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ŞťƛĆ 
0.2% DSP.ƚȳ�#ʦǚľŽ 6 nm0Gja�_ĭjmXI] ͐øca�Ή50p�^�aI� Ȇ
ʘľŽʝ 200 nmΊD F344/DuCrj�dh. 10�100�1000 mg/kg bw/day0ɑ͓* 28ǐ͝ĈƅʥČƦ��
#+�B�Ó)0ʹ*ȍ¢18>A��µ͑��ˣɄƗ�ˮȦŀɧǹǲ��=2˜ġ͓͑.ȔƏŀɧ.

ǤƔ-Ķø1˻>A-�&#�ˮȦɏøŀɧǹǲ*1�ͧ0 1000 mg/kg bw/day ʹ*h�T�^�i0
ǤƔ-Ĵí�˻>A#�ŵ�ʫ��˂˜�0ca�ȴŰŅ͓�=2ɞɍʤʴŀɧǹǲDņǎ�)jmX

I] ͐øca�0 28ǐ͝ĈƅʥČƦ�.=@¡ƎƏȔƏDǹ̅�@� 
 
:^[^LǹjmXI] ͐øca��¡ƎƏȔƏ 
 
AǲŞťŚŘ 
 ͐øca�ΉTiO2Ί1ɐǺɗ*Ǣ;ĸ�˸̻

�A)�@jmǩǊ0�'*�@�TiO21�Ȱ

Ə�'�μƏ*�@#:��ˣ.1¥µ.Żͱ

0ŗ-�øđɂ+�A)�@�ʥČƼĊ.=@

TiO20łÓƏ.'�)�FAO/WHO đĒͻĚȩ
íɂŒ͛Ŋ°̘ΉJECFAΊ.=@łÓƏ̋¼*1
TiO2 1ȔƏ0³� A (1) .Þͺ�A�ȔƏŀɧ
.ƼĊ͓Då͠�@Ɖ˺�-�+�A)�?�

ǐǨ�=2ĐĨ.��)ͻĚȩíɂ+�)̏č

�A)�@Ή˪ɏǒƊ ʯ(2011)jmǩǊ�\S
̋¼Ǡ − ͐øca�(TiO2)−΋ǢʣİėɁ: 
2011.7.22Ί�óɂņ΁*1ͻĚȩíɂ+�)ɑ�
>A)�@ TiO2ΉAEROXIDER TiO2 P25, KRISS 
CRM 301–03-001��ȆʘľŽ 14–21nm�ŨĪ 
ȆʘľŽ 142.9 ± 43.97 nm�Gja�_ 80%�c
� 20%�ʞŰ 99.9%Ί0 90ǐ͝ȨͿƦ�.��
@ȺȔƏ͓ΉNOAELΊ1Ǣ΄Ʀ�͓*�@ 1000 
mg/kg*�?ΉHeo, M.B. et al. Particle Fibre 

Toxicol. (2020) 17, 34Ί�ɤɏȔƏ̌΁.��)ɛ
-@ʘľŽDƯ'ͷǊT��i7#1̨Ɔʘľ/

jm\U�� TiO2ΉƦ�Ȧ�0 50p�^�aI
�ʘľŽΉD50Ί= 42�213 nmΊ0 NOAEL1�
��A;Ǣ΄Ʀ�͓*�@ 1000 mg/kg/ǐ*�@
ΉWarheit, D.B. et al., Regul. Toxicol. Pharmacol. 
(2015) 73, 887-896Ί��Ǎ*�ͻĚT��i0
TiO2ΉE171ΊD 100ǐ͝Ʀ��#ıđ.1�v
�p�Tʡˈ0Ĵȏ�ƥå�A@++;.Ĺ˔0
ƆŖȷɟ�¿̾�A�è˓ɢƏɞĶΉɛŦ͡ʆ

šΊ�ɤɏ�@++;.�øŀɧ.̐ɤ�A#

ɤ�E�g�*ɛŦ͡ʆš0ƛ͚0¿̾�˻>

A#+0İė��@ΉBettini΋S. et al., Sci. Rep. 
(2017) 7, 40373Ί�7# TiO2jmʘľ0�dh3

0ʥČƦ�*1˂�ˑ�ƈ�ͥƏɏȏġ0※

ŉ�͐ø\h�\0̐ɤ�ȷɟƏXIhOI�

0Ĵí�Ñɝʛ0o��\ɛŦ-,0ȔƏ�İ

ė�A)�@ΉShakeel, M. et al., Biol. Trace. Elem. 

Res. (2016) 172, 1–36Ί��A7*.�ȆʘľŽ 10 
nm¬�0 TiO2Dɑ�#¡ƘƏȔƏ̌΁0İė1

-��+�>�Ǩņ΁*1�ȆʘľŽ 6 nm0G
ja�_ĭ TiO2ΉD50 = ʝ 200 nmΊD�dh.
28ǐ͝ĈƅʥČƦ���ɏµ30ŻͱDǓ>�
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.�@�+*�qh.ő�@ÆŲŻͱ�\S̋

¼.żʇ)@�+Dɭɧ+�@� 
 
ǺǲŞťăĬ 
1΍˵΁ɂ̤�=2Ʀ�͓ 
ʦǚľŽ 6 nm 0 100%Gja�_ĭjmXI]
 ͐øca�ΉfIOǴŴ°ɺ AMT-100�ʞŰ
93%ΊD˵΁ɂ̤+�)¸ɑ�#�ͻĚȩíɂ0
ưŅć2¸ɑįȯǁȉ.͞�@ư͕.į(�΄

ɑ͓D 1000 mg/kg bw/day +��ȔƏƑİ�-�
�+��=2ʘľŽ 10 nm0jmXI]͗Ʀ�.
=?˂˜0�&ˮ�ÿʡˈĵȍD²�Âµ�ȵȍ

<ȍ¢.ˠ@΄Ű0ȔƏ�˻>A#ΉCho et al, J. 
Toxicol. Pathol. 2018 31, 73–80Ί�+�>ɑ͓ʔĥ
DŬ�Ċ@#:.�ɑ͓�³ɑ͓D!A"A 100
�=2 10 mg/kg bw/day+̈Ņ�#� 
˵΁ɂ̤1ħµ*�@#:��dh30Ŷåʥ

ČƦ�̌΁Dņǎ�@#:�ƚȳȦ0̔˸ǍȠD

ǹ̅�#�Ʀ�͓D 10 ml/kg bw +�#+�0΄
ɑ͓0Ʀ�ȦȴŰ*�@ 100 mg/ml*AMT-100D
̨ʞȚ.ƚȳ�@+̺<�.ȝ͟Þͩ�˻>A�

̨ͰȡȾœΉBioruptor II-Type 12, ON 30 sec/OFF 30 
sec × 60 cycles, High powerΊƀ;�ͭȾœX�u�
+56Ēǿ.ȝ͟Þͩ�#�Þǅê+�) 0.2%�
�͐Țʠ jh�J~ΉDSPΊDɑ�@+�ˁɳ
��Ī�-�Ʉ0ƚȳȦ�ƃ>A�ͬ ʶ 30Þ¬Ø
.Þͩ1˻>A-�&#ΉFigure 1Ί��0ƚȳȦ
�.��@ÂǆÞť.į(� 50 p�^�aI�
 ȆʘľŽΉȦ�ʘľŽΊ1ʝ 200 nm *�&#
ΉFigure 2Ί�DSP1ͻĚ˲ɏȠΉǕę 22ũȠſʊ
233 ďΊ.į(�ͻĚȩíɂ+�)ͻĚ30¸ɑ
�̏:>A)�?�0.2% DSPD 10 ml/kg bwƦ�
�#+�0��ƼĊ͓1 4.36 mg/kg bw *�?Ǣ
ĹʾŋƼĊ͓ 70 mg/kg bwΉ��+�)ΊΉTRS 683-
JECFA 26/25, 1982ΊDüÞ�ģ@�+�> DSP.
=@ȔƏŻͱ1-�+ʼ/>A#�¬�=?�

0.2% DSPDÞǅê+�)ɑ�# 100 mg/ml AMT-
100DƦ�Ȧ+�)¸ɑ�@�++�#� 
 

2΍óɂ�=2ͼ˄ǫ­ 

5 ̽·0 F344/DuCrj �dhͧͥĐ 20 ùDǐǨc
���\��o�=?̥Ò��įɸͼǊΉCRF-1Κ
N�L�a�͏ȒŢǺΊ�=2Ț͂Ț.) 1̽͝
΀øͼ˄ƀ�6 ̽·*ņ΁.º�#�óɂ1ȬŰ
23±1℃�ȮŰ 50±5Έ�Ʒșģǆ 20ģ/ǖ�12ǖ͝
0ǓǛXIS�.åƄ�A#o�G�Z\f~

0ͼ˄Ň*ͼ˄�#�ŭǈ+�)`shcdu

Ή�þ�zX�r\ΊDǈ�#{�O�zl�h

˸ʒĭU�[. 5ù�'ĉŋ��U�[�=2ŭ
ǈD̽ 2ģ0ʹŰ*£Ʒ�#�óɂņ΁1Ĩʇû
ˬĚͻĚ˲ɏɶʃƟóɂņ΁Ľě°0ŏǲ�Ƣ̏

Dʥ)�ĒƟ0Ņ:@	óɂņ΁0ͅȉ-ņǎ.

͞�@˼Ņ
D͇Ł�)˰&#� 
óɂ1Ʀ�͜ļǐ0µ͑.į(�)�ͧͥ+;Đ

ʹ0ŨĪµ͑0ȀȯÅţ�ǢŖ.-@=�. 1ʹ
5 ù�>-@ 4 ʹ.Þ��̌΁ǥ͝�1įɸͼǊ
�=2Ț͂ȚD˟ɓƼĊ� #� 
 

3΍ŶåʥČƦ� 
{�fh�s�N�Lc��˸s�QZt�c

��tΉ͚�Ι85mm�ķŽΙ1.46mm�ͳ Ι͊2.4mm�
scP}ġǷΊDɑ�) TiO2ƚȳȦDȓǐ 1 ģ
28ǐ͝ŶåʥČƦ��#�ņ΁ǥ͝���ˣɄƗ
�=2ȍ¢óɂ0ǤȺDȓǐ˿Ŏ��µ͑�=2

ƼͿ͓D̽ 1ģȭŅ�#�óɂ1Ʀ�ǥ͝ʣ�ƀ
.�Ǘʩͻ� �I`s���ĖÒΆ͍�*͜˕

��˕͊Ĺóˌ=?ƳˮD˰&#ƀ�ǂˮ.=?

łǼȍ� #� 
 

4. ˮȦŀɧ�=2ˮȦɏøŀɧǹǲ 
ƳĊ�#ˮȦ0�͊DƧÛħêΉEDTA-2KΊÒ?
0̌΁ʑΉwm[KSh IIɲʄƳˮʑ�f��Ǵ
Ŵ°ɺΊ.ɿ��ˮȦŀɧǹǲ+�)̦ˮɌǆ

ΉRBCΊ�v�T�r�͓ΉHGBΊ�v|hS�d
hÃΉHCTΊ�ŨĪ̦ˮɌŋʂΉMCVΊ�ŨĪ̦ˮ
Ɍˮˤʠ͓ΉMCHΊ�ŨĪ̦ˮɌˮˤʠȴŰ
ΉMCHCΊ�ˮ ŖǮǆΉPLTΊ�=2ɦˮɌǆΉWBCΊ�
ʬɄ̦ˮɌǆΉRETΊ�ɦˮɌÞɖΉĻ�ɌΚNEUT�
Ļ͐ɌΚEO�ĻĲįɌΚBASO�ÿɌΚMONO�
��pɌΚLYMPHΊD˟óˮɌ̄ʐ˶ʶ IDEXX 
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u�XIh DxΉGIgdS\�z�h��]Ǵ
Ŵ°ɺΊDɑ�)ȭŅ�#� 
ˮȪɏøŀɧǹǲ*1�ʭa�pSΉTPΊ�G�t
}�/T�t��ȕΉA/GΊ�G�t}�ΉALBΊ�
ʭr��r�ΉT-BILΊ�T�W�\ΉGLUΊ�h�
T�^�iΉTGΊ�ʭW�\f���ΉT-CHOΊ�
ŘʠʅʠΉBUNΊ�S�Gck�ΉCREΊ�jh�
J~ΉNaΊ�S���ΉClΊ�O�J~ΉKΊ�O�
ZJ~ΉCaΊ�ȺȄ��ΉIPΊ�G\p�R�͐h
��\G}j�_ΉASTΊ�G�k�h��\G}
j�_ΉALTΊ�G�O�sM\sFa�_ΉALPΊ
�=2 γ-T�a}�h��\xucb�_Ήγ-GTΊ
0ĐͲɭDȭŅ�#� 
 

5. éǹ�=2˜ġ͓͑ 
Ƴˮƀ.óɂDǂˮȍ� �éǹDņǎ�@++

;.�ˏ�ˊ˖�˅�ƈ˜�ː˜�˂˜�ëˑ�

ˑ˜�āš�@�1ʚšDƽÝ��͓͑DȭŅ�

#�7#��̇0ʤʴ.í/ˊ΂�șʑ�Ĺóˌ�

ɔɄ˖�ˢ�ͻ͂�ˆ�Ŗ˔Ήü ư˔�ʄ˔�

ģ˔Ί�Ĺ˔Ήɮ˔�ʦ˔�ɯ˔Ί�˛˜�˘ˉ�

ʚĢ�èʇ˖�ʚš�µ�ľň�˚��Ĭµ�Ĺ

˗ʍ�ī΂ɼʥ��Ćɼʥ�ˍ΃DƽÝ��10Έ
�Əʰ˳y�|��Ȧ*ħŅ�#� 
 

6΍ʨ̄ŀɧÜɍ 
̌΁ǥ͝�0µ͑�ƼͿ͓�ˮȦŀɧ�ˮȪɏø

ŀɧǹǲʦǰć2ġń͓͑.'�)1Đʹ0Þ

ǅD Bartlett0ǍȠ*ǹŅ��ĸ͑ȕ̮D Dunnett
ʌ0ǍȠ.=?őȾʹ+Đ˵΁ɂ̤Ʀ�ʹ+0

͝*ǤƔţǹŅD˰��P < 0.050ıđDʨ̄ŀ
ɧ.ǤƔ+âŅ�#� 
 

 (Äɍͮ30͌ƙ) 
óɂņ΁1ΠĨʇûˬĚͻĚ˲ɏɶʃƟóɂņ

΁.͞�@ư͕Ρ.Ƃ��ĨʇûˬĚͻĚ˲ɏɶ

ʃƟņ΁óɂÄɍĽě°0Ƣ̏Dƃ#�*�͞

¾Ƞ«D͇Ł�)ņǎ�#�óɂƕ̙0ʚɼ.

ç&)óɂͼ˄D˰��óɂ0Üʶ1Äɍ˼Ņ

.üÞ͌ƙ�)ȿʱʽ�ņǎ��ņ΁ʣ�ǖ�

óɂ1�4)I`s���0ȧĖÒΆ͍�*Ĺ

óˌ�>0ˎˮ.=?łǼȍ� �óɂ.�/

@˥ɠDǢŖ͠.ɘ:#� 
 
ǻǲŞťŷę 
1. ɏĿɈ�µ͑�ƼͿ͓ 
̌΁ǥ͝��ͧͥ�4)0ʹ.��)ȍ¢18

>A-�&#��͊0óɂ*̬½�=2μóƏ0

³���́Ə.˿Ŏ�A#��ʹ͝.ǤƔ-ţ1

˻>A-�&#ΉTable 1Ί�ͧ ͥ+;.Ʀ�.²�

µ͑0Ķø1˻>A��ƼͿ͓;ĒʀŰ*�&#

ΉFigure 3Ί� 
 

2. ˮȦŀɧ�=2ˮȦɏøŀɧǹǲ 
ˮȦŀɧǹǲʦǰD Table 2 .ɹ�#�ͥ0 10 

mg/kg bw/dayʹ*WBC0ǤƔ-³��˻>A#
��̭Ɔ-Ķø*�?�ɑ͓ɰ͞Ə�-��+�

>Èɤɧ-Ķó+ʼ/>A#�ͧ0 1000 mg/kg 
bw/dayʹ*MCH0ǤƔ-³��˻>A#��̭
Ɔ-Ķø*�?�RBC�HGB�MCV�=2MCHC
.1Ķó�˻>A-�&#�+�>ȔƏŀɧ-

Ɣʺ1���+ʼ/>A#� 
ˮȦɏøŀɧǹǲ*1�ͧ0 1000 mg/kg bw/day
ʹ* TG0ǤƔ-Ĵí�˻>A#ΉTable 3Ί�7#
ͥ0 100�=2 1000 mg/kg bw/dayʹ* CRE0Ǥ
Ɣ-³��˻>A#��ˑȔƏDɹĜ�@Ķó+

1̶0Ķø*�@#:ȔƏŀɧ-Ɣʺ1���

+ʼ/>A#� 
 

3. ˜ġ͓͑ 
éǹǐµ͑ć2˜ġ͓͑D Table 5ΉͥΊć2 6
ΉͧΊ.ɹ�#�ͥ 0 10 mg/kg bw/dayʹ*ː˜0
ɰő͓͑0ǤƔ-Ĵí�˻>A#��̭Ɔ-Ķø

*�?�ɑ͓ɰ͞Ə�-��+�>Èɤɧ-Ķó

+ʼ/>A#�!0¨0˜ġ.1ɰő͓͑�ʩő

͓͑+;ǤƔ-ţ1˻>A-�&#� 
 
Ξ΍ʼŎ 
0.2% DSP .ƚȳ�#ʦǚľŽ 6 nm 0Gja�
_ĭjmXI] TiO2Ή50p�^�aI� Ȇʘľ
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Žʝ 200  nmΊD F344/DuCrj �dh. 10�100�
1000 mg/kg bw/day0ɑ͓* 28ǐ͝ĈƅʥČƦ�
�#+�B�Ó)0ʹ*ȍ¢18>A��µ͑�

=2�ˣɄƗ.Ķø1˻>A-�&#�ˮȦɏø

ŀɧǹǲ*1�ͧ 0 1000 mg/kg bw/dayʹ* TG0
ǤƔ-Ĵí�˻>A#� 
 
Ο΍ʦ̖ 
ŵ�ʫ��ˮ Ȧɏøŀǹǲ�˂ ˜�0ca�ȴŰ

Ņ͓��=2ɞɍʤʴŀɧǹǲDņǎ�jmXI

] TiO20 28ǐ͝ĈƅʥČƦ�.=@¡ƎƏȔƏ
Dǹ̅�@� 
 

FǲŞťŕƖ 
ǵǲƯĀŕƖ 
"� 
ǶǲÂrŕƖ  
"� 
 
G.� ŝŘóđĠ$¢æņī 
ǵǲŅƦóæ 
ƩÞ"� 
ǶǲÆōĂĜŖǓ 
ƩÞ"� 
Ƿǲ�$k 
ƩÞ"�
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Table 1. General conditions of F344/DuCrj rats treated with titanium dioxide for 4 weeks
Dose (mg/kg bw/day) 0 10 100 1000

Findings Day
Male

No. of animals 5 5 5 5
Loose stools 9 - - 1 -

18 1 1 - -
23 - - 1 -

Low activity 16 - - - 1

Female
No. of animals 5 5 5 5

Loose stools 9 - - - 1
Low activity 14 - 1 - -
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Table 2. Haemaology of F344/DuCrj rats treated with titanium dioxide for 4 weeks
Dose (mg/kg bw/day)
Male

No. of animals
RBC (×106/µl) 8.90 ± 0.53 8.91 ± 0.25 8.90 ± 0.42 9.03 ± 0.21
HGB (g/dL) 15.5 ± 0.8 15.4 ± 0.4 15.5 ± 0.6 15.5 ± 0.2
HCT (%) 45.2 ± 3.0 45.1 ± 1.6 45.3 ± 2.0 45.7 ± 0.7
MCV (fL) 50.7 ± 0.7 50.5 ± 0.4 50.9 ± 0.6 50.6 ± 0.4
MCH (pg) 17.5 ± 0.2 17.2 ± 0.2 17.4 ± 0.2 17.2 ± 0.1
MCHC (g/dL) 34.4 ± 0.5 34.1 ± 0.4 34.2 ± 0.3 34.0 ± 0.1
RET (%) 3.16 ± 0.35 3.03 ± 0.20 2.97 ± 0.18 3.01 ± 0.20
PLT (×103/µl) 512 ± 289 751 ± 60 730 ± 76 774 ± 22
WBC (×103/µl) 6.75 ± 1.10 4.73 ± 0.83 * 5.89 ± 1.21 5.10 ± 0.74
Differential Cell count
NEUT (%) 19.7 ± 5.18 23.7 ± 4.05 28.6 ± 7.14 26.5 ± 2.03
LYMPPH (%) 75.8 ± 5.50 72.9 ± 4.13 66.8 ± 6.95 69.8 ± 2.49
MONO (%) 2.78 ± 0.99 2.56 ± 0.46 3.30 ± 1.80 2.72 ± 0.49
EO (%) 1.52 ± 0.99 0.72 ± 0.15 0.98 ± 0.45 0.76 ± 0.20
BASO (%) 0.20 ± 0.06 0.12 ± 0.10 0.24 ± 0.10 0.26 ± 0.12

Female
No. of animals
RBC (×106/µl) 9.06 ± 0.22 9.05 ± 0.25 9.23 ± 0.31 9.17 ± 0.10
HGB (g/dL) 16.1 ± 0.3 16.1 ± 0.5 16.3 ± 0.5 16.1 ± 0.2
HCT (%) 46.8 ± 1.0 46.4 ± 1.6 47.4 ± 1.7 46.8 ± 0.6
MCV (fL) 51.6 ± 0.6 51.2 ± 0.4 51.3 ± 0.4 51.1 ± 0.5
MCH (pg) 17.8 ± 0.1 17.8 ± 0.1 17.7 ± 0.2 17.5 ± 0.1 **

MCHC (g/dL) 34.4 ± 0.3 34.8 ± 0.3 34.4 ± 0.1 34.3 ± 0.3
RET (%) 2.52 ± 0.16 2.62 ± 0.24 2.58 ± 0.27 2.53 ± 0.40
PLT (×103/µl) 707 ± 43 670 ± 184 598 ± 237 740 ± 98
WBC (×103/µl) 4.35 ± 1.26 4.04 ± 1.07 4.18 ± 1.11 4.90 ± 1.97
Differential Cell count
NEUT (%) 17.6 ± 2.76 17.7 ± 4.36 16.9 ± 4.83 18.1 ± 5.89
LYMPPH (%) 77.4 ± 2.79 74.4 ± 10.86 78.1 ± 4.14 77.2 ± 6.29
MONO (%) 3.24 ± 0.48 3.26 ± 0.80 3.24 ± 0.48 2.80 ± 0.53
EO (%) 1.52 ± 0.45 4.34 ± 5.78 1.56 ± 1.03 1.64 ± 0.44
BASO (%) 0.18 ± 0.10 0.36 ± 0.32 0.20 ± 0.11 0.30 ± 0.11

Values are mean ± S.D. *P  < 0.05, **P  < 0.01 compaed with 0 mg/kg bw/day group.

5 5 5 5

0 10 100 1000

5 5 5 5
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Table 3. Serum biochemistry of F344/DuCrj rats treated with titanium dioxide for 4 weeks
Dose (mg/kg bw/day)
Male

No. of animals
TP (g/dL) 6.02 ± 0.17 6.10 ± 0.11 6.18 ± 0.15 6.02 ± 0.07
ALB (g/dL) 4.26 ± 0.16 4.34 ± 0.05 4.40 ± 0.09 4.26 ± 0.10
A/G 2.42 ± 0.10 2.48 ± 0.17 2.48 ± 0.17 2.44 ± 0.19
BUN (mg/dL) 21.82 ± 2.74 20.68 ± 0.72 20.56 ± 1.09 20.16 ± 1.59
CRE (mg/dL) 0.348 ± 0.047 0.296 ± 0.022 0.282 ± 0.017 * 0.280 ± 0.020 *

Na (mEq/L) 142.6 ± 0.8 143.4 ± 1.0 143.8 ± 0.7 142.6 ± 1.0
K (mEq/L) 5.06 ± 1.41 4.30 ± 0.38 4.02 ± 0.19 4.28 ± 0.10
Cl (mEq/L) 100.8 ± 2.0 101.6 ± 0.5 101.2 ± 1.2 101.2 ± 0.4
Ca (mg/dL) 10.56 ± 0.72 10.54 ± 0.28 10.44 ± 0.26 10.24 ± 0.27
IP (mg/dL) 8.24 ± 1.43 7.26 ± 1.07 6.92 ± 0.54 7.18 ± 0.24
AST (IU/L) 100.8 ± 25.2 108.6 ± 46.3 88.0 ± 9.5 80.4 ± 2.9
ALT (IU/L) 41.6 ± 1.6 43.2 ± 2.1 42.2 ± 2.5 39.8 ± 3.8
ALP (IU/L) 809.8 ± 42.3 790.4 ± 51.2 815.6 ± 32.2 796.6 ± 12.0
r-GT (IU/L) <3 <3 <3 <3
T-CHO (mg/dL) 58.2 ± 3.7 55.2 ± 6.5 56.0 ± 4.1 56.4 ± 4.2
TG (mg/dL) 61.6 ± 13.4 47.8 ± 6.6 54.0 ± 9.7 54.4 ± 4.5
T-BIL (mg/dL) 0.048 ± 0.007 0.048 ± 0.004 0.056 ± 0.008 0.050 ± 0.011
GLU (mg/dL) 157.0 ± 38.9 139.2 ± 15.7 136.0 ± 10.9 145.2 ± 11.4

Female
No. of animals
TP (g/dL) 5.80 ± 0.21 5.86 ± 0.12 5.96 ± 0.33 5.94 ± 0.15
ALB (g/dL) 4.24 ± 0.14 4.30 ± 0.11 4.36 ± 0.23 4.34 ± 0.05
A/G 2.74 ± 0.10 2.80 ± 0.11 2.76 ± 0.17 2.72 ± 0.26
BUN (mg/dL) 20.82 ± 1.19 19.52 ± 1.75 21.04 ± 1.44 21.08 ± 1.24
CRE (mg/dL) 0.324 ± 0.019 0.312 ± 0.021 0.338 ± 0.050 0.318 ± 0.017
Na (mEq/L) 143.4 ± 1.0 143.4 ± 0.5 143.2 ± 0.7 143.0 ± 0.6
K (mEq/L) 3.90 ± 0.11 3.92 ± 0.07 3.96 ± 0.29 3.92 ± 0.12
Cl (mEq/L) 103.8 ± 0.7 103.2 ± 1.2 103.6 ± 1.0 103.6 ± 0.5
Ca (mg/dL) 9.80 ± 0.46 9.90 ± 0.30 10.14 ± 0.08 10.10 ± 0.17
IP (mg/dL) 6.44 ± 0.22 6.80 ± 0.50 6.58 ± 0.61 6.82 ± 0.39
AST (IU/L) 106.0 ± 28.8 88.0 ± 12.5 87.8 ± 9.2 77.0 ± 4.6
ALT (IU/L) 35.4 ± 2.2 32.6 ± 2.3 33.0 ± 2.8 34.6 ± 3.6
ALP (IU/L) 567.6 ± 25.0 589.0 ± 56.6 585.2 ± 24.1 592.2 ± 33.5
r-GT (IU/L) <3 <3 <3 <3
T-CHO (mg/dL) 74.0 ± 6.5 78.6 ± 8.0 75.8 ± 8.7 78.8 ± 3.2
TG (mg/dL) 21.4 ± 8.3 24.8 ± 7.7 21.2 ± 7.8 42.8 ± 10.2 **

T-BIL (mg/dL) 0.054 ± 0.010 0.056 ± 0.008 0.046 ± 0.015 0.056 ± 0.016
GLU (mg/dL) 92.8 ± 9.1 89.2 ± 4.3 92.4 ± 15.6 102.6 ± 5.1

Values are mean ± S.D. *P  < 0.05, **P  < 0.01 compaed with 0 mg/kg bw/day group.
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Table 4. Organ weights of F344/DuCrj rats treated with titanium dioxide for 4 weeks
Dose (mg/kg bw/day)
Male

No. of animals
Body weight (g) 209.5 ± 6.1 207.6 ± 8.5 207.8 ± 14.6 209.2 ± 9.7
  Absolute (g)

Brain 1.801 ± 0.063 1.839 ± 0.044 1.831 ± 0.024 1.816 ± 0.024
Thymus 0.279 ± 0.025 0.282 ± 0.019 0.291 ± 0.016 0.276 ± 0.035
Lungs 0.739 ± 0.052 0.772 ± 0.054 0.756 ± 0.055 0.783 ± 0.044
Heart 0.717 ± 0.059 0.719 ± 0.047 0.715 ± 0.058 0.702 ± 0.047
Spleen 0.480 ± 0.024 0.498 ± 0.017 0.476 ± 0.033 0.481 ± 0.026
Liver 6.007 ± 0.984 5.573 ± 0.269 5.500 ± 0.515 5.518 ± 0.435
Adrenals 0.034 ± 0.003 0.035 ± 0.002 0.036 ± 0.005 0.038 ± 0.003
Kidneys 1.417 ± 0.098 1.439 ± 0.085 1.377 ± 0.088 1.369 ± 0.090
Testes 2.652 ± 0.097 2.754 ± 0.032 2.700 ± 0.208 2.620 ± 0.264

  Relative (%)
Brain 0.860 ± 0.019 0.887 ± 0.021 0.885 ± 0.061 0.870 ± 0.046
Thymus 0.133 ± 0.011 0.136 ± 0.008 0.141 ± 0.008 0.132 ± 0.015
Lungs 0.352 ± 0.020 0.372 ± 0.014 0.364 ± 0.007 0.374 ± 0.012
Heart 0.342 ± 0.020 0.346 ± 0.014 0.344 ± 0.016 0.335 ± 0.009
Spleen 0.229 ± 0.006 0.240 ± 0.005 ** 0.229 ± 0.004 0.230 ± 0.002
Liver 2.858 ± 0.383 2.685 ± 0.061 2.642 ± 0.082 2.634 ± 0.087
Adrenals 0.016 ± 0.002 0.017 ± 0.001 0.017 ± 0.002 0.018 ± 0.001
Kidneys 0.676 ± 0.029 0.693 ± 0.021 0.663 ± 0.014 0.654 ± 0.019
Testes 1.267 ± 0.051 1.329 ± 0.053 1.299 ± 0.039 1.257 ± 0.149

Female
No. of animals

134.0 ± 5.5 131.8 ± 2.8 133.4 ± 3.8 131.0 ± 4.4
  Absolute (g)

Brain 1.693 ± 0.046 1.678 ± 0.057 1.680 ± 0.042 1.699 ± 0.031
Thymus 0.228 ± 0.014 0.233 ± 0.009 0.225 ± 0.017 0.214 ± 0.012
Lungs 0.625 ± 0.032 0.611 ± 0.054 0.586 ± 0.025 0.566 ± 0.023
Heart 0.504 ± 0.007 0.507 ± 0.034 0.492 ± 0.023 0.497 ± 0.010
Spleen 0.347 ± 0.016 0.342 ± 0.008 0.356 ± 0.017 0.344 ± 0.021
Liver 3.421 ± 0.094 3.446 ± 0.111 3.326 ± 0.134 3.267 ± 0.150
Adrenals 0.041 ± 0.004 0.043 ± 0.004 0.040 ± 0.003 0.040 ± 0.002
Kidneys 0.928 ± 0.067 0.929 ± 0.046 0.949 ± 0.030 0.956 ± 0.033
Ovaries 0.053 ± 0.004 0.055 ± 0.008 0.055 ± 0.016 0.048 ± 0.010

  Relative (%)
Brain 1.266 ± 0.076 1.273 ± 0.026 1.259 ± 0.018 1.298 ± 0.052
Thymus 0.171 ± 0.011 0.177 ± 0.004 0.168 ± 0.014 0.164 ± 0.011
Lungs 0.466 ± 0.015 0.463 ± 0.036 0.439 ± 0.016 0.433 ± 0.019
Heart 0.377 ± 0.014 0.384 ± 0.019 0.369 ± 0.023 0.380 ± 0.013
Spleen 0.259 ± 0.003 0.260 ± 0.006 0.267 ± 0.008 0.263 ± 0.017
Liver 2.556 ± 0.095 2.614 ± 0.052 2.493 ± 0.100 2.494 ± 0.102
Adrenals 0.031 ± 0.003 0.033 ± 0.003 0.030 ± 0.001 0.031 ± 0.001
Kidneys 0.692 ± 0.023 0.704 ± 0.022 0.711 ± 0.024 0.730 ± 0.028
Ovaries 0.040 ± 0.002 0.042 ± 0.006 0.041 ± 0.011 0.037 ± 0.007

Values are mean ± S.D. **P  < 0.01 compaed with 0 mg/kg bw/day group.
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Figure 1. Comparison of solvents for TiO2 

TiO2ΙAMT-100 (primary diameter 6 nm) 
ConcentrationΙ100 mg/ mL 
SolventΙ0.2% Na2HPO4 (DSP) or distilled water (D.W.) 
 

 
Figure 2. Scattering intensity distribution (a) and calculated number distribution (b) of titanium dioxide 
suspended in 0.2% disodium phosphate measured by dynamic light scattering.  
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Figure 3. Body weight (a) and daily food intake (b) of male and female F344/DuCrj rats orally 
administered titanium dioxide for 4 weeks. 
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