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ŞťƛĆ 

Ǩɵʂ1�ͺěĈ2ͺěɐŋġø˴ɐ̸.¹ɐ�A�ʤčĈ2ʤɧʋ�>ǝͪ�A@jm|f�G

�ʋ0Ǎ˺ʟǩ.'�)�łÔƐ̉½.̡�@g�a0˩ʁ�̉½ǎȟ0ǹ̃�2.!0ǝͪɃȞ

<�\S̉½.͝�@Ĩ͢ôĕ0ƥƹDɬɦ+�)�@� 
ǨŪű1��dhDɐ�#͐ùca�0 90Ǒ͜ĉƆƧ�ȓƐ̊΀0ɐ͓̆Ņ̊΀+�)�ŷæʤč
Ƨ�.=@ 28Ǒ͜ĉƆƧ�̊΀DņǏ�#�0.2% DSP.ƛȲ�#ʥǛľž 6 nm0Gja�_ĭj
mXI] ͐ùca�Έ50p�^�aI� Ȇʗľžʜ 200 nmΉD F344/DuCrj�dh. 10�100�
1000 mg/kg bw/day0ɐ͓* 28Ǒ͜ĉƆʤčƧ��#+�B�Ô)0ʷ*Ȍ¢18>A��µ͑��
ˡɃƘ�ˬ ȥŀɦǹǲ��=2˚ġ͓͑.ȓƐŀɦ.ǣƕ-Ķù1˹>A-�&#�ˬ ȥɎùŀɦǹ

ǲ*1�ͦ0 1000 mg/kg bw/dayʷ*h�T�^�i0ǣƕ-Ĵî�˹>A#�Ŷ�ʪ��ˀ˚�0
ca�ȳűŅ͓�=2ɝɌʣʲŀɦǹǲDņǏ�)jmXI] ͐ùca�0 28Ǒ͜ĉƆʤčƧ�
.=@¡ƏƐȓƐDǹ̃�@� 
7#�ùʘěʋ30͌Ē++;.ɳˢ�@�1͆ÑƐ�ƨ˦ƐD©��@ɬɦ*ͺě�ŋġø˴.

¹ɐ�A@jm͐ùca���G��V�ʤɧƗ·Ɓ0ʤčǝͪ.=@G��R�ɞɃɣɊ.�/

@żͰ.'�)ǹ̃�#�ƨĄʤɧƗ·-ʤč̵îÒɜ�ʤčƔ̥ņ΀ʚ.'�)1�OVA 2μg×4ģ
0ʤɧƗ·�OVA 30 mg×7ģ0ʤčƧ�.=@̵îÒɜ�!0Ɓ0 OVA 50 mg0ʤčƧ�.=?G
��R�ɞɃDƔ̥�@ņ΀ʚDɶʆ�@�+�*�#��0ņ΀ʚDɐ�)ƨĄʤčƧ�Ǘ0j

m͐ùca�0ÖĿ.=@żͰ.'�)ǹ̃�#+�B�͐ùca� CΈGja�_ĭ�ʗľž 6 
nmΉ�Ĉ2͐ùca� EΈGja�_ĭ�ʗľž 30 nmΉ��ƨĄ0ʤčƧ�.=@̵îÒɜDĴŷ
�@�+�ɸ�A#��ǎ�͐ùca� FΈ�c�ĭ�ʗľž 30-50 nmΉ*1�0=�-Ĵŷóǰ1
˹>A-�&#�¦Ɓ�jm|f�G�0ʤɧ΍ʤčǝͪ�Òɜƌʍ.�/@żͰ.'�)�ʗľž�

ʥǛĭ��@�1˲ͭÂͼɃƘʋ0ȷ;Ė:��>-@ɽŀɦɴ˹0ͥʁ�Ɗ˸+ʺ/>A#� 

�>.�ͺě̼͝ß͒.��@jm|f�G��2.Ǎ˺ʟǩ0łÔƐ̉½.͝�@Ĩ͢ôĕ0̒

ǲ.'�)1�ʖĨͺěü˪ěŚΈFDAΉ0��SZ�du ΟFDA’s NanoDay Virtual Research 
SymposiumΠ.Ćî��jmfSm�[�0ɊɃ< FDA0ɽŀɦ-ǵƮ.į(�jmfSm�[�
0˺æǄʎ�jmfSm�[�0�R��h��XIL�\ɵʂ0ǽ˸.͝�@̒ǲDņǏ�#�

7#�ȇšͺěłÔȄ͝ΈEFSAΉ0ɽŀldh��S�Ë.=@Οͺě+̊ǋ0jmfSm�[�
.͝�@ldh��S°̖Π.͝�@̒ǲDˮ��EFSA0ǍPIi�I�Έ2018ŪΉDƳƲ�@f
SkO�PIb�\Ƕ.'�)0̖̔.'�)̒ǲ�#�!0ʥǰ�FDA0��SZ�du*1�
�A7*. FDA�Ơʐ�@jm|f�G�ǳͽ˵ïͺěDĖ9ͺě<ùʘě-,0ß͒.��)ˮ
&)�#Ǆʎ<�R��h��XIL�\ɵʂ0ʡ§<Ɋĩˮ&)�@ǡǍ0ɵʂʡ§�ˮCA

#�2007Ū0jmfSm�[�a\SsM�\ΈNTFΉ0İĘǠ.į(��jmfSm�[�˶ě
.ő�@˺æGu��cD+�)�åŉ͝¿ʻ�ɔ̓Ǘ.ǍƤ˯0¹ɐDǹ̃�@͢.1�jmf

Sm�[�ɒǬ0˶ě0͛ɣ<ßǯƤ˯.��@ɽŀɦ-̾Ȋ.²��FDA.ÿ̖�@�+Dĺñ
�)�@�jmfSm�[�0˺æǄʎ+�)��A7*ɏǺɖĕ�0PIb�\ǊǠDɣˮ�)

�)�@��A>0PIb�\ǊǠ*1�jmfSm�[�˶ě0˺æ.ő�@ FDA0øƯɦ-G
u��c0s��~��SD̏ǔ�)�#�FDA0ͺěłÔ�ƌɐǳͽ^�a�ΈCFSANΉ*1�
CFSAN�˺æ�@˶ě30ŔǬɦ-jmfSm�[�0ƌɐDŏǲ�@͢.Ɏ�@ĎˉƐ0�@Ǎ
��̑ʹ.ő�) FDA0ɽŀʻ�őƌĎˉ+-@=�.ɵʂDˮ&)�#��>.�g�aR�d
u<jmfSm�[�˶ěŏǲ0͑˸-Èͭ.őÝ�)�@ɽŀʻ30̄ʰ0ņǏ<ɹÙ0ɽŀɦ

Œ͚ɴ̕+ˉíDǾʔ�@�+*�jmfSm�[�0ƌɐDĖ9 FDA˺æ˶ě0̝®�@͛ɣD
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À̾�)��+�)�@��ǎ�EFSAfSkO�PIb�\.͝�@ldh��S°̖*1�Õ
͛ÿ̖Ɓ0ǟǍ+ÂȉDĖ9ʗľ.͝�@PIb�\-TRΈTechnical RequirementsΉ0PIb�
\˥Ƕ0ǡʢɀDƷɸ�@;0*�&#�7#�ldh��S*1�jmɂǣ0�\SG^\��

hDͅɐ�@�,��DțŅ�@#:.�ǩǋ0ɁɌùŀɦɂƈΈºΘȯ˿Ɛ�ȯÞƐ�ʗľž0

ɂƐΉ.į(�ɂŅ0įȮ+̉½��hDŕÓ�Ɗ˸*�@+ʺ/)�@��>.�ǐĿ0łÔƐ

ɵʂ�jmǌȿDͅà.Oo��)�@�+Dɸ�#:0įȮ;Ʒɸ�A@Ɗ˸;�@��0PI

b�\*ƷǶ�A#įȮ�=2̼͝�@ǎȟ̔1��0ß͒.��@Ƥ˯̒ĚDĦ@#:+Ĩ͢ɦ

-Ȣô0ɊɃDʺƚ�@;0*�&#� 
 
 
ɵʂÿíʻΘł̓ ɉľ�  
Ĩʆü˪ěͺě˰ɎɵʂƠ� Ɏùŀ͊�

Ň͙ 
ɵʂßƫʻΘŭȵ� ǔź   
Ĩʆü˪ěͺě˰ɎɵʂƠ� łÔƐ�Ȭ

̉½͊� ͙͊ 
ɵʂÿíʻΘ̤ǥʝ��  
Ĩʆü˪ěͺě˰ɎɵʂƠ� ɝɌ͊ �®ɵʂń 
ɵʂÿíʻΘȸŭ� ʛȉ�  
Ĩʆü˪ěͺě˰ɎɵʂƠ� Ɏùŀ͊�

�®ɵʂń 
ɵʂÿíʻΘĹ͒� Żľ�  
Ĩʆü˪ěͺě˰ɎɵʂƠ� łÔƐ�Ȭ

̉½͊� �®ɵʂń 
 
AΌɵʂɬɦ 
jm|f�G�ʋ0Ǎ˺ʟǩ1�ǿ�-ɐ̸

.��@ƌɐ�Ǥſ�A@�ǎ*�!0ɂƐ.

=@�Ɠķ0ÇųżͰ0ĎˉƐ�Ʊƾ�A)�

@�Ĩ͢ɦ.;�ǐĿɁ̢0Û̉½.��)�

ǐĿ0̉½1ǣó*1-��+�ɶ̍�A�j

m|f�G�0ɁɌùŀɦ-ɂƐ̉½<�ȓƐ

ŀɦ̉½-,0ɽŀɦɴ˹.'�)0ƒİ1Ǧ

$�̨�)�@+�A)�@�Ɲ�0�A7*

0ǹ̃.��)�jm͖0|J\˓ːÙĀģƧ

�.��)�ɮž60 nmĈ2100 nm*1¶>ȓ
ƐDɸ�-�;00�ʋ͓0ɮž10 nmƧ�*
1ˀ˚0�&ˬ�ĀʠˆĵȌD²�Ãµ�ȴȌ

<Ȍ¢.˞@΃ű0ȓƐDɸ��+Dǔ>�.

�#(Cho et al, J Toxicol Pathol. 2018)�7#�ȓ
ƐDɸ� 10 nmʗľƧ�ʷ+ēʋ0͖�ˀ˚*
ǹÞ�A@=�.�Ƨ�͓DĴ͓�);ɮž60 
nmĈ2100 nmƧ�ʷ*1ˀȓƐDɸ�-��+
�>�jm͖.=@ˀȓƐ1ˀ˚Ù0͖ȳű0

8.1¼Ŀ ��10 nmɿű0Ŗʗľ0Ŀĩ.
¼Ŀ�@+ʺ/>A#� 
� ǟ.�ł̓ʋ1|J\0ǹ̃.=?�Ŗʗ

ľžΈɮž6 nmΉ0͐ùca�1�G��V�
a�pS̢0ʤɧƗ·Ǘ0ÖĿ.=@Ɨ·0Ĵ

ŷĈ2�Ŷ�ʪ�0ʤč̵îÒɜǗ0ÖĿ.=

@G��R�ɞɃ0Ĵŷ-,0G[�o�h·

ɐDǣ�@�+Dǔ>�.�)�#� 
� �A>0ʥǰ�>�jm|f�G�0łÔ

Ɛ̉½.1�ɂ.ɮž 10 nm¬�0ŖʗľDɐ
�#ĉƆƧ�.=@̌ʠ-ȓƐ̊΀DņǏ��

XI].=@ɯɚ0�ĄĤ+ʺ/>A@ėĊĈ

2ßŦʋ0µÙôƘ.'�)ǹ̃�@�+�Ɗ

˸Ɛ+ʺ/>A#� 
Ǩɵʂ1�ͺěĈ2ͺěɐŋġø˴ɐ̸.¹ɐ

�A�ʤčĈ2ʤɧʋ�>ǝͪ�A@jm|f�

G�ʋ0Ǎ˺ʟǩ.'�)�łÔƐ̉½.̡�@

g�a0˩ʁ�̉½ǎȟ0ǹ̃�2.!0ǝͪɃ

Ȟ<�\S̉½.͝�@Ĩ͢ôĕ0ƥƹDɬɦ

+�@�ͺě̼͝ß͒.��@Ĩ͢ôĕD�Ɖ+

-@��ȓƐ̉½.͝�@ɵʂʋ1�ͺěɐ̸.

͟>�ß͒Ḑ/)Ö̹�@̑ʹ*�@#:��

\S̉½ơȟ0Ö̹Ɛ0˽ȷ�>̼͝�@ß͒

0ôĕ;¸ )̒ǈ0ő̘+�)�@� 
 
ΛΌɵʂǎȟ 
1. jm͐ùca�0 28Ǒ͜ĉƆƧ�ȓƐ̊΀ 
1-1Ό˳΀Ɂ̢�=2Ƨ�͓ 
ʥǛľž 6 nm 0 100%Gja�_ĭjmXI]
 ͐ùca�ΈfIOǴŵ°ɹ AMT-100�ʝű
93%ΉD˳΀Ɂ̢+�)¹ɐ�#�ͺěȨîɁ0
ƱŅĈ2¹ɐįȮǂȉ.͝�@Ʊ͕.į(�΃

ɐ͓D 1000 mg/kg bw/day +��ȓƐƒİ�-�
�+��=2ʗľž 10 nm0jmXI]͖Ƨ�.
=?ˀ˚0�&ˬ�ĀʠˆĵȌD²�Ãµ�ȴȌ

<Ȍ¢.˞@΃ű0ȓƐ�˹>A#ΈCho et al, J. 
Toxicol. Pathol. 2018 31, 73–80Ή�+�>ɐ͓ʓĥ
Dŭ�ċ@#:.�ɐ͓�³ɐ͓D!A"A 100
�=2 10 mg/kg bw/day+̆Ņ�#� 
˳΀Ɂ̢1ħµ*�@#:��dh30ŷæʤ

čƧ�̊΀DņǏ�@#:�ƛȲȥ0̒˶ǎȟD

ǹ̃�#�Ƨ�͓D 10 ml/kg bw +�#+�0΃
ɐ͓0Ƨ�ȥȳű*�@ 100 mg/ml*AMT-100D
̦ʝș.ƛȲ�@+̺<�.Ȝ͞ßͨ�˹>A�

̦ͯȠȽœΈBioruptor II-Type 12, ON 30 sec/OFF 30 
sec × 60 cycles, High powerΉƁ;�ͬȽœX�u�
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+56ēǿ.Ȝ͞ßͨ�#�ßǆë+�) 0.2%�
�͐șʟ jh�J~ΈDSPΉDɐ�@+�ʿɲ
��Ī�-�Ƀ0ƛȲȥ�Ƅ>A�ͫ ʴ 30ß¬Ù
.ßͨ1˹>A-�&#��0ƛȲȥ�.��@

ÃǇßŦ.į(� 50 p�^�aI� Ȇʗľž
Έȥ�ʗľžΉ1ʜ 200 nm *�&#�DSP 1ͺ
ě˰ɎȟΈǖĚ 22 Ūȟƀʉ 233 ĐΉ.į(�ͺ
ěȨîɁ+�)ͺě30¹ɐ�̍:>A)�?�

0.2% DSPD 10 ml/kg bwƧ��#+�0��ƽċ
͓1 4.36 mg/kg bw *�?ǡĹʼŋƽċ͓ 70 
mg/kg bwΈ��+�)ΉΈTRS 683-JECFA 26/25, 
1982ΉDýß�ģ@�+�> DSP.=@ȓƐżͰ
1-�+ʺ/>A#�¬�=?�0.2% DSPDßǆ
ë+�)ɐ�# 100 mg/ml AMT-100DƧ�ȥ+�
)¹ɐ�@�++�#� 
 
1-2ΌôɁ�=2ͻ˂ǫ­ 
5 ̽Ά0 F344/DuCrj �dhͦ※đ 20 úDǑǨc
���\��o�=?̣Ó��įɷͻǋΈCRF-1Ι
N�L�a�͏ȑţǺΉ�=2ș͂ș.) 1̽͜
Ϳùͻ˂Ɓ�6 ̽Ά*ņ΀.»�#�ôɁ1ȫű
23±1℃�ȭű 50±5·�ƸȘģǇ 20ģ/Ǘ�12Ǘ͜
0ǔǜXIS�.æƅ�A#o�G�Z\f~

0ͻ˂Ň*ͻ˂�#�Ůǉ+�)`shcdu

Έ�ÿ�zX�r\ΉDǉ�#{�O�zl�h

˶ʑĭU�[. 5ú�'Ċŋ��U�[�=2Ů
ǉD̽ 2ģ0ͳű*£Ƹ�#�ôɁņ΀1Ĩʆü
˪ěͺě˰ɎɵʂƠôɁņ΀ĽĜ°0ŏǲ�ƣ̍

Dʤ)�ēƠ0Ņ:@	ôɁņ΀0ͅȉ-ņǏ.

͝�@˺Ņ
D͇Ł�)ˮ&#� 
ôɁ1Ƨ�͛ļǑ0µ͑.į(�)�ͦ※+;đ

ʷ0ũĪµ͑0ȀȮÆŤ�ǡŖ.-@=�. 1ʷ
5 ú�>-@ 4 ʷ.ß��̊΀Ǥ͜�1įɷͻǋ
�=2ș͂șD˝ɒƽċ� #� 
 
1-3ΌŷæʤčƧ� 
{�fh�s�N�Lc��˶s�QZt�c

��tΈ͙�Θ85mm�ķžΘ1.46mm�Ͳ Θ͊2.4mm�
scP}ġǷΉDɐ�) TiO2ƛȲȥDȒǑ 1 ģ
28Ǒ͜ŷæʤčƧ��#�ņ΀Ǥ͜���ˡɃƘ
�=2Ȍ¢ôɁ0ǣȹDȒǑ˽Ŏ��µ͑�=2

ƽ;͓D̽ 1ģȬŅ�#�ôɁ1Ƨ�Ǥ͜ʢ�Ɓ
.�ǘʨͺ� �I`s���ėÓ΅͍�*͛˓

��˓͊Ĺôˊ=?ƴˬDˮ&#Ɓ�ǃˬ.=?

łǼȌ� #� 
 
1-4. ˬȥŀɦ�=2ˬȥɎùŀɦǹǲ 
ƴċ�#ˬȥ0�͊DƨÜħëΈEDTA-2KΉÓ?
0̊΀ʐΈwm[KSh IIɱʃƴˬʐ�f��Ǵ
ŵ°ɹΉ.ɾ��ˬȥŀɦǹǲ+�)̤ˬɋǇ

ΈRBCΉ�v�T�r�͓ΈHGBΉ�v|hS�d
hÄΈHCTΉ�ũĪ̤ˬɋŋʁΈMCVΉ�ũĪ̤ˬ
ɋˬˢʟ͓ΈMCHΉ�ũĪ̤ˬɋˬˢʟȳű
ΈMCHCΉ�ˬ ŖǮǇΈPLTΉ�=2ɥˬɋǇΈWBCΉ�
ʫɃ̤ˬɋǇΈRETΉ�ɥˬɋßɕΈĻ�ɋΙNEUT�
Ļ͐ɋΙEO�ĻĲįɋΙBASO�ĀɋΙMONO�
��pɋΙLYMPHΉD˝ôˬɋ̂ʏ˴ʴ IDEXX 
u�XIh DxΈGIgdS\�z�h��]Ǵ
ŵ°ɹΉDɐ�)ȬŅ�#� 
ˬȩɎùŀɦǹǲ*1�ʬa�pSΈTPΉ�G�t
}�/T�t��ȔΈA/GΉ�G�t}�ΈALBΉ�
ʬr��r�ΈT-BILΉ�T�W�\ΈGLUΉ�h�
T�^�iΈTGΉ�ʬW�\f���ΈT-CHOΉ�
řʟʄʟΈBUNΉ�S�Gck�ΈCREΉ�jh�
J~ΈNaΉ�S���ΈClΉ�O�J~ΈKΉ�O�
ZJ~ΈCaΉ�ȹȄ��ΈIPΉ�G\p�R�͐h
��\G}j�_ΈASTΉ�G�k�h��\G}
j�_ΈALTΉ�G�O�sM\sFa�_ΈALPΉ
�=2 γ-T�a}�h��\xucb�_Έγ-GTΉ
0đͱɬDȬŅ�#� 
 
1-5. êǹ�=2˚ġ͓͑ 
ƴˬƁ.ôɁDǃˬȌ� �êǹDņǏ�@++

;.�ˍ�ˈ˔�˃�Ɖ˚�ˎ˚�ˀ˚�ìˏ�

ˏ˚�ĂŢ�@�1ʙŢDƾÞ��͓͑DȬŅ�

#�7#��̅0ʣʲ.î/ˈ΁�Șʐ�Ĺôˊ�

ɓɃ˔�ˠ�ͺ͂�˄�Ŗ˒Έý Ʊ˒�ʃ˒�

ģ˒Ή�Ĺ˒Έɭ˒�ʥ˒�ɮ˒Ή�˙˚�˖ˇ�

ʙĢ�éʆ˔�ʙŢ�µ�ľň�˘��Ĭµ�Ĺ

˕ʌ�ī΁ɻʤ��ćɻʤ�ˋ΂DƾÞ��10·
�Ɛʯ˱y�|��ȥ*ħŅ�#� 
 
1-6Όʧ̂ŀɦÝɌ 
̊΀Ǥ͜�0µ͑�ƽ;͓�ˬȥŀɦ�ˬȩɎù

ŀɦǹǲʥǰĈ2ġń͓͑.'�)1đʷ0ß

ǆD Bartlett0ǎȟ*ǹŅ��ĸ͑Ȕ̮D Dunnett
ʋ0ǎȟ.=?őȽʷ+đ˳΀Ɂ̢Ƨ�ʷ+0

͜*ǣƕŤǹŅDˮ��P < 0.050ıĒDʧ̂ŀ
ɦ.ǣƕ+ãŅ�#� 
 
(ÅɌͭ30͌ƚ) 
ôɁņ΀1ΟĨʆü˪ěͺě˰ɎɵʂƠôɁņ΀

.͝�@Ʊ͕Π.ƃ��Ĩʆü˪ěͺě˰Ɏɵʂ

Ơņ΀ôɁÅɌĽĜ°0ƣ̍DƄ#�*�͝¿ȟ

«D͇Ł�)ņǏ�#�ôɁƖ̗0ʙɻ.è&)

ôɁͻ˂Dˮ��ôɁ0Ýʴ1ÅɌ˺Ņ.ýß͌

ƚ�)Ⱦʰʻ�ņǏ��ņ΀ʢ�Ǘ�ôɁ1�4

)I`s���0ȦėÓ΅͍�*Ĺôˊ�>0

ˌˬ.=?łǼȌ� �ôɁ.�/@ˣɟDǡŖ

͟.ɗ:# 
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2. jm͐ùca�0ÒɜȓƐ˿ǯ 
2-1Ό̊ǋĈ2̊˪ 
� ˳΀Ɂ̢+�)1� 
� � ͐ùca� C 

ΈGja�_ĭ�ʗľž 6 nmΉ 
͐ùca� E 
ΈGja�_ĭ�ʗľž 30 nmΉ 
͐ùca� F 
Έ�c�ĭ�ʗľž 30-50 nmΉ 

ΈÔ)˲ͭǦÝɌΉ 
D¹ɐ�#� 
ƨĄa�pS̢+�)1�ĂG��V�*�@

ĂɥG�t}�ΈOVA; Sigma A5503ΉDɐ�#�
!0¨0̊˪1ɂʞT��i0;0Dɐ�#� 

 
2-2. ͐ùca�jm|f�G�0ƛȲȥ̒˶ 
͐ùca�1�!A"A 50 mg/mL 0ȳű*

PBS.ƛȲ��2.5ß͜0̦ͯȠÝɌ0Ɓ.z�
fdS\}QX�.=?ǀƬ�@+��XIS

�D 4 ģʳ?̳��ǡƁ. 25G ȡœ͕©�0Z
��[Dɐ�)ǀƬ�Ī�ù�#� 
 
2.3�ņ΀ 1�ʤɧƗ·Ǘ0 OVAɐ͓ǹ̃�Ĉ2
ʤčƧ�Ǘ0Ŗʗľžjm͐ùca�0żͰ 
ôɁ1�7̽Ά0ͦƐ BALB/c|J\DǑǨL
\L�Z�ΈǴΉ=?̣Ó��MFͻǋ(N�L�
a�͏ȑţǺΈǴΉ)Dʦ;�#�1ʷ0úǇ1 5
ú+�#�8 ̽ΆǗ.˅ͭȿÈDçȕ�(Day 0)�
ʹǑ=? 3Ǒ͜�OVA0 PBSȯȥΈ1 or 2�g/50
�LΉDçȕ͊.̠©�)ʤɧƗ·Dˮ&#(Day 
1-3)�ƨĄȥ0̠©.1�pdcf\a�	h�
I
(΄ś˪ěǴŵ°ɹ)D 2 cm˾.à?ċ&#;
0Dɐ��pdi͊. 50�L0ƨĄȥDμȱ� 
)̠©�#�pdc0��>�ʲŦ˶0[�Ud

hD˴ɳ�)pdcDÁ̗�#�3 Ǒ̠͜©Ɓ.
pdcDķ�(Day 4)�!0Ɓ 4 Ǒ͜¯7 @+
��ƿ·D 1S��+��4S��0ʤɧƗ·D
ˮ&#�!0Ɓ�Day 28�30Ί32Ί35�37�39�
42. OVA 30 mgDʤčƧ�Έp.o.Ή�Έ3ģ΍
̽�̂ 7ģΉ�̵ îÒɜDˮ&#��0Ǘ�jm͐

ùca�Ƨ�ʷ*1�OVA 30mg + TiO2C 
1.88mgΈOVA:jm͐ùca�͓͑Ȕ=16:1ΉDƛ
Ȳ� )ʤčƧ��#�Day 1, 25, 43.1͊ßƴ
ˬ��ˬȩ�0ƨĄɂɚɦ IgE� IgG1�Ĉ2
IgG2aƨµD ELISAȟ.=?ȬŅ�#�Day 49
. OVA 50mgDʤčƧ���G��R�ĉƌDƔ
̥�#�̵îÒɜĈ2Ɣ̥Ǘ0ʤčƧ�Ɓ 1Ǘ͜
1�|J\0ɮ˒ȫȬŅ�Ĉ2�ɠɞɃ0˽ŎD

ˮ���ɠɞɃ.'�)1įȮ.ƃ&)\WG�

�T�#� 
 
2-4.�ņ΀ 2�=?Ĺ��jm͐ùca�0żͰ.
͝�@ǹ̃ 
ʤɧƗ·0ƿ·1�ņ΀ 1�+ēǿ.ˮ&#�

1ʷ0úǇ1 5ú+�#ΈʤčƧ�Ǘ.jm͐ù
ca�08DƧ��@͠ƐőȽʷ.'�)1 1ʷ
2 ú+�#Ή�ʤɧƗ·Ǘ0 OVA ɐ͓1 2�g/50
�L+�#�ʤčƧ�.͝�@\U[����OVA
Ĉ2jm͐ùca�0ɐ͓1�ņ΀ 1�+ēǿ*
�@�ƨĄɂɚɦ IgE� IgG1�Ĉ2 IgG2aƨµ
0ȬŅ�ʤčƧ�Ɓ 1Ǘ͜0ɮ˒ȫȬŅĈ2�ɠ
ɞɃ\WG��T.'�);�ņ΀ 1�+ēǿ.
ˮ&#� 
 
2-5. ʧ̂˿ǯ 
g�a1 Microsoft Excel .=?ͥ̂�#�

VehicleʷDįȮ+�# Dunnett0ǹŅ��@�
1 Student t-test .=@ OVA Ƨ�ʷ+ OVA-j
m͐ùca�Ƨ�ʷ+0ǣƕŤǹŅDˮ��

p<0.05Dǣƕ+�#� 
 
(ÅɌͭ30͌ƚ) 
Ǩɵʂ1�Ĩʆü˪ěͺě˰ɎɵʂƠôɁÅɌ

ŏǲĽĜ°0ƣ̍DƄ)ˮ&#�|J\30ǹµ

0Ƨ��ƴˬʋ.��)1�ôɁ0ˣɟDǡŖ͟

.ɗ:@=�.ð:�ôɁͻ˂�ʐɌ.Ÿ#&)

1ɵʂƠ0ôɁǏ̆åɐ˺Ņ.ƃ&#� 
 
3. Ĩ͢ôĕ0ƥƹ 
2020Ū 10Ǣ Web͛Ë0 FDA0��SZ�du
ΈFDA’s NanoDay Virtual Research SymposiumΉ.
Ćî� FDA 0jm|f�G�0ɊɃ+jmfS
m�[�0˺æǄʎ<jmfSm�[�.��

@�R��h��XIL�\ɵʂ0ǽ˸0̒ǲ

DņǏ�#�7#�EFSA0ǍPIi�I�Έ2018
ŪΉDƳƲ�@fSkO�PIb�\Ƕ.'�)�

ʉ 10 ģͺě+̊ǋ0jmfSm�[�.͝�@
ldh��S°̖Έ2020Ū 10Ǣ 21΋22Ǒ�Web
°̖Ή.͝�@̒ǲDņǏ�# 

 
ΜΌɵʂʥǰ 
1. jm͐ùca�0 28Ǒ͜ĉƆƧ�ȓƐ̊΀ 
1-1. ɎĿɇ�µ͑�ƽ;͓ 
̊΀Ǥ͜��ͦ※�4)0ʷ.��)Ȍ¢18

>A-�&#��͊0ôɁ*̬¾�=2ȢôƐ0

³���́Ɛ.˽Ŏ�A#��ʷ͜.ǣƕ-Ť1

˹>A-�&#�ͦ※+;.Ƨ�.²�µ͑0Ķ
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ù1˹>A��ƽ;͓;ēɿű*�&#� 
 
1-2. ˬȥŀɦ�=2ˬȥɎùŀɦǹǲ 
ˬȥŀɦǹǲ*1�※0 10 mg/kg bw/day ʷ*

WBC 0ǣƕ-³��˹>A#��̭Ƈ-Ķù*
�?�ɐ͓ɯ͝Ɛ�-��+�>Éɣɦ-Ķô+

ʺ/>A#�ͦ 0 1000 mg/kg bw/dayʷ*MCH0
ǣƕ-³��˹>A#��̭Ƈ-Ķù*�?�

RBC�HGB�MCV�=2MCHC.1Ķô�˹>
A-�&#�+�>ȓƐŀɦ-ƕʸ1���+

ʺ/>A#� 
ˬȥɎùŀɦǹǲ*1�ͦ0 1000 mg/kg bw/day
ʷ* TG 0ǣƕ-Ĵî�˹>A#�7#※0 100
�=2 1000 mg/kg bw/dayʷ* CRE0ǣƕ-³�
�˹>A#��ˏȓƐDɸĝ�@Ķô+1̶0Ķ

ù*�@#:ȓƐŀɦ-ƕʸ1���+ʺ/>

A#� 
 
1-3. ˚ġ͓͑ 
êǹǑµ͑Ĉ2˚ġ͓͑.'�)1�※0 10 

mg/kg bw/dayʷ*ˎ˚0ɯő͓͑0ǣƕ-Ĵî�
˹>A#��̭Ƈ-Ķù*�?�ɐ͓ɯ͝Ɛ�-

��+�>Éɣɦ-Ķô+ʺ/>A#�!0¨0

˚ġ.1ɯő͓͑�ʨő͓͑+;ǣƕ-Ť1˹>

A-�&#� 
 

2. jm͐ùca�0ÒɜȓƐ˿ǯ 
2-1.�ņ΀ 1�ʤɧƗ·Ǘ0 OVAɐ͓ǹ̃�Ĉ2
ʤčƧ�Ǘ0Ŗʗľžjm͐ùca�0żͰ 
ƨĄʤɧƗ·-ʤč̵îÒɜ�ʤčƔ̥ņ΀ʚ.
͝�@�A7*0ʊʻ>0ǹ̃*1�ʤɧƗ·Ǘ

0 OVAɐ͓D 2�g+��¦ģ+ēǿ0\U[�
��Ĉ2ʤčƧ�ɐ͓.)�1ʷ 3ú*�Êɦǹ
̃Dˮ&#�!0ʥǰ�ʤčƧ�Ǘ.ʗľž0Ŗ

��jm͐ùca� CΈGja�_ĭ�ʗľž 6 
nmΉDÖĿ� #ıĒ�OVA ʤčƧ�Ǘ0µȫ
³�Ĉ2�ɠɞɃ�Ĵŷ�A@Ìĕ�˹>A#� 
Ǩɵʂ̑ʹ0âŪű*�@¦Ūű1��̅ʥǰ

.'�) 1ʷ 5ú+�)ÛɊƐDǹ̃�#�7#�
�A7*0ʤɧƗ·.͝�@ǹ̃0͢+ēǿ.�

ʤɧƗ·Ǘ0 OVAɐ͓D 1�gĈ2 2�g0 2ȏ
͡.̆Ņ��ņ΀ʚ0ʙʱùDɬƱ�#�jm͐

ùca� C DÖĿ� @ʷ*1�OVA:jm͐ù
ca�͓͑Ȕ1�ʤɧƗ·.��)jm͐ùca

�.=@Ĵŷóǰ�˹>A# 16:1+�#� 
� ʤɧƗ·.=?ˬȩ�0ƨĄɂɚɦ IgE�IgG1
ƨµ0ɏɎ�˹>A�!0Ɓ0ʤč̵îÒɜ.=

&)�>.Ĵî�#�̵îÒɜǗ0͐ùca� C
ÖĿ.=@ͷ˧-żͰ1˹>A-�&#� 
� ʤč̵îÒɜ�Ĉ2ʤčƔ̥Ǘ0µȫ.͝�)�

OVA2ʷ*1�ʤč̵îÒɜǗĈ2ʤčƔ̥Ǘ.�
V ʷ+Ȕ̮�)ǣƕ-³��˹>A#�OVA2-
TiO2C poʷ*;ēǿ. Vʷ+Ȕ̮�)ǣƕ-³
��˹>A�7#�ʤč̵îÒɜ 5 ģɬ*1�
OVA2ʷ+0Ȕ̮.��);ǣƕ-µȫ³��˹
>A#��ǎ�OVA1ʷ�OVA1-TiO2C poʷ*1�
Vʷ+Ȕ̮�)ǣƕ-µȫ³�1˹>A-�&#�
�ɠɞɃ.͝�)1�OVA2ʷĈ2 OVA2-TiO2C 
poʷ*1�Vʷ+Ȕ̮�)ǣƕ.΃�\WG+-
&#�ʤč̵îÒɜ 5 ģɬ�7 ģɬ*1�OVA2
ʷ+Ȕ̮�) OVA2-TiO2C poʷ0ǎ�\WG�
΃�Ìĕ�˹>A#��ǎ�OVA1 ʷ�OVA1-
TiO2C poʷ*1�Vʷ+Ȕ̮�)<<΃�\WG
*�&#��ǣƕŤ1˹>A-�&#��A>0

ʥǰ�>�Ǩǹ̃*0ņ΀ʚ.͝�)�ʤɧƗ·

Ǘ. 2�g0OVADɐ�@�+.=?ʤč̵îÒ
ɜ�ʤčƔ̥�ͅà.ǹÞĎˉ*�@�+�7#�

ʤčƧ�Ǘ0͐ùca� C 0ÖĿ.=?ʤč̵
îÒɜ�Ĵŷ�A@�+�ɸ�A#� 
 
2-2.�ņ΀ 2�=?Ĺ��jm͐ùca�0żͰ.
͝�@ǹ̃ 
��7*�ʗľž0Ŗ��͐ùca� CΈGj
a�_ĭ�ʗľž 6 nmΉ.͝�)�ʤčƧ�Ǘ0
ÖĿóǰDǹ̃�)�#�!�*Ȇ.�=?ʗľ

ž0Ĺ�-jm͐ùca�*�@�͐ùca� E
ΈGja�_ĭ�ʗľž 30 nmΉ�Ĉ2͐ùca
� FΈ�c�ĭ�ʗľž 30-50 nmΉ0 2 ʀ.'
�)�ēǿ.ʤčƧ�Ǘ0ÖĿóǰDǹ̃�#�

1ʷ 5ú+��ʤčƧ�Ǘ.͐ùca� E�@�
1 F DÖĿ� @ʷD̆Ņ�#�OVA:jm͐ù
ca�͓͑Ȕ1�͐ùca� C 0ıĒ+ēǿ.
16:1 +�#�ʤɧƗ·Ǘ0 OVA ɐ͓1 2�g +
�#� 
ʤɧƗ·.=? IgE�IgG1 ƨµ0ɏɎ�˹>
A�!0Ɓ0ʤč̵îÒɜ.=&)�>.Ĵî�

#�̵îÒɜǗ0͐ùca� E�F0ÖĿ.=@
ͷ˧-żͰ1˹>A-�&#� 
Ȇ.�ʤč̵îÒɜ�Ĉ2ʤčƔ̥Ǘ0µȫ.

͝�)�OVAʷ*1�ʤč̵îÒɜǗĈ2ʤčƔ
̥Ǘ.�V ʷ+Ȕ̮�)ǣƕ-³��˹>A#�
OVA-TiO2E poʷ�OVA-TiO2F poʷ*;ēǿ.
Vʷ+Ȕ̮�)ǣƕ-³��˹>A#�7#�ʤ
č̵îÒɜ 7ģɬ.��)�OVA-TiO2E poʷ*
1 OVA ʷ+0Ȕ̮.��);ǣƕ-µȫ³��
˹>A�ʤčƧ�Ǘ0ÖĿ.=?̵îÒɜ�Ĵŷ

�A@�+�ɸ�A#�7#ʤč̵îÒɜ 4ģɬ
.��); OVA ʷ+Ȕ̮�)µȫ�=?³��
@Ìĕ�˹>A#��ǎ OVA-TiO2F po ʷ*1�
OVA ʷ0µȫ³�+0͜.ǣƕ-Ť1˹>A-
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�&#��ɠɞɃ.͝�)1�OVA ʷ�OVA-
TiO2E poʷ�OVA-TiO2F poʷ*�Vʷ+Ȕ̮�
)ǣƕ.΃�\WG+-&#�7#�ʤč̵îÒ

ɜ 4ģɬ*1�OVAʷ+Ȕ̮�) OVA-TiO2E po
ʷ0ǎ�\WG�΃�Ìĕ�˹>A#� 
-��͠ ƐőȽʷ*�@͐ùca� E�@�1

F08DʤčƧ��#ʷΈTiO2E onlyʷ�TiO2F 
onlyʷΉ*1�OVAɂɚɦƨµɏɎ�OVAʤč
Ƨ�Ǘ0µȫ³���ɠɞɃ+;˹>A-�&#� 
�A>0ʥǰ�>�ʤɧƗ·-ʤč̵îÒɜ�ʤ
čƔ̥ņ΀ʚ.��)�ʗľž0Ŗ��͐ùca

� CΈ6 nmΉ$�*-��ē�Gja�_ĭ*ʗ
ľž�=?Ĺ��͐ùca� EΈ30 nmΉ.͝�
);�ʤčƧ�Ǘ.ÖĿ� @�+.=?ʤč̵

îÒɜ�Ĵŷ�A@�+�ɸ�A#� 
 
3. Ĩ͢ôĕ0ƥƹ 
n FDA’s NanoDay Virtual Research Symposium 

2000 Ū.ĨŊjmfSm�[�Ɵɘ (NNI)�
̆ʆ�A�ʖĨǄŰȄ͝.=@jmfSm�[�

30ɵʂ͛ɣƧ̡30Ȣɣù+Ö.�jmfSm

�[�0ß͒1Ĺ��ɣŝ�)�)�@�ŸǗ0

FDA0ì͙ń1�jmfSm�[�Dƌɐ�#˶
ě0ʖĨͺěü˪ěŚΈFDAΉ30ƷÞ�Ĵî�
@�+D�Ɠ��2006Ū.jmfSm�[��a
\SsM�\ΈNTFΉDʆ%���jmfSm�
[�ɽŀ0ɊɃ.͝�@ FDA ˺æŸŚ0̉½D
ǁƻ�#�2007 Ū. NTF 1�!0̒ǲʥǰ+W
}dZ�j�30÷ĘDÕ˲�#�!0Ɓ�FDA
1˺æŏǲ.ƷÞ�A#jm|f�G�DĖ9

˶ě0ƷÞ­Ǉ�Ƃ�.Ĵî�#ɃȞDČ��¦

ģ0��SZ�du*1ɽŀɦ-ǵƮ.į(�

jmfSm�[�0˺æǄʎ<jmfSm�[

�.��@�R��h��XIL�\ɵʂ0ǽ

˸0İĘ+-&#� 
Ø ��� ���������
jm|f�G�
XIL�\+jmfSm�[�0ɊɃ 

2007Ū0İĘǠ¬͞�Ɏęɽŀ<�ţŀ�üŀ
-,0ß͒0Ə̺-̾Ȋ.=?�jmfSm�[

�.͝�@ɴ̕<Ɍ˿�Ȧ7?�FDA˺æő̘˶
ě30jmfSm�[�30ƌɐ0ɊɃ+Ďˉ

Ɛ�΃7&)�@�7#�jmfSm�[�1o

INfSm�[�-,0¨0ß͒+;˫Ē�)

�?�ßľ�w�*oINZ\f~30Ɍ˿DȦ

:)��;0*�&#��0=�-̾Ȋ� FDAŏ
ǲ0˪�ɔ̓.Ė7A@˶ě0ĸǿƐ�˷ͧƐ<�

Ɏɏ͓.ĉǕ�A@;0*�&#� 
1970 Ū¬͞�FDA 0ü˪ě̉½ɵʂ^�a�
ΈCDERΉ1�jm|f�G�DĖ9qhü˪ě0
600­¬�0ɔ Έ̓ȝ΀ Έ˪INDΉ�Ǎ˪ɔ Έ̓NDAΉ�

ʕɘǍ˪ɔ Έ̓ANDAΉΉDČɌ�)�?�!0�
%0þß1́ą 10 Ū¬Ù.ƷÞ�A#;0*�
&#�Ħ 11�CDER.ƷÞ�A#jm|f�G
�DĖ9ü˪ě0͙Ū.C#@ƷÞÌĕDɸ�� 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Human drug product submissions to FDA 

containing nanomaterials between 1970-2019. 
FDA1�ôɁɐü˪ě30jm|f�G�0¹
ɐ.͝�@ɵʂ.'�);̍̕�)�?�FDA0
Ɇüŀ^�aΡΈCVMΉ*1�jmfSm�[�
D¹ɐ�#ū'�0ôɁɐü˪ě.'�)Ǎ˺

ɔ̓Dƣ̍�)�#��>.�ǳͽ˵ïͺěDĖ

9ͺě<ùʘě.��)1�jmfSm�[�ɒ

Ǭ0˶ě0͛ɣ<ßǯ.Ǥſ�A@ɽŀɦ̾Ȋ

.²&#�+�> FDA 1��0=�-ɔ̓.�
�)ǍƤ˯0¹ɐDǹ̃�@͢.1�åŉ͝¿ʻ

� FDA.ÿ̖�@=�.ĺñ�)�#� 
7#�FDA 0ͺěłÔ�ƌɐǳͽ^�a�
ΈCFSANΉ1�ü˪ěʋ*Ðˮ�)�@jmfS
m�[��ͺěß͒.;ŝ͛�A)��ɃȞD

̫7/�CFSAN �˺æ�@˶ě30jmfSm
�[�0ŔǬɦ-ƌɐDŏǲ�@͢.Ɏ�@Ď

ˉƐ0�@Ǎ��̑ʹ.ő�)�FDA0ɽŀʻ�
őƌĎˉ+-@=�.ɵʂDˮ&)�#�˺æŚ

(ORA)*1�FDA0˺æő̘˶ě.Ė7A@jm
|f�G�0ǹÞ+ɂƐ̉½0ßǯǎȟD͛ɣ

�@#:.ÖēɵʂDʪ�)�#��0=�.�

)�FDA 1ť̜é�=2ť̜Ɓ0ɪ˻D̹�)�
jm|f�G�DĖ9˶ě.̼͝�@Ȱĩɦ-

�\S�ɂŅĎˉ+-&#�+D̴4)�#� 
 

Ø ɽŀɦǵƮ.į(��˶ě.ȺȷDŸ)#j
mfSm�[�0˺æǄʎ 

2006 Ū. FDA 1�jmfSm�[�˶ě�;
#>�˺æ�0̑ʹ. FDA 0ɽŀʻ�őƌ*�
@=��jmfSm�[�.͝�@ɽŀɦɴ̕D

ĕ�� @u�^\D͛ļ�#�7#�FDA1j
mfSm�[�a\SsM�\ΈNTFΉD̆ʴ��
��*1jmfSm�[�Dåɐ�#ͮǍɦ*

łÔ�'óǰɦ- FDA ˺æő̘˶ě0ʩʪɦ-
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͛ɣDÀ�˺æ30Gu��c0ɂŅ<�FDA�
ͮǍɦ-˶ěD̉½�Õ˭˰ɎDŁ@#:.Ɗ

˸-ɴ̕<Ǆʎ0R�du.őÝ�@ǎȟDɂ

Ņ�ƶĺ�#� 
2007Ū�NTF1İĘǠDɣ˲��jmfSm�
[�0¹ɐ1�¨0Ǎ˟Ƥ˯D¹ɐ�#˶ě+ē

ǿ.˺æ�0̑ʹD;#>��+Dǔ>�.�

@�+Dɸ�#��0İĘǠ*1�Õ˭˰ɎDÁ

�̗À̾�@+�� FDA0¹ęDǰ#�#:.�
jmfSm�[�.͝�@ɽŀɦ�˺æɦ-Ǆʎ

̑ʹ.ő�)�FDA�Ȣô�@#:0��'�0
Ʒ́��A)�#� 

2007 Ū0 NTF 0İĘǠ0ņǏ0�ɍ+�)�
FDA 1jmfSm�[�˶ě.ő�@˺æGu
��cDǔɶ.��Ǻɖĕ�0PIb�\0ɣˮ

DƷ́�#�FDA1�jmfSm�[�˶ěDǨ
̢ɦ.ȹŉ�ǣŉ�+��=�-ß͹+�)ã

ǌ�)�>��9�B�ɽŀɦǵƮ.į(�˶ě

.ȺȷDŸ)#˺æǎ͕Dͅɐ�@�+*�FDA
1ǐĿ0ȟɦȁ͟0;+�FDA0ʐ̰�.�@đ
aIu0˶ě.ͅɐ�A@ɂŅ0ȟɦįȮ.ƃ

&)�jmfSm�[�˶ěD˺æ�@�+*�

@+̴4)�@�˺æ30Gu��c+�)1�

˶ě0łÔƐ�ǣóƐ�Õ˭˰Ɏ30żͰ�7#
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ΝΌʺŎ 
jm͐ùca�0ĉƆƧ�ȓƐżͰ.'�)1�

0.2% DSP.ƛȲ�#ʥǛľž 6 nm0Gja�_
ĭjmXI] TiO2Έ50p�^�aI� Ȇʗľž
ʜ 200  nmΉD F344/DuCrj�dh. 10�100�1000 
mg/kg bw/day 0ɐ͓* 28 Ǒ͜ĉƆʤčƧ��#
+�B�Ô)0ʷ*Ȍ¢18>A��µ͑�=2

�ˡɃƘ.Ķù1˹>A-�&#�ˬȥɎùŀɦ

ǹǲ*1�ͦ 0 1000 mg/kg bw/dayʷ* TG0ǣƕ
-Ĵî�˹>A#� 
 
jm͐ùca�0ÒɜȓƐ.'�)1��A7

*ǹ̃�)�#ƨĄʤɧƗ·-ʤč̵îÒɜ�ʤč
Ɣ̥ņ΀ʚDʙʱù��OVAʤčƧ�Ǘ0͐ùc
a� C 0żͰ.'�)ǹ̃�#�!0ʥǰ�2�
g OVA.=@ʤɧƗ·Ɓ. OVADʤčƧ��@
�+.=?�ʤč̵îÒɜ�ʤčƔ̥D̎ŕ*�

@�+��0Ǘ͐ùca� CDÖĿ� @�+.
=?ʤč̵îÒɜ�Ĵŷ�A@�+�ɸ�A#

Έ�ņ΀ 1�Ή��0�ņ΀ 1�.��)�OVA 1ʷ
+ OVA2 ʷDȔ̮�@+�OVA ɂɚɦƨµɏɎ
.Ĺ�-Ť1ȹ�&#��ʤčƧ�.͝�)1�

OVA2ʷ*1ǔ>�-G��R�ɞɃ�̎ɣ�A
#0.ő�OVA1ʷ*1ͷ˧-G��R�ɞɃɣ
Ɋ1˹>A-�&#��A1�ˬ�0 OVA ɂɚ
ɦƨµȳű.1ĉǕ�A-�Ɨ·ɃƘ0̈́�Έȃ

Ƀʠˆ�Tʠˆʋ0ȢƐùɃƘ0̈́�Ή0#:*
1-��+ʺ/>A@� 
7#��ņ΀ 2�*1�=?Ĺ��ʗľž0jm
͐ùca� 2ʀΈEΘGja�_ĭ�ʗľž 30 nm�
FΘ�c�ĭ�ʗľž 30-50 nmΉ� OVAʤč̵
îÒɜ�ʤčƔ̥.�/@żͰ.'�)ǹ̃�#�

¦ģ¹ɐ�#͐ùca� F.͝�)1�ʤčƧ�
.=?Ĺ˒ȶ�g�|J\0ȶɞDĴƑ� @

�+�İĘ�A)�@ΈGut 2017; 66: 1216-
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1224Ή�7#�ʗľž 66 nm0jm͐ùca�0
ʤčƧ�.=?|J\Ŗ˒.ȶɞ�̎ŕ�A@

�+�İĘ�A)�@ΈWorld J Gastroenterol 
2012; 18(34): 4729-4735Ή�ʊʻ>0�A7*0
ǹ̃*1�OVAʤɧƗ·.͝�)�͐ ùca� C
1ĴŷóǰDɸ�#��͐ ùca� E1Ĵŷóǰ
Dɸ�-�&#�ǎ*�OVA˓ːÙƗ·.��)
1�ʻ+;ĴŷóǰDɸ�#�͐ ùca� F1Ǩ
ǹ̃*â:)¹ɐ�@ǹµ*�@�Ǩɵʂ0ǹ̃

.��)1�͐ùca� E �͐ùca� C +ē
ǿ.ʤč̵îÒɜ�Ĵŷ�A@�+�ɸ�A#�

͐ùca� F *1�0=�-Ĵŷóǰ1˹>A
-�&#��A>0ʥǰ�>�ʤčƧ�Ǘ0ÖĿ

óǰ.͝�)1��A7*ǹ̃�)�#Ŗʗľž

0͐ùca� CΈ6 nm�Gja�_ĭΉ0¨.�
=?ʗľž�Ĺ��jm͐ùca�.'�);

¦Ɓ�>.ǹ̃�@Ɗ˸��?�7#!0͢.ʥ

Ǜĭ�@�1˲ͭÂͼʋ0żͰ.'�);ʺƚ

�@Ɗ˸��@+ʺ/>A@� 
7#�Ǩ�g�ņ΀ʚ.��@ʤčƧ�Ǘ0j

m͐ùca�0Ĵŷóǰ.'�)1�ǡʢɦ-ɞ

ɃƔ̥Ǘ*1-��7 ģ0ʤč̵îÒɜǗ.jm
͐ùca�ͬƧ�ʷ+0Ť�˹>A)�@�+

�>�jm͐ùca�0·ɐȄů.'�);¦Ɓ

0ǹ̃�Ɗ˸*�B�� 
 
jm|f�G�0Ĩ͢ôĕ.'�)1�ʖĨ*

1 2000 Ū.ĨŊjmfSm�[�Ɵɘ (NNI)�
̆ʆ�A#�+*�ʖĨǄŰȄ͝.=@jmfS

m�[�30ɵʂ͛ɣƧ̡�Ȣɣù��jmfS

m�[�0ß͒*Ĺ�-̾ȊD̿��˷ͧ-ğʹ

.ő�@Ǎ#-˿țʎDĎˉ.�)�#�FDA1�
qh<ôɁ0ü˪ě��Sc��!0¨0ɎɁŀ

ɦ˶ě�üɢȄġ0łÔƐ�ǣóƐ�ě̢�^Q

��fHDɶÁ�@�+*�Ĩȗ0ÇųDŁ@̝

®+�ĨÙ0ȍ,0ͺǋě�ùʘě�ǃœʭDɣ

�@˶ě0łÔƐ.;̝®D̙&)�@ʣʲ+

�)Ȣô�)�@�2006Ū. FDA1�jmfS
m�[�Dƌɐ�#˶ě0 FDA 30ɔ̓�Ĵî
�@�+D�Ɠ�)�jmfSm�[�a\Ss

M�\ΈNTFΉDʆ%���jmfSm�[�.
͝�@ɽŀ0ɊɃ.ő�@ FDA 0˺æŸŚ0̉
½Dǁƻ�)�#�NTF 1 2007 Ū.�̒ǲʥǰ
+͙ń30Ʒ́D7+:#øƯɦ-Õ͛�{�

hDɣ˲�#���0İĘǠ�ɣ˲�A)¬Ǭ�

FDA *1˺æŏǲ0#:.ƷÞ�A#jm|f
�G�DĖ9˶ě0ɔ̓­Ǉ�Ƃ�.Ĵî�)

�#�jmfSm�[�Œɐ0�ʏDư' FDA1�
jmfSm�[��R��h��XIL�\ɵ

ʂDX{�h��ɽŀɦŒ͚ɴ̕+ˉíDǾʔ�

@#:. 2'0WGǏ̆D̆ʆ�@�+*�ɵʂ
I�s�0ŷùDʪ�)�#�FDA1�jm|f
�G�0͑˸-ě̢ɂƐDɶ̍�@#:.�΃ű

-ɁɌùŀɦɂƐ̉½�in vitro0ɎµͅĒƐ��
=2 in vivo 0łÔƐɵʂ.͝�@Ù͊ɵʂDņ
Ǐ��FDA0ɽŀʻ+ŏǲńDǍ#-˶ě.őƌ
*�@=�.Ê/)���+0Ɗ˸Ɛ.'�)

ʺƚ�@;0*�&#�jmfSm�[�˶ě1�

Āʝ-Z\f~�>΃ű.˷ͧ-ĸƜß�ĸȄˉ

ǩǋ3+̾ù�ʪ�)�?�FDA1ɽŀDɌ˿��
ǣɨ-jmfSm�[�˶ěD͛ɣ�@#:0

Imw�Z��Dǁƻ�@�+*Õ˭˰ɎDĕ

�� @ðíD�)��+ʺ/)�#�jmfS

m�[�0˺æǄʎ*1�ɏǺɖĕ�0PIb�

\ǊǠDɣˮ�)�)�?�jmfSm�[�˶

ě0˺æ.ő�@ FDA 0øƯɦ-Gu��c0
s��~��S.'�)̏ǔ�)�#�7#�j

mfSm�[�.��@�R��h��XIL

�\ɵʂ*1�ɵʂDX{�h�@#:0ɵʂI

�s�Dŷù��jmfSm�[�.ɂù�#ŀ

ÙïƜu�T�~D̹�)^�a�͜0̼ƼD

À̾� )�#��0=�.�g�aR�du<

jmfSm�[�˶ěŏǲ0͑˸-Èͭ.őÝ

�)�@ɽŀʻ.ő�@̄ʰ0ņǏ<ɹÙ0ɽ

ŀɦŒ͚ɴ̕+ˉíDǾʔ�@�+*�jmfS

m�[�0ƌɐDĖ9 FDA ˺æ˶ě0̝®�@
͛ɣ�¦Ɓ;À̾�)��+ʺ/>A@� 

EFSA fSkO�PIb�\.͝�@ldh�
�S°̖*1�jm|f�G�<jmǌȿDĖ9

ǩǋ0ͅɐ­Ǉ�Ĵî�)�@.;��C>��

đĨ0͛ɣʻ<͝¿ʻ.=@EFSA 2018PIb�
\0ɮƵɦ-åɐͳű1�ɊǗȷ*7$�-?³

�;0*�&#�ƃ&)�jmldh��S*1�

ĨŊ�w�*0ɔ̓ʻ<�\S̉½ʻ.=@ņ

ǏDÀ̾�@#:.;�^}j�<ǅ˂* 2'0
PIb�\ǊǠDǙĈ� @�+Dĺñ�@�

+Dʥ̔©�)�@�7#�jmldh��S*

1�ǸɁÁ̗˶ěΈ�-C%�˶ë7#1ȢƐɁ

̢Ή.��@jmsM�~0ņǏDǹ̃�4�*

�?�ǟǍ�A# Οjm.͝�@PIb�\ – 
RAΠ0ƴƩ.Ðʆ%�PIb�\ǊǠ30ǡʢɦ
-sH�iodSDƷ»�@#:Ûűÿ̖Dˮ

��Ņ*�@+ʥ̔©�)�@� 
 
ΞΌʥ̔ 
jm͐ùca�0ĉƆƧ�ȓƐżͰ.'�)1�

Ŷ�ʪ��ˬȥɎùŀǹǲ�ˀ˚�0ca�ȳű

Ņ͓��=2ɝɌʣʲŀɦǹǲDņǏ�jmXI

] TiO20 28Ǒ͜ĉƆʤčƧ�.=@¡ƏƐȓƐ
Dǹ̃�@� 
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jm͐ùca�0ÒɜȓƐ.'�)1�ͺěĈ

2ͺěɐŋġø˴ɐ̸.¹ɐ�A�ʤčĈ2ʤɧ

ʋ�>ǝͪ�A@jm|f�G�ʋ0Ǎ˺ʟǩ

.'�)�łÔƐ̉½.̡�@g�aD˩ʁ�@

#:�ùʘěʋ30͌Ē++;.ɳˢ�@�1͆

ÑƐ�ƨ˦ƐD©��@ɬɦ*ͺě�ŋġø˴.

¹ɐ�A@jm͐ùca���G��V�ʤɧƗ

·Ɓ0ʤčǝͪ.=@G��R�ɞɃɣɊ.�

/@żͰ.'�)ǹ̃�#�ƨĄʤɧƗ·-ʤčƔ
̥ņ΀ʚ.'�)1�OVA 2�g 4ģ0ʤɧƗ·�
OVA 30 mg 7ģ0ʤčƧ�.=@̵îÒɜ�!
0Ɓ0 OVA 50 mg0ʤčƧ�.=?G��R�
ɞɃDƔ̥�@ņ΀ʚDɶʆ�@�+�*�#�

�0ņ΀ʚDɐ�)ƨĄʤčƧ�Ǘ0jm͐ù

ca�0ÖĿ.=@żͰ.'�)ǹ̃�#+�

B�͐ ùca� CΈGja�_ĭ�ʗľž 6 nmΉ�
Ĉ2͐ùca�EΈGja�_ĭ�ʗľž 30 nmΉ
��ƨĄ0ʤčƧ�.=@̵îÒɜDĴŷ�@�

+�ɸ�A#��ǎ�͐ùca� FΈ�c�ĭ�
ʗľž 30-50 nmΉ*1�0=�-Ĵŷóǰ1˹
>A-�&#�¦Ɓ�jm|f�G�0ʤɧ΍ʤ

čǝͪ�Òɜƌʍ.�/@żͰ.'�)��>-

@ɽŀɦɴ˹Dͥʁ�@�+�Ɗ˸*�@� 
 
jm|f�G�0Ĩ͢ôĕ.'�)1�FDA1�
jmfSm�[�0ƌɐDĖ9˶ě0ɽŀƤ˯

0̾ȊDɪ˻�ʪ�)���+DƷĞ�)�#�

¦Ɓ�jmfSm�[�Dƌɐ�#Ȇ�ª0˶ě

1�jmfSm�[�+ǡǍ0ßľƤ˯�jms

H�c�<jm|f�G�DĖ9goI\Έ3Du
��h-,Ή0Ƥ˯ɦ-˫ĒDĖ9ĎˉƐ<�˶

ě+!0ɐ̸0˷ͧƐ+ĸǿƐ�Ĵ�ĎˉƐ�

�@#:�Ǎ��͛ɣ<˶ě0ɐ̸Dƥƹ�)�

��+*�Õ˭˰Ɏ0Á̗<À̾+��¹ęDǰ

#�)���+Dʥ̔©�)�@� 
EFSA fSkO�PIb�\.͝�@ldh�
�S°̖*1�Õ͛ÿ̖Ɓ0ǟǍ+ÂȉDĖ9ʗ

ľ.͝�@PIb�\-TR 0PIb�\˥Ƕ0ǡ
ʢɀDƷɸ�@;0*�&#�7#�ldh��

S*1�jmɂǣ0�\SG^\��hDͅɐ�

@�,��DțŅ�@#:.�ǩǋ0ɁɌùŀɦ

ɂƈΈºΘȯ˿Ɛ�ȯÞƐ�ʗľž0ɂƐΉ.į

(�ɂŅ0įȮ+̉½��hDŕÓ�Ɗ˸*�

@+ʺ/)�@��>.�ǐĿ0łÔƐɵʂ�j

mǌȿDͅà.Oo��)�@�+Dɸ�#:

0įȮ;Ʒɸ�A@Ɗ˸;�@��0PIb�\

*ƷǶ�A#įȮ�=2̼͝�@ǎȟ̔1��0

ß͒.��@Ƥ˯̒ĚDĦ@#:+Ĩ͢ɦ-Ȣ

ô0ɊɃDʺƚ�@;0*�&#� 
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Tamehiro N, Adachi R, Kondo K. Assessment of 

immune responses in an animal model of 
wheat food allergy via epicutaneous 
sensitization. Methods Mol Biol 2021; 2223: 
37-47. 

Saleh DM, Alexander WT, Numano T, Ahmed OHM, 
Gunasekaran S, Alexander DB, Abdelgied M, El-
Gazzar AM, Takase H, Xu J, Naiki-Ito A, Takahashi 
S, Hirose A, Ohnishi M, Kanno J, Tsuda H. 
Comparative carcinogenicity study of a thick, 
straight-type and a thin, tangled-type multi-walled 
carbon nanotube administered by intra-tracheal 
instillation in the rat. Part Fibre Toxicol. 2020 Oct 
15;17(1):48. doi: 10.1186/s12989-020-00382-y. 
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ingredients modulate mast cell signaling.  
JSA/WAO Joint Congress 2020 
2020Ū 9Ǣ 

Maeno A, Hojo M, Sakamoto Y, Yuzawa K, Hasegawa 
Y, Kubo Y, Nagasawa A, Ando H, Tanaka K, 
Kaihoko F, Ikushima K, Yamamoto Y, Suzuki T, 
Inomata A, Moriyasu T, Taquahashi Y, Yokota S, 
Kobayashi N, Hirose A, Nakae D. Chronic toxicity 
study of multi-walled carbonnanotubes (MWCNT) 
in rats by repeated intratracheal instillations: a 
progress report at 1 year. ʉ 47ģǑǨȓƐŀ°ŀ
˯Ū°ΈOnlineΉ� 2020.6.29 

Akiko OHNO, Masatoshi WATANABE, Akihiko 
HIROSE., Development to toxicity assessment 
method of nanomaterials using multivariate 
analysis. 47 ģǑǨȓƐŀ°ŀ˯ͥ°Έ2020. 
6.29-7.1, web͛ËΉ 

Akiko OHNO, Masatoshi WATANABE, Akihiko 
HIROSE: Application to toxicity evaluation of 
titanium dioxide nanoparticles based on 
physicochemical properties using multivariate 
analysis method, 260th ACS National Meeting 
(August 16-20, 2020, virtual meeting) 

Yuhji Taquahashi, Satoshi Yokota, Koich Morita, 
Masaki Tsuji, Kousuke Suga, Makiko Kuwagata, 
Motoki Hojyo, Akihiko Hirose, and Jun Kanno. 
Interim report of four-week interval intermittent 
inhalation study on multi-walled carbon nanotube in 
mice. 9th NANO Conference (Online), 2020.11.12-
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D. Development of an intermittent exposure type 
chronic toxicity assessment method for MWCNT as 
an alternative to the continuous two-year inhalation 
protocol. 9th NANO Conference (Online), 
2020.11.12-13. 

Hojo M, Yamamoto Y, Sakamoto Y, Ohnuki A, Maeno 
A, Moriyasu T, Taquahashi Y, Kanno J, Hirose A and 
Nakae D. Declines in serum levels of 
apolipoproteins during the development of 
peritoneal mesothelioma by multiwalled carbon 
nanotube in rats. 60th SOT annual meeting 

(SOT2021) (Online), 2021.3.12. 
Iijima K, Nishida A, Ohno A, Hirose A, Ashikaga T. 

Comparison of Sensitization Potentials between 
Silver Nanoparticles and Silver Ions using 
Monocytic Cell Line THP-1. 60th SOT annual 
meeting (SOT2021) (Online), 2021.3.22. 
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ŞťmƖƄǹ� ÎÐ gƀÀ� ǯ³Ŧ�ƒ®ǧ®ƕŋŞťó� őŊǊ� Ǌǔǰ 
Şť��ƄǹƸē� ű_(³Ŧ�ƒ®ǧ®ƕŋŞťó� őŊǊ� fpŞťÄ) 

 
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) 
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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�@� 
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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.

5 5 5 5

0 10 100 1000

5 5 5 5
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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.

5 5 5 5
Body weight (g)

0 10 100 1000

5 5 5 5
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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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Figure 1: Human drug product submissions to FDA 
containing nanomaterials between 1970-2019. 
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