIAL, §H& IEAIC8EAR U, PR AR
DR %I L 72 (Tan et al, 1996), ¥V A
) — VEBMMIZ K BRI A AEREIAD
N o7z, WMHOEEL T T LUL2HEIL
7o, THEREE R THEBE T A2 > 72, K
U2 TiO0, OPERIZBY§ % addkid e 2 > 7=,

I 7 afi{ TiO, (UVTitan M 160) Z&HT
AR/ MLy gy -y 22y -V (L
Oréal) 2 mg/em’ KTV F 4 TOFDOU 5124
HiE (13 HEWC 1 H 5|, 4 HEWIZ 1) %
L. 1 RFE%ICHKE 2L 72 (Lademann et
al, 1999) . Ti I3 A'EfE R OTEA TR S 7208,
FBaMERIZEIBRE X > 72, KimiZid
Ti0, DR R G EHIZB T 208 s 2 hTn
A, Iz afi T Tio, ik~ DOERE & EiE
LBEWZEDREINTWS,

379774V Ti0, AHKE idA 7 F L
ISV T — MEGR (R2v97 74 Y Tio,
40% A . Tioxide specalities Ltd.) F7zi135 7%
Sy aviliE#HL 7 2 FEO KM
ALY a3V (3270774 Y Tio, 5% &H) 2
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TABLE 2. Tissue distribution and toxicity of titanium dioxide (TiO,) after dermal application in human volunteers.

Exposure
Materials Duration Doses” Sampling Findings References
/ Characteristics /Frequency /biopsy
8% Microfine TiO, in sunscreen 9-31 days 2 days after ~ No significant elevation of Ti levels in dermis. Tan et al, 1996

Microparticle UV-Titan M 160 (L'Oréal) 4 days (5 times/day 2 mg

in emulsion on days 1-3, once/day  emulsion/cm’
on day 4)

40% Microfine TiO, in octyl palmitate or ~ Single (45 min) 2uL

water dispersion (Tioxide Specalities dispersion or

Ltd.) emulsion/cm’

5% Microfine TiO, in two types of

emulsions

4% T805 (TiO,, 20 nm in mean particle Single (6 h) 4 mg

size, hydrophobically coated with emulsion/cm’

trimethyloctylsilan, Degussa) in (160 ng TiO,

emulsion /cm ) (11.2

m’)

4% Eusolex T-2000 (ultrafine TiO,,

10-15 nm in mean size of primly

particles, 100 nm in size of secondary

aggregates, coated with ALO; and SiO,,

Merk) in emulsion

4% Tioveil AQ-10P (hydrophilic TiO,,

100 nm in size, coated with almina and

silica, Solaveil) in emulsion

3% T805 (approx, 20nm in diameter, Single 3 mg

coated with trimethyloctylsilan, emulsion/cm’

Degussa) in emulsion (60 pg TiO,
/em?)

application

5 h after
application

application

1 h after Detection of Ti in stratum corneum and hair Lademann et al,
application follicles, but not inter follicular epidermis. No 1999
gross morphological abnormalities.
24 h after Detection of Ti in stratum crneum after Bennat and
application application of dispersions in water or octyl Miiller-Goymann,
palmitate. Deeper penetration of Ti after 2000
application of dispersion in octyl palmitate.
No penetration into skin.
6 h after Deposition of TiO, on outmost surface of Pfllticker et al,

stratum corneum, but not deeper stratum 2001; Schulz et al,
corneum layer. 2002

Absence of TiO, penetration into skin layers. Mavon et al, 2006
Accumulation of TiO, in upmost layer of statum

corneum.

: Doses were expressed as TiO, unless otherwise noted.

pL/em’ ZEFOEREA LR T V5 4 7 Ol
DOWEHNZEBAT L, 45 HRICHEEE 7213~
#SER ST, AT 24 WeIFRICHRS
KA $RHL L 72 (Bennat and Miiller-Goymann,
2000) , TiO, DK FZiZA 7 FILIsOL I 57— b
R AR L7 & X MBS T Ti MBI X
wﬁ%»n»S%—b“&mwﬁﬁ%:ﬁEE
DK DHEERT Ti BB zh, Tio, K/H
IVLY g VEBMLUEZEZIZIE T OKEN
DIRAILERYD &N h 5 72 K L DFEdk» 6 |
Ti0, DPEIRFIZBE T 2 MG o s r > 72,
T805 (fkyRAL TiO,. PR T4 4 X 120
nm, JBIR S HK, PUXFILETFLY T
v FREEERIZ & D #KIE, Degussa). Eusolex T-
2000 (WL b5 774 Y TiO,, —XK D15
P4 X 11015 nm, KEEEARY A X100 nm,
Ik gk, JEIAERA ALO,  (811%) /SiO,
(13%) =&k DRMmiEhh, MM, Merck) %
7213 Tioveil AQ10P (KKkU7TuvL o) a
— JLTHARPE B 72 TiO,. ¥4 X 100 nm.

Ly gV

IR EHIR, 4.25% 7L 3 F KO 175% 2 ) A
X D EKmBAG, Solaveil) % 4% GH LT~
LY 3V 4 mg/em’ (TiO, & LT160 /xg/cmz)
KT VT4 7 ORiE 113 em” 12 6 KEREA
L. kBRSO e 2 4 F 7> — L 7
(Pfliicker et al, 2001; Schulz et al, 2002) . FFHLL
7oEe ERARIE 4 °C, 36 KEIRNGE L. U 2 1E
B U TR REE M 12D O K OV TR
WAL 21T > 72, TiO, DRI A4 X, JBIR KO
S ATIT B WU 5B % RIZ X 5o 72, T
Y ARAL Ti0, 13 B R O f & SMElE I P L
ABEREOEIB B S s -7,

T805 (F¥JEFE 1 4 20 nm. b Y X F A
7 FINT T v RAMEAERZ X D BEAKIL. Degussa)
3% AEd KTy 3 2 mg/em”  (TiO,
ELT 60 pug/ em’) %. 3 ANDERE AR
v 747 CEYFE 28 &) O LBisk 11.3

12 5 BEfEE®AR L7z (Mavon et al, 2006),
TiO, IS0 & i@ v, MEREORIMIICEH
LT\,



TABLE 3. Tissue distribution and toxicity of titanium dioxide (TiO,) after dermal application in experimental animals.

Exposure
Animals Materials Duration Doses® Sampling Findings References
/ Characteristics /Frequency /autopsy
Hairless 10% ST-01 (uncoated anatase TiO, Single 60 mg 4,24,72 and  TiO, confined to stratum disjunctum of Adachi et al,
Wistar nanoparticles, 26.4 nm in average size of  application emulsion/rat 168 h after interfollicular epidermis and keratinized layer 2010
Yagi primary particles, 392 nm in average size (15 cm?®) (6 mg  application of follicular infundibulum and nor in viable
rats of aggregate particles, Ishihara Sangyo, TiO/rat) skin.
Ltd.) in emulsion
BALB/c 5% Nano TiO, (anatase, hydrophobic, 10 60 24 mg 24 h after last  Accumulation of Ti in spleen, heart and liver. Wu et al,
nu/nu nm in particle size, 160 m“/g in surface consecutive  emulsion/mous  application Decreased body weight and increase relative 2009
hairless area, 99.5% purity, Zhejiang Wanjin days (3 e (3 cm’)/day weight of liver and spleen. Excessive
mice Material Technology Co., Ltd.) in h/day) (1.2 mg TiO, keratinization, thinner dermis and epidermis
emulsion /mouse/day) with wrinkles. Only small trace of white blood
cells in heart.
5% Nano TiO, (rutile, hydrophilia, 25 nm Accumulation of Ti in spleen, heart and liver.
in particle size, 80 m*/g in surface area, Decreased body weight and increase relative
99.6% purity, Zhejiang Wanjin Material weight of liver and spleen. Excessive
Technology Co., Ltd.) in emulsion keratinization, thinner dermis and epidermis
with wrinkles. Focal necrosis in liver.
5% P25 (75% anatase and 25% rutile, Accumulation of Ti in spleen, heart, liver, lung
hydrophilia, approx. 21 nm in particle and brain. Decreased body weight and increase
size, 50 m/g in surface area, 99.5% relative weight of liver and spleen. Excessive
purity, Degussa) in emulsion keratinization, thinner dermis and epidermis
with wrinkles. Focal necrosis in liver.
5% Nano TiO, (rutile, hydrophobic, 60 Accumulation of Ti in spleen, heart, liver and
nm in particle size, 40 m*/g in surface lung. Excessive keratinization, thinner dermis
area, 99.6% purity, Zhejiang Hongsheng and epidermis with wrinkles. Focal necrosis in
Material Technology Co., Ltd.) in liver.
emulsion
5% Nano TiO, (rutile, hydrophobic, 90 No accumulation of Ti in organs. No
nm in particle size, 40 m*/g in surface toxicological changes.
area, 99.5% purity, Zhejiang Hongsheng
Material Technology Co., Ltd.) in
emulsion
NzZw 20% TiO, (<2-20 pm in particle size in 3 0.2mL 24 h after last  Ti deposition in outer layers of stratum corneum  Lansdown
rabbits suspension) in suspension applications  suspension/rab  application and outer aspects of hair follicles, but not in and Taylor,
(2 h/day) bit (2 cm?)/day deeper aspects of epidermis or dermis. No 1997
erythema or other adverse reactions in skin.
Pig (male) 5% Nano TiO, (anatase, h;/drophobic, 5 30 24 mg 24 h after last  Detection of TiO, particles in stratum corneum, ~ Wu et al,

nm in particle size, 200 m”/g in surface
area, 99.5% purity, Zhejiang Wanjin
Material Technology Co., Ltd.) in
emulsion

5% Nano TiO; (rutile, hydrophobic, 60
nm in particle size, 40 m”/g in surface
area, 99.5% purity, Zhejiang Hongsheng
Material Technology Co., Ltd.) in
emulsion

Yucatan 4.7% T-Lite SF (rutile, 20-30 nm in

minipigs diameter and 50-150 nm in length,

(female) coated with alminium
hydroxide/dimethicone copolymer,
BASF) in cream

6.1% P25 (anatase/rutile, 30-50 nm in
particle size, uncoated, Degussa) in cream

5.6% CR-50 (rutile, 300-500 nm in
particle size, uncoated, Ishihara
Corporation) in cream

consecutive
days

Total of 22
days (4
times daily,

5
days/week)

emulsion/pig
(3 cm’)/day
(1.2 mg TiO,
/pig/day)

Total of 176
mg cream/cm’
(8.27mg
TiO,/em?)

Total of 176
mg cream/cm
(10.74 mg
TiO,/em?)

Total of 176
mg cream/cm’
(9.86 mg
TiO,/cm?)

application stratum granulosum, pickle cell layer and basal ~ 2009
cell layer, but not in dermis. Pathological
changes in cell structure. No irritation.

Detection of TiO, particles in stratum corneum,
stratum granulosum and pickle cell layer, but
not in dermis. Pathological changes in cell
structure. No irritation.

24 h after last  Increased levels of Ti in epidermis including Sadrieh et
application stratum corneum and upper follicular lumen. al, 2010
No increased levels of Ti in lymph nodes or
liver. No toxicological changes in skin.

*: Doses were expressed as TiO, unless otherwise noted.

ZDOXIIZ, e b EKRFT VT4 TIZLD

AT

FEEICEME NS ) RUOER L - F
TiO, & S IZAHERE LK UEEAE TIIRAT 5,
HEETRIBEL AW EAREIN TS,

FZERENH & TN 72 Ti0, R 2 75 2B R

% TABLE 3 IZ/n L 7=,

8 W DHE~NT LV 2T b (IR 202267 g.
Hairless Wistar Yagi 7 v . HA SLC) O
RS 15 ecm” 12 1 em” %4720 4 mg® 10% D
TiO, F+ /KT (ST-01, 7 & —XH FKihife
f&fifi. Ishihara Sangyo Ltd.) Z &K/t~
LY g v AHERBEA (Ti0, &L 7T6 mg/rat).
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4, 24, 72 F721F 168 KERIFRICEEY Y LA
FRHLL 72 (Adachi et al, 2010), TiO, D XK
TS 4 X1 26.7 nm. EEER T O+
4 213 391.6 nm TdH -7z, Ti0, iF T UMK
O F iR K OB A BALE IZRIE L Tnze
A, RO MIER I 13320 5 g, Mo
b BlE s hihr 57z,

7-8 Ml BALB/c nu/nu N7 LV A~V X (6
VC/RE) DS 3 em’ 12, F/ Tio, (75
A —XR RFHA4 X010 nm, KR 160
m’/g. HE :99.5%, BEAME, Zhejiang Wanjin
Material Technology Co., Ltd.). 7/ Ti0, (JL
FOUR R4 X 125 nm. ZHE 80 m’/g.
MR 0 99.5%. #AKME. Zhejiang Hongsheng
Material Technology Co., Ltd.), P25 (7 F & —
YR 75% + L FILAL 25%, KitH A4 X K21
nm, R 50 m'/g. W ©99.5%, BALE.
Degussa). 7+ / TiO, (L F LA R4 A
Z 160 nm., KM 40 m’/g. W 99.6%.
K
Technology Co., Ltd.) %721+ / TiOo, (L FI)L
ORI T4 X190 nm. KR : 40 m/g. H
& 1 99.5%. B K. Zhejiang Hongsheng
Material Technology Co., Ltd.) 5% % &ir L)L
Y 3V 24 mg (Ti0,& L T1.2 mg /mouse/day)
A 60 HERAR (BREM/H) L. Rf&EAm
D 24 BRI L 72 (Wu et al, 2009), BR
T (AAS) 12X D Ti g AWEL -
(LOD: Ti & LT 20 ng/mL)., Ti ®ZEMIX. 10
nm MO 25 nm TiO, BAAHZO O, O
Mok, P25 WWARFLOD O, T, B, i e Ot
. 60 nm TiO, BWAHZO O, FFHR. M9 &
Vililzcasnsz, L2 L, 90 nm TiO, AT
X ZN 5 DOHAFEND Ti OERIEAL N >
72o 10 nm TiO,. 25 nm TiO, XU P25 #Ahi
KO, KEOM T, I OO M & O 1Y
MM AS Nz, EETIE. 10 nm. 25 nm KO
60 nm TiO,. P25 BARIZ & 0 #@F % MAElL, H
BEfb RO L bEREAA SN, 10 nm TiO, X

Zhejiang Hongsheng Material

U P25 BARICHAE CThH - 72, HFIRTIE. 25
nm TiO, MO P25 BANIC & 0 IR ML B
La N, LIETIE 10 nm TiO, BAGHK T
MEOAIMERDS A S N =H, D Tio, Btk
DO TR PR 2R S s >
72 MK TR G~ 207 7 — YO8, i
THhIPERERAENZEZTTHD, W, H
% O3 ) v UNEIICERE IR Sk 2 5
72 60 nm TiO, A TIXEFEIIBIR S kb
BEBILA DL ZADNA F~v—H—Th
5~y Y 7T (MDA) L XLd L&
2 10 nm. 25 nm XU 60 nm TiO,. P25 ¥tk
D%, 10 nm & O° 25 nm TiO,. P25 ®AHD
gl o, £/, Z—I—FFLFF
A58 —¥ (SOD) LNXULDIKFA 10 nm
TiO, K U° P25 AR DORE K OHFIETA 6N
7o THH6DZ EE, Tio, DER L 2/
B 2 WP L LB 2 b L 2 & OB EE
ERELTWS, Th6DERBER2S5. 90
nm K0 &/NXE Ti0, 13~ 7 2 DS % @i
LT, BB T2 LR LTS,

TiO, Z# A A K, AV TFL 7)) a—
FEF v 24 —F A4 20% IZERE L. 0.2
mL/rabbit % 2 LD New Zealand White 7 ¥ F
(1KE 2.5 kg) DBND L7 5ERE 2 em’ 12
24 WFEMERET 2 B, 3 MM L. ZD% 24
BERICR A L 72 (Lansdown and Taylor, 1997).
SERTP ORI 9 4 XiE <220 um TH -7z,
Ti K2 ERE DI g e OB DS IS BiEE X
N7z, REOERKLOCERZIZIZED 5 s h
S 770 WATERALO F IR Z DDA FE IS
WFASNLEN 5Tz, TNEDIZ &S TiO, i
U XA EE L AW EAVR ST,

F 7 Ti0, (7F & —¥H K% 4 X5
nm, FMHER 200 m*/g. M D 99.5%, BEAME,
Zhejiang Wanjin Material Technology Co., Ltd.)
KOF 7 Tio, (OLFAAE K144 X @60
nm., KA 40 m’/g. #E ©99.5%., BRAM: .
Zhejiang Hongsheng Material Technology Co.,

’)7}:0



LE

Ltd) 5% # &L TP 3V 24 mg (TiO, &
LT 1.2 mg/pig) % 4 BEOHET 2 DH I
ST 30 HREEA L, RASEMD 24 W
BITHRE (BAEE 2 mm) Z8FEXL 72 (Wu et al,
2009) . TiO, \TFAERE . BRIk K O o g
oM T, KOOSR 2> 513 5
nm TiO, BAZO A SN2, BE»S
R S o7z, Ti0, BARIC K B e
BRfn k. 7 2V — &85 K O SRR a Rz
DZERAIE KR E DRI A AR A S N0, K
FE SR AR B s 5 72,

T-Lite SF (L F LAY £ 1 20-30 nm, &
& 150150 nm, KE{L7TLI=Y L/ XF
— VY HEAKIC K D RMEAI. BASF) D4.7%.
P25 (7 & — ¥R/ L F LD RE . K14
4 X 130-50 nm, FKIAMEEHT, Degussa) D
6.1%. CR-50 (LFILAI FKivH 4 X :300-500
nm., Z<MiMEEHT, Ishihara Corporation) ¢)5.6%
AEE ) — 24 2 mg/em’ (BE © 176 mg/cm’,
% 1321 mL/pig) % 4 » HEmOMYucatan I =
74 (3 VL/8F) OFHBKOIERIC 1 H 4 [0,
B 5 H., 22 HREI¥A L 72 (Sadrieh et al,
2010) . TiO, &AM | IL, T-Lite SF T8.27
mg/em’ (94 rgx4x 22/cm”) . P25 T10.74
mg/cm’ (122 ;g x 4 x 22/cm’). CR-507T9.86
(112 g x 4 x 22/cm’) Tdh -7z,
ICPMS (XD Ti LRULEZHIEL 72, WFho
TiO, BARLIZE V) VI SHi R ORFI%IZ BT 5 Ti
LARLD EFEAGNE» 572, BT D
TiO, AETE Ti FREKTEL< . AEBE LT L
B AR ICBIZR S, TLite SF THHETH -
72o WVTND Ti0, MLE T & HIFE = B i
OREERFEEORBICTT 2 BEEIIAL N
Molz, TRN6DT NG, F /%4 X LU
B2 L —FoO Tio, & s I =7 2 OEKK
PEBMLEWZ ENRENT,

ZDXHIZF 7 KUERZ L — F Tio, D%
PR C X B EBEOER, T b, Y F
KT 4 TiE Tio, 3 AERE KB EH» 6 13K

mg/cm2

i

Mehzy, BEroBRIEShENZIERD,

Ti ZEEEBBLAENI EARINTNES,
L L, AT VLAY 2 %W EERIZE
WK, 90 nm L F LR Ti0, ZBRWT, S/
YA XD Ti0, (FEFE i U<, O, ik,
N, W 72 RIS AT U CERT 5 2 & AUR
EhTnb,

5. %045 (TABLE 4)

Tio, (b F M K% 4 X 1 475 nm,
Polysciences LtD.) # Z&A®/KICERE L, 12.5
mg/kg/day % 10 HHl. 12-14 #EinoOMf SD 7
MSEHEEEES U, w58 24 K (15
RERIAE %) ICHLREZ PREXL 72 (Jani et al,
1994) . #f&rh Ti hE A ICP-AES 12k DHIE L
7o B X N7z Tio, 3 G-RISH LT, A5l
T 1.13%., 73 TR KO IR Y v 23T
218%ThH V. F/Nm. N, M. HEAERLAE.
T E Ti AR S N7z, DM OE T
IR S h 572, ZTheOftRIE, Tio, K
TIEEW» 534 TRz LT A Eh,
WEEAE IR T U, 2 ORIGHEIRE Y v/ SEiic#
MEh, £72. ORI ESIERICEIT L.
JT M e O i lC XD JA % Z L A/R L T
2o

+ 7 Tio, (4 X 25 nm %7213 80 nm.
HRE T > 99%. Hangzhou Dayang Nanotechnology
Co., Ltd.) 72137 74 ~ Ti0, (¥4 X : 155
nm. & > 99%, Zhonglian Chemical Medicine
Co.) % 0.5% DHydroxypropylmethylcellulose
KAM (HPMC) 2R L. —Wfif X872 CD-
1 (ICR) ¥ 2 (MEMER 10 DL/Bf) 12 5 g /kg
% W [EERHRE S U 72 (Wang et al, 2007b),
Ti L~NJL%& ICPMS 12k D #llEL 7 (LOD: Ti
& LT 0.074 ng/mL), &5 2 HEEOME~ >
2B S Ti TSR, E MR TR A Ol 1=
L. Ti LJLIE, 80 nm TiO, 2 54 TI3AF
T EE <. 25 nm XU 155 nm TiO, 54
TIFMIK T e @2 > 72, HlfIZHT5 Ti L
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TABLE 4. Tissue distribution and toxicity of titanium dioxide (TiO,) after oral gavage.

Exposure

Animals Materials Duration Doses® Sampling Findings References

/ Characteristics /Frequency /autopsy
SD rats TiO, (rutile, 475 nm  Daily for 10 12.5 24 h after last Detection of Ti in Peyer’s patches colon, small intestine, Jani et al,
(female) in particle size, days mg/kg/day administration peritoneal tissue, mesentery network and node, liver, spleen and 1994

Polysciences Ltd.) lung, but not in kidney or heart.
CD-1(ICR)  Nano TiO, (25 nmin  Single 5 glkg 2 weeks after Accumulation of Ti in liver, kidney, spleen and lung. Highest Ti ~ Wang et al,
mice (male  size, Hangzhou administration levels in spleen. Increased relative weight of liver and serum 2007b
and female) Dayang ALT, ALT/AST ratio, BUN, LDH and a-HBDH levels in

Nanotechnology Co., females, and serum BUN and CR levels in males.

Ltd.)

Nano TiO, (80 nm in Accumulation of Ti in liver, kidney, spleen and lung. Highest Ti

size, Hangzhou levels in liver. Increased relative weight of liver and serum LDH

Dayang and o-HBDH levels in females, and serum BUN and CR levels

Nanotechnology Co., in males. Vacuoles in neurons of hippocampus, renal tubule

Ltd.) filled with proteinic liquids and hydropic degeneration around

central vein and spotty necrosis of hepatocyte in liver.

Fine TiO, (155 nm in Accumulation of Ti in liver, kidney, spleen and lung. Highest Ti

size, Zhonglian levels in spleen. Vacuoles in neurons of hippocampus, serious

Chemical Medicine swelling in renal glomerulus and hydropic degeneration around

Co.) central vein and spotty necrosis of hepatocyte in liver.
CD-1(ICR)  Nano TiO, (anatase, Every other ~ 62.5,125,250  One day after Change in biochemical and hematological parameters and Duan et al,
mice 5 nm in average grain  day for 30 mg/kg/day last parameters of immunologically component cells at 62.5 2010
(female) size) days administration mg/kg/day and higher. Change in body weight, relative weight

of liver, spleen and thymus at 125 mg/kg/day and higher.
Histopathological changes in liver at 250 mg/kg/day.

*: Doses were expressed as TiO, unless otherwise noted.

~JUiE, 80 nm TiO, 58 Tik 3970 ng/g. 25
nm TiO, &5 Tl 106 ng/g. 155 nm TiO, %
G#ET 107 ng/g TH o7z, v ZZIEHEG 2
BZEOERKE THEGICX A ERBFIIALN LI >

7zo WEHED <~ 7 ZAREIZIX TiO, &5 D2 8I%
AoNhxro7, fi~vo 2Tk, 25 nm XU
80 nm TiO, EERFIZE W TEHEHOIEETH 5
MEHOIMEIKRZEFR  (BUN) KU L7 F
=Y (CR) V2N LRI EmIh, i~
7 2T, 25 nm TiO, #5#FDIE BUN L X
M, T75=VT73I/ I3V AT x5—% (ALT)
KO ALY, 72T X VBT I ) NIV AT
7 —¥¥ (AST) ttAd. 25 nm MO 80 nm TiO,
PSR O IbE R, M RIEEOEETH 5
M#EF#E T Fer+—+ (LDH) KU «-t
Fefv7FL—-—FrTFFur+—¥ (a-
HBDH) LV NUDEMETH - 72, BRI
Fr AT MERE S BRI TH D . 80 nm MU 155
nm TiO, G-I\ T, W 2 1
2 R4 B 22 fa DRGNS oG iR
P oD 7K i A 25 e ORI OD BCE MR SE A i 4%
N7z, £72. 80 nm TiO, L5z & VISV E

FREAR T ot U 72 B R . 155 nm TiO, %5
FECESRERA D EHE L EIR A A S Nz D,
fili, REEE, DNHEKROEICIE Tio, &5 D%
BALNEN 572, 25 nm TiO, 58 Tldng
MO IC & NP A2 LIRS & s
> 72

H cD-1 (ICR) % 22+ Tio, (7 F & —

AR, SR 94 X 05 nm) & 0.5% O
HPMC 2% L. 62.5 125 F 7213 250

mg/kg/day ZkaHIZ 30 HERHHFELRS L.
AR50 1 HICvy 22 B L TR L -
(Duan et al, 2010), 62.5 mg/kg L. EO5-T,
HIMERE S CHIIRARIMER LR D _F5A-. B e &
OFF 27 0% 7 -l EOMK T, Ik
IL2 VLK, Ii7E NO L NLD E5-H A
5N7z, 125 mg/kg Pl OG- T, REIK T,
FF . ML A R OY I i o b R oD B
ALT, AST, 7L AV I+ A 774 —¥, 2V
VIZATFI—¥, Barv2Ara—- kNS
VX I 4 FIMJEL LD R A/G HERURYE
UwE‘VNﬂ®ﬁT‘%mﬁ& ANEZ T

PRI GRS F O T A BIR S iz,



250 mg/kg DI%5-T, CD3. CD4 & U* CDSHilY
DOHEOACT ., IR A O RO #5385 A
fEIH R ORTRLIMAS O I BIER S iz, 2D &
IR G- SN EHED T/ Tio, 1XIME
KO GIEROEEAERT 5 Z AR S i,

IhoDFEBHERIE, ROk ahzr &
VEER 2 L — F Ti0, i, L& 2 SRR & H,
O EICHIT L., B ELERT 22 4%
ALTW3,

6. F#IRME5 (TABLE 5)

4555 HimooM SD 7 » + (8 PU/fE) 12 250

i

mg/kg @O TiO, (7 F & —¥H Ki1H (X
200-400 nm, BET Zfif4 : 48.6 m’/g) % Ekf
WIS U 72 (Huggins and Froehlich, 1966).
5 L7z Tio, D 69% MU 78% 78%FhZhiE
1% 5 3 KO 15 ORI TRl & iz, %5
% 6 RO Tio, LN, iFlE (4.1 me/g)
TiEE <. ROTHAE (3.0 mg/g) TEL.
JEE . W B OSERR ) v 8B T4 0.4-0.5 mg/g
Thotz, %E5% 24 O Tio, L NILiZ,
fElEY 5 (9.4 mg/g) TwdEL . KT
JEE (3.9 mg/g) . Wi (1.5 mg/g) Th - 7=,
54 1 4£0 Tio, L ~uid, kY o SEHi

TABLE 5. Tissue distribution and toxicity of titanium dioxide (TiO.) after intravenous (iv), intraperitoneal (ip), sub-

cutaneous (sc) or intraarticular (ia) injection.

Injection Exposure
route Animals  Materials/ Characteristics Duration Doses® Sampling Findings References
/Frequency /autopsy
iv SDrats  TiO, (anatase, 200-400 nm in  Single 250 mg/kg Designated Highest levels of Ti in liver at 6 h after injection. Huggins and
(female) particle size, 99% pure, time after Highest levels of Ti in celiac lymph nodes at 24 hand ~ Froehlich,
water-dispersible) injection one year after injection. 1966
Wistar ~ Nano TiO, (70% anatase and 5 mg/kg 1,14 and 28 Highest Ti levels in liver, followed in decreasing Fabian et al,
rats 30% rutile, no surface coating, days after order by levels in spleen, lung and kidney. No 2008; van
(male) 20-30 nm in size, 48.6 m*/g in injection detection of Ti in plasma, blood cells, lymph nodes or ~ Ravenzwaay
BET surface area) brain. No toxicological changes. et al, 2009
BALB/c  TiO, nanoparticles (80% 2 Total 560 One day after ~ Aggregates of TiO, particles in lung, liver, lymph Patri et al,
mice anatase and 20% rutile, consecutive  mg/kg last injection nodes, spleen and kidney. 2009
(female)  approx. 50 m/g in surface days
area, DeGussa AG)
ip Wistar TiO, (anatase, approx. 1 pm, Single 16, 1600, 5-10 months Macrophages loaded with particles in peritoneum, Olmedo et
rats Sphere-like shape, Sigma 16000 mg/kg  after injection  vicinity of sinusoid capillaries of liver, alveoli of lung  al, 2002
(male) Chemical Co.) and splenic cords at all doses. No changes in body
weight, behavior or general conditions.
Wistar TiO, (anatase, approx. 1 pm, 16000 mg/kg 3 and 6 Monocytes containing Ti. Detection of Ti in liver, Olmedo et
rats Sphere-like shape, Sigma months after spleen and lung at 6 months post-injection. al, 2003
(male) Chemical Co.) injection
ICR Nano-sized TiO, (anatase, 324-2592 24 h,48h,7 Retention of Ti in spleen, lung, kidney and liver, and Chen et al,
mice 80-110 nm, mostly 100 mg/kg days and 14 highest in spleen. Passive behavior, loss of appetite, 2009
(male nm, in size) days after tremor and lethargy. Most severe histopathological
and injection lesion in spleen.
female)
sc Sle:ICR  TiO; particles (anatase, 25-70  Gestational 100 4 days and 6 Detection of aggregates of TiO, in Leydig cells, Takeda et al.
mice nm in particle size, 20-25 m“/g  days 3,7,10 pg/mouse/da  weeks of age  Sertoli cells and spermatids at both age of pups and 2009
in surface area, and 14 y (male cells of olfactory bulb and cerebral cortex in
Sigma-Aldrich) offspring) 6-week-old pups. Decreased body weight, daily
sperm production, epididymal sperm mortality and
number of Sertoli cells in pups. Histpathological
changes in testes of pups.
BALB/c  TiO; nanoparticles (80% 2 Total 5600 One day after ~ Aggregates of TiO, particles in liver, lymph nodes, Patri ez al,
mice anatase and 20% rutile, consecutive  mg/kg last injection and spleen. 2009
(female) approx. 50 m*/g in surface days
area, DeGussa AG)
ia SDrats  TiO, nanoparticles (anatase, 4 times 0.2,2,20 7 days after Brown particles in knee joint, heart and lung. Wang et al,
(male) 45 nm in length, 13 nm in (every other ~ mg/kg/day last injection Increased relative weight of lung and kidney at 20 2009
width,>99.8% pure Hangzhou day) mg/kg. Increase in serum LDH levels and AST/ALT

Wan Jing New Material Co.,
Ltd.)

ratio at 2 mg/kg and higher. Slightly histopathological
changes in hear, lung, liver and knee joint at 0.2
mg/kg, and severe changes in major organs at 2
mg/kg and higher. Change in parameters of oxidative
damage in synovium at 1.2 mg/kg and higher.

*: Doses were expressed as TiO, unless otherwise noted.
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(127.7 mg/g) Tk &M< RO THE (18.2
mg/g). HFiE (3.9 mg/g) TH-72, TNHD
T, RN 7z Tio, 13, #5
BTN TS < Akl 2 5 »8, IFfEREE &
ERITIEEY VOSHICATL CEMT 5 2 &8
NENT=,

7 v MAEIZ 0.5% (257 L =7 / Tio, (7
T8 =R 70% + JLF AL 30%, FKIAHEAS A
%4 X 12033 nm. BET Zififif : 48.6 m’/g) 5
mg/kg % 7 O HEWistar [CrllWI (Han) 17
v b OREEFIRMNIZHE TS LU 72 (Fabian et o,
2008; van Revenzwaay et al, 2009) , {1:411% 1 H.
14 HE 7213 28 H#%IZ& 3 I/ Tio, S
Foy baEFU, MmAE, MER, M, ) 2o NEi
Tl e & O & JRELL . Ti L \JL % ICP-
AES (XD WE L 7z, mMmAE. mukk. ek - B
IR - RS ) V2 SE RO TIE Ti i3k PR A
(Ti0, & LT 0.5 pg/tissue sample) LI FTh
S7z. RN Ti L AOLIZIZ ST O R
& & BT T B A A S L7z, TiOo, LN
M Tk e &< (1 H% D134 pg/g wet
tissue, 14 HF% : 100 pg/g wet tissue . 28H
% 1111 pg/g wet tissue. XKW THEE (1H
% 179 pg/g wet tissue, 14 Hf% 149 ng/g
wet tissue. 28 Hf% : 33 ug/g wet tissue). Mifi
(1 H# 9 ug/g wet tissue, 14 Hf% 13 ug/g
wet tissue. 28 Hi% : 2 pg/g wet tissue) TdH
D, BT 0.7 ng/g wet tissuek DKL 225
7z TiO, #2512 K 2 AN ZELIZRD 5 h
BTz,

Ti0, &/ Ki¥ (7 F & —EHK 80% KU L
FOLRIK) 20%., R 0 % 50 m’/g. Degussa
AG) % 810 Mt BALB/c v A2 2 HH
M, MR 560 mg/kg & FEEFIRMTES L. 2
EIHOESED 1 HZRIZHI L2 (Patri et al,
2009) . “F-391% 12 pm OEEEMARE LT Ti i,
Rl V> o SEfL Mo M OSBRI C B AR S 7
HARAN T Ti0, 7 K idANER a gtk & L
T, AffiiahIsiED 5 Nni, HETIE, K

SR b A ARATSS | IR I NPANY (A

I o OFEEHERIE, GRS s h7zF
ORI L — F Tio, &, oS E ICBITY
5ZLHERLTNS,

7. AN 5 (TABLE 5)

REHR 100 g Ot Wistar 5 v b (10 PL/Ef)
12 16, 1600 % 7-13 16000 mg/kg ® Ti0, (7
g —XAR RKFH4 X1 pm, B, Sigma
Chemical Co.) # HiIfEENAS L, 5104 H
HFEXE%. BEL7Z (Olmedo et al, 2002) ,
WINOEGHO T v Mz kg, REK
OITEI D FEH | TN & 545 & DS R, i
JI Mk Kz O Mgk D AT 5255 13588 & e 20 5
7z, 16000 mg/kg &5HD T v F OREHENIC
HEGD B B & iz, BRI R A
Tid, WTNID Ti0, 5 &IZH W TE Tio, %
GHELzvraT7 y—UnEE, O NS
Al R B L i R ORISR S e, B
ICEBEIZAONE» 5Tz,

REFR 100 g DBE Wistar 7 v + 20 P45
A AKIZERE L 72 16000 mg/kg O Tio, (7 F
2 — ¥R K794 X1 pm, K. Sigma
Chemical Co.) % HilIEFENESG L. 3-64 HIC
HML., 6, HiZE&®L 7~ (Olmedo et al,
2003), Ti Kt A2&H L72HEKD 3 KU 64 H
DIMEEEAIZBIEL <, Ti 8% 5% 677 HORF
ik, MUl S OV LR B 7z,

F /%4 XD Ti0, (7F & —ER KifH
4 X1 80-110 nm, Kif4rik 100 nm) 324, 648,
972. 1296, 1944 * 7-13 2592 mg/kg % —{ifs
%O 4 38l ICR v 2 (MEHES 5 DL/BF) 12
WAl L 72 (Chen et al, 2009) . Ti i
o, T, N OSHPAR CRED S A, KRS,
Tkt £ <. 5% 4 K cE Mt S hiz,
P54 2 HEIZATO Tio, &5 D~ Y 212
ZETE), BRI, BEEI KONGRS A S Iz,
1296 mg/kg L P OG- TIZ I 6 DREIRIZ
RAIZHI L7z, 1944 mg/kg D LD 5T



(=Y TN & N~ ER (L S QO B 55 N s PR X K g
7o PR ROMA TUE . PDR. IR, il &
OBIRISIRZE DA S N7z, RN ITE
TiEnnr-72,

TIN5 OFEFRRIZ, BEARS Eh=T
KOBER 27 L —F Tio, & &, hOZEHEICHAT
U, BB A2 BB 52 L 2R LTW5,

8. B Fix5t (TABLE 5)

0.05% Tween 80 2% L 72 100 u
g/mouse/day D TiO, = / ki (7 &% — X1,
K74 X 12570 nm. @i 2025 m”/g.
Sigma-Aldrich) % SlcICR ¥ 2 ( 6 IL/Ff) D
WERR 3. 7. 10 KUY 14 HISKk PG L, AR
iU - HER A 4 HE234% 6 EICKR
L7z (Takeda et al, 2009), 100-200 nm D
TiO, BHERD A 4 HROD 6 HOROKEHED
F4 7 1 e, oL bR OFE Tl
BlgRxh, Tio, K72 6 HEEnHEROEER K O
KIGE IR 6z, (KE, 1 HRTREA R,
FEE AR PR B O 2L b ) a0 kA
R D ARIE S O e v RS - D3k 28 6 38
WHEN ICBlIsR I -, TOWME T, RAEEN
D b EEEEETH 2 /B R/ H A RO L
KO REINZELIZE T 5 T — 2 3mEh Tk
59, FRAERMERBUIED 5 RHARME DR
MIZ DWW TR E N TR,

Ti0, >/ Ki¥ (7F & — €8 80% KU
L FOLRIEY 20%, ZfiRE 0 %) 50 m’/g. Degussa
AG) % 810 kO BALB/c ¥ 212 2 HIH
R 5600 mg/kg ZF FiESFL. 2 [BlH
DOEHD 1 HERIZHR L7z (Patri et al, 2009)
PR 12 pm OFEEKRE LT Ti 2. Y
VS R ORI g S 7z, RN O Tio,
F R IEARRBIE s B R E LT, afflifad
SRR BTz, IR TIE. KD ORI T2 2 v
IS —HifaDZE Uz A b Tz,
IhoOFEBEMEFIE, KT hizTr

A=)

SONEEA

i

TiO, . MBOZEICHEIT L, mleEs Bl &
BB LERLTNNS,

9. BIEiNE 5 (TABLE 5)

AEE 180200 g D SD 7w b (10 PL/#E) 1
Tio, 7 /K (74 —¥#H, KX ! 45nm,
B © 13 nm. M : 99.8% LI I, Hangzhou Wan
Jing New Material Co., Ltd.) 0.2, 2 F72i1% 20
mg/kg/day ZREHIZ 4 [0, FRRERBEET NI gt
L. 7 HRICERL, AL (Wang et al,
2009) . /DI I W TR @R T O JLE U 7= B
RBLELONBEICALN, MiT3RTr2EA8L
Tevou 77—Vl TR I N, KRB
TiE Tio, i TFOBEL - KEBUEN AL N
7o Oy ML HF B OMARBY £ D s B 7 1 251 L
1% 0.2 mg/kg TIEEEETH 7225, 2 mg/kg LU
LT3EETH 72, 5 6 HEFTY o 2D
WHENK T AL N7z, (RERZ OO IR
REIZ Ti0, B 5-OMBIRED b hEh 72, 20
mg/kg %54 Tl L OWFO JLE B2 A S 1,
My AR E T, 2 mg/kg DI LD LDH L
LY AST/ALT D ERBAS 7z, B
HiOWEIZBEWTIRILA P L 2Z0RIETH %
GSH-Px M2 0.2 mg/kg VL BT, GSH KO
GSSG WEMEAY 20 mg/kg TEH L. HO, LN
2 2 mg/kg IETER L, ThoOprRIE,
EBEEIPZ$ G- X M7z Tio, 7 7 Bk & 5
U DRI FEAT U TR B A Bl 35 2
EERLTWS,

10. ZE R UG

F B A ZAROER L — RO Tio, 4
DFRERRIZ K 0 755 U 72RO RN A KOs
DNTALRIN T BRI &R L C
F L/,

b N TR, R ORI & 5 Tio, D
BEME XN S (ENRHES, 2009), & bD#
BRI TIE RO, T v b T~ Y 2ITERR
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N, HEREN & 72138 MR & 7z TiO, (.
MR, it BRSO RGO EII A MT ST L
BRENTWSE, ThoDfrRi, & b THEE
IS Z B 2 FR AR IR K 0 IRPIIZIRIN X 7z Tio,
ORNENEE 5 ETH#RIEE 55, F 7/ Tio,
A~ ZAOR 3, 7, 10 KU 14 HIZK TS
L7z& &, 4% 4 HRUAES 6 BEEO RO
RO 6 BimOROMKNT Ti ARt h, %
TREBORNBE PN A BT 5 2 L2n & h
T 5% (Takeda et al, 2009), ZDFEERIZFHIT 5
TiO, D 513 Z B BT & O 2 B T2 8]
Y L. 2o ORI Ti BRI
X, BECRBRREAGIEORE SEDNS, WE
BRI OB ROKERTH O, 728
A 3R il 2 S0 AR R S T B I TC
%, 25 DO YIE 248512 K O FRekE
FEERL SO, RHEhIcEME e Tio,
2. TS ORISR MW/ KN B I2#
fTL, Z L& LznReMERnd 5., KEARE)I
AN Ti0, 5K M & WE IS I 1 % BB
EDOBEMEIZ DO THICHR 2R ETH 5,

> MPRC N L & e A TR A R L
72 & EOBSENIZE T 5 2 MO ZEE)IZD
WCHNDB 72012, F 7/ Ti0, &7 v OB
ENICES L 728 2 A, TiO, 35127 L.
T Bl (SR BRALAR 2 R e O AL i 22 b & 5]
FHITZEMNBIEINT WS (Wang et al,
2009) . Z OAERIZHEFIRN, BEFEN X OB T
Ut X7z Tio, DIGA L EBRIZ. KNIZELD A
F7z Ti0, FEFITHITL T, B ICmE
B A RIZ TR AR LT 5,

BIOG5 L2F 7 RUBERZ L — RO Tio,
E Y EHITRIT U, RIS R ORI c &R L.
FF. RER OV i L i B R 2 b A B 5 %
23, 500 nm TiO, TIXHE i M ODIEANDFEFT I
AN TR (Jani et al, 1994) A3, 25-
155 nm @ Ti0, T3 Ol OB i\ DT 2358
HHENTWS (Wang et al, 2007b) , F 72, M

DO ZL A 80 nm KU 155 nm TiO,
D 5 g/kg B SHZICBE SN TS (Wang
et al, 2007b) . FEFHENY. PEBRE . £ 5-HIR.
BGENFEERT LI 572012, RS R %
BB 5 Z LIEHNEETH 54, FOH%L
N7z Ti0, 3 F 7 KUER 7 L — FIZBbH 5
TN EN, BHIIBITTSLELLENS,
F 7 PC LHFER T A& HE F344 T v BT 6 B
BN ARETG L 2 FEBRIC VT, BRED Pc
DD St X =2 &6 KA ik
2 HIEBSRICA D . st O AR 28479
L5ZENREEINTED (Oberdorster et al,
2002) . HhtT N U7z A — R VR (EBR
FH A X510 nm) A2 bRT VT 4 TITK
AZEFE LIz & I S BEREEARR S
722 e b, Mo BBIERARND T 2 RiT D
BATHRE XN T35 (Nemmar et al, 2002),
72, 7/ PC LER T RBHRO KRG, N
UMERIZHNTE "C LANARER LT Eh
5., BEREIRIZ VL U 72K 7 2Rt & g
LT ANBIT T2 &N REINATHS
(Oberdorster et al, 2004) , WLRHREREME 29179 5
MLERNDEITIZ DWW TUE, 2258 1220y th ek
T 1.52 pm O MnSO, XU Mn,0, %7 v b
ICRAZRFE L 728 & Mn 2NREIR TR & h
(Dorman et al, 2001, 2004), 7=, & VISV HE,
MR A LA, =9 XL, H R I L.
KR, SRCEMBATL 723 04 FER 150
BRANOBIT T2 Z RN TS (Tjilve
and Henriksson, 1999; Oberdorster et al, 2004)
WU = 2 — T VREROEEIZK 200 nm & W
ENTHD (De Lorenzo, 1957; Tjilve and
Henriksson, 1999). Elder et al. (2006) (X 200
nm AJO Y A ZOK 2T L0 ERNR
TW3, 7/ KUERZ L —F Tio, D&ER
WAEETE ., K ISMRER /AT L TE
FETAZENVTITATHRINTNS (Wang et
al, 2007a, 2008ab) ., T 5 DA RIE, WA F 72



LE

T ERIENFRTE L 72K I3RS I58RR £ 72 13 ake
RICEATT B 0JREMEZ TR LT 528, K
PERRPSRE R RIS 2 5 2258 TIREBITHE L 7ok
T TROERT 2225 0, K+ 2H
L&A LU TIT LS E A6 NE, —
B Ty b EHOEBRAREZEREETIE, 7/ &
UER 2L — FO Tio, & $MaENIcE E %0 .
HedleE PN D ili Je Ok 1) > 7 SEC O ARt E 7z
ZTH D, Tio, dMaEs O MR TR &
Neho>Z P WEEINTHDS (van
Ravenzwaay et al, 2009), F72. IR~ 212
+/ Ti0, #WAZETE L 22FERIC BT ML
ST TR STy (Hougaaard et al,
2010), L22L., ZhoDFEERIZEKITS Ti O
HIBRAE 0.3 pg/tissue 5K T 0.25 ng/g Th
D, KL NV Ti D45 F 72 3RO
ITOHEMEZTBRIZIEEETE LU,
REBRBIOWTL, B RT Vv T4 TICk
5EBIZINTF /¥4 X Ti0, &AL 72 8F
THE®D Ti VNXLOFETIEEW EABAD
NTWD (Tan et al. 1996) 7, ZDOHD L b
KT VT4 TICKB%AMFEE (Lademann et al,
1999; Bennat and Miiller-Goymann, 2000; Schulz
et al, 2002; Mavon et al, 2006), & 51Tk bKfE
Wz in vitro DFEFITE Ti OHEANOR
T3ALNT, Ti IAEBEZEBAETO
BATICE EF 5T % (Nohynek et al, 2008).
7 v & (Adach et al, 2010). 7 ¥ F (Lansdown
and Taylor, 1997) M U'7 &% (Wu et al, 2009;
Sadrieh et al, 2010) IZF /%4 XD Ti0, % ¥
fil7z&x, TiXMERRUBU,» Rl Eh
2h, BRETRIEES, /94 XD
Ti0, 3 A L AW Z L AVREh T3,
L2 L&ERS, /%4 XD Ti0, N7 L A
V7 2 AN L 2 FEETIE 90 nm D Ti0, # KR
WO &l U TS OIS IT L 72 &
HENTWE (Wu et al, 2009), Wu et al.
(2009) DFLIZDNWTIE, NTLAYTZAD

i

BHIRAE R OGRSCDRLB A IZBY 3 %2 3 4~ b
N TS (Jonaitis et al, 2010), V7
ZAEH &£ 721F 6 DLk TOHENTHEF X,
Hb5 Tio, BMif 2O -0 HAZDTHZ &
DORHETEOICENEEREHE LN, Z0D
DI D NIEIT > Ty (Wu et al,
2009) ., HEMEIHE T3~ Z [ T&RAR AT % 3
WA, BAE-7-0FT 352 EI2ko TR
X L7z Tio, BAEGEAT L - ol et
&5 (Jani et al, 1994; Wang et al, 2007b) . FZFE
HEEL 72T L 29 2 TIRT /R B8
TT5Z LR ENTNS (Gopee et al, 2009)
Z e, RS2 5 TiO, ASHRE A @i L
TEGIIBIT LN S H 5. /2. Tio,
PAEREEI S N/ REE S B 5. Wu et al
(2009) OFEEEORWEBEHZIHT S Ti LIV,
FRCE R Tl 4 O Tio, #¥AA L7z & X LA
HTHD, BETIE Degussa P25 #FRVT Tio,
FEATL MK D@ 5722 &k, xR E S
2 TiO, ITVERL TWB Z L #5ibE s, Th
S5OFEIZED . Wu et al. (2009) DOEJHIFZER
DFELPEREEDN DA, T A Y MIxT 55X
DFHENLORFIL L ATk,

t MIBT5) ZA7FHEITIE, & MZEITTS
T N B RIRIC K B BB B D
WTRETT2Z EAMEATH D, KEORFEIR
JEISEOWRBRA W ERE /ML Xh
%, b TOEFEORBIEE SN BBARY
FERE 7R dE 1 K BRI I LTI T B O
FELAMCRINC K 2 B Z 2 1JHEM D &
0. FEEOKREOIZE RS A A RIETZ &
b BHOT, BPIOFHEEE S &) Tk &
FERAITH ZENDEND,

11. BiEE

AWFZEIE. () BT 1L ¥ — - EEERGITR
A FHEHENE (NEDO) ZRaEWIZE [ 7 K 7HE
SR TR ORISR (P06041) | 12K 01T 572,
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