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 ⌐ ⇔√⁸ ≢ⱪכꜟ◓ RAFT ⌐╟╡ ⇔√ ─

⌂╢ⱳꜞ▪◒ꜞꜟ ⱳꜞⱴכᵑ( )⁸ᵒ( ) ─

╩ ⇔√⁹ 

 ▪◒ꜞꜟ ⱳꜞⱴ⁸╢№≢≈≥└─כⱳꜞ◄♅꜠fi◓ꜞ◖◦♪

ⱳꜞⱴכᵓ ╩ ™≡⁸ ╩ ∫√⁹ 

  

 ᵑ 3 6 3 1

1

┼─◖

fi◕כꜝ │ 1 ╩Ⱨכ◒⌐∕─ │ ⌐ ≢№∫

√⅜⁸ ⇔≡ ╘╠╣√⁹ 

 ᵒ 1 3 6 3

1  

 ᵑ

fi◕כꜝ◖─┼ ╙ 1 ╩Ⱨכ◒⌐∕─ │

⌐ ≢№∫√⅜⁸ ⇔≡ ╘╠╣√⁹ 

 ᵑ ᵒ ≤ ᵑ  

 A Fischer 12  

1)

2) 3)

ה ╩ √⁹ 

ᵑ 1) 75.3 ≤ 25.8 ─ ⱳꜞ▪◒ꜞꜟ ≢│⁸ ─ ™ ─

╛ ╩ ⇔⁸ ⅜ ꜠ⱬꜟ─ ⅝™ ⱳꜞ▪◒ꜞ

ꜟ │ ⅜№╢↓≤╩ ╘√⁹ 

2) ⱳꜞ▪◒ꜞꜟ 0.1% ≤ ─ⱳꜞ▪◒ꜞꜟ ≢│⁸

ⱳꜞ▪◒ꜞꜟ 0.1% ─╒℮⅜⁸ ╛ ⅜ ⅛

∫√↓≤⅛╠⁸0.1% ─ ≢│ ⌂≥─ ⅜ ∆╢↓≤⅜

↕╣√⁹ 

ᵒ 13 ─ ⱳꜞ▪◒ꜞꜟ ─ ┌ↄ ꜝ♇♩ ≢│⁸ 2.0 

mg/m3⌐≡ ─ ╛ ⅜ ↕╣√⁹↓╣╠─ │ 1 ﬞ ╕≢

⇔√⅜⁸∕─ ⇔√⁹ ⌐⅔↑╢ NOAEL │ 0.2 mg/m3≢№∫√⁹ 

ᵓ ◒ꜝⱩ ⱴ►☻┼─ 13 ─ ⱳꜞ▪◒ꜞꜟ ─ ┌ↄ ≢

│⁸◒ꜝⱩ ─ ≢⁸ ⱳꜞ▪◒ꜞꜟ ⌐╟╢ ╛ ⅜ ⇔√⁹

↓╣╠─ ⅛╠⁸◒ꜝⱩ │⁸ ╛ ╩ ∆╢ ╩ ∆╢↓≤⅜

↕╣√⁹ 

 

 ̧  

1)  

 

A  

 
(Mw) (Rg)(nm) 

 

 

 
7.53×105 74.9  

 

 
2.58×105 42.1  

 

 
7.63×105 75.1  

 

 
6.17×105 60.1  

A 

 
7.65×105 68.7  

 

 A MMAD 2.0 µm (

0.2 mg/m3) 2.1 µm ( 2.0 mg/m3)  

 

2)  

 2

3 1 1 3 6 3D  
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CT

1 3  

(6 ) 1

3 6

(6 )

 

  

LDH  

CINC -1 CINC -2 1  

HO-1 HO-1  

 

 

 

 A mRNA

PI3K -AKT

 

 

3) < > 

 

 

 

A 0.1%

A

0.1

 

 A mRNA

PI3K -AKT  

 

4)  

 

 A

0.2 mg/m3 2.0 mg/m3

6 / 5 / 5 13  

 5

1  

 13 1 3

1 3

6

 

 

 A

0.2 mg/m3 2.0 mg/m3

6 / 5 / 13

3 1 3 6

 



3 

 

 
 
 
 
 
 
 

 200 mg/kg
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 3 3  

 

 3 6 

3

 

 

 

1)  

2) 0.2 mg/m3  

3)  
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1

2

3

 

29 2017 4

31 2019

2

 

20

2

 

 

 

 

 

  

 

3 1

3D CT

 

 

 

 

RAFT

RAFT

Mw Rg

GPC

(MALS)

GPC-MALS

GPC-MALS Mw

Rg GPC Shodex GF-7M

2 0.1 M

pH=10.1

0.1 M 

pH=10.1 2 N

NaOH

1 N HCl

 

 

A MMAD
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A  

 

 

1) 

0.2 mg/rat 1.0 

mg/rat F344 12

 

2) 

3 1 1 3

6 2

3 1 1 3

6  

3) 3D CT

3

3 6 1 5

2 1 5 10  

 3D ⱴ▬◒꜡ CT CosmoScan GX⁸

Rigaku Co., Tokyo, Japan ─ │

─ ╡≢№╢ 4.0 ⁸

161.9 mGy/☻◐ꜗfi⁸ 90kV⁸

88 µA⁸FOV 60 mm (Ⱳ◒☿ꜟ

◘▬☼ 120 × 120 × 120 µm ⁹ꜝ♇♩│

⌐⇔⁸☿Ⱳⱨꜟꜝfi Pfizer Japan Inc., 

Tokyo, Japan

⁹ │⁸ ≤

─ ─ ≢ ♩כ◕⌐ ↕╣

√⁹ 

 Pfizer Japan Inc. , 

Tokyo, Japan

20cmH 2O

2

BAL

BALF

-80

10

25cmH 2O

 

4) 

LDH CINC -1

CINC -2  

 BALF 400 g 4 15

PMN

137.9 mM NaCl, 2.7  mM KCl, 8.2  

mM Na 2HPO4, 1.5  mM KH 2PO4, 5.6 mM 

C6H 12O6 400 g 4 C

15

1mL PMN Buffer

BALF ADAM -MC AR 

BROWN CO., LTD, Tokyo, Japan

Diff -Quik Sysmex Corp., Kobe, 

Hyogo, Japan

 

 BALF LDH Cytotoxicity 

Detect ion KitPLUS (LDH) (Roche 

Diagnostics GmbH, Mannheim, 

Nordrhein -Westfalen, Germany)

LDH

LDH

CINC -1 

 CINC -2  ELISA  

#RCN100 #RCN200 (R&D Systems , 

Minneapolis , Minnesota, USA)

 

5) 

HO-1  

 

 3  

(P8340, Sigma-Aldrich, St. Louis, 

Missouri, USA)  cOmplete Mini 

(Roche Diagnostics GmbH, Mannheim, 

Nordrhein -Westfalen, Germany)  

T-PER  (Thermo 

Scientific Inc., Rockford, Illinois, USA) 

Tissue Rupotor (Qiagen, Hilden, 

Nordrhein -Westfalen, Germaney) 

 (20,400 g, 4 C , 10 ) 

Pierce 660nm 

Protein Assay Reagent (Thermo Sc ientific 

Inc., Rockford, Illinois, USA) 

HO-1
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ELISA (ADI -EKS-810A (Enzo Life 

Sciences, Farmingdale, NY, USA) 

(CSB-E08267r (Cusabio, Houston, TX, 

USA) HO-1

 HO-1 

 

  

10%

4 µm

(HE)

(MT)

 (0)  (0.5)  (1)

 (2)  (3)

0₩8

 

 

6)  

ⱳꜞ▪◒ꜞꜟ (ⱳꜞⱴכA)─

─ ≤ ⇔√ⱳꜞⱴכᵑ─

─ ╩ ™≡⁸ ─ⱪ

꜡ⱨ□▬ꜟ╩ ⇔√⁹∕╣∙╣─

1 ﬞ ─ ≢ ╠╣√  3  

( 5 ) QIAzol (Qiagen, 

Hilden, Nordrhein -Westfalen, Germane)

Tissue Rupotor (Qiagen , Hilden, 

Nordrhein -Westfalen , Germaney ) 

miRNeasy Mini Kit (Qiagen,  Hilden, 

Nordrhein -Westfalen, Germane ) 

 RNA  RNA

NanoDrop 2000  (Thermo  

Fisher Scientific Inc. , Waltham, 

Massachusetts, USA ) 

Bioanalyzer 2100 (Agilent Technologies , 

Santa Clara, CA, USA) 

DNA 20,174

3D Gene Rat 

Oligo Chips 20K 1.1 TORAY, 

Tokyo, Japan  A

5 

 RNA 

1 Amino 

Allyl MessageAmp II aRNA Amplification 

Kit (Ambion, Inc ., Austin, CA, USA ) 

 RNA 

(aRNA) Amersham Cy5 

Mono-Reactive Dye (GE Healthcare , 

Buckinghamshire, UK )  Cy5 

 aRNA  37   16 

 3D-Gene 

Scanner 3000 (TORAY, Tokyo, Japan)

3D Gene  

(TORAY, Tokyo, Japan ) 

 ACTB  

GAPDH  

A

The Database for Annotation, 

Visualization and Integrated Discovery 

(DAVID) 2021 https: 

//david.ncifcrf.gov/home.jsp)

Kyoto Encyclopedia of Genes and 

Genomes KEGG

 

 

 

< > 

1) A F344

12

0.2 mg/m3

2.0 mg/m3

1 6 5

1 6 5 13

 

2) 

3 1

3 1 3

6 2  

3) 

 

4) 3D CT

3

3

6 1 5 2 1

10  
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 3D ⱴ▬◒꜡ CT CosmoScan GX⁸

Rigaku Co., Tokyo, Japan ─ │

─ ╡≢№╢ 4.0 ⁸

161.9 mGy/☻◐ꜗfi⁸ 90kV⁸

88 µA⁸FOV 60 mm (Ⱳ◒☿ꜟ

◘▬☼ 120 × 120 × 120 µm ⁹ꜝ♇♩│

⌐⇔⁸☿Ⱳⱨꜟꜝfi Pfizer Japan Inc., 

Tokyo, Japan

⁹ │⁸ ≤

─ ─ ≢ ♩כ◕⌐ ↕╣

√⁹ 

 Pfizer Japan Inc. , 

Tokyo, Japan

20cmH 2O 2

BAL

BALF

-80 

10

25 cmH 2O

 

5) 

LDH  

 BALF 400 g 4 15

PMN

137.9 mM NaCl, 2.7  mM KCl, 8.2  

mM Na 2HPO4, 1.5  mM KH 2PO4, 5.6 mM 

C6H 12O6 400 g 4 C

15

1 mL PMN Buffer

BALF ADAM -MC AR 

BROWN CO., LTD, Tokyo, Japan

Diff -Quik Sysmex Corp., Kobe, 

Hyogo, Japan

 

 BALF LDH Cytotoxicity 

Detection KitPLUS (LDH) (Roche 

Diagnostics GmbH, Mannheim, 

Nordrhein -Westfalen, Germany)

LDH

LDH

CINC -1 

 CINC -2  ELISA  

#RCN100 #RCN200 (R&D Systems , 

Minneapolis, Minnesota, USA)

 

6) 

10%

4 µm

(HE)

(MT)

 

 

 

1) A C57B6

8

0.2 mg/m3

2.0 mg/m3

1 6 5

13

  200 mg/kg

3

 

2) 3 1

1 3 6 2

 

3) 

 

4) 3D CT

2

3 6

1 6 (  4

 2 ) 2 1

12 (  8  

4 )  

 3D ⱴ▬◒꜡ CT CosmoScan GX⁸

Rigaku Co., Tokyo, Japan ─ │

─ ╡≢№╢ 4.0 ⁸

161.9 mGy/☻◐ꜗfi⁸ 90kV⁸

88 µA⁸FOV 25 mm (Ⱳ◒☿ꜟ

◘▬☼ 60 × 60 × 60 µm ⁹ⱴ►☻│

⌐⇔⁸☿Ⱳⱨꜟꜝfi Pfizer Japan Inc., 

Tokyo, Japan

⁹ │⁸ ≤

─ ─ ≢ ♩כ◕⌐ ↕╣

√⁹ 

 Pfizer Japan Inc. , 

Tokyo, Japan
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0.5mL BAL

BALF

3 -80 

10%

25 cmH 2O

 

5) 

LDH  

 BALF 800 g 4 10

PMN

137.9 mM NaCl, 2.7  mM KCl, 8.2  

mM Na 2HPO4, 1.5  mM KH 2PO4, 5.6 mM 

C6H 12O6 400 g 4 C

15

0.5 µL PMN Buffer

BALF ADAM -MC AR 

BROWN CO., LTD, Tokyo, Japan

Diff -Quik Sysmex Corp., Kobe, 

Hyogo, Japan

 

 BALF LDH Cytotoxicity 

Detection KitPLUS (LDH) (Roche 

Diagnostics GmbH, Mannheim, 

Nordrhein -Westfalen, Germany)

LDH

LDH

 

6) 

10%

4 µm

(HE)

(MT)

 

 

 

 

  

  

  C(-)  

  C(+)  

  

  L(-)  

  L(+)  

  

  H(-)  

  H(+ )  

 

 

 

 

 

 

 ̧

1(A)  

 ̧

 

 ̧

A MMAD 2.0 µm

2.1 µm 1(B)  

 

 

 ̧

 

 

 ᵑ

 

 

1) 1(A) 3

1

 

2) 2(A), 3(A)

6

1

6

 

3) 3D CT 3 1

3

6
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4(A)  

4) LDH

3 1

1 3 1

3

6

CINC -1

CINC -2 1 1

( 5(A)-1, 6(A)-2, 7(A)-3, 8(A)-4, 

9(A)-5, 10(A)-5)

12(A)  

5) HO-1

1 3

11(A)-7 3

1

HE ( 13(A))

3

MT 13(A)  

 

 

 

 

 

1) 1(B) 3

1

 

2) 2(B), 3(B)

1

1

3

 

3) 3D CT 3 1

3 ﬞ ⅔╟

┘ 6 ﬞ ≢│ │╒≤╪≥ ⇔≡™

√⁹ 4(B)  

4) LDH

3 1

1 ﬞ ≢│ 3 1ה

≤ ∆╢≤ Ɽꜝⱷכ♃│ ⇔≡

™√╙──⁸ ⌐⅔™≡│ ≤

⇔≡ ⌂ ⅜ ⇔≡™√⁹ 3

ﬞ ⅔╟┘ 6 ﬞ ≢│ ─╖

⌐⅔™≡ ≤ ⇔≡ ⌂

⅜ ⇔≡™√⁹ ≢№╢

CINC -1⁸CINC -2 │⁸ 1 1 ﬞ

╕≢⁸ ≤ ⇔≡⁸ ⌂ ⅜

⇔≡™√ 5(B)-1, 6(B)-2, 

7(B)-3, 8(B)-4, 9(B)-5, 10(B)-5

12(B)  

5) HO-1

1

11(B)-7

HE 13(B) 1

MT

13(B)  

 

 

 

 

 

1) 1(C)

 

2) 2(C), 3(C)

3

1

 

3) 3D CT 3

4(C)  

4) LDH 1

1

1 3

1

3 1

≢

№╢ CINC -1 │ ⌐⅔™≡ 3

─╖⁸CINC -2│ ⌐⅔™≡ 3
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≤ 1 ﬞ ─╖⌐⅔™≡⁸ ≤

⇔≡⁸ ⌂ ╩ ╘√ 5(C)-1, 

6(C)-2, 7(C)-3, 8(C)-4, 9(C)-5, 

10(C)-5 13(C)

 

5) HO-1

3 6

2(C)-7

3 1

HE

13(C)

MT 13(C) 1

1  

 

 

 

1 3

3

1 3

 

 

1) 1(D) 3

1

 

2) 2(D), 3(D)

1

1

6

 

3) 3D CT 3 1

3

4(D)  

4) 

3 1

6

LDH

3 1

1

≢№╢ CINC -1⁸CINC -2│⁸

1 1ﬞ ╕≢⁸ ≤ ⇔≡⁸

⌂ ⅜ ⇔≡™√ 5(D)-1, 

6(D)-2, 7(D)-3, 8(D)-4, 9(D)-5, 

10(D)-5 12(D)

 

5) HO-1

1

11(D)-7

3 1

1

HE 13(D) 3

1 3

MT 13(D)  

 

 

(Mw)

A (

)

 

1)  

 3 

 1

1

 ( 14(A)~(C) )  

 LDH  3 

 1 

 

1 ( 14(D), 

(E))   

 

LDH

A  

 CINC -1  

CINC -2 3  1 

 ( 14(F), (G))   

  HO-1  3  1 

6 

14(H)  

  

2)  
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 A

3 

 3  1 

A

A

1.0 mg

14(I), (K)

A  

 (

14(J), (L)  )  

 A

1

mRNA 20,177

A

PI3K -AKT

15(A)~(C)

A

 

 

 

 ̧ A

 

 

0.26 0.03 mg/m3 2.13

0.13 mg/m3 0.26 0.04 

mg/m3 2.41 0.41 mg/m3

 

 A

16(A)  

 

/  

1) 17(A)

 

2) 

18, 19(A)

3 1

3

 

3) 3D CT ┌ↄ 3 ⅔╟

┘ 1 ﬞ ⌐⅔™≡⁸ ה

⌐⅔™≡╙ CT ≢│ ╠⅛⌂ │

╖╠╣⌂⅛∫√ 21(A)  

4) LDH

3

1

22(A)

23(A)  

5) 3

⅔╟┘

⌐⁸ ⌐⁸ ╩

╘√⁹ ┌ↄ ﬞ ≢│⁸

│ ⇔≡™√ HE 24(A) ⁹

│⁸ ≢│ ⌐ ╘╠╣⌂

⅛∫√ MT 24(A)  

 

/  

1) 17(B) 3

1

 

2) 18, 

19(B) 6

 

3) 3D CT 3

1

21(B)  

4) 3

LDH

1
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3 6

22(B)

23(B)  

5) 3

1

HE 24(B)

3

1

3 1

MT 24(B)  

 

/  

1) 

0.24 0.04 mg/m3 2.52

0.31 mg/m3

A 25(A), 

(B)  

2) 

26, 27

 

3) 3D CT 28 

 

 

 3 ₩3

 

4) 29 

 

 

 3 L(+)

 

 1

LDH

 

 3

L(+) C(-) H(-)

LDH  

 6 L(+)

C(-) H(-) LDH

 

 30  

5) 31 

 

 3 L(-)

3 H(-)

1 L(-)

1  

 

3 1 3

6

HE

3

1 3 6

MT

 

 

CCSP

32  

 

 

 

1) 

 

2) 0.2 mg/m3

 

3) 

 

 

ꜟꜞ◒▪ה (1 ⱳꜞⱴכ─ ≢№╢

ⱳꜞ▪◒ꜞꜟ ─℮∟⁸ⱳꜞⱴכ

ᵑ 69.7 ≤ⱳꜞⱴכᵒ

25.8 ─ ≢│⁸ⱳꜞⱴכ

ᵑᵒ≤╙ ─ ™ ╩ ⇔√⁹

™∫╔℮⁸ ₁⅜↓╣╕≢ ∫√

⌐⅔™≡⁸ ∂ ⱳꜞ▪◒ꜞ

ꜟ ≢╙ ⅜⅔╟∕ 3 ─╙─≢

│⁸ⱳꜞⱴכᵑᵒ≤ ⇔≡⁸ ╛

─ │ ↄ⁸ ╙ ↄ⁸

│ ⅛∫√⁹╟∫≡⁸ ⱳꜞ▪◒

ꜞꜟ ─ ⌐│⁸ ⅜ ∆╢

↓≤⅜ ↕╣√⁹╕√⁸ⱳꜞⱴכᵑ≤ᵒ
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─ ™ ─ ⌐ ⅝⌂ ™⅜⌂ↄ⁸

3 ─╙─≢│ ⅜ ⅛

∫√↓≤⅛╠⁸ ⱳꜞ▪◒ꜞꜟ ─

⌐⅔™≡⁸3 26 ─ ⌐

─⇔⅝™ ⅜ ∆╢ ⅜ ⅎ╠╣

√⁹ 

⁸⌐╠↕ה

 

ה

A 0.1%

A

0.1%

A

mRNA

Eln (elastin ) Col1a1(collagen, 

type , alpha1 )

PI3K -AKT

 

2) A

BALF

0.2 mg/m3

3 BALF

3

BALF

BALF

13

Adamcakova -Dodd A, 

et. al. , Part Fibre Toxicol. , 2014.

0.2 

mg/m3

0.2 

mg/m3

NOAEL

0.2 mg/m3

Takeda T. et. al. , Part Fibre 

Toxicol. , 2022.

NOAEL 0.3 mg/m3

 

3) A

Shimkin MB, et. al., Adv 

Cancer Res., 1975.

CCSP

Zhu L, et. al. , PLoS ONE ., 

2015., Lesur O, et. al. , Am J Respir Crit 

Care Med., 1995.

╣
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13

ó ó

phenotype

phenotype

 

 

Dekkers S. et 

al. , Inhal Toxicol. , 2018.

 

 

 

 

 

 

 

 

 

F  

1)   

1) Tomonaga T, Nishida C, Izumi H, Kawai 

N, Wang KY, Higashi H, Takeshita JI, 

Ono R, Sumiya K, Fujii S, Hata Y, 

Sakurai K, Morimoto T, Higashi Y, 

Yamasaki K, Yatera K, Morimoto Y. 

Crosslinked Structure of Polyacrylic Acid 

Affects Pulmonary Fibrogenicity in Rats. 

Int J Mol Sci. 2022 Nov 10;23(22):13870.  

 

2)   

1) 

. 36

DDS 2020 8 28 ,

 

2) Sakurai K.Characterizing Self -Assembled 

Nanoparticles of Drug Delivery by use of 

Solution Scattering Techniques.

 GPS-K2020,2021 1

12 ,  

3)  .X

. 3 MLF

.2021 4

9 , . 

4) , ,  . (

-co- )

 . 70

, 2021 5 26-28 , . 

5)  .

. 70

2021 5 27 , . 

6) Shinichi Mochizuki, Soichi Ogata, Reika 

Tsuji. Modification of antigenicity for 

cancer cells by using conjugates 

consisting of antigenic proteins and 

hyaluronic acids. 70

, 2021 5 27 , . 

7) , .

. 58 , 

2021 7 5 , . 

8) , . 

. 58

, 2021 7 5 , 

. 

9)  . X

.SPring -8 SPRUC

CMC,2021

12 23 , , . 

10) Kazuo Sak urai.An alternating copolymer 

exhibiting the microphase -structure 

transition fromultrathin plate to unimeric 

sphere.ACS Spring2022 NATIONAL 

MEETING & EXPOSITION. 2022 3

21 ,  , . 

11) Toshiki Morimoto, Yasuo Morimoto, 

Yasuyuki Higashi, Chinatsu Nishida, 

Naoki Kawai, Taisuke Tomonaga, Hiroto 

Izumi, Rhohei Ono, Kazuki Sumiya, 

Kazuo Sakurai, Kei Yamasaki and 

Kazuhiro Yatera.Inflammatory effects of 

uncross-linked polyacrylic acid in rat lung 

following intratracheal instillation. The 

30th Japan -China -Korea Conference on 

Occupational Health, 2022 6 23-24

 

12) Kazuo Sakurai.Discovery of a Novel  

ȁ-(1,3)-Glucan/DNA Complex and its 

Application to Targeting Delivery of 

Therapeutic Oligonucleotides.Exeter 

University Seminar(University of Exeter, 

UK) 2022 10 12 , . 

13) . DDS X
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/Resonant Soft X -ray 

Scattering and Reflectivity.2022 11 8

,  

14) X

X

2022 12 1 ,

 

15) 

143 2023 3 26

,  

 

G  

1.   

 

2.   

 

3.  ∕─  
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1 

(A)  ◘fiⱪꜟ─ GPC- MALS ─  

Sample Mw  R  (nm  ֪  

 

 
7.53 105 74.9  

 

 
2.58 105 42.1  

 

 
7.63 105 75.1  

 

 
6.17×105 60.1  

 

 
1.85 104 32.5  

 

 
1.55 104 18.5  

 

 
8.09 104 8.07  

 

 
5.01 104 7.04  

 

 
5.04 104 50.5  

 

 
- 660  

 

 
- 318  

A 

 
7.65×105 68.7  

B 

 
3.09 104 13.5  

 

( B) ┌ↄ ⌐⅔↑╢  
 

A   

   

 

 
2.0 µm (ůg=2.0) 2.1 µm (ůg=1.9) 
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1 χ Ḵ ᾋ 

(A)ЪзЫ˔  Control 0.2 mg/rat 1.0 mg/rat 

3 days 

   

1 week 

   

1 month 

   

3 months 

   

6 months 
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1 χ Ḵ ᾋ 

(B)ЪзЫ˔  Control 0.2 mg/rat 1.0 mg/rat 

3 days 

   

1 week 

   

1 month 

   

3 months 

   

6 months 
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1 χ Ḵ ᾋ 

(C)ЪзЫ˔  Control 0.2 mg/rat 1.0 mg/rat 

3 days 

   

1 week 

   

1 month 

   

3 months 

 
  

6 months 
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1 χ Ḵ ᾋ 

(D) ЪзЫ˔  Control 0.2 mg/rat 1.0 mg/rat 

3 days 

   

1 week 

  
 

1 month 

   

3 months 

   

6 months 
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2  

 
 
 
 
 

(A)ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣ 

 

Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

(B)ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣ 

 

Dunnett *p<0.05, ** p<0.01 
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2  

 
 
 
 
 

(C)ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 

Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

(D)ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 

Dunnett *p<0.05, ** p<0.01 
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3 ˢ / ˣ 

 
 
 
 
 

(A)ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣ 

 

Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

(B)ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣ 

 

Dunnett *p<0.05, ** p<0.01 
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3 ˢ / ˣ 

 
 
 
 
 

(C)ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 
Dunnett *p<0.05, ** p<0.01 

 
 
 
 
 
 

(D)ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 
Dunnett *p<0.05, ** p<0.01 
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4 3D Ыϱϼк CT 

(A)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣx  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before IT Before intratracheal instillation  
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4 3D Ыϱϼк CT 

(B)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣx  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before IT Before intratracheal instillation  
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4 3D Ыϱϼк CT 

(C)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before IT Before intratracheal instillation  
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4 3D Ыϱϼк CT 

(D)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before IT Before intratracheal instillation  
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5 ṓḚ◦ ׁχᵔ ˀמ ⇔ ˢ ⇔ ˣ 

 
 
 
 
 

(A) -1ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣs ◓ ˣ 

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

(B) -1ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣs ◓  x

 
Dunnett *p<0.05, ** p<0.01 
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5 ṓḚ◦ ׁχᵔ ˀמ ⇔ ˢ ⇔ ˣ 

 
 
 
 
 

(C) -1ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

(D) -1ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 
Dunnett *p<0.05, ** p<0.01 
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͒ ṓḚ◦ ׁχᵔ ˀמ ⇔ ˢῨ Ẕ ˣ 

 
 
 
 
 

(A) -2ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣs ◓ ˣ 

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

(B) -2ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣs ◓  x

 
Dunnett *p<0.05, ** p<0.01 
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͒ ṓḚ◦ ׁχᵔ ˀמ ⇔ ˢῨ Ẕ ˣ 

 
 
 
 
 

(C) -2ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

(D) -2ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 
Dunnett *p<0.05, ** p<0.01 
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͓ ṓḚ◦ ׁχᵔ ˀמ ⇔ ˢῨ Ẕᶤ›ˣ 

 
 
 
 
 

(A) -3ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣs ◓ ˣ 

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

(B) -3ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣs ◓  x

 
Dunnett *p<0.05, ** p<0.01 
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͓ ṓḚ◦ ׁχᵔ ˀמ ⇔ ˢῨ Ẕᶤ›ˣ 

 
 
 
 
 

(C) -3ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

 

(D) -3ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 
Dunnett *p<0.05, ** p<0.01 
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͔ ṓḚ◦ ׁχᵔ ˀ⇔ ᵲ χЫ˔ϸ˔ 

 
 
 
 
 

(A) -4ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣs ◓ ˣ 

 
Dunnett ** p<0.01, *p<0.05 

 

 

 

 

 

(B) -4ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣs ◓  x

 
Dunnett ** p<0.01, *p<0.05 
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͔ ṓḚ◦ ׁχᵔ ˀ⇔ ᵲ χЫ˔ϸ˔ 

 
 
 
 
 

(C) -4ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 
Dunnett ** p<0.01, *p<0.05 

 

 

 

 

 

(D) -4ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 
Dunnett  
** p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  
**  p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  
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͕ ṓḚ◦ ׁχᵔ ˀῨ Ẕ ᴟ ԍ◓ˢCINC -1ˣ 

 
 
 
 
 

(A) -5ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣs ◓ ˣ 

 
Dunnett  

** p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  

**  p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  

 

 

 

 

 

(B) -5ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣs ◓  x

 
Dunnett  

** p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  

**  p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  
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͕ ṓḚ◦ ׁχᵔ ˀῨ Ẕ ᴟ ԍ◓ˢCINC -1ˣ 

 
 
 
 
 

(C) -5ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 
Dunnett  

** p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  

**  p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  

 

 

 

 

 

(D) -5ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 
Dunnett  

** p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  

**  p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  
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͍͌ ṓḚ◦ ׁχᵔ ˀῨ Ẕ ᴟ ԍ◓ˢCINC -2ˣ 

 
 
 
 
 

(A) -6ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣs ◓ ˣ 

 
Dunnett  
** p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  
**  p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  

 

 

 

 

 

(B) -6ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣs ◓  x

 
Dunnett  
** p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  
**  p<0.01, *p<0.05 ≤ ⇔⁸ ⌂  
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͍͌ ṓḚ◦ ׁχᵔ ˀῨ Ẕ ᴟ ԍ◓ˢCINC -2ˣ 

 
 
 
 
 

(C) -6ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 
Dunnett ** p<0.01, *p<0.05 

 

 

 

 

 

(D) -6ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 
Dunnett ** p<0.01, *p<0.05 
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͍͍ χᵔ ˀ▒ᴟІЕйІχЫ˔ϸ˔ 

 
 
 
 
 

(A) -7ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˣs ◓ ˣ 

 
Dunnett *p<0.05, ** p<0.01 

⌐⁸ ⇔≡™√HO-1 ⅜ ≤⌂∫√√╘⁸ⱳꜞ
ⱴכᵓ⅔╟┘ᵔ│⁸ √⌂ ≢ ⇔√⁹ ∫≡⁸ ≤─ ⌐╟∫≡
╩ ∫≡™╢⁹ 

 

 

 

 

 

(B) -7ʿЪзЫ˔ ˢ ᴯỆἷʾЪзϯϼзи▒ˣs ◓  x

 
Dunnett *p<0.05, ** p<0.01 

⌐⁸ ⇔≡™√HO-1 ⅜ ≤⌂∫√√╘⁸ⱳꜞ
ⱴכᵓ⅔╟┘ᵔ│⁸ √⌂ ≢ ⇔√⁹ ∫≡⁸ ≤─ ⌐╟∫≡
╩ ∫≡™╢⁹ 
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͍͍ χᵔ ˀ▒ᴟІЕйІχЫ˔ϸ˔ 

 
 
 
 
 

(C) -7ʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣ 

 
Dunnett *p<0.05, ** p<0.01 

⌐⁸ ⇔≡™√ HO-1 ⅜ ≤⌂∫√√╘⁸ⱳ

ꜞⱴכᵓ⅔╟┘ᵔ│⁸ √⌂ ≢ ⇔√⁹ ∫≡⁸ ≤─ ⌐╟∫≡

╩ ∫≡™╢⁹ 

 

 

 

 

(D) -7ʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣ 

 
Dunnett *p<0.05, ** p<0.01 

⌐⁸ ⇔≡™√HO-1 ⅜ ≤⌂∫√√╘⁸ⱳꜞ
ⱴכᵓ⅔╟┘ᵔ│⁸ √⌂ ≢ ⇔√⁹ ∫≡⁸ ≤─ ⌐╟∫≡
╩ ∫≡™╢⁹ 
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͍͎ ЂϱЕІСр ᾋ 

(A)  

ЪзЫ

˔  

Control 0.2 mg/rat 1.0 mg/rat 

3 days 

   

1 week 

   

1 month 

   

3 months 

   

6 months 

   
Scale bar=25 µm 
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͍͎ ЂϱЕІСр ᾋ 

(B)  

ЪзЫ

˔  

Control 0.2 mg/rat 1.0 mg/rat 

3 days 

   

1 week 

   

1 month 

   

3 months 

   

6 months 

   
Scale bar=25 µm 
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͍͎ ЂϱЕІСр ᾋ 

(C) 

ЪзЫ

˔  

Control 0.2 mg/rat 1.0 mg/rat 

3 days 

   

1 week 

   

1 month 

   

3 months 

   

6 months 

   
Scale bar=25 µm 
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͍͎ ЂϱЕІСр ᾋ 

(D)  

ЪзЫ

˔  

Control 0.2 mg/rat 1.0 mg/rat 

3 days 

   

1 week 

   

1 month 

   

3 months 

   

6 months 

   
Scale bar=25 µm 
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͍͏  

(A)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ3  
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͍͏  

(A)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ1  
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͍͏  

(A)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ1уὮ 
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͍͏  

(A)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ3уὮ 
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͍͏  

(A)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ6уὮ 
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͍͏  

(B)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ3  
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͍͏  

(B)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ1  
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͍͏  

(B)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ1уὮ 
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͍͏  

(B)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ3уὮ 
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͍͏  

(B)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ˢ ◓ ˣˣˀ6уὮ 
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͍͏  

(C)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣˀ3  

 
Scale bar= 250 µm 
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͍͏  

(C)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣˀ1  

 
Scale bar= 250 µm 
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( C)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣˀ1уὮ 

 
Scale bar= 250 µm 
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͍͏  

(C)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣˀ3уὮ 

 
Scale bar= 250 µm 
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͍͏  

(C)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϵЎйрϷϺЄЖˣˀ6уὮ 

 
Scale bar= 250 µm 
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͍͏  

(D)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣˀ3  

 
Scale bar= 250 µm 
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͍͏  

(D)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣˀ1  

 
Scale bar= 250 µm 
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͍͏  

(D)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣˀ1уὮ 

 
Scale bar= 250 µm 
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͍͏  

(D)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣˀ3уὮ 

 
Scale bar= 250 µm 



66 

 

 

͍͏  

(D)ṓḚ ♯ᾓʿЪзЫ˔ ˢ ᴯỆἷЪзϯϼзи▒ЗЕзϳЭˣˀ6уὮ 

 
Scale bar= 250 µm 
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͍͐ ᴯỆ  χ τϢϥ ᵲ ᴣ 

(A)ṓḚ◦ ׁ χ ⇔  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

(B)ṓḚ◦ ׁ χῨ Ẕ  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



68 

 

 

͍͐ ᴯỆ  χ τϢϥ ᵲ ᴣ 

(C)ṓḚ◦ ׁ χῨ Ẕᶤ› 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

 

(D)ṓḚ◦ ׁ χ  
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͍͐ ᴯỆ  χ τϢϥ ᵲ ᴣ 

(E)ṓḚ◦ ׁ χLDHᶨ  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

(F)ṓḚ◦ ׁ χCINC -1  
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͍͐ ᴯỆ  χ τϢϥ ᵲ ᴣ 

(G)ṓḚ◦ ׁ χCINC -2  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

 

 

(H) χHO -1  
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͍͐ ᴯỆ  χ τϢϥ ᵲ ᴣ 

ˢIˣ ˢHE ˣ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



72 

 

 

͍͐ ᴯỆ  χ τϢϥ ᵲ ᴣ 

ˢJx ˢMT ˣ 
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͍͐ ᴯỆ  χ τϢϥ ᵲ ᴣ 

ˢKˣמ ⇔ ІЀϯ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 

 

 

 

 

͍͐ ᴯỆ  χ τϢϥ ᵲ ᴣ 

ˢLˣϯЄвϼкТЕІЀϯ 
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͍͑(A)  ЪзЫ˔AϬṓḚ ΰθ1уὮῇχжАЕ πʺ Ἢρ ᶓΰοʺ 

ᾝΥ ΰοΜθ ӡ20ᾤχӹ ◓ 

Gene symbol Gene description 
Fold change 

(ACTB) 

Fold change 

(GAPDH) 

Mt3 metallothionein 3 5.6 8.0 

AABR07056026.1 - 3.1 4.4 

Olr1523 olfactory receptor 1523 3.0 4.3 

Hbq1b hemoglobin, theta 1B 2.8 4.1 

Mt2A metallothionein 2A 2.8 4.1 

Rab24 RAB24, member RAS oncogene family 2.8 4.0 

Tuba3b tubulin, alpha 3B 2.8 4.0 

Nr1d1 nuclear receptor subfamily 1, group D, 

member 1 
2.6 3.8 

Igh-6 immunoglobulin heavy chain 6 2.6 3.7 

RGD1565617 similar to Ig variable region, light chain 2.6 3.7 

Ttll11 tubulin tyrosine ligase like11 2.5 3.6 

Atp13a2 ATPase 13A2 2.4 3.4 

Sec14l1 SEC14-like lipid binding 1 2.3 3.3 

Igsf8 immunoglobulin superfamily, member 8 2.2 3.1 

Egfl7 EGF-like-domain, multiple 7 2.2 3.1 

Fau Finkel-Biskis-Reilly murine sarcoma virus 

(FBR-MuSV) ubiquitously expressed 
2.1 3.0 

Eln elastin 2.1 3.0 

Ep300 E1A binding protein p300 2.0 2.9 

Arl2 ADP-ribosylation factor like GTPase 2 2.0 2.9 

Otop2 otopetrin 2  1.5 2.1 
 

 
 
 
͍͑(B)  ЪзЫ˔AϬṓḚ ΰθ1уὮῇχжАЕ πʺ Ἢρ ᶓΰοʺ 

ᾝ Ϭ ϛϥӹ ◓χΞκʺ Ӳᵌ⇔ τḩ βϥ ӡ10ᾤχӹ ◓ 

Gene symbol Gene description 
Fold change 

(ACTB) 

Fold change 

(GAPDH) 

Eln elastin 2.1 3.0 

Akt1 
v-akt murine thymoma viral oncogene 

homolog 1 
1.8 2.6 

Ccm2l CCM2 like scaffolding protein 1.7 2.4 

Mif  
macrophage migration inhibitory factor 

(glycosylation-inhibiting factor) 
1.6 2.3 

Parp10 
poly (ADP-ribose) polymerase family, 

member 10 
1.6 2.3 

Pdgfrb platelet derived growth factor receptor beta 1.5 2.1 

Col1a1 collagen, type I, alpha 1 1.4 2.1 

Fgfr4 fibroblast growth factor receptor 4 1.4 2.0 

Ctgf connective tissue growth factor 1.4 2.0 

Hyal2 hyaluronoglucosaminidase 2 1.4 2.0 
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͍͑(C)  KEGG pathwayτϢϥᵔ  

Terms of KEGG pathway 
Gene  

Counts 
% P Value 

Benjamini  

Salmonella infection 10 5.08 0.0012 0.151 

Alzheimer disease 12 6.09 0.0021 0.151 

Tuberculosis 8 4.06 0.0022 0.151 

Apoptosis 7 3.55 0.0027 0.151 

Fluid shear stress and atherosclerosis 7 3.55 0.0045 0.202 

PI3K-Akt signaling pathway 10 5.08 0.0088 0.284 

Sphingolipid signaling pathway 6 3.05 0.0089 0.284 
 

≤ ⇔≡⁸1.5 ─ ─ ╩ ╘√ ╩ ≤⇔√⁹ 
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͍͒(A)  Ẋ ωΨ ♯ᾓ χЪзЫ˔AχωΨ ˢжАЕˢ ṍ/ ṍˣˣʿ Ἢ 

Day  ╤  ╤      

  (mg) (mg) (mg  (min)  Є/min  mg/ 3  

1 2021 7 12  20.910 20.709 0.201 360 2.5 0.22 

2 2021 7 13  20.733 20.467 0.266 360 2.5 0.30 

3 2021 7 14  20.901 20.689 0.212 360 2.5 0.24 

4 2021 7 15  20.899 20.650 0.249 360 2.5 0.28 

5 2021 7 16  21.001 20.743 0.258 360 2.5 0.29 

6 2021 7 19  20.741 20.535 0.206 360 2.5 0.23 

7 2021 7 20  20.719 20.479 0.240 360 2.5 0.27 

8 2021 7 21  20.987 20.747 0.240 360 2.5 0.27 

9 2021 7 26  20.920 20.617 0.303 360 2.5 0.34 

10 2021 7 27  20.892 20.692 0.200 360 2.5 0.22 

11 2021 7 28  20.906 20.601 0.305 360 2.5 0.34 

12 2021 7 29  20.408 20.207 0.201 360 2.5 0.22 

13 2021 7 30  20.918 20.712 0.206 360 2.5 0.23 

14 2021 8 2  20.542 20.241 0.301 360 2.5 0.33 

15 2021 8 3  21.434 21.121 0.313 360 2.5 0.35 

16 2021 8 4  20.938 20.737 0.201 360 2.5 0.22 

17 2021 8 5  20.366 20.165 0.201 360 2.5 0.22 

18 2021 8 6  20.382 20.117 0.265 360 2.5 0.29 

19 2021 8 10  19.350 19.167 0.183 360 2.5 0.20 

20 2021 8 11  22.423 22.09 0.333 360 2.5 0.37 

21 2021 8 12  20.579 20.322 0.257 360 2.5 0.29 

22 2021 8 13  19.896 19.656 0.240 360 2.5 0.27 

23 2021 8 16  20.609 20.420 0.189 360 2.5 0.21 

24 2021 8 17  19.192 18.980 0.212 360 2.5 0.24 

25 2021 8 18  19.784 19.543 0.241 360 2.5 0.27 

26 2021 8 19  19.768 19.515 0.253 360 2.5 0.28 

27 2021 8 20  19.116 18.898 0.218 360 2.5 0.24 

28 2021 8 23  19.720 19.468 0.252 360 2.5 0.28 

29 2021 8 24  19.640 19.385 0.255 360 2.5 0.28 

30 2021 8 25  20.818 20.581 0.237 360 2.5 0.26 

31 2021 8 26  20.953 20.717 0.236 360 2.5 0.26 

32 2021 8 27  20.995 20.794 0.201 360 2.5 0.22 

33 2021 8 30  20.733 20.528 0.205 360 2.5 0.23 

34 2021 8 31  20.571 20.289 0.282 360 2.5 0.31 

35 2021 9 1  20.711 20.482 0.229 360 2.5 0.25 
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36 2021 9 2  20.998 20.791 0.207 360 2.5 0.23 

37 2021 9 3  20.399 20.211 0.188 360 2.5 0.21 

38 2021 9 6  20.959 20.761 0.198 360 2.5 0.22 

39 2021 9 7  21.005 20.816 0.189 360 2.5 0.21 

40 2021 9 8  20.798 20.573 0.225 360 2.5 0.25 

41 2021 9 9  20.608 20.418 0.190 360 2.5 0.21 

42 2021 9 10  21.092 20.775 0.317 360 2.5 0.35 

43 2021 9 13  21.040 20.792 0.248 360 2.5 0.28 

44 2021 9 14  20.936 20.736 0.200 360 2.5 0.22 

45 2021 9 15  20.719 20.549 0.170 360 2.5 0.19 

46 2021 9 16  20.838 20.642 0.196 360 2.5 0.22 

47 2021 9 17  20.968 20.72 0.248 360 2.5 0.28 

48 2021 9 21  20.703 20.478 0.225 360 2.5 0.25 

49 2021 9 22  20.937 20.736 0.201 360 2.5 0.22 

50 2021 9 24  21.127 20.864 0.263 360 2.5 0.29 

51 2021 9 27  20.564 20.311 0.253 360 2.5 0.28 

52 2021 9 28  20.932 20.710 0.222 360 2.5 0.25 

53 2021 9 29  20.752 20.550 0.202 360 2.5 0.22 

54 2021 9 30  20.922 20.662 0.260 360 2.5 0.29 

55 2021 10 1  21.229 20.953 0.276 360 2.5 0.31 

56 2021 10 4  21.386 21.183 0.203 360 2.5 0.23 

57 2021 10 5  20.702 20.489 0.213 360 2.5 0.24 

58 2021 10 6  20.849 20.624 0.225 360 2.5 0.25 

59 2021 10 7  20.559 20.358 0.201 360 2.5 0.22 

60 2021 10 8  21.655 21.393 0.262 360 2.5 0.29 

61 2021 10 11  20.219 19.990 0.229 360 2.5 0.25 

62 2021 10 12  20.949 20.733 0.216 360 2.5 0.24 

63 2021 10 13  19.581 19.335 0.246 360 2.5 0.27 

64 2021 10 14  21.682 21.478 0.204 360 2.5 0.23 

65 2021 10 15  20.179 19.916 0.263 360 2.5 0.29 

       0.26 

       0.04 
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͍͒(B)  Ẋ ωΨ ♯ᾓ χЪзЫ˔AχωΨ ˢжАЕˢ ṍ/ ṍˣˣʿ‰ Ἢ 

  ╤  ╤      

  (mg) (mg) (mg  (min)  Є/min  mg/ 3  

1 2021 7 12  22.768 20.693 2.075 360 2.5 2.31 

2 2021 7 13  22.478 20.467 2.011 360 2.5 2.23 

3 2021 7 14  22.629 20.813 1.816 360 2.5 2.02 

4 2021 7 15  22.451 20.628 1.823 360 2.5 2.03 

5 2021 7 16  22.195 20.351 1.844 360 2.5 2.05 

6 2021 7 19  21.689 19.891 1.798 360 2.5 2.00 

7 2021 7 20  22.339 20.553 1.786 360 2.5 1.98 

8 2021 7 21  22.375 20.59 1.785 360 2.5 1.98 

9 2021 7 26  22.277 20.497 1.780 360 2.5 1.98 

10 2021 7 27  22.158 20.313 1.845 360 2.5 2.05 

11 2021 7 28  22.225 20.460 1.765 360 2.5 1.96 

12 2021 7 29  23.301 21.177 2.124 360 2.5 2.36 

13 2021 7 30  22.126 20.304 1.822 360 2.5 2.02 

14 2021 8 2  21.226 20.321 0.905 360 2.5 1.01 

15 2021 8 3  22.933 20.675 2.258 360 2.5 2.51 

16 2021 8 4  22.019 20.027 1.992 360 2.5 2.21 

17 2021 8 5  22.815 20.325 2.490 360 2.5 2.77 

18 2021 8 6  20.223 18.406 1.817 360 2.5 2.02 

19 2021 8 10  23.932 21.245 2.687 360 2.5 2.99 

20 2021 8 11  22.153 19.511 2.642 360 2.5 2.94 

21 2021 8 12  23.007 20.309 2.698 360 2.5 3.00 

22 2021 8 13  21.280 18.780 2.500 360 2.5 2.78 

23 2021 8 16  21.566 19.016 2.550 360 2.5 2.83 

24 2021 8 17  22.426 19.425 3.001 360 2.5 3.33 

25 2021 8 18  21.021 19.067 1.954 360 2.5 2.17 

26 2021 8 19  21.421 19.425 1.996 360 2.5 2.22 

27 2021 8 20  21.572 19.124 2.448 360 2.5 2.72 

28 2021 8 23  21.523 18.997 2.526 360 2.5 2.81 

29 2021 8 24  21.076 19.329 1.747 360 2.5 1.94 

30 2021 8 25  22.555 20.527 2.028 360 2.5 2.25 

31 2021 8 26  22.544 20.628 1.916 360 2.5 2.13 

32 2021 8 27  22.684 20.682 2.002 360 2.5 2.22 

33 2021 8 30  22.656 20.075 2.581 360 2.5 2.87 

34 2021 8 31  23.155 20.553 2.602 360 2.5 2.89 

35 2021 9 1  22.410 20.518 1.892 360 2.5 2.10 
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36 2021 9 2  23.289 20.767 2.522 360 2.5 2.80 

37 2021 9 3  22.775 20.639 2.136 360 2.5 2.37 

38 2021 9 6  22.521 20.617 1.904 360 2.5 2.12 

39 2021 9 7  23.016 20.681 2.335 360 2.5 2.59 

40 2021 9 8  22.247 20.427 1.820 360 2.5 2.02 

41 2021 9 9  22.460 20.620 1.840 360 2.5 2.04 

42 2021 9 10  22.382 20.462 1.920 360 2.5 2.13 

43 2021 9 13  23.151 20.593 2.558 360 2.5 2.84 

44 2021 9 14  22.724 20.350 2.374 360 2.5 2.64 

45 2021 9 15  22.886 20.935 1.951 360 2.5 2.17 

46 2021 9 16  22.461 20.325 2.136 360 2.5 2.37 

47 2021 9 17  23.393 20.804 2.589 360 2.5 2.88 

48 2021 9 21  23.260 20.580 2.680 360 2.5 2.98 

49 2021 9 22  22.419 20.657 1.762 360 2.5 1.96 

50 2021 9 24  22.974 20.350 2.624 360 2.5 2.92 

51 2021 9 27  22.570 20.532 2.038 360 2.5 2.26 

52 2021 9 28  23.362 20.634 2.728 360 2.5 3.03 

53 2021 9 29  22.936 20.433 2.503 360 2.5 2.78 

54 2021 9 30  22.938 20.452 2.486 360 2.5 2.76 

55 2021 10 1  22.884 20.773 2.111 360 2.5 2.35 

56 2021 10 4  22.559 20.556 2.003 360 2.5 2.23 

57 2021 10 5  22.660 20.537 2.123 360 2.5 2.36 

58 2021 10 6  22.001 19.893 2.108 360 2.5 2.34 

59 2021 10 7  23.001 21.173 1.828 360 2.5 2.03 

60 2021 10 8  22.653 19.997 2.656 360 2.5 2.95 

61 2021 10 11  22.789 20.616 2.173 360 2.5 2.41 

62 2021 10 12  24.124 21.528 2.596 360 2.5 2.88 

63 2021 10 13  22.001 19.606 2.395 360 2.5 2.66 

64 2021 10 14  22.145 19.657 2.488 360 2.5 2.76 

65 2021 10 15  20.998 18.972 2.026 360 2.5 2.25 

       2.41 

       0.41 
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͍͓ χ Ḵ ᾋ  

(A)  

жАЕʾ ṍ 

Ẋ ωΨ ♯ᾓ 

Control 0.2 mg/m3 2.0 mg/m3 

3 days 

   

1 month 
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͍͓ χ Ḵ ᾋ 

(B)  

жАЕʾ ṍ 

Ẋ ωΨ ♯ᾓ 

Control 0.2 mg/m3 2.0 mg/m3 

3 days 

   

1 month 

   

3 months 

   

6 months 
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͍͔ Ẋ ωΨ χ ӱ 

Ẋ ωΨ ♯ᾓˢжАЕ/ ṍʾ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 
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͍͕ ˢᵔ Ⱳˣ 

(A)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

 

͍͕ ˢᵔ Ⱳˣ 

(B)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dunnett ⌂⇔ 
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͎͌  

(A)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dunnett *p<0.05, ** p<0.01 
 
 
 
 
 
 
 

͎͌  

(B)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dunnett *p<0.05, ** p<0.01 
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͎͍ 3D Ыϱϼк CT 

(A)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

Low conc.: Low concentration, High conc.: High concentration  
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͎͍ 3D Ыϱϼк CT 

(B)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

Low conc.: Low concentration, High conc.: High concentration  
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͎͍ 3D Ыϱϼк CT 

(B)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Low conc.: Low concentration, High conc.: High concentration  
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͎͎ ṓḚ◦ ׁχᵔ  

(A)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 
 
 
 
 

LDH ᶨ  

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

⇔  

 
Dunnett *p<0.05, ** p<0.01 
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͎͎ ṓḚ◦ ׁχᵔ  

(A)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

 

 

 

 

Ῠ Ẕ  

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

Ῠ Ẕᶤ› 

 
Dunnett *p<0.05, ** p<0.01 
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͎͎ ṓḚ◦ ׁχᵔ  

(B)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

 

 

 

 

LDH ᶨ  
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Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

⇔  

 
Dunnett *p<0.05, ** p<0.01 
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͎͎ ṓḚ◦ ׁχᵔ  

(B)Ẋ ωΨ ♯ᾓˢжАЕ/ ṍˣʿ ЪзЫ˔AˢᴯỆἷЪзϯϼзи▒ˣ 

 

 

 

 

 

Ῠ Ẕ  

 
Dunnett *p<0.05, ** p<0.01 

 

 

 

 

 

Ῠ Ẕᶤ› 

 
Dunnett *p<0.05, ** p<0.01 
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͎͏ ЂϱЕІСр ᾋ 

ˢAˣ 

жАЕʾ ṍ 

Ẋ ωΨ ♯ᾓ 

Control 0.2 mg/m3 2.0 mg/m3 

3 days 

   

1 month 

   


