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ȉȕɝƑ 
ʻč¥-WƫÞ4ZCFY˃ßİðăǠI�Aa(Y��ot��ȡİeAFCg!ǪǠeľ8YǠǨǽ

řʵ]ƫɫS=ġĊKĩ0ıę8Y"ǂǪǪǠeľSCg!�ai�oj��ˇ�ƵȡŚ 0.1-5000 µmˈI�
�ot��ȡİa(ZKƽŧřʵ]ɲǻSGF�Ǝa!{~oj��ˇ�ƵȡŚ 0.001-0.1 µmˈI��ot�
�ȡİagǪıǥ!Ƅʻǥ!´ɷûŤ!ÖǳûŤ!ŸʙðÂǬI¾ rȐȪǶǢIɲǻșIƽŧřʵeʦ8

YġĊK4ZCFY"S-SGKW!îǠeľSCg!�ai�oj��I��ot��ȡİ]ǬF=�b

oIȪÿŷ¢eVY­Ŧŧƽŧɭ˂eIFC!ɂȜr²I¦ɝɆđeƽŧřʵgQWZG-@=bIġĊK

(YTII!{~oj��I��ot��ȡİeAFCgɯȨeƫɧS=ġĊgG0!�yMIřʵ]ɬÆ

8Y=SIx�sgĘÛĨbTe§SFIKǦǢa(Y"Ɵȉȕag!Ìŉ�uybɂǚ�x��uye˃

ßİðăǠa(Y��ot��ȡİ]ûŠȪÿŷ¢S=ʪIǪÀřʵIņǱeAFCƾʃ�ƫɫ8Y3b]

ȁǽe!��ot��ȡİIɉʒŷ¢Ǭʜ]ɩĶ8Y"Ɵŋőg!�uyeŽȭǽGɂǚ]ɲǻa/Y DSS
Iŷ¢ǘő]ǄĶ8Y=SIªÎɭ˂bSC!DSS] 1ʍI/e 6ʍʥ 1ˆP=g 2ˆIǘőaʼƌǂŷ¢S!
ȪƔǽeĪɂIǚǶŲɞ]ɬÆS=";IȫƤ!×ųS=ßİʜ 36-50 kDaI DSS]ǬF=Ģă!1ˆIǘő
aI F344�uyMIʼƌǂŷ¢eV@C!ʚȟGɓÇPagɢļ4Z9!ȫɂúiȂɂeiW^/Ǘǹ¤ie
�ǾIÝǪŧħð]¼*ʒàGĪɂǚ]ɲǻ8Y3b!1ʍʥI¹ɑaTǚǶŲɞKŽȭSCFY3bKȌɱ
4Z="Ɵ��yk��eĠBFCŷ¢ʤĭ 1ʍś-W!F344�uyeȡŚ 30 nmúi 300 nmI��ot
��ȡİ]ǬF!˃Ǭʜ] 1000 mg/kg Àʚ/ƐeɩĶS!Ùƾ 5aʨSC¥ʥǬʜ] 200!¾Ǭʜ] 40 mg/kg 
Àʚ/ƐbSC!Ìŉ�uybɂǚ�x��uy]ǬF= 28ƐʥûŠȪÿŷ¢ķ˂]ķƏS!Ìŉ�uybɂ
ǚ�x��uy;Z<ZeAFCǝƽŧʜˇNOAELˈ]ǄĶS!ƽŧřʵIƾʃ]ɔ*3bKʒàbȸ+W
Z=" 

A. ȉȕȁǽ 
ɂȜgȢǌr�ǾȨȿ-WƯű4ZY“ȢɅ��
_”aÈɸ4ZCFY3b-W!ȪÿƖʱeV@C˃
ßİðăǠrʝłșIȡİǢǠɽKÀÛMĉü4Z

YʜgŁGFbªŪ4ZY"ķʪe!{~�w�_

�I�Aa(Y{~m�f̌ �ƵȡŚ 0.1 μm¶ I
m�fˈIķ˂îǠ]ǬF=ȉȕag!ʲɁÛŷ¢

agʚȟGƽŧǻǦKġĊ4ZCFYTII (Jpn. 
J. Hyg., 2010, 65: 487-492)!ŖåȪÿŷ¢ag 2000 
mg/kgÀʚIŷ¢ʜa 90ƐʥIƽŧɭ˂]ķƏS=
ĢăaTƽŧřʵgɱSWZG-@=bġĊ4ZC

FY (Int. J. Nanomed., 2014, 9: 67-78)"S-SGKW!
�yIɂȜegŬƥŧɂǚșIŦŧǚǶrǗǹŧĪ

ɂǚșIŮŧǚǶKıę8Y3bgȒagG0!;

IV*GȢɅ��_KȊȯS=ơ· ag!ƒȌG

ɬÆeʁYx�sg§SFTII!˃ßİðăǠg

ȂſɂȜIǍʖȩȴeſ8Y3bbGu!ĺƓeØ

ʂšǩS!ʊŉbgǱGYǪÀřʵrÀÛîŭ]Ȏ

8ĀɀŧK(Y" 
 
Ɵȉȕag!xhoy��ȋʙ{y�b�(DSS)
Iʼƌǂŷ¢eVY�uyɂǚ�x�]ǬFC!Ì

ŉ�uybɂǚ�uye˃ßİðăǠ]Ȫÿŷ¢S

=ʪIǪÀřʵrÀÛîŭIņǱeAFCƾʃ�ƫ

ɫS!ɂǚeVYɂȜȢɅ��_IȊȯK!ȪÿƖ

ʱ4Z=˃ßİðăǠIƽŧǻǦeřʵ]úlSŞ

Y-]ƒW-e8Y3b]ȁǽbSCFY" 
 
˗ˊȉȕƎǆ 
B-1.� ɘ˂ǠɽúiîǠ 
âŋőg!˃ßİðăǠbSC��ot��(PS)
ȡİ]ʔĶS!PSȡİIŷ¢ʜɩĶɭ˂IVi DSS
I�uytcuiˇɿǚÂǬɬÆˈɭ˂]ķƏS!

PSȡİIŷ¢ʜIVi�uyeĴĶǽeɂǚ]ɲ
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ǻa/Y DSSIɛʋ�uy]ǄĶS="Ɵŋőg!
�uyeŽȭǽGɂǚ]ɲǻa/YDSSIŷ¢ǘő
]ǄĶ8Y=SIªÎɭ˂bSC!DSS] 1ʍI/
e 6ʍʥ 1ˆP=g 2ˆIǘőaʼƌǂŷ¢S!ȪƔ
ǽeĪɂIǚǶŲɞ]ɬÆS=" 

DSS g!MP BiomedicalsIɛʋ�uyǰā S2187
ˇßİʜ 36-50 kDa ]̍ÃǬS="îǠg 5ʍ˅Iʬ
ŧ F344�uy]ƐƟt���o����ƧŔºȏV
uɾ×S!1 ʍʥIˁðś!ķ˂eÅS="îǠI
ʽȼg����mow�IîǠĸeCɔ@="ĸÛ

IǩĤgǐő 24±1℃!ǒő 55±5%!ƂǁēƉ 18ē/
Ɣˇe����um� !̍12ƔʥɒÕǙǞƒ/12Ɣʥ
ǋǙa!ʽȼ]ɔ@="îǠgʉƒG��f��}

�yɛȝĜj�ne 2 ñ9AüĺS!ŏƊg�Ú�
�l��oȏIr�ytu�]ǬF!ʍ 2 ē¯Ƃ]
ɔ@="P=!ķ˂Ɯʥ¥gĠȍʻbSCėŘ CRF-1
]ɈǮƄý4:=" 
 
B-2.� îǠɭ˂ 

6ʍ˅Iʬŧ F344�uy]ŊěÀʚKě�bGY
V*eľǞȷ 8 ñ!1ˆúi 2ˆDSS ȷĂ 16 ñèu
³1="DSSŷ¢ȷeg DSS] 1P=g 2ˆIǘő
a 1ʍʥʼƌǂeǎTCɈǮƄý4:!ƵI 1ʍʥ
gʊŉIǂʐǂ]Ƅý4:Ylai�] 3 ēȵuʆ
S="ŷ¢Ɯʥ¥g�ɊǢŭúiÇŧǢ]ɢļ8Y

bbTe!ÀʚúiʼǂʜǑĶ]ķƏS="ķ˂ʤ

ĭ 1ʍś!2ʍś!4ʍśIVi 6ʍśeľǞȷg 2
ñ9A!DSSŷ¢ȷg 4ñ9Aar����Ǎ˄ʘ
 eCɃʖĪîʲɁVuƆɓĴƭƺS=̌ Figure 1 "̍
æƫƔeĪɂ]ƅÞS!10%¥ŧȳɖ�����e
CėĶS="�����ėĶl���]ǬFCĶǆ

eŝF���`�ïĝ�ɐàS!HEƥɋƱƟ]Âɛ
SCǵǨȩȴĲǽƫƦ]ɔ@=" 
 
ˇËǨʴMIʗůˈ 
Ɵɭ˂gAĘȖóɑčʻčɕǪȉȕŲîǠķ˂Iʒ

ƸGķƏeʦ8YɟĶ%]ʓĳSCîǠķ˂ɦǯƘ

]ÂűS!ĄîǠķ˂ĮďºeVYŵɱ]Ş=śe

ķƏS="îǠIƉgƙŀʧebFS!ķ˂gĘȖ

óɑčʻčɕǪȉȕŲIķ˂îǠýŴFɟĶeĠB

/!îǠIɍǷ]ƙŀʧb8YV*ʗůSCɔ@=" 
 
˘ˊȉȕȫƤ 
ķ˂Ɯʥ]ʊSC!F9ZIȷeIFCTƹ®î

ǠgɱSWZG-@="Ȫʏ¥IÀʚħðg!2% 
DSS ŷ¢ȷarrĥëŶåÐĆKɞWZ=K!Ȭɦ
ĲǽGƛūņgɱSG-@="̌ Figure 2ˈP=!ʼ
ǂʜˇFigure 3ˈúiƄˀʜˇFigure 4ˈeAFCT
DSS ŷ¢ȷbľǞȷIʥeƛūGņǱgɞWZG-
@="�ɊǢŭeAFCg!DSS ŷ¢ȷagȻʣċ
ĖɘƿIǃZúi ǸKɢļ4Z!1ˆVuT 2ˆa
Vu˃őIÐĆKɞWZ="P=!DSS ŷ¢ƜʥȂ

śIƔǛagVu˃őIŲɞ]Ȏ8îǠKĩFÐĆ

K(@="2ˆȷag!Þɓŧ ǸTɢļ4Z!DSS
ŷ¢I¹Ʒ 1 ʍśTõƉ¶�IîǠaÁW-IŲɞ
KɱSWZ="̌ Table 1ˈĪɂIǵǨȩȴĲǽɢļ
ˇFigure 5ˈag!DSSŷ¢ȷag!1ʍś-WȂɂ
úiȫɂeiW^P=gǗǹúiȢɅ�ǾIÝǪÒ

Kɢļ4Z!1ˆVuT 2ˆaVu˃őIÐĆKɞW
Z="ǡe!ȂɂIħðKVuŖ0!DSS ŷ¢I¹
Ʒ 1 ʍśeTØÄaÁW-IŲɞKɢļ4Z="
ˇTable 2ˈ 
 
˙ˊȸļ 
3ZPaeķƏS=ƫɧ-W!×ųS=ßİʜ

36-50 kDaI DSS]ǬF=Ģă!1ˆIǘőaI F344
�uyMIʼƌǂŷ¢eV@C!ʚȟGɓÇPag

ɢļ4Z9!ȫɂúiȂɂeiW^/Ǘǹ¤ie�Ǿ
IÝǪŧħð]¼*ʒàGĪɂǚ]ɲǻ8Y3b!1
ʍʥI¹ɑaTǚǶŲɞKŽȭSCFY3bKȌɱ

4Z="Ɵ��yk��eĠBFCŷ¢ʤĭ 1 ʍś
-W!F344�uyeȡŚ 30 nmúi 300 nmI��
ot��ȡİ]ǬF!˃Ǭʜ] 1000 mg/kg Àʚ/Ɛ
eɩĶS!Ùƾ 5 aʨSC¥ʥǬʜ] 200!¾Ǭʜ
] 40 mg/kg Àʚ/ƐbSC!Ìŉ�uybɂǚ�x
��uy]ǬF= 28 ƐʥûŠȪÿŷ¢ķ˂]ķƏ
S!Ìŉ�uybɂǚ�x��uy;Z<ZeAF

CǝƽŧʜˇNOAELˈ]ǄĶS!ƽŧřʵIƾʃ]
ɔ*3bKʒàbȸ+WZ=" 
 
˚ˊȫɶ 

1ˆI 36-50 kDa DSS] 1ʍʥƼeʥƴǽeʼǂŷ
¢8Y��yk��aŽȭǽeĪɂǚ]ɲǻĀɀa

(Y3bKƒW-bG@=" 
 
˛ˊÌœöʩũġ 
ɮŗGS 

 
˜ˊȉȕǻɗ 
1ˊɶƋǻɗ 
�� ��

 
2ˊĲºǻɗ 
�� ��

 
˝ˊȇǽɺǫƲIÞʹ�ǼʠǢǅ 
1ˊǡɪýŞ 
� ɮŗGS 
 
2. ķǬƍƪǼʠ 
� ɮŗGS 
 
3ˊ;I² 
� ɮŗGS
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Animals ; F344 male rats (total 40 rats) 

; 1% DSS (dextran sulfate sodium MW 36,000-50,000) in drinking water 

; 2% DSS (dextran sulfate sodium MW 36,000-50,000) in drinking water 

; sacrifice 2 rats/point 

; sacrifice 4 rats/point 

; body weight, food intake, water intake, macroscopic exam 

    histopathology (colon, rectum) 

1 6 wks 2 4 3 5 0 

Examination 

Figure 1. Experimental protocol 
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Figure 2. Body weight change curves 
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Figure 3. Water consumption curves 
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Figure 4. Food consumption curves 
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Table 2. Microscopic obsevation in the rectum and colon of the rats treated with DSS
Duration  

Organs Findings Group   0% DSS 1% DSS 2% DSS 0% DSS 1% DSS 2% DSS 0% DSS 1% DSS 2% DSS 0% DSS 1% DSS 2% DSS 
Number of animal  2 4 4 2 4 4 2 4 4 2 4 4

Rectum Erosion/ulcer (1/2/3) 0 4 (3/1/0) 4 (1/1/2) 0 1 (1/0/0) 4 (2/1/1) 0 0 (0/0/0) 4 (1/3/0) 0 2 (2/0/0) 3(1/2/0)
Regeneration, mucosal epithelium (1/2/3/4) 0 4 (4/0/0/0) 4 (0/1/2/1) 0 4 (4/0/0/0) 4 (1/1/2/0) 0 4 (0/4/0/0) 4 (0/2/2/0) 0 4 (0/1/3/0) 4 (0/0/0/4)

Colon Erosion/ulcer (1) 0 1 2 0 0 0 0 1 0 0 0 0
Regeneration, mucosal epithelium (1) 0 0 4 0 0 4 0 2 4 0 1 4

�: No abnormalities detected, 1: Minimal (1-10 %), 2: Mild (11-25 %), 3: Moderate (26-50 %), 4: Severe (51< %)
*: At the end of the period of DSS administration

1 week* 2 weeks 4 weeks 6 weeks

Table 1. Macroscopic obsevation of the rats treated with DSS
Duration  

Findings Group   0% DSS 1% DSS 2% DSS 0% DSS 1% DSS 2% DSS 0% DSS 1% DSS 2% DSS 0% DSS 1% DSS 2% DSS 0% DSS 1% DSS 2% DSS 0% DSS 1% DSS 2% DSS 
Number of animal  8 16 16 6 12 12 4 8 8 4 8 8 2 4 4 2 4 4

Dirt on the hair around the anus 0 8 9 0 3 8 0 5 0 0 4 5 0 1 0 0 4 4
Diarrhea 0 0 2 0 1 3 0 1 1 0 0 2 0 2 0 0 0 0
Bloody diarrhea 0 0 4 0 0 0 0 0 7 0 0 0 0 1 4 0 0 0

*: At the end of the period of DSS administration

5 weeks* 6 weeks1 week* 2 weeks 3 weeks* 4 weeks

1w 

4w 

After DSS 

DSS→withdraw→ 
DSS→withdraw 

1% DSS 

2% DSS 

1w 

4w 

After DSS 

DSS→withdraw→ 
DSS→withdraw 

Ulcer 

Erosion Regenerative mucosa 

Figure 5. Histopathological lesion in the rectum of rats administered DSS  

Erosion 

Ulcer 


