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(B33 5 17 27UV SRR ~— D i E M2 G357, DA ORY~—OWHaE
il L OERR., DRENEANRER (TR, W AIEE R (T~ R) 21TV LLFD
FER R A ST,

DOFE 7537 L 25.8 FOIEBRIRY 727 U ABETIE, FBREDEWMORE
BEROBHEILREZ A L. O FEPKT A LV OB RE WHEEBRRY T 7Y
NERIIMEEENH D = & 23D,

LEBRIRY 77 UNLVEE (BABE 0.1%LLTF) LIHEBERORY 77 U IVERTIE,
EBEAERYT 7 UL (BBE 0.1%20T) DIF 23, MIEEECRMEL 58>
S22 DD, 0.1%LL T ORBE TITMME(L 72 & DOMBEEMESHERT 5 Z LIVR
m®mEhi,

13 BRI DOBEBAIRY 727 Y VBBROWMANIEL BB (T v b)) Tik, BREE 2.0
mg/m3 | TR D RIECHRHMEL O BIE SNz, ThODFTRI 1 » B £ TRk
L7z, ZD%HEBR LTz, ARBRIZEIT D NOAEL i 0.2 mg/m3 TH o7z,

7 7 7HkabRE~ 7 A~D 13 BRIOEBRRY 7 7 U ALEBOBRAIZ BREBRT
1%, 75 THIBOBRET, BEERY 727 U VERIZ X B RIECRMEL 2 58 L 72,
INOHDO/RNS, 7 7 THKRIX, KESCHRHEILZIHEITIREEZETHZ LN
RN,

WFFENZ O E AR,

1 EL BB DY

B DT VINEET FET VUL EE R AR~ — DB F R M2 S L . 978 D1
WOF 2 NINETI T TEEROME R ELEBEL., FilzI<@EWEITEREL
770 RI=—DO~DITZENEANRBRIC, R~ —A 13 ABRFERER V-,
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A0 CT ZHR¥E L, D%, fRHIZITV, KA KM P o itk 2 s LT, 77
INEEZR)~—ThoHR)~—0, @QBLUD T, [RENTEAZICHEWKIEN LE
Too RIENT 1 AIZE R LT, 3 » A LB RIEITHIBMER Th o7, 2, RU~—
D. OBLV@ODONT ORI~ —| L:I’ob\f%ﬁfﬁft% BH7-7, R<=—DE@ Tl
BIEHAMI6 » H DA @ L GRMEL SRR L7=DICKI L, AU~ —@ Tl ME I 1 4
RIZEFGE L% 3 7 H LRI ZE B 7 TH D foﬂ BT R LTz, WolED, FET
JINEFRR)~—ThHR)~—@ Tk, BEHF6 7 A )2 mL TR O RIEZFE
DI A CIXIFIEE R TH -T2, OO RITWT b H BEFETh-o7-,
F~—0, OBLVDTIE, [EMRPEER T <, FhEke~rarr—U% ER
ETDRIERI, MRS E D~ — B —Td 5 LDH, P ERELIER - THD
CINC-1 <> CINC-2 23, ®IHREEL i U C, AREREINN 1 7 A REREL Tz, £
72, Ak O HO-1 &, S HRREL LR L €, A ERNA i L Cu =23, HO-1 &
X, RV~—0, QDIFHNN, RU~—@LHI LT, @il THY, A BB INO R
H R~w—O, QDIFHN, R~ —@&E LT, £ oz, ZTNHOFT RITWyinh
FERGFEETH-T,

Fx DINETIATTEAR)~—A BB NEA LTl Z O TiT 572 mRNA @
~A2aTLATIE, TR 220 PISK-AKT R I B+ 28 s+ B0 A543
O77,

<JRERR D B F AT >

T 7UNVEERRY = — D iR E M L 28 1‘?%@%54—6%;:)31“571 (RS T ADCARAL b R o
FePED AT B2 DR~ —2 W T, il iﬁttix%a_h—?%?%fﬁ@7 "7y

4’/1/75:@%1““7”:0

HEWEUARVT 7NV THHR) ~—Oa R E NIEA LIRS, 2 ETH A 23T

STERGRIAR) T 7NV ThHRY~—A (BRE 0.1%LL T) 250E WE?\LK%%B%%

AWT, IR EMEA L L7, ZORER, R~ —A 1L R~—O&0b, MladE

MRS, 0.1% LA T O LA L TIIMHE 72 & D ififE EMEA IR 352 é:i))xTﬂ;z

shi,

PN~ —AZREWNEAL #Z Ve mRNA O~ A 277 LA TR, 7R A

<° PIBK-AKT #E ¥ Z B4 D8 n 1 FHO L7201,

IONELS- £33

(7/}~>

TIROZERERRY) 7 7V VR (R~ —A) 2Ty MIW NIXLER LTz, E R E KR E
7 0.2 mg/m3- m/}i%rﬁi 2 0 mg/m3 &L, JHRBRIZII R EWAIE T, 1L<ERFFIT
6 B[/ H X5 HREAE, ﬁ;ﬁF"i 35 HMFEIF 13 ﬂF"ﬁ&uto

5 HEOWANIZE it%ﬁf FEBRETIR W T, IR BRI — I\ E DO RIED &
7o 1 ABICITEIR LT, ﬁ%f&f AEGL YAy Ny

13 FEOW A EHABRCTIL, SIRETRCI W T, RIEN 1 7 AR L=, 37
A B LB IXIHIBE CThoTo, FRAE(LITRMeb 0N 1 7 AR LIZ23, 3 » A LA
FRIZIZIZTHIEL, 6 /fﬂ TIHE R U, (R R CORIEITE X703 R T —ilatE
ThoT-, BHELIZZIZTEETHT-,

('?'71 (?77#55@[%%%‘57‘11/“@) )

TIROZEAERIARY T 7V (R~ —A) 2~ T AW NIXEE LT, 3 E IR B TARIR
# 0.2 mg/m3, FERERE 2.0 mg/m3 L, JHRBECIIRGQEWASE T, IX<ERFHIX

6 REfE/H X5 HHOE  IX<EHRIL 13 B LT, FEICBWT, 777 MilubrE72L
HEET 7T R LSRR T T, WAIZSER TO 3 HZE, 1 7 H% .30 A%, 6 4
A B %A T o7,
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— UMD BZFRED A Y 2 — )L CREENTESRT LT,

B (6 » AM)ZEBL T, 777 IR EHVRECIX, 777 Ml 72 UBEE g

L, RIESCHRHEAL 23 HR ME ) 128~

T 7 HMARRELRURECIE, WANIESTERK T 3 HEOIKREREE 3 » A OEERERET

D FRHEJE D IRIEZFBRO T, BAEALIZ, WAELSTHK T 17 HBROEKBER <M

RO T=DHThHHT=,

777 MNARREDHVEETIE, RIEIT, JIPREEE D 2REC, WANIESEK T 3 HENH 6

i A% ECTOMERD T, BRHELIZ, 3 HEOMBREAZRRE, 2O BER/ NI
DT EMRETERE ThoTo, ZNHDOFT RIZBW T, BER AT —ETldk

otz

FEROFELEDZLLTFITRT,

1) TZUNERARY~— O EMEIL, 0 BRSO I BE T D,

2)  ZERBAIRYT ZUAEED 0.2 mg/m3 OW XL EE CIIMREEMEILIAG Tl o7z,
3) I THIARREICE S T, 2GRN T 2 UVER I LA RIE AR HE L S B TR S LTz,
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P M B 2 W B R O RFE L 3) MififR
W OMEF DOIRAZATV, B il PR AT 7, - fR i 45
DFEAMARRFEL , X< IR FIAEE O K FEA6%
. A i RN = P

Rk 29(2017) 4 4 HIZA#mE D TbE&mTh
LT IVNEE TR~ — ORI LD IR B T AR
LT BT ORI DRHY, ik 31(2019)
T KRENMTOIT -, iR BRIES TN T
B RIC/EES IZBW T, AMEE k&350
AMEBCANC HHEBIZERE CIEKEL, 2<11E
FTBALEDD 2 ERTE OEBIIC, CANiZE TS
FXFR MR BERIEL T2 EAVHIBAL TUVVA,

CAMEITCAZWRATHZEICL > ThHiZAL
ToRRAE RSP E S b2 IR E T B TH DM, Ti
FCTHREINTZCAMIER DL X U AZE
HHDThHD, SHIZ, BHOUAMMITIEEID 20
R DL BT TRIRICHEEIT T2 AN E N2 E
(XL RIS DU AL, <& LT, 13
BRI 2 FFRIR EVOFEF NI CTHIEL
TEY, BEOUAMEIVEELETRFEL,

TIUNEEZRAR)~—%, BER (E/~—) OFf#
M, o0& BEEEOAEORE, ikl %
FHEE UM AHIE T A2 R c kD EE S o T REA
72w DR 2 7 R CEBRIICIAS VST
WA, ZHETITHi~OF EMEOWE T2,

ZDXIIRRIEHE DL AW D Jiti b %
FREEL . FFZERR ST DWW T DG At st 3
HET, PEEEZFIIN ASCTEFIZL DL D T 15
FRIESEDZE A XD IR B O FIERE
AT D LB OEE S 2.5,

B. AR A%

B ORI~ —OYEEFHEL , N FETICFH ~
DT o CETFEBRAE R B OfE Wie L & i &
Z. FEBRICHER T I I<EYWEERE LT, £,
MRETF — BN T, RV~ —DEET>T,

SUE NEAGRER GEZRAERL T 7 UV IR R AR~ —
3 FEIH L FELEAERIIE T VUV R R AR ~—1 Fi¥H)
F O AT EZRER (ZRAERIARY T ZUVEE) AT,
i E M A R ET LT, B NIEAN T TW AL
etk EMIMIZ, 3D v~ CT, K& X i peis
BLOWFALREE ATV, ST 21T 572,

(RY=—D &Rk - YT

- JEUMHSE KRB L —T 1B W T, BN
B IRRERL ORY T 72U V% RAFT EE
ICEWERRLT-, RAFT EA&IL, 4 FEAMHIE
TE D TEDAAORNRI~—2 5 KT 52
ENTELEEETHD, B LR ~—0
RSB (Mw) SIEVE 2 (Re) L%,
TR EIa~ T T7 44— (GPC) 44 &
WAL M 2R (MALS) @ # A & b ©
(GPC-MALS) # W CHIE LTz, £7-. 2846
WIE DA M, 7y 1 B0 Ry DEWITED
Jifib E P OB A A T A7 1T, T DLE
B SN TR~ —CIET VU N AR~
—ZXLTH GPC-MALS HEICEY Mw &
Rg L& R ELTz, GPC IZ Shodex @ GF-TM
D2ARAZ LEEML, ERERIE 0.1 M E KR
Ny 77— (pH=10.1) ZfEH L 7=, 7 ik,
FThZENn,01 M ERBANYy 77—
(pH=10.1) ICIAfRSE -1~ 2 N ©
NaOH KFiEEMZ, 587 N HIPEIZLIZ I
1 N @O HCl K& A M ZH IR L6 0 (43
TSI TODIREE) 2 L7-, #1ERFAM
EATolR )~ —X, EEEERKFES V—TT
DTy h~DKENTENRBR A~ ST,
W NIELS TR BRI N2 2B R 7 7 U )Lk
(RU~—A) DZ2L 8 )7y E L (MMAD) i3,
n—R)a—bx 7 =% T T—E N TITo
77
HEEE LN ATLTWDHEIE O ® (4%
Wy D B RE I ES FEIR DL, W K72 L)



RINFETO TRRFTORE R ELEBEL, &
BNIEASRCE NIZSBEITHOR)~—D 5%
BEL,

SUENTEANRBRIZIL, FERERARY T 77UV (5
FE&R) (RV~—Q) . BRI T 7V (5
F&/N) (RI~—Q) , FFRBARI =T L A%
VR (RV=—0Q) ., FEZEERIRY T 7 U ER T R A
(FRV~=—@) e, MATERBRIZIT, 2846
RIARVT 7V VR (R~ —A) % H iz,

(RERNEAGRER)

1)

2)

3)

R~ —O~@iF, Wb, 7KK TRIBL .,

G BT 0.2 mglrat, & IEEREIT 1.0
mg/rat OAET, F344 7k 12 #EEHICR
BNTEA LT, RTHRBECIIAR KA AL,
BISRERANEI, R)~—DOD T, ]E
WIEAD 3 B, 1%, 1 7 H%#% ., 3 » A4,
6 rHEBLD 2 % A)~—Q@TlE, [E
WIEAD 3 B, 1%, 1 7 H%#%., 3 » A4,
6 r HiLLiz,

BIZERAL NIRRT, 3D v/ 7m CT (%£f
3 VL) ATV, 2D, fifslaL | RE B IO
HEORE , K& SARase, Mo Ha1T
o7, EAN 3 Hi%~6 r H1213 1 #EH7-0 5 L
. 2FERIT 1 BEHTZD 5~10 PLaHI0 YT,
3D v 7 CT & (CosmoScan GX,
Rigaku Co., Tokyo, Japan) DgsZS13LL
TOHEY Th D : Wit 4.0 43, V)4 B plig
& 161.9 mGy/ A% v v, EEME 90kV, &
it 88 uA, FOV (%) 60 mm (K7 &L
P A X120 % 120 X 120 pum), 7 > MFE
EAMPZIZ L, BEAR 707 > (Pfizer Japan Inc.,
Tokyo, Japan) W NIZEDMEEE T C, FEUL[R
ot e, IEEITo7-, HIE, BR L FEX
DS ONERAR T I 7 — LB S 4
77

i H 1%, A7 /v 7 (Pfizer Japan Inc.,
Tokyo, Japan) W AIZLDEE N CTiTo72, 1K
HAPELT% NG RENRZ BIErL | K iist
ST, WiffiE PR R K CHERE ., £ER
BXETT7 T UTIRRET, A 20emH20
DS THEBRIEKE 2 [FEAL, K&
fa e (BAL) 21772, KUE I8 Ve ik
(BALF) IZH B % T2 EN Lz, ZD1%,
FhtiE iz o BEL . A ifi1%-80°C TR S &
L, EMiX 10%F VAT VT ERE
25cmH20 DOFE ) FTHEALEEL. B

4)

5)

kPR H U=,

K= T Okne Rl a8 ) Ok BN ETR SENON
LDH {& M. 4F ek E/b MK 1 (CINC-1,
CINC-2) ZHlE LTz,

o7z BALF % 400 g, 4°CC 15 4y [l 0
TBEL ., EEEHLWTF 2 —T7IIBL, RFL
7o MR~V N2 E iLER (PMN) /Xy
77—(137.9 mM NaCl, 2.7 mM KCI, 8.2
mM Na:HPO4, 1.5 mM KH:POs, 5.6 mM
CeH1206) [ZHR¥ L THEFL , 400 g, 4° C,
15 syfii OBl 7o, EIEEFRELZE, M
fa L% 1mL @ PMN Buffer T8 & i
L7z, BALF #Offifa%ia ADAM-MC (AR
BROWN CO., LTD, Tokyo, Japan) CTHv>
Fo, BARAE 2 W TATAR T A EIZHH
Mz 8T L=, £D% ., AT7ARTZA LDl
% [E &L . Diff-Quik (Sysmex Corp., Kobe,
Hyogo, Japan) T L7-1% . R BHMERE
£2FC, Ml OREEI T,

BALF EiE® LDH &M%, Cytotoxicity
Detection KitPLUS (LDH) (Roche
Diagnostics GmbH, Mannheim,
Nordrhein-Westfalen, Germany)(ZJXViH|E
L7-, LDH J&M:1%, BEENOIR FE DT A
HskDVa v LDH 2SI 1E He g4
MAWTHEE LT, 7B ThbH CINC-1 35
SO CINC-2 X, £ ELISA ¥k
#RCN100 . #RCN200 (R&D Systems,
Minneapolis, Minnesota, USA)(Z X~ TH|
ELT,

JTRELRE - R ERAE A T, RIECHMEL R E D
P AT o7, £lo, mEAZAHL, B{bAR
AD~—I1—TdHsH HO-1 ZHELT-,

i kAR DO ER L AR A DRI RS TIEH V-
FRiO% 8 xR\ VEMERA TV
(P8340, Sigma-Aldrich, St. Louis,
Missouri, USA) 3 X U' cOmplete Mini
(Roche Diagnostics GmbH, Mannheim,
Nordrhein-Westfalen, Germany) % & ¢
T-PER #H#k%Z > ~7EG i3 (Thermo
Scientific Inc., Rockford, Illinois, USA) %
LT Tissue Rupotor (Qiagen, Hilden,
Nordrhein-Westfalen, Germaney) TikE
U AR LTz, IR E Y R — MLy
B (20,400 g, 4° C, 104 L7z, REV X
—h RO N ERER | LT
M%7 V7 I %L T, Plerce 660nm
Protein Assay Reagent (Thermo Scientific
Inc., Rockford, Ilinois, USA) ZJ-> THIE
L. LA AD~—H—THs HO-1 %



6)

ELISA = v F(ADI-EKS-810A (Enzo Life
Sciences, Farmingdale, NY, USA) F7-i%
(CSB-E08267r (Cusabio, Houston, TX,
USA)Z#EHLRAIE L=, HO-1 HIEREHR 1%,
REVR—F EEFOX L REREIZEIST
FIIEL T, AR O Foféry72 HO-1 JREA
FRELE,

Jiti T BEAHARAT AR D FEA

10%7A/V L7 V7 e R CRE E LIz itk S 7
T4, 4 um OEITYIFIZLEE,
~v RV VU HE) R BB I N~y Y
YR a— LMYt a 4T o7, DO RAEE
PRAEIE, ZNENRIEMIRIE A= LT =
a7 AaT L TR 72, SRIEMAEIR
A7, LR 361 D2 E A IR iR o
BEZ~I/a7 77— LGP HREREIZ3T T A=

TAL (RIEAAEZL (0), M4 (0.5), R (1),

haERE (2), HE (3) L., FHECRITH AR
RECCHH 2 E L 72, MiofMERIE, 7=
a7 hADT DIEEAr—VAERALT, Mo
TRERALRR AT LA 0~8 DA — /L TAaT
(LU, A= 7 DR B L OB E% 4 B R
R,

JitikER D 1A 1A

BAR TIEHTCIE, Tk &2 23 DLART 0 L 7- 2845 5
RY 727 VAR v —A)OKENEA%L
DR & A BIEwm LAY ~—DODRE
WIEAL O ka2 WL B BBl 7
07 7 A )V EKEE LT, T NZENDOIEA
1 r AR O THLNT-AMOE 3 3
(&% 5 L) %, QIAzol AfiEs3k(Qiagen,
Hilden, Nordrhein-Westfalen, Germane)%
fif L . Tissue Rupotor (Qiagen, Hilden,
Nordrhein-Westfalen, Germaney) TikE
CVFARXLT, b NTEAREY R — D,

miRNeasy Mini Kit (Qiagen, Hilden,
Nordrhein-Westfalen, Germane) % L
T. 4 RNA OfiH#%EEL7, RNA X,

NanoDrop 2000 4y 3¢ )t FE 5 (Thermo
Fisher Scientific Inc., Waltham,
Massachusetts, USA) Zff AL CE &L,

Bioanalyzer 2100 (Agilent Technologies,
Santa Clara, CA, USA) THEZS5HT LT,

DNA ~A7u7 LAfFENTIZIE, 20,174 {H i
62 #H LT D =% It (3D) Gene Rat
Oligo Chips 20K (/3—>=> 1.1) (TORAY,
Tokyo, Japan) Z#fiH L7z, RU~—A LKV

~—QrFENnTNOEHER G LA 5 Lo
Ty ORI L4 RNA Z2Z&RAL
T.*FhFin 1 2OV 7L, Amino
Allyl MessageAmp IT aRNA Amplification
Kit (Ambion, Inc., Austin, CA, USA) #fi
AL THEEIEZ, 7>F A RNA
(aRNA) % .  Amersham Cy5
Mono-Reactive Dye (GE Healthcare,
Buckinghamshire, UK) ZflifiLC Cy5 T
L . ARk aRNA # 37 C T 16
FEINATVE A RS, T 7 E2iF B LW
WL, A Y DR WERE T 3D-Gene
Scanner 3000 (TORAY, Tokyo, Japan)Zfif
AL TAXy L, 3D Gene iY77 o7
(TORAY, Tokyo, Japan) Zf#HL THoHrL7-,
FET —HDOV T FIVEREE T AF O
BEmoRNHERETHD ACTB LW
GAPDH O 7 F ViR JETEI>T, €
RN)~v—A BROR)~—ODOEFFHBIL -~
NWEWIR LT, Bz~ A7ar L AT —HIiX,
The Database for Annotation,
Visualization and Integrated Discovery
(DAVID) /X — ¥ = > 2021 ( https:
//david.nciferf.gov/home.jsp) % i H L .
Kyoto Encyclopedia of Genes and
Genomes (KEGG) /X A7 = A fif fr & FEfi L
7

(kA X<EEEER)
Tk

1)

2)

3)

4)

ARU~<—A ZHWTC, F344 7> h~DW AIX
TR (12 Wi HIX< BB 4E) 2 £ L 7=,
IF<BEIRERE L, RRER 0.2 mg/m3, &
FEERE 2.0 mg/m3 &L, RFPREEZIZREZ W
ANEET-, 1EETIZ. M1 B 6 W% 5 H
() 1B LIEMT B 6 B -0 5 HIMA 13
HEE (EW) &L,

BIERA NI, BB AZERBR T
T TO3 HE, 17 A%, B AZER
BRCIXESTER TD 3 HiE 1 »H#%. 3 » H
%6 r ABBLION2 4L L,

W NIELS BB AARE LY . BRI R E R E %
177

BEREIRALNMIBWT, 3D v (71 CT (%58
3 VC) ZAT\V, Z D% RHZL KU SAifaE
G iOR A2 T 72, WNIE<EK T 3 %
~6 7 AT 1 BEH7-0 5 LA 2 FF141T 1 BE
H70 10 PLEH YT,



5)

3D v 7 v CT ##& (CosmoScan GX,
Rigaku Co., Tokyo, Japan) O 5F1E L
TOEY ThD : IFlH] 4.0 53, T2 HRR
#1619 mGy/A ¥ ¥ ', B&EE 90kV, &
i 88 pA, FOV (#%f) 60 mm (K27 &1
P4 X :120% 120 X 120 pm), 7 v MIEIE
EMZIZ L, B4R 7 /v7 > (Pfizer Japan Inc.,
Tokyo, Japan) W AIZLZRREE T C, ML R
Hobl, fRE2IToM, BRI, WA & FEX
DT J7 O A TH LN T — MBI
72

iR R X, 47T (Pfizer Japan Inc.,
Tokyo, Japan) W ANIZXDmEE F CTIiTo72,
REZHIE L%, EERERZDIBL ., &
MAESH7=, Wi fitiz AR K TR &, A2
TREXEITT LR ET, Al

20cmH20 OJE JJ TABAEIE/KE 2 [BlFEAL,

KB v (BAL) 21757z, &UVE 3fifa
Ve ik (BALF) (3 B % FIZIvEINLTZ, #
D% BEEMEEZBEL A MX-80 CT
BAELRAF L, 21T 10% VAT VTR E
25 cmH20 OJE/) FTHEALEEL. HELHE
kAR LA L7,

K= Ry ine ) Ok DA TR SE )
LDH {&HEHIE L=,

#5172 BALF % 400 g, 4 ‘C T 15 435 L
SEEL. BIEEH LT a—T 1Bl BRIFEL
7o AR~y M2 EZ B ek (PMN) 23y
77—(137.9 mM NaCl, 2.7 mM KClI, 8.2
mM Na:HPO4, 1.5 mM KH2PO4, 5.6 mM
CeH1206) (2R L CTHE¥EL . 400 g, 4° C,
15 rfilim DL 7z, EIEABRELZ 1%, A
fi~L % 1 mL® PMN Buffer %
L7z, BALF H otz ADAM-MC (AR
BROWN CO., LTD, Tokyo, Japan) Chv>
Fo, AR Z W TATAR T TR EITHH
Mz A LTz, £D%, A7ARTZ A Lol
% [E E L, Diff-Quik (Sysmex Corp., Kobe,
Hyogo, Japan) CHL7-t%. o FIAMBIE
2T, MO EETT T,

BALF LifH @ LDH &M%, Cytotoxicity
Detection KitPLUS (LDH) (Roche
Diagnostics GmbH, Mannheim,
Nordrhein-Westfalen, Germany)(ZJX0HllE
L7z, LDH &M%, BEE OB EE O 42815 A
kDY ek LDH S 7-AE He i 4
HWTHEE LT, 7 EHAThDH CINC-1 B
X CINC-2 #, v ELISA vk
#RCN100 . #RCN200 (R&D Systems,

6)

Minneapolis, Minnesota, USA){ZJ - CTHl
ELT,

PR : R BEAE AR T, RIECHME L2 E D
AT o770 10% AL LT LT ERTHEEL
TRt ST 7 AL, 4 pm DJEEST
YIRICLIz#, ~~ Uy oA v U (HE) Y
Bl ON~y Y N7 —AMT) Yt % 1T-
77

(w72)

1)

2)

3)

4)

R)<—A ZH\T, CHETBEJIE~T A~D W
NIELERER (8 B HIX<FEBAAR) 2L
Too IX<EEIR R BT, IKIREHRE 0.2 mg/m3,
ERERE 2.0 mg/m3 EL, XFIREEIZIIR A E
WS T, (X<EIL, T1 B 6 KEfE] -8 5 H
Z 13 E LT, FIEKERITRB N, 777
bR EHVEEE 7 7 bR B/ UREA R T
Too 777 ffubR A, W EOHRE L TR
DFERMNEG, F 77X 200 mgkg (m—r
HNZEEAE) 22, WL EEBRAEORTE 2D 8 1
MEITNEEN S 21T HEE W, 757
ARbRE72UBEICIE, 2— MDA ERICAT
Va— L CEENTER ZIT o7,

BIZARA NI, MANIEEKR T D 3 B 1
W%, 1 7%, 37 H#%. 6 r AR XU 2 4F
‘ez,

W NIX<SEBAERELY | E BRI R E R E %
1772,

FBIZRA L MZEBNWT, 3D~ CT (%8
2 VB) ATV, TORMR AL | KU St
G, BioR AT o7, TEAN 3 Hi%~6 » H 1%
TR 1 BEDHT=Y 6 PECGRUE Sl vari e 4 I,
i BEARASRAE 2 PD)%, 2 4 Tk 1 BEHTD
12 (s SRt 8 T, Jifidi BRAR FkAE
4 PO)EEIN YTz,

3D v 7 n CT ##& (CosmoScan GX,
Rigaku Co., Tokyo, Japan) DO dF1L LA
T Th o : K 4.0 57, T 2o gl
 161.9 mGy/ A% v o EHEME 90KV, &
it 88 pA, FOV (#i%) 25 mm (R 7 /v
B4 X160 X 60 X 60 pm), = 7 A LB
\IZL. BEAR 717 (Pfizer Japan Inc.,
Tokyo, Japan) W AIZEDRREE T C, FEUL[H
Hobl REx1To7, BBIT, B & FEX
DT )T O AR Tl e B2 7 — MLBE S
7=

i 1%, A7 V7 (Pfizer Japan Inc.,
Tokyo, Japan) W NIZEDEE T TIiTo72, 1K



5)

6)

FHERIEL%, MG KENIRZ DI | 21 sE
7o, WA AR AR K TRV . KRR X
ftifa et Cl, REE V=2 —arl,
V% F TR TS AR B A K
0.5mL ZEAL, & i pes (BAL) 21T
ST, KB A YeE R (BALF) 34 R

KREFENLT Y P2 AN TFE THEI LT,

ZOEF 3 E T2, £D%, £illfilE-80 CT
BAGERAT LT, o BRARRR A CI, It & 4
I, A ERE X E77 7L, AR 10%
FVAT VT EREZ 25 emH20 OJET) FCH
ALUTHEEL ., R AR H L7z,

SUE SR BRI - AR, R 40 T s LR
LDH /&2 HIELT-,

517- BALF % 800 g, 4 ‘CC 10 4[5z L
EEL, BiBEHLWF 2a—T 1B, BRFL
7o MR~V v M 2B B LER (PMN) 23y
77—(137.9 mM NaCl, 2.7 mM KCI, 8.2
mM Na:HPO4, 1.5 mM KH2POu, 5.6 mM
CeH1206) ([ZREMHE L TP L, 400 g, 4° C,

15 il DL 7=, EWEEBREL 1%,
fa~Lwv k% 0.5 uL. ® PMN Buffer £ 5%
L7, BALF HOffifu%ia ADAM-MC (AR
BROWN CO., LTD, Tokyo, Japan) Ch7>
Fo, PARAE 2 HWTATAR T Z A EITHE
faz@Amlic, ZD%, ATARZ A O
% [E &L, Diff-Quik (Sysmex Corp., Kobe,
Hyogo, Japan) THAL7-1% . Yo FBAMBIEL
E2RC, MR ONEEI T2,

BALF EiEH @ LDH &1L, Cytotoxicity
KitPLUS (LDH) (Roche
Diagnostics GmbH, Mannheim,
Nordrhein-Westfalen, Germany)(ZJ0 &
L7z, LDH &M%, BEEOJR O 26
H kDY B~ LDH 2S5 /- v phifR 4
FHAWTHEE LT,

JiTREL A < 93 BRAE AT T, RIECHRAME L2 E D
S A T 7 10% /L AT VT ERCHEEL
Tk a T 7 4 AL, 4 pm DEET
Rt ~~ Rl - oAy U (HE) Y
BRI~y Y N 7a—AMT) Rt i21T-
7

Detection

7ok, v AOW NI ERBRIZBITAEHED
WEFRAZLL F O 45,

A REFR

777 MbaBR 572 URE | CORE

777 MR EHVRE | CHEE

777 MilabR L7 URE | LO)#E

777 Ml EHVRE | LOHEE

R B

777 MR L7 URE | HORE

777 MR EHVRE | HORE

(fi PR HE CTOBLE)

AW Fe % Efi T DI DTV EEER R P8 FE

MRZEB R OFEAREZ Tz, FRIFIZIT, LE
(IS C T BN 22 BRERZAT VN 53 7R R IR B L 20
LTV EEMERBL TBATST,

C. BIE#HER
(RU<—D & B - Pt aTAi )

(=

T IINEEFRR)~—BLOFET ZU Vg R AR
~—OYPEFHI O RER 1ANTRT,
R~ —OYPEFH OB BT, [4157
BEILCWDIREE (—E, T VA VICERfRL
721202, RPEICER DY) | E TR A D KITT S
HTREE | T KOO LN K E
{TERDBZEN D oT= (F =2 KA1 .

TR BIRTZAOW NIEERBRITH W
RU~—A O MMAD /%, 2.0 pm (KHEEERE) |
2.1 pm (FREERE) THH7- (K 1(B)).

EREARER)

R~ —O~DOXE WIEARBR O RETR
S

HY~—D)

1)

2)

3)

R)~—O%FEALTATIZ, HEERFEIC,
BRUVRIE L Z AU Z i< b i & | #8153
MR R L7,

fiti O RIRAYAT A 2B 1A ~d, A3 Hi%
~1 7 ABOIXERETIL, SHRRBEEELERL |
flil R ThH -7,

(RE LA E B O RE R 2(4), K 3(A)
(T, IREIL, AR OB D 6 »H
MHZRBW T, R IEKEREE OB TH B2
BRI Tz, X E B IX<ERETIL,
KTPRFELELEEL . TEAN 1 » A £ T, AR
A&V | i FHERECIE, BIEHIm (6 » A M)
LT, PRREEE i LT, A BRI RE
FEL CUN~,

3D ~A27u CT:{EA 3 HfE~1 » A% TlLiR
TV TAEERBDTD, A 3 »H ik
BEO6 r AR TIEBEEIRZEAETHIRLTY



4)

5)

7= (X 4(A)).,

SRUE SRR RIEDFEIECH S, LDH
TEVE . IR, A7 TP BRI L OV EREN A
NEASHBBIOLAZOIEERETEL
W INZ RO, TEA 1A% TIL 3 Hig-1
W& LI B LK RXT A= TP LT
HOD, B AERICB W TR BB it L
THBERBEMPE LT, A 3 »H#%
BEOV6 » H 1% Clraeilati o & e H &R
BT BREL LB L CH BRI Eie L
T, IR ERE(LPERN +THD CINC-1,
CINC-2 1%, #EA 1 HE#%~1 » AL £ T, %f
FREEL LRl U C, A BB MMk L Tz
(X 5(A)-1, X 6(A)-2, X 7(A)-3, X 8(A)-4,
X 9(A)-5, ® 10(A)-5), VA FAE L DEH%
X 12(A)i~,

ftikE &R : BB L AR AD~—H—Ths HO-1
T EA 1 7 A%~3 » AL ET, xRt L
WL TCAHEBERBENMAFEFEL TV (K
11(A)-7) , FRERFHAAE A CIX, A 3 BEE
FON 1 A& TIE, iR EPN 36 OV b B~
DZER 2 IAEAIR 2580 7, RIEILFEIF
HICT IR E [ CTho 72728, Bl amL <
RHHNTZ (HE Yetn) (X 13(A)), B i
HEAN 3 HENLRDOI, #1453 ﬂ;ﬁﬁaﬁtlﬂﬁ-mb
72 (MT %:t2) (X 13(A)).

(R)<—©@)

1)

2)

3)

4)

RN~ —Q@uEALTTIE, BRI
SRVRAE L Z AU 5 [ S e b il & | B2
LI Rk ST A0

fi > ARRAT 2R 1B R, A 3 Higk~
1 7 A OIEBEEETIL, XTIREEE Ll L, i
VTR Th -T2,

R EE L FE A B O A X 2(B), X 3(B)1C

R, REIE, BRI, MRS L |

HEA 1B ET, A BRI BT, FExHf
T (X<ERETIL, JPRRAEE L, TEA
1 »A%ET, AEREMASHY, mHERT
IE EA 3 » AR ET, xPRBEL IR LT
BER BN DN L Uz,
3D v~ CT:i AN 3 HE~1 » H# TILR
LTV TAEERDTN,. 3 » AP X
W6 ry A TIEERIRIZE A STEHEL T
7=, (X 4(B)).

SUE MR iR - RIEDFRIE Ch %, LDH
{%ﬂi e %k ll%tlﬂij@ﬁt IR EREIS 23
HEA 3 HERBLO 1 BEOITERETELD

5)

AR, A1 » A TIL 3 AL - 1
W% L i3 5 &K T A =2 E A LT
Wb OO, A ERIZB W TR ERE & b
0L CHERBEMMBER LT\, A 3
r ABEBEIO 6 » A% TITRMIRE D A&
FEREICR W TR REE L ik U CH B
INEFGE L TV aF R ERE(RMER - Th D
CINC-1, CINC-2 i, 7EA 1 #EE~1 »
H#FE T, RHREE L bRl L C, AR 2N
Fii LTz (B 5(B)-1, X 6(B)-2,
7(B)-3, X 8(B)-4, X 9(B)-5, X 10(B)-5).
YA AL DEEAR 12B)1RT,

fififfk : L AR 2D~ — 1 —THDH HO-1
LA 1 EBZET, SPRRBEEER L THE
PR NS ERE L Tz (R111(B)-7) , I35 BRAH R
FEATIL, Mifa e N 36 KOV fa e BE ~ D 25 B
TR RIEAIIR 2RO T2, RIEITARRFIIIZTH
IR TH-7-03, Bl EZEL GEOLIL
7= (HE %0) (K 13(B)) . #rffefbid, A 138
BDERO I, B PR L7 (MT Y
) (K 13(B)),

<TJ7—®>

1)

2)

3)

4)

R~ —@Z1EA LTI, H & FE:
JESEL X i F B CIel s ﬂ;ﬁFﬁﬁfﬂ%mw_
HO, FRmZEL T, BEDRIE CThoTz, ##
HELITIEE T CH -T2,

Jifi > PR AT AR 1O~ BEHI %
HBLUT, XFRBELIZ<SEREOM T, WIRAYZ
At RACBASNTIE R o 72,

R HE E R T B0 fE A 2(C), K 3(0)1
R, IAEIE, FEA 3 HEOKAERET, &
FRBELLLER L | A BRI D3 o T, AT E
B, mHERTIE, A LB ET, XHIREE
EHRL T, A BRI ERD T,

3D ~A7u CT: i A3 H#EDEHEROLT,
TOVH TR A RO AENITA S B
;‘%; TR -7 (K 4(C)) .,

& i  LDH &M TEA 1 2 A
?&@%fﬁ%ﬁi‘f@if SPRBEL LB CH B
PR INA R T, KRR ER OB, A 1
ke 1 » A Om A ERET, P EREIE, 3
H%~1 BEOERERT, i EREIG D8
IE, 8 HZIERH &R m A BB LU 1 #H%
DOEHERECHALIZ, P EREER 1T
H25 CINC-1 lZmHERICBWTHEA 3 |
%D, CINC-2 ZEmHERICBWTHEA 3



5)

A% L 1 » HRRORITBWT, XTHREEE T
LT, AEAEnEzRO - (® 5(0)-1, X
6(0)-2, X 7(C)-3, X 8(C)-4, X 9(C)-5, X
10(0)-5) ., VA hAE > O EEAE 13(C)R
7,

i R {L AL AD~— I —ThD HO-1
. BHERIZBWC EA3»A%E6 #H
B DI, KRR LG CTH B2 NE2380
7= (K 2(0)-7), JFEHEMAREA T, il
F3 OV e P B~ DR 7 % i A e 7 1 A 5
Wiz, RAEIT., & R Tl B eI h Frpt
L7 IRHERTITEA3 HZREL 2 H%ZD
I TIHoT, b\fﬂ%ﬁ%fﬁwpot(HE Yuth)
(E 13(0)) , RHEALITIFIE T X CTOEAE T
W7otz (MT Yeth,) (IZI 13(C)) (7= A 1 ##7%
D 1 EETE NGRSO =D ),

(R)<—@)

1)

2)

3)

4)

R~ —@ZFEALTMTIE, A BT
BRUDNRAE &2 U 5| Efe i b il &7, %
JEITVEAN 1 7 A% E TR L7228, 3 » A% LL
RIS B CTh o7, BRME(LIZIEA 3 H ﬁé
~1 A% ETRDIN, 3 »r ARLIETIT
IEVHEIBLT-,

fitio AERESFT RA R 1DNRd, A 3 H
~1 7y A% DOIZBRETIL, RPREEE L |
fiit 3R Th -T2,
(RE L E RO R4 R 2(D), X 3(D)
R, REIE, TEA 1 %O HERICE
W, AR N7, FARHIE &L, 1F
SERETIT, HIRRBEL B L VEA 1 » H %
T, AR, mHERETIZ. EA 6
r A% ET, STBEEE B L T, A BB
ST TAPNGAY
3D v17u CT:1EA 3 HiE~1 » H#% Tl
BT VTR ZRDTZN, 3 A LT
&;t f;%; IFEAETHIRL TV (K 4(D)),
BRI RIEDFREETH D, KA
H@%x %, HEA 3 BiE~1E%DOIEERET,
SHRBEL LG LT, AR MNHY, & H &
FECIL, BT EA 6 »HE) . A&
7P NAERD -, LDH JEME, P ERE S LN
P EREIS L, TEA 3 HEE~1 ERE%OIEL
BRET ., T RBEL LI L € A B INA 380
7o TEAN 1 7 AR THE, mHERETO A, xR
BELILER L CH BB MAZRD -, P EkE
{bHERF-Td % CINC-1. CINC-2 1. 1 EA

10

1% ~1 » 1% F T ORHHREE & bl L C,

BRI L vz (B 5(D)-1,
6(D)-2, X 7(D)-3, X 8(D)-4, X 9(D)-5, X
10(D)-5), A rAE > O EELZK 12D)107%
7,

5) ARk B {L AL AD~—H—TdH5 HO-1
1L EA 1 BEBEZET, MEEEELRLTHE
RN R L= (B 11(D)-7) ., s ELE
BAEARTIZ, EA 3 HEBLON 1 Jl% Tl
it e B2 PN s 2 ON il e B B~ oD 3 B 7 % E A
faiR AR DT, RIEIX 1 » ARRERHGEL-
D3, EI AR IR EER I IR E M CTh - 7=
(HE ¥:tt) (R 13(D)) ., FrAefbix, A3 El?f;é
~1 A% ETROTN, 3 7 A% LKEIX
HIEL7-, (MT %:£2) (K 13(D)).

(BABREYE DA 82 LD il = R A)

He 5 %%(Mw)ﬁ*ﬂ&fh@ BRFERIAR) T

ZU VR (R Jv~A)9:#’J']$ RIRY T 70V (RY

~—D)DT v h~DREWNENRBR O R % i

L. RUT ZUIVER DO ZEREAE & 23 RAZ T Ml B D

I ONWT, BEEZ B IR0 LT Ot 2215

7=

1) ﬁ%i%ﬂ@?ﬁ‘a@i&

- RUE SRR PR TR O RIS, FEA 3
Elfﬁﬁ 5 1 BEBETOTRTOIEERICE
AR xu‘ﬁﬁﬁi}:ttﬁxb TR L, AP EREK
lﬂ‘tljﬁﬁl WA BB Bbd, ket

IZBWTCE, HA 1 » A% ETEOMEmER
B7- (K 14(A)~(C) ).
W2 BB LDH JEMES . EA 3 H
%o 1 WHRETOTXTOIEEREZB
T, RHRBEL LU . A E RIS R,
HEA 1y A% ECTEOMAn 2R T-(K 14(D),
(E),
R S e T O SIE ML, R~ —
AXVHR)~—O Tl L 7=, LDH &
PEIIARY~—A OB ED)>T-,
RE XM E o CINC1 BXW
CINC-2 %,/ EA 3 H#EMD 1 HEETO
FET R TCOEBEREICB W T, SR
L, A EREINA RSN (X 14(F), (G)).
filiklfkth o> HO-1 1 ¥ EAN 3 HEMS 1
r A% OIFIETT X TOIEBEREITRBWT, %
HafELeig L, A EAREEINE RS, iEA 6 4
A # ECHME 2L (K 14(H)) .

ERIZWTRL HEEKGFIETH -T2,

2) Jii LA



JREARREARIC BT, R~ —A SR~
—DDOWTHIZEB N TH, FEA 3 B TIX
ffEE~DIFFERB I N~ rn 77— % F
IRET 2 INEMALIRE 2 BRI B C
bolz, 1I<E 3 A#ENDL 1 HEHE TERR
PRAE AR IR N ZR AL, T DO IE D3R
DHIVTZ, FFIZ, A~—A 1 Z<ERETIL, TJ
<7~@¢:H3/\f\ X0 FE LW E M o 4 7%
DB, RIEHIIREAD T I L DR
Tl WTFHORI~—IZBWTH, HEEKF
MINCAaT N EHL, RU~—A TiE, R~—
DL L Aa 7 N oD m s b,
RAEMIRIRIE & RIARIZ, B4 . FEZRAG ITH D
HLHLPTNTNORI~—0D 1.0 mg ITEREC
BWTHRRHA LA BRSNS, RU~—AT
I, BRAEAL S LD IR FEPHIZ IR 23> Tz (]
140D, (K)). 7> a/ua7hAa7 |2 LAEHHC
X, R)=—ALR)~—DODOE T i ’isb\
Th, A7 O KRN Z 7RO T, &
J<—A X AN)~—0 oARa7ihyEL, 28
TBRIRY T ZU VR, ;*E%%@WT&U»%
CLEH LT MM LI BE S m o7, (K
14(), (L) ).
FMIARIv—A, R)~—DOxZNENRE
WIEALT 1 7 A % ICE I 72 il f1 8k o
mRNA O~ A7 7L AH6, 20,177 Eix 1%
ﬁﬁﬁw_o FOFE R R~ — A THHMES A
\ZBH# T 58 n T OREL EHEZED Ay
ARHT Tl RU~—A TTRp—I 2R
PISK-AKT #%#& IR HE 185 7R B0 L
e (B 154)~(C)) . b0 E s T
OB, R)~—A THEHE(LRERRY <
—OXH EvME E—E LTV,

(A E<EHER)

RU~—A O TGRSR (T ) Ot ez
R,

LEE AR T O SEEN T  BR IR EE 1L, A R
JERE:0.26+0.03 mg/m?, EiEER;2.13+
0.13 mg/m3. £ # : 1K ; 0.26 £ 0.04
mg/m3, &R ;2.41+20.41 mg/m3 THo
770
WANIZSEHIMIZB TR ~—A OIFERE
FEDfERER 16(A)ITRT,

(N EL gEakliR (Z b))
D MoRIRET AR 17(ANRT, BlIE IR %

WL T, IR L ITSERIEL ORI T, WIRAYZ:

11

2)

3)

4)

5)

T RIS TR > T2,
W NI H OIRE OHER 35 L OES| REO K
FEORMEZK 18, B 19 RT, REIT,
HEA3 BROEHEBRBIO 1 » A %O
SERRIZRBWTC, 3P HREEE i LT, A E I8
LT, M E R, FEA 3 BEDOE
HERIZB VT, fERBEE LT, AR
= )11 @AY
3D vf7u CT: NI BT 3 BB &
W1 7 ABRIZBWT, (KRR - SRR
IZBWTY CT ETIZH b BEEIX
ﬁ%ﬂ’biﬁ?ﬁ*/)ﬁ( X 21(A)).
iﬂmﬂ@/ﬁ’ﬁ@«ﬁz LDH /&M%, BlEgiim 4
%L“C\ BREL KT IREEL DI B2 I1T72
Motz %&)\6&@%‘?3 H#% ik, Mfmiask
I, EIRERRICB W T, xfﬂgﬁikttixb ﬁi
fxtﬁ@'ﬂua‘: W7o, GFHRERER, G EREIS
FEREC, SRR LG L C, R ﬁk‘f
_ﬁi‘iﬁfﬁamz}%ot W NIE<TEXRT 174
BT, B RTA—H LR R DE B
BT (K 22(4)) . A RAE L DEE
% 23(A) 1279,
JitTRELAEE « T B AR A A T, NIRRT 3
Elfﬁfi M E<EREED  AifaiEN S KOG
H@Bm « RERGMEIC, RIEMIIREZ
&5710 F&Ai< BT 1 HE TR, &
I“ THIE L T2 (HE 4e) (K 24(A)),
FRHEAL I, %ﬁé"ﬂ;ﬁmﬁﬂ?f IXERHCROD B
otz (MT %eth) (X 24(4)),

(B NF<S TR (7 MEH]))

1)

2)

3)

4)

o AIRAT AR 17BN, HEA 3 B
~1 7 A O EREIXERETIT, MHREEL L
L, ORI ThH -T2,

e ANBRE B G DR EOHES 2 X 18,
19B)\RT, (RE T, BIZMM O 6 » H R
BWT, RRBELIIKER O THEZZR
Dotz FXIE &L, S H ST, #
UM, RHREES i L CL A RIS T
AV

3D vA7u CT: W ANIFFEKT 3 Elf&f
FREMCREEZ BT IRAE

7253, 1 7 A LA LI EE A EHE Epfmx
72 (X 21(B)) .

R BRI W ANESERK T 3 BT
X, EEEREICIRBW T, LDH JEME. g,
I EREL, P EREI S O/ BN H -7
D3 ANIXSERKR T 1 » AR LIBEIR, &/ T A



5)

—Z LR BBEL DA EEITBD o7, (K
TEERECIE, MANIFKEKRT 3 HE~6 » A
BIZBNT, WTHORFA—2E5 BEEE D
HEZZRDRD -1 (F 22(B)), (AL
> D5 HEZR 28BN T,

JIiAELSS - 55 BEAELARRAZE A I, T A IES TR T 3
H#% Tk, mIX<EREED . MiifaiEN 3 X OE
Rl bR RE I | R BEAR AL, I AR 2 38
O, RIEIL, 1 7 A B LUERITHER MW Th-o
7-(HE Yfa) (K 24(B)), MRAELIT., I
FETIZ, WAIRSEERR T 3 BRI L7
RDHI>HO 1 PEIZBWCIRFEMED fififEED IR
JEERBDT-DOIRTHY, FiRERETIE, AT
SBT3 HE~1 7 A% TRIALDOER

72 (MT Y:ta) (X 24(B)) .

(BN EETAER (=0 2 RH))

1)

2)

3)

4)

IE<BELIR h O T IR FE 1L, R EERE
T 0.24*0.04 mg/m3, FHEERET 2,52+
0.31 mg/m? Th o7z, WAITEWIRIZI1T
HRY~—A OIFSBEREOEREZR 25(4),
B®I=T,
W NIE<EE TR DR EOHER 36 JOWEHIRFO IR
EORE R4 26, K27 1277, IKET, Bl
M ZBL T, 777 labr EHVEEDIFZO N,
I7 7 HBEFR B/ UREE el L C L D 2R M ]
\ZhoT,
3D v17u CT:[X 28
I T HIMERELRUEECIE, WThoRRIZB W
Th, BREEREZIIZRDLRN-T,
T 7 MR EHORETIZ. S A% ~3 7 %%
({X{Fﬁ @TU?J77<-?/ nu &)710

B E e - X 29
éﬁikbfﬁﬂ%73#&7%@2@?@‘@!1#%%@7%0
oD, 777 HEBREHVREX, 777 MR
B/ URREEIG L T RU T, K/XTA—F D5
VME ] T o7,
W NIELSFBERR T 3 BTl LB T, o
FTATREL B L C. M, 4F TP ERER. 4
HEREN S OF B/ nEiio T,
WIS T 1 - AR TIE, 777 filabr 2
HOBEOBBEZRBWT, 777 Mllabr L7 URE
DEFEL IR LT, LDH &M A B2z
BT,
W NIESEEHE T 3 7 AL ClL, 777 Miflabr 2
HOREDIZS BRI WT, 7o 7 Mg 7
LREDRBEE LR T, ki o E 5425880
7oo F72, LAOBETIE, COREBIO HOREE

12

5)

eE L C, LDH {& MO fF B/ a7,
W NIZSERT 6 » A% TIL, LOBETIX
COBERB I HOREL L <, LDH &Mt
BB EEINERO T,

AR DEEAK 80 127~7,

fitikELH% B 31

JREFHRRAE A BT

I 7 MR ERUBECIE. 3 B O LOBER
L3y A%D HOBEZIUWN T, -7 7% f“
DTz, F2. 1 7 A O LOBIZBWT, 2
PRI HRHELZ 1 7 FTD B8 T2,

I 7 MBBREHVRETIE, WMAIZEK T
RTOBIERAN (3 Elﬁé\ 17 Atk 37 Hk,
6 7 A1) 2B\ T, RHREEE 5 2 CRIE
RO T IXERECIE, RHIRAEE LR L T,
RIENFR)-T- (HE Yeth), F7-, WAIF<ER
&TH#H 3 HETIRIISERE T, WAIZEK
T17A%. 37 A%BLU6,A%T ;bdﬁ@
MAEE T BRIV T, B RME L 258

72 (MT 4et) , ZHHOPTRIC, BERITIE

B S TIH AR o7,

BEERA NIRRT, 777 MBI R Y
7p~—N1—"To% CCSP D m@’%??of_o
EHR 727 XL OEENTERIZE - T, X
HEOIZTHIRES W= (X 82),

D. ZR
A BIDOWFTENS, LLT DR REAFT,

1)
2)

3)

1)

T ZUNVARSRR Y~ — D il E M
ZEKEAEE | HERAT B35,
ZURERRY T ZUVEED 0.2 mg/m3 DO A X<
T CIIMRREENE XA D CTlado T2,

5T RO EITL > T, BUERARY 7 70
R I LD RIECRRME LN R S LT,

TR

TV VNBERR) ~—DEAEETH D
JFELEFBRARY T 7 UAEDH L, RY ~—
O (T+E69.7H) LRV ~—Q (&
25.8 ) ORENFEANREBRTIX, A ~—
OO L bFRREOEmWAIREEEZH L,
WolE 9, AN INE TITo 2R ENTE
ANRBRICEBWT, R CIHEEERIARY 77 )
NWBETHLOTERBLZE 3 TREOHLDT
X, AU ~—0@ & el LT, RIECHRAME
fEDOREIXFS < . FRfelif &<, MkEE
MR o T2, Ko T, HERBERARY T2
U VER D IRFEEMIC I, 4 ENBEET S
ZENREEINT, £, RU—0DL®



2)

D WIBEEMEDORR IR X @A 72 <
B 3 FRRED G O TIIMMEEMEAME)
Sl Z LG, EREAR Y T 7 U IVEED
fliFEEM BT, 3 5~26 FOMIZY T
BEOLXVERGFET D AREERE 2 61
76

- EIBIT, R — DR TICE B3 5L,
i e 1%, AR T ZULER > R YT 7V VRS
RITL>S>SKRIZF LU AXRIRTHY, 77V
VEEFRARY ~— D EMEICIX, R ~—0DH
Ry D3R BES DRREMERN B 2 bVl £,
T IR R AR~ —IE, B Lo TREL
TTEEDUMNT=NEDY  ZHUZBEL T, kL
AR IEREZIE L C. SR SR EE 3 AT
SOITIIMBEEMEEOBREALNCTHIE
=HET,

« A RIDRFFE TIT o T FEZERGRIRY 7 7V ViR
ThHR)~—OEKENEA LTI L,
Fox DN FETIATH T BAERIRY 77U L i
THHRI~—AZBE 0.1%LLT) 258N
AL Z2 V<, i E A i L
-, FORER. RU~—A 1T, RI~—DIv,
AR EME R HE L 3 5E<  ZRAG S 0.1% A
TORITZVNVEROIEDN, FELRETIRY 77
VLR L0 il E DN Do T2, Ko T ARY
T 7V VER O i M SR A I 2N B E 3
HIENRBEINTZ, 2, RU~—A Z5EN
AL E V- mRNA o~ A7
L A Tld, Ein(elastin) x> Collal(collagen,
type I, alphal)72E OB +REO EH%
B TARM—= AR PISK-AKT #0246
WIRVT 7V )V EE D iR E M BEHE 52 LA
IR,

R~ —AZERERIRY T 7V VER) DT v &
A N IESTRBR ISR W TE, RIEF— @k
THY, BHEALITRD 20 > 7=, BALF Ofifft
2B W T, RIRERE (0.2 mg/m3) 123V T
& IT<EH T 3 H412, BALF o4 hEk S
BELOUHHEREI G, RRBEL LR L CTAR
PRI TR T2, UL, B A<
ARBR L INIL A BN SR E I A RS
BRI TIEKEK T 3 HIRORIRE
#D BALF H 4 RERECO L H EREI A 16 R
FEL DT> o, FROFEGIL, 130 DK
AMEAL S E OIS B T IEE THHE
SIVTWD, Bl A X, Al PR DM R b A
g 2RL - ORI NI BB AL TIERZ IS
H—iPEIC BALF 1 oif ek oG &7

13

3)

MH->T=Hb00, 13 3 O AT < 75 7R
Tl xFHREEE DO RNCAF R BRI D ZE D320
722 ENIREN TS (Adameakova-Dodd A,
et. al., Part Fibre Toxicol., 2014.), Z5L7=
Bt E . WAPER CAZ2E D RMZIZ<FES
TEBRTHEZ D fE R EZ PR DT D AR L&
HIEZ DAL, B EVEDMR I E SCURJE~D
IZ<BETHLRDOONLZEDNRIBIND, TV
ODEMII<ERR L, KEE R (0.2
mg/m3) (2R TRIE (FAE & 7228 — @k o8
Wb DO TH-T, BA LT ER TH -T2,
INBDTEND ZRERARVT Z7UVEED 0.2
mg/m3 DY ETOW AITEE CII MR EMEIX
O TR MAERTAEL TORI T 2Y
JUED NOAEL (w4 5) 25 & 3 2BRIZ,
0.2 mg/m3 EVIORENOESD B2/ DHE
= %17, BE#l (Takeda T. et. al., Part Fibre
Toxicol., 2022.) (2B Th, KL~ 7T-28
IR T 70 VR D) ERAL S B R O FE
IRHTHLLDD, WA T AL THOLE
FERLIRY T 27V VRO NOAEL % 0.3 mg/m3 &
LTRY, AWFZEOREFREFHEIL T,

A< —ACRFERIRY T 7V D~ A~D
W NS RBROREROIE, 777 Mildzkr
BT DHIET, BBRIRYT ZUNVERIZ X D RIE
OMHEAL N H R U 7- FTREMEN B 2 BTz, &
BIOWFFEIZIBWT, 777 il brELZBE R
L. 777 FRa 23 il ik DR A RN 72 H 2 &
MHREZI TS (Shimkin MB, et. al., Adv
Cancer Res., 1975.) ZEIZEES& 777 i
T VNV RARY~—7e & OF FEHEME I
DI B D72 N DD ERRRET AT &
FIFEOEIF AT 528 ThoTz, LovL,
A O gERE B, 777 Mlans, gz
DIRINDHEE Z HINDRIERRHE L2372
TERR®HZE, DEVEKRDOEE-HELT
DEHEEFL TCWDLIELERTHEOThoT, 7
F7 MR E ORGE EREAIRIE., — BRI,
RIEIRETEFRT DT ENA L T2 E GV A
NIA L ZFEAT DHIERNOLILTNDNSIED
T, RIESCHHMEACITIHIIIER 356277
s 237 (CCSP) pEATHZEL IR
SN TW5 (Zhu L, et. al., PLoS ONE,,
2015., Lesur O, et. al., Am J Respir Crit
Care Med., 1995.), 2O X2, 777 flaix,
RIERMEL Z R T 5, HDWIL, JIlT5
EW ol T AERZ R ZENE %
BND, RFFETIL, 777 JBLD HAE SRR



bz T 21E A2 FARMIZERD T2, Ll
AWF7EIE 13 HEOWAITE DR RTHY,
N BT E D R W e 2 TH 2 D a0
3D, RHBVRIESE ., DEV I L -
TIEFHIZD phenotype WA LT HIENE
25, 7T 7 HD phenotype DL
ELMEDE  JOREWOIZERBR CHRETT
HVENDHLHEEZ 2D,

k., Iy bR (VT 7 kAR ERL) T
I ADIEIBRAERE IS5 &M THRE Z D RRAE
BRI R E T o 72, Ty MI~T AT T
fi RAEA LT W2 A BEHR (Dekkers S. et
al., Inhal Toxicol., 2018.) ThfafSIN THY, K
FRFEDFRE RLBEHIZF B L2 -T2,

Ltk LR OB ORI T 541752
ET, TIINRFRR)~ — O EMEIZOWT, &
IR EATHOZED, PEEEFNICEE THDHE
EZ 5,

E. #&&
s TIUNEERARY = —IL, MiFEEMEICE, T
i BERE AR 7 E OB T RE
PERE G552 LAVRIBE T,
777 Mk & RSE L RMEAL & D BIE T DU T

XL E MR 2 5,
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1) Tomonaga T, Nishida C, Izumi H, Kawai
N, Wang KY, Higashi H, Takeshita JI,
Ono R, Sumiya K, Fujii S, Hata Y,
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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) FRER

1) B ZRERBOE SRR I TR = 3K
DI R ~DEIRA T V) — 55 36 [1]
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FHA.

2) Sakurai K.Characterizing Self-Assembled
Nanoparticles of Drug Delivery by use of
Solution Scattering Techniques. & %) %
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3) FKIE B X BIBIOHNE TN BEELZ A AT
(R L7 AT 55 3 B MLF Fdt - 4
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9 H,7KIKk.
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5) U FIEAI—HELE AW T 005+
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6) Shinichi Mochizuki, Soichi Ogata, Reika
Tsuji. Modification of antigenicity for
cancer cells by wusing conjugates
consisting of antigenic proteins and
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£, 2021 45 H 27 B, AT A,

T RARE, FKIER SRR BME LS oI
TRk 5 58 LB S A [F LN R =,
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8) AHHEN, FKIEH. HUKMEF LTy /%
FEOMPRBEMERN 7 oy 7SR BT D
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A

9) I Fngl /A X BREBGELIE TEHAIL 72 kL
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10) Kazuo Sakurai.An alternating copolymer
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Occupational Health, 2022 4= 6 H 23-24 H,
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12) Kazuo Sakurai.Discovery of a Novel
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#1

&) &Y 7LD GPCMALS HIE DHE R

Sample Muw Ry (NM) Bz
<3E’;.s¢;f$r€7u_7<2 UILER) 7.53X10° 74.9 HRF—LNTERM
(3&?&*%7';:!-37'}_7%))1/@) 258X 10° 42.1 HRF—LNTER

(n“i’u;r;glj;ﬂwf) 7.63%10° 75.1 1 B
(3F’£€$%EETKTI7JZU_)?E§+HJ®A) 6.17x10° 60.1 REF—LNTER
<3E’;.s$§$r§;763uwa> 1.85x10° 32,5 HRF—LNTER
<3E’;.s$§$r§;7@;uwa> 1.55x 10 18.5 HRF—LNTER
<3E’;.s$§$r§;7@;uwa> 8.09x 101 8.07 HERF—LRTER
(3F’=’E$§ﬂ$§)—7 ) 5.01x10* 7.04 HRF—LNTER
(3&%&*%%7'}_7%)»% 5.04x10° 50.5 HEF—LRTER
e LS ' 660 BHRT —LWTER
i 7 L ' 318 BRF-LRTAR
(’%E#Eifjilg'f‘)’_’ﬁ))bﬁﬁ) 7.65x10° 68.7 AR &
A . 3.00>10° 135 AR

(B) WMAEL BRARICIBIT KB HFHIERE

RYZ—A

KRB =
N YNESEH1 _ _
(Syb.I¥VR) 2.0 um (0g=2.0) 2.1 um (0g=1.9)
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M1 FioAREIATR

UNER A SO Control 0.2 mg/rat 1.0 mg/rat

3 days

1 week

1 month

3 months

6 months
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M1 FioAREIATR

(B)EV=—@2

3 days

1 week

1 month

3 months

6 months

Control

0.2 mg/rat
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1.0 mg/rat




M1 FioAREIATR

(CO)FV=—0B

3 days

1 week

1 month

3 months

6 months

Control

0.2 mg/rat

1.0 mg/rat
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1 MioAREATR

(D)KY =—@

3 days

1 week

1 month

3 months

6 months

Control

20

0.2 mg/rat

1.0 mg/rat




M2 {FE

A) : FY=—O GEEBEFY 727 ) 1K)
Body weight
500.0 -
~ 400.0
=
-ge 300.0 -
4
£ 2000 -
5
M 1000 -
0.0 T T T
3 days 1week 1 month 3 months 6 months
Time after intratracheal instillation
OControl OLow dose MHigh dose

Dunnetti& i€ ; *p<0.05, **p<0.01

B): RY~=—Q GEZEH - RY T 27 Y AEE)

Body weight

500.0 -
— 400.0 -
o
= . * *
= 300.0
4
. 2000 -
S
% 1000 -

0.0
3 days 1week 1 month 3 months 6 months

Time after intratracheal instillation

OControl OLow dose MHigh dose

Dunnettfi/€ ; *p<0.05, **p<0.01
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M2 {FE

(C): ¥V =—@ GEEBMAEY =FL vA+* F)

Body weight (g)

500.0 -

400.0 ~

(7]
=]
S
=

=]
=]
S
=

100.0 -

0.0

Body weight

3 days 1week 1 month 3 months 6 months
Time after intratracheal instillation

OControl OLow dose MHigh dose

Dunnett F& 7€ ; *p<0.05, **p<0.01

D) : KV=—@ GEEBEREY T2 IUAEF Y T L)

Body weight (g)

500.0 +

400.0 ~

300.0 -

200.0 +

100.0

0.0

Body weight

3 days 1week 1 month 3 months 6 months
Time after intratracheal instillation

OControl OLow dose MHigh dose

Dunnettfi/€ ; *p<0.05, **p<0.01
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(3 HAXNFHEE (WEE/FE)

A): FY=—O GEEBRFY 72 ) LER)
Relative lung weight
4.0
35 *
3.0 o
E‘? 2.5
- * %k
; 2.0 *E ke e ok Hok
e 1.5
3z 10
0.5
0.0
3 days 1 week 1 month 3 months 6 months
Time after intratracheal instillation
OControl OLow dose M High dose

Dunnetti& i€ ; *p<0.05, **p<0.01

B): RV ~—Q GEEEE - KV 727 ) L)
Relative lung weight
4.0
35
& 3.0
- EEd
.-ga 25 . -
g 2'0 *
= *k o] -
o 1.5
S L0
0.5
0.0
3 days 1 week 1 month 3 months 6 months
Time after intratracheal instillation
OControl OLow dose MHigh dose

Dunnettfii& ; *p<0.05, **p<0.01
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(3 HAXNFHEE (WEE/FE)

(C): ¥V =—@ GEEBMAEY =FL vA+*T F)

Relative lung weight

b
o
)

3.5 A

e
=)
1

2.5 A

g
o
L

L5 4

-
=)
L

*F *k

3 days 1 week 1 month 3 months 6 months

Relative lung weight (%)

=
th

ot
o

Time after intratracheal instillation

OControl OLow dose MHigh dose

Dunnettfir i€ ; *p<0.05, **p<0.01

D) : KV=—@ GEEBREY T2 IAEF Y T L)

Relative lung weight

4.0
3.5
& 3.0
=25 o *k
; 2.0 *% ol . ok . x
%ﬂ 1.5
- L0
Sl ol
0.0

3 days 1 week 1 month 3 months 6 months
Time after intratracheal instillation

OControl OLow dose ®High dose

Dunnettfi/& ; *p<0.05, **p<0.01
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K4 3D~<427uaCT

(A)ZEPMEARER © R Y ~—QO GERUERFY 727 YV Alg (O FER))

Before IT 3 days 1 week

control

0.2
mg/rat

1.0
mg/rat

control

Before IT : Before intratracheal instillation
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K4 3D~427uCT

B)REMNEARER : F Y ~—Q GFREHFY 727 VAl (0 1TE/N))

Before IT 3 days 1 week
control
e
0.2
mg/rat
€ ®
1.0
mg/rat
Sk ©

control

Before IT : Before intratracheal instillation
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K4 3D~427uCT

(OXKENEATER : K =—Q OEEBEERY 5L v AFF)

control

0.2
mg/rat

1.0
mg/rat

control

0.2
mg/rat

1.0
mg/rat

Before IT : Before intratracheal instillation
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K4 3D~427uCT

D)AENEARER : K =—@ OEEBEURY 72 ) AfkF Y v L)

control

0.2
mg/rat

1.0
mg/rat

0.2
mg/rat

1.0
mg/rat

Before IT : Before intratracheal instillation
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B5 SESMREEE RO  RAEMIE (R0

A)-1: F)=—0 CGEEB/HEFEY 727 Y 1) (HFEKR)

Total cell count in BALF
_. 8,000 -
3 7,000 -
= 6,000 - **
S 5,000
=
% 4,000 A
— 3,000 4
g
g 2,000 A
= 1,000 4 * *
@
E 0 T e i)
= 3 days 1week 1 month 3 months 6 months
= Time after intratracheal instillation
OControl B0.2mg W1.0mg

Dunnettfir i€ ; *p<0.05, **p<0.01

B)-1: ¥V =—© GEEEE - £V 727 I A8 (OFED)

Total cell count in BALF

8,000 -
7,000 -
6,000 -
5,000 -
4,000 -
3,000
2,000 -
1,000

*% * %k

[=]

3 days 1week 1 month 3 months 6 months
Time after intratracheal instillation

Total cell count [*1000 cells/mL]

OControl E0.2mg W1.0mg

Dunnettfi/€ ; *p<0.05, **p<0.01
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B5 SESMREEE RO  RAEMIE (R0

©-1:#)=—0@ GEEBREAY TFL v 4FF)

Total cell count in BALF

800 ~
700 A
600 A
500 A
400 A *
300
200
100

[=]

3 days 1 week 1 month 3 months 6 months
Time after intratracheal instillation

Total cell count [X1000 cells/mL]

OControl B0.2mg W1.0mg

Dunnettfir i€ ; *p<0.05, **p<0.01

(D)-1: FV=—@ GEEBEEIV T2 IAEF LY T L)

Total cell count in BALF

8,000 -
7,000
6,000
5,000
4,000
3,000 -
2,000
1,000 -

*

[=]

3 days 1week 1 month 3 months 6 months
Time after intratracheal instillation

Total cell count [*1000 cells/mL]

OControl B0.2mg W1.0mg

Dunnettfi/€ ; *p<0.05, **p<0.01
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X 6

SVE R SE i D fRAT 5

FIEAMIRT (7 PERED

A)-2: F)=—0 CGEEB/HEFLY 727 Y 1) (HFEKR)

Neutrophil count in BALF

Neutrophil count in BALF

4,000 4

*%

W
=
=]
(=]

*

2,000

[¥1000 cells/mL]

=
=3
=]
[=]

=]
1

1week 1 month 3 months
Time after intratracheal instillation

3 days

OControl B0.2mg W1.0mg

6 months

Dunnettfir i€ ; *p<0.05, **p<0.01

B)-2: ¥V =—© GEEEE - £V 727 I A8 (OFED)

Neutrophil count in BALF

4,000 -
3
M 3 3,000 *
2E
53
2 ¢ 2,000
=]
E
£ X 1,000
=
z
0 =

3 days 1week 1 month 3 months

Time after intratracheal instillation

OControl B0.2mg W1.0mg

6 months

Dunnettfi/€ ; *p<0.05, **p<0.01
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X 6

SVE MRS DT 5 SOREMIRE (BFrPERED)

(©)-2: #)=—0Q GEEREAEY TFL v 4F F)

40
]
A T30
=7
e
2% 20 -
“ =
2E
2 X 10 A
=
.

D.

Neutrophil count in BALF

*

3 days l1week 1 month 3 months 6 months
Time after intratracheal instillation

OControl B0.2mg W1.0mg

Dunnettfir i€ ; *p<0.05, **p<0.01

(D)-2: FV=—@ GEEBEEIV T2 IAEF LY VL)

4,000
3

A 33,000
z 3

53

2 ¢ 2,000
=]

E

£ X 1,000
=

3

Z

=]
1

Neutrophil count in BALF

3 days 1week 1 month 3 months 6 months
Time after intratracheal instillation

OControl B0.2mg W1.0mg

Dunnettfi/€ ; *p<0.05, **p<0.01
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X7 SUEXMMISEER QMY  KEMIRE (FhaRES)

(A)-3: FYV=—Q GEEBEREYT7 27 I AEE) (HFEKX)

Percentage of neutrophil
in BALF

h
=R — ] 5‘
L

[—E—
L L

[=]
'

=T i
T T 1

3 days 1 week 1 month 3 months 6 months
Time after intratracheal instillation

Percintage of neutrophil [%]
[ % =

OControl B0.2mg W1.0mg

Dunnettfir i€ ; *p<0.05, **p<0.01

(B)-3: FY=—©@ GERER - KV 727 I 1) (TR

Percentage of neutrophil
in BALF

h
[ — =] 5‘
L

(=R — R —]
P T

3 days 1 week 1 month 3 months 6 months
Time after intratracheal instillation

Percintage of neutrophil [%]
[ % =

OControl B0.2mg W1.0mg

Dunnettfi/€ ; *p<0.05, **p<0.01
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X7

SVE MRS DT 5 SEMIIE (FFP3RELS)

(€)-3: F)=—0Q GEEBREKEY) TFL Vv A*F)

= o W o
oo o e =] =]

Percintage of neutrophil [%]

=
L

=]
L

Percentage of neutrophil
in BALF

1 month 3 months 6 months
Time after intratracheal instillation

3 days 1 week

OControl B0.2mg W1.0mg

Dunnettfir i€ ; *p<0.05, **p<0.01

(D)-3: XY =—@ GEREREFV T2 IAEBEF ) T L)

h & =1
= <

Percintage of neutrophil [%]
(] % =

<
L

=
L

=1
L

(=]
'

Percentage of neutrophil
in BALF

e ok K

e
T T 1

1 month 3 months 6 months
Time after intratracheal instillation

3 days

1 week

OControl B0.2mg W1.0mg

Dunnettfiii& ; *p<0.05, **p<0.01
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M8 SUESAifaStER DT s MG EEO~— 7 —

(A)-4: F)=—O CGERBHEFEY 727 Y 1) (HFEKR)

Released LDH activity
in BALF

7,000 -
= 6,000 -
E. 5,000

£ 4,000 - o o
B

£ 3,000
~

= 2,000
2 1000

3 days 1week 1 month 3 months 6 months
Time after intratracheal instillation

OControl E0.2mg W1.0mg

Dunnettfi i€ ; ** p<0.01, *p<0.05

B)-4: ¥V =—© GEEBE - £V 727 I A8 (OFED)

Released LDH activity
in BALF

3,500 -
= 3,000 -
E. 2,500
£ 2,000
% 1,500
~

= 1,000
2 so00

EEd *

3 days 1week 1 month 3 months 6 months
Time after intratracheal instillation

OControl B0.2mg WM1.0mg

Dunnettfi /€ ; ** p<0.01, *p<0.05
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M8 SUESAifaStER DT s MG EEO~— 7 —

(C)-4: #)=—0Q GEEREAE) TFL v 4F F)

Released LDH activity
in BALF

700 -
= 600 -
E 500 -
£ 400
=

T 300 |
-

o 200 A
2 100

3 days 1 week 1 month 3 months 6 months
Time after intratracheal instillation

OControl B0.2mg W1.0mg

Dunnettfi i€ ; ** p<0.01, *p<0.05

(D)-4: FV=—@ GEEBEEI T2 IAEF LY T L)

Released LDH activity
in BALF

7,000 - **
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B9 SESMIESEER OB ; fFPIREMMERF (CINC-1)
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M10 SEIMIEHEROMBT ; FHRRELERTF (CINC-2)
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M14 ZEREORRICK 2 MkEE MR
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FED ER L T EA20 086 F

Gene symbol Gene description Fo(l)gépr%r;ge F(oclaicéhggg)]e
Mt3 metallothionein 3 5.6 8.0
AABR07056026.1 - 3.1 4.4
OIr1523 olfactory receptor 1523 3.0 4.3
Hbqlb hemoglobin, theta 1B 28 4.1
Mt2A metallothionein 2A 28 4.1
Rab24 RAB24, member RAS oncogene family 28 4.0
Tuba3b tubulin, alpha 3B 28 4.0
Nridl nuclear receptor subfamily 1, group D, 26 38
member 1
Igh-6 immunoglobulin heavy chain 6 26 3.7
RGD1565617 similar to 1g variable region, light chain 26 3.7
Ttl11 tubulin tyrosine ligase likell 25 3.6
Atpl3a2 ATPase 13A2 24 3.4
Secl4l1 SEC14-like lipid binding 1 23 3.3
1gsf8 immunoglobulin superfamily, member 8 22 3.1
Egfl7 EGF-like-domain, multiple 7 22 3.1
Fau FinkeI—Biskis—ReiII){ myrine sarcoma virus 21 30
(FBR-MuSV) ubiquitously expressed
Eln elastin 21 3.0
Ep300 E1A binding protein p300 2.0 29
Arl2 ADP-ribosylation factor like GTPase 2 20 29
Otop2 otopetrin 2 1.5 21

HEEAZRD BIET D5 b, $HEFMILICEES 5 B 10 0EET

Gene symbol Gene description Fo(l'gé:q%r;ge F(oéic;hg:lg);e
Eln elastin 2.1 3.0
Aktl v-akt murine thymoma viral oncogene 18 26
homolog 1
Ccma2l CCM2 like scaffolding protein 1.7 2.4
T oy 1e 3
Parp10 poly (ADP-ribose) polymerase family, 16 23
member 10
Pdgfrb platelet derived growth factor receptor beta 15 2.1
Collal collagen, type I, alpha 1 1.4 2.1
Fgfrd fibroblast growth factor receptor 4 1.4 2.0
Ctof connective tissue growth factor 1.4 2.0
Hyal2 hyaluronoglucosaminidase 2 1.4 2.0
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K1 5(C) KEGG pathwayic X 3 f@tr

Terms of KEGG pathway C?)mis % 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 7 355  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

s HEAE & Heie U T LARFLL L3 BLO BN 258 O T2 s F 2 fRtir i R & Uiz,
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M16(A) BAFKEIRFOFRY ~—ADITBRE (vt (EH/REE) ) :KRER
Day Wi H Ak A MmiRfERE | WERH W5 | W iR I S
HE#mg)  HWERT(mg) (mg) (min) (¢ /min) (mg/m3)
1 20217H12H 20.910 20.709 0.201 360 2.5 0.22
2 20214-7H 13 H 20.733 20.467 0.266 360 2.5 0.30
3 20214-7H 14 H 20.901 20.689 0.212 360 2.5 0.24
4 20217H 15 H 20.899 20.650 0.249 360 2.5 0.28
5 20217H 16 H 21.001 20.743 0.258 360 2.5 0.29
6 20214E7H19H 20.741 20.535 0.206 360 2.5 0.23
7 20214E7H20H 20.719 20.479 0.240 360 2.5 0.27
8 20214E7H21H 20.987 20.747 0.240 360 2.5 0.27
9 20214E7H 26 H 20.920 20.617 0.303 360 2.5 0.34
10 20214E7H27H 20.892 20.692 0.200 360 2.5 0.22
11 202147 H 28 H 20.906 20.601 0.305 360 2.5 0.34
12 202147 H 29 H 20.408 20.207 0.201 360 2.5 0.22
13 202147 H 30 H 20.918 20.712 0.206 360 2.5 0.23
14 202148 H2H 20.542 20.241 0.301 360 2.5 0.33
15 202148 H 3 H 21.434 21.121 0.313 360 2.5 0.35
16 202148 H4H 20.938 20.737 0.201 360 2.5 0.22
17 202148 H5H 20.366 20.165 0.201 360 2.5 0.22
18 202148 H6H 20.382 20.117 0.265 360 2.5 0.29
19 202148 H10H 19.350 19.167 0.183 360 2.5 0.20
20 202148 H11H 22.423 22.09 0.333 360 2.5 0.37
21 202148 H12H 20.579 20.322 0.257 360 2.5 0.29
22 202148 H13H 19.896 19.656 0.240 360 2.5 0.27
23 202148 H 16 H 20.609 20.420 0.189 360 2.5 0.21
24 202148 H17H 19.192 18.980 0.212 360 2.5 0.24
25 202148 H18H 19.784 19.543 0.241 360 2.5 0.27
26 202148 H19H 19.768 19.515 0.253 360 2.5 0.28
27 20214-8 H 20 H 19.116 18.898 0.218 360 2.5 0.24
28 202148 H 23 H 19.720 19.468 0.252 360 2.5 0.28
29 202148 H 24 H 19.640 19.385 0.255 360 2.5 0.28
30 202148 H 25 H 20.818 20.581 0.237 360 2.5 0.26
31 202148 H 26 H 20.953 20.717 0.236 360 2.5 0.26
32 202148 H27H 20.995 20.794 0.201 360 2.5 0.22
33 202148 H 30H 20.733 20.528 0.205 360 2.5 0.23
34 202148 H 31H 20.571 20.289 0.282 360 2.5 0.31
35 20214F9H1H 20.711 20.482 0.229 360 2.5 0.25
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36  20214E9H2H 20.998 20.791 0.207 360 2.5 0.23
37 2021497 3H 20.399 20.211 0.188 360 2.5 0.21
38 20214F9H6H 20.959 20.761 0.198 360 2.5 0.22
39 | 20214F9ATH 21.005 20.816 0.189 360 2.5 0.21
40  20214F9H 8H 20.798 20.573 0.225 360 2.5 0.25
41  20214E9H9H 20.608 20.418 0.190 360 2.5 0.21
42 2021495 10H 21.092 20.775 0.317 360 2.5 0.35
43 2021495 13H 21.040 20.792 0.248 360 2.5 0.28
44 2021495 14H 20.936 20.736 0.200 360 2.5 0.22
45 2021495 15H 20.719 20.549 0.170 360 2.5 0.19
46 2021494 16H 20.838 20.642 0.196 360 2.5 0.22
47 202149 17H 20.968 20.72 0.248 360 2.5 0.28
48 = 2021495 21H 20.703 20.478 0.225 360 2.5 0.25
49 = 202149 22H 20.937 20.736 0.201 360 2.5 0.22
50  20214E9H 24 H 21.127 20.864 0.263 360 2.5 0.29
51 = 2021495 27H 20.564 20.311 0.253 360 2.5 0.28
52 | 202149)]28H 20.932 20.710 0.222 360 2.5 0.25
53 202149/ 29H 20.752 20.550 0.202 360 2.5 0.22
54 2021494 30H 20.922 20.662 0.260 360 2.5 0.29
55  20214E10H1H 21.229 20.953 0.276 360 2.5 0.31
56  20214E10H4H 21.386 21.183 0.203 360 2.5 0.23
57  20214E10H5H 20.702 20.489 0.213 360 2.5 0.24
58  20214E10H6H 20.849 20.624 0.225 360 2.5 0.25
59  20214E10H7H 20.559 20.358 0.201 360 2.5 0.22
60  20214E10/8H 21.655 21.393 0.262 360 2.5 0.29
61 20214104 11H 20.219 19.990 0.229 360 2.5 0.25
62 20214104 12H 20.949 20.733 0.216 360 2.5 0.24
63 | 20214107 13H 19.581 19.335 0.246 360 2.5 0.27
64 20214104 14H 21.682 21.478 0.204 360 2.5 0.23
65 | 2021410 15H 20.179 19.916 0.263 360 2.5 0.29
St 0.26

PR R 7= 0.04
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K16®B) WAXBERRFTOFR) v—ADIXKBRE (7 v+ GEH/RE) ) : BRER
ESN Wk H Ak Ak BHER  HIERRH LRk W R e L
MEHmg)  WERT(ng) (mg) (min) (0 /min) (mg/m3)
1 20214E7H12H 22.768 20.693 2.075 360 2.5 2.31
2 20214E7H13H 22.478 20.467 2.011 360 2.5 2.23
3 2021477 14H 22.629 20.813 1.816 360 2.5 2.02
4 2021-7H15H 22.451 20.628 1.823 360 2.5 2.03
5 2021477 16H 22.195 20.351 1.844 360 2.5 2.05
6 20214-7H19H 21.689 19.891 1.798 360 2.5 2.00
7 202147H20H 22.339 20.553 1.786 360 2.5 1.98
8 20214E7TH21H 22.375 20.59 1.785 360 2.5 1.98
9 20214E7H 26 H 22.277 20.497 1.780 360 2.5 1.98
10 20214ETH 27TH 22.158 20.313 1.845 360 2.5 2.05
11 20214E7H 28H 22.225 20.460 1.765 360 2.5 1.96
12 20214E7TH 29H 23.301 21.177 2.124 360 2.5 2.36
13 20214-7H30H 22.126 20.304 1.822 360 2.5 2.02
14 202148512 H 21.226 20.321 0.905 360 2.5 1.01
15 20214813 H 22.933 20.675 2.258 360 2.5 2.51
16 20214814 H 22.019 20.027 1.992 360 2.5 2.21
17 20214815 H 22.815 20.325 2.490 360 2.5 2.77
18 2021486 H 20.223 18.406 1.817 360 2.5 2.02
19 202148 H10H 23.932 21.245 2.687 360 2.5 2.99
20 20214F8H11H 22.153 19.511 2.642 360 2.5 2.94
21 202148 H12H 23.007 20.309 2.698 360 2.5 3.00
22 202148 H13H 21.280 18.780 2.500 360 2.5 2.78
23 20214816 H 21.566 19.016 2.550 360 2.5 2.83
24  202148H17H 22.426 19.425 3.001 360 2.5 3.33
25 202148 H18H 21.021 19.067 1.954 360 2.5 2.17
26 20214-:8H19H 21.421 19.425 1.996 360 2.5 2.22
27 202148 20H 21.572 19.124 2.448 360 2.5 2.72
28 | 20214-8H23H 21.523 18.997 2.526 360 2.5 2.81
29 20214-8 24 H 21.076 19.329 1.747 360 2.5 1.94
30 202148 25H 22.555 20.527 2.028 360 2.5 2.25
31 202148126 H 22.544 20.628 1.916 360 2.5 2.13
32 202148 H27H 22.684 20.682 2.002 360 2.5 2.22
33 20214£8 4 30H 22.656 20.075 2.681 360 2.5 2.87
34  20214:8H31H 23.155 20.553 2.602 360 2.5 2.89
35 20214F9H 1H 22.410 20.518 1.892 360 2.5 2.10
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36 = 20214F9A2H 23.289 20.767 2.522 360 2.5 2.80
37  20214F9A3H 22.775 20.639 2.136 360 2.5 2.37
38  20214F9H6H 22.521 20.617 1.904 360 2.5 2.12
39  20214F9HTH 23.016 20.681 2.335 360 2.5 2.59
40 | 202149 8H 22.247 20.427 1.820 360 2.5 2.02
41 2021494 9H 22.460 20.620 1.840 360 2.5 2.04
42 202149H10H 22.382 20.462 1.920 360 2.5 2.13
43 | 202149H13H 23.151 20.593 2.558 360 2.5 2.84
44 | 202149H 14H 22.724 20.350 2.374 360 2.5 2.64
45 | 202149H 15H 22.886 20.935 1.951 360 2.5 2.17
46 = 202149H16H 22.461 20.325 2.136 360 2.5 2.37
47 | 202149H17H 23.393 20.804 2.589 360 2.5 2.88
48  202149H21H 23.260 20.580 2.680 360 2.5 2.98
49  202149H22H 22.419 20.657 1.762 360 2.5 1.96
50 | 20214924 H 22.974 20.350 2.624 360 2.5 2.92
51 = 202149H27H 22.570 20.532 2.038 360 2.5 2.26
52  202149H28H 23.362 20.634 2.728 360 2.5 3.03
53 | 20214F9H29H 22.936 20.433 2.503 360 2.5 2.78
54 | 20214F9H30H 22.938 20.452 2.486 360 2.5 2.76
55 | 2021410H1H 22.884 20.773 2.111 360 2.5 2.35
56 | 2021410H4H 22.559 20.556 2.003 360 2.5 2.23
57 | 2021410H5H 22.660 20.537 2.123 360 2.5 2.36
58 2021410/ 6H 22.001 19.893 2.108 360 2.5 2.34
59 | 20214107 7H 23.001 21.173 1.828 360 2.5 2.03
60 @ 2021410/ 8H 22.653 19.997 2.656 360 2.5 2.95
61 @ 20214F10A11H 22.789 20.616 2.173 360 2.5 2.41
62 | 20214F10A12H 24.124 21.528 2.596 360 2.5 2.88
63  20214:10A13H 22.001 19.606 2.395 360 2.5 2.66
64 @ 20214F10A 14H 22.145 19.657 2.488 360 2.5 2.76
65 2021410 15H 20.998 18.972 2.026 360 2.5 2.25
1) 2.41

PR R 7= 0.41
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25 (A) BAZKEBRRTOR) v—ADIIBRE (V) : (KRER
FhR I#%EE 0 Ak Ak M iRfERE | WERH W5 | W iR I S
HWE#@mg)  HWERT(mg) (mg) (min) (¢ /min) (mg/m3)
1 202241 H31H 20.888 20.666 0.222 360 2.5 0.25
2 20224F2H1H 21.091 20.832 0.259 360 2.5 0.29
3 202242 H2H 20.770 20.577 0.193 360 2.5 0.21
4 202242 H 3H 20.930 20.729 0.201 360 2.5 0.22
5 202242 H4H 21.000 20.778 0.222 360 2.5 0.25
6 202242 H7H 21.244 21.073 0.171 360 2.5 0.19
7 202242 H 8H 21.436 21.236 0.200 360 2.5 0.22
8 202242 H9H 20.694 20.505 0.189 360 2.5 0.21
9 20224E2H 10H 21.191 20.981 0.210 360 2.5 0.23
10 202242 H 14H 21.124 20.871 0.253 360 2.5 0.28
11 20224F2H 15H 21.487 21.166 0.321 360 2.5 0.36
12 20224F2H 16 H 19.645 19.467 0.178 360 2.5 0.20
13 20224F2H 17H 21.222 20.971 0.251 360 2.5 0.28
14 20224F2H 18H 21.317 21.078 0.239 360 2.5 0.27
15 20224F2H 21H 21.257 21.082 0.175 360 2.5 0.19
16 202242 H 22 H 21.134 20.987 0.147 360 2.5 0.16
17 202242 H 24 H 21.259 21.068 0.191 360 2.5 0.21
18 202242 H 25 H 20.109 19.850 0.259 360 2.5 0.29
19 202242 H 28 H 21.227 21.015 0.212 360 2.5 0.24
20 202243 H1H 21.361 21.174 0.187 360 2.5 0.21
21 2022/F3 H2H 21.233 21.043 0.190 360 2.5 0.21
22 2022/F3 H3H 21.032 20.794 0.238 360 2.5 0.26
23 2022/F3 H4H 21.454 21.185 0.269 360 2.5 0.30
24 2022/F3H7H 21.675 21.447 0.228 360 2.5 0.25
25 20224-3H 8H 20.944 20.763 0.181 360 2.5 0.20
26 202243 H9H 21.733 21.485 0.248 360 2.5 0.28
27 202243 H10H 21.421 21.156 0.265 360 2.5 0.29
28 202243 H11H 21.728 21.489 0.239 360 2.5 0.27
29 2022443 H 14 H 21.655 21.458 0.197 360 2.5 0.22
30 202243 H 15 H 21.435 21.223 0.212 360 2.5 0.24
31 20224E3H 16 H 21.241 21.042 0.199 360 2.5 0.22
32 20224E3H 17H 21.310 21.065 0.245 360 2.5 0.27
33 202243 H 18H 20.871 20.630 0.241 360 2.5 0.27
34 202243 H 22 H 21.235 20.992 0.243 360 2.5 0.27
35 202243 H 23 H 21.5635 21.282 0.253 360 2.5 0.28
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36 = 202243H24H 21.882 21.658 0.224 360 2.5 0.25
37 | 202243H25H 21.019 20.757 0.262 360 2.5 0.29
38 | 2022434 28H 21.158 20.982 0.176 360 2.5 0.20
39 | 20224E3H29H 21.589 21.392 0.197 360 2.5 0.22
40 2022434 30H 21.392 21.146 0.246 360 2.5 0.27
41 2022434 31H 20.986 20.796 0.190 360 2.5 0.21
42 202244 H1H 21.213 20.949 0.264 360 2.5 0.29
43 2022474 H4H 21.431 21.189 0.242 360 2.5 0.27
44 202244 H5H 21.354 21.135 0.219 360 2.5 0.24
45 2022474 H6H 21.232 21.051 0.181 360 2.5 0.20
46 202244 H7TH 21.134 20.922 0.212 360 2.5 0.24
47 2022474 H8H 21.269 21.020 0.249 360 2.5 0.28
48 202244 11H 21.505 21.274 0.231 360 2.5 0.26
49 2022444 12H 21.538 21.359 0.179 360 2.5 0.20
50 @ 2022445 13H 21.618 21.440 0.178 360 2.5 0.20
51 = 20224:4)]14H 21.339 21.123 0.216 360 2.5 0.24
52 = 20224:4J]15H 21.359 21.164 0.195 360 2.5 0.22
53 = 202244H18H 21.603 21.347 0.256 360 2.5 0.28
54 = 202244H19H 21.103 20.924 0.179 360 2.5 0.20
55 = 2022445 20H 19.727 19.485 0.242 360 2.5 0.27
56 = 2022445 21H 19.377 19.177 0.200 360 2.5 0.22
57 2022445 25H 21.301 21.045 0.256 360 2.5 0.28
58 | 20224E4) 26 H 21.089 20.889 0.200 360 2.5 0.22
59 = 20224E4 5 27H 22.222 21.993 0.229 360 2.5 0.25
60 202245 H2H 21.386 21.183 0.203 360 2.5 0.23
61 202245 H9H 21.867 21.657 0.210 360 2.5 0.23
62  202245H10H 20.930 20.671 0.259 360 2.5 0.29
63 20224E5H11H 21.752 21.542 0.210 360 2.5 0.23
64  202245H12H 21.005 20.823 0.182 360 2.5 0.20
65 = 20224FE5H13H 21.013 20.773 0.240 360 2.5 0.27
St 0.24

PR R 7 0.04
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K25 (B) WARKEBABRTOR)~—ADIISBRE (VX)) : BREH
e Wk % H A A iR HERFH W5 |t & MR 0 T
HE#mg)  WEHTI(mg) (mg) (min) (0 /min) (mg/m3)
1 202241 H 31H 22.680 20.821 1.859 360 2.5 2.07
2 202242 H 1 H 22.582 20.628 1.954 360 2.5 2.17
3 20224-2H2H 23.011 20.808 2.203 360 2.5 2.45
4 202242 H 3 H 23.183 20.749 2.434 360 2.5 2.70
5 20224-2H4H 22.559 20.520 2.039 360 2.5 2.27
6 2022F2H7H 23.433 20.991 2.442 360 2.5 2.71
7 2022F2H8H 23.202 20.981 2.221 360 2.5 2.47
8 20222H9H 23.455 21.355 2.100 360 2.5 2.33
9 202242 4 10 H 24.028 21.369 2.659 360 2.5 2.95
10 202242 A 14 H 23.104 20.468 2.636 360 2.5 2.93
11 202242 H 15 H 23.516 21.503 2.013 360 2.5 2.24
12 202242 H 16 H 23.841 21.230 2.611 360 2.5 2.90
13 202242 H17H 23.508 21.214 2.294 360 2.5 2.55
14 202242 H 18 H 23.652 21.183 2.469 360 2.5 2.74
15 2022442 H 21 H 23.628 21.059 2.569 360 2.5 2.85
16 202242 A 22 H 23.223 21.131 2.092 360 2.5 2.32
17 202242 A 24 H 23.880 21.240 2.640 360 2.5 2.93
18 202242 A 25 H 23.557 20.683 2.874 360 2.5 3.19
19 202242 A 28 H 23.343 21.038 2.305 360 2.5 2.56
20 2022-3H1H 22.940 20.481 2.459 360 2.5 2.73
21 202243 H2H 23.893 21.282 2.611 360 2.5 2.90
22 20224-3H 3H 22.884 21.056 1.829 360 2.5 2.03
23 20224-3H4H 23.786 21.379 2.407 360 2.5 2.67
24 202243 H7H 21.420 19.310 2.110 360 2.5 2.34
25 20223 H8H 21.264 19.341 1.923 360 2.5 2.14
26 2022-3H9H 22.774 20.953 1.821 360 2.5 2.02
27 202243 H10H 23.377 20.980 2.397 360 2.5 2.66
28 202243 H11H 23.418 21.325 2.093 360 2.5 2.33
29 202243 H14H 23.315 21.065 2.250 360 2.5 2.50
30 202243 15H 23.126 21.103 2.023 360 2.5 2.25
31 202243 H 16 H 21.577 19.623 1.954 360 2.5 2.17
32 20224F3 H17TH 23.135 21.176 1.959 360 2.5 2.18
33 202243 H 18H 23.876 21.384 2.492 360 2.5 2,17
34 202243 H 22 H 23.511 21.266 2.245 360 2.5 2.49
35 202243 H 23 H 23.378 21.208 2.170 360 2.5 2.41
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36 2022434 24H 23.354 20.854 2.500 360 2.5 2.78
37  20224:3J25H 23.293 20.922 2.371 360 2.5 2.63
38 2022434 28H 23.381 21.242 2.139 360 2.5 2.38
39  20224E3H29H 23.055 21.034 2.021 360 2.5 2.25
40 = 20224:3J130H 24.148 21.484 2.664 360 2.5 2.96
41  20224:3J]31H 23.778 21.182 2.596 360 2.5 2.88
42 2022/F4H1H 23.570 21.138 2.432 360 2.5 2.70
43 202244 4H 21.941 19.333 2.608 360 2.5 2.90
44 2022445 5H 23.625 21.046 2.579 360 2.5 2.87
45 2022447 6H 23.281 21.551 1.730 360 2.5 1.92
46 2022447 7H 22.568 20.593 1.975 360 2.5 2.19
47 2022445 8H 23.224 20.930 2.294 360 2.5 2.55
48 | 202244 11H 23.788 21.805 1.983 360 2.5 2.20
49 | 202244 12H 23.785 21.245 2.540 360 2.5 2.82
50 | 2022445 13H 23.315 20.766 2.549 360 2.5 2.83
51  20224:4)]14H 22.999 21.188 1.811 360 2.5 2.01
52 | 20224:4)]15H 23.289 21.306 1.983 360 2.5 2.20
53 202244/ 18H 23.409 20.850 2.559 360 2.5 2.84
54 202244/ 19H 23.483 21.474 2.009 360 2.5 2.23
55 = 20224E45120H 23.071 20.941 2.130 360 2.5 2.37
56 2022445 21H 23.381 21.109 2.272 360 2.5 2.52
57 2022445 25H 21.268 19.257 2.011 360 2.5 2.23
58 | 20224426 H 21.679 19.025 2.654 360 2.5 2.95
59 | 20224E4 5 27H 23.282 21.254 2.028 360 2.5 2.25
60 = 202245 2H 23.281 21.295 1.986 360 2.5 2.21
61  20224E5H9H 23.608 21.283 2.325 360 2.5 2.58
62 2022455 10H 23.991 21.303 2.688 360 2.5 2.99
63 = 202245 11H 22.808 20.952 1.856 360 2.5 2.06
64 | 2022455 12H 24.426 22.051 2.375 360 2.5 2.64
65 2022455 13H 23.421 21.010 2.411 360 2.5 2.68
1) 2.52

TR 7 0.31
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M27 HE (k)

WAIZL Tl (zv 2/RI) - AV ~—A EEREV T2 ) VE)

Body weight
40.0 - *:
x 1 =

300 1 . o M1l =m=r1h [H III
‘g 20.0
2 10.0

0-0 T T T 1

3 days 1 months 3 months 6 months
Time after inhalation
OCc(-) OCH#) OL(-) OL() OH(-) OHH)

Turkeyf i€ ; *p<0.05, **p<0.01
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Before
inhalation 3 days 1 month
Control
Low
Conc.
High
Conc.

Low conc.: Low concentration, High conc.: High concentration
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Control

Low
Conc.

High
Conc.

Low conc.: Low concentration, High conc.: High concentration
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WAE S Tkl (R/=vx) 277 7#iERED Y - FY =—A GRERKY 72 U LK)

Before
inhalation 3 days 1 month
Control
Low
Conc.
High
Conc.

Low conc.: Low concentration, High conc.: High concentration
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WAL B (Ril/~v =) 27 7#ilabREd Y« KY =—A GEHEHFEY 727 ) Vik)

3 months 6 months

Low
Conc.

High
Conc.

Low conc.: Low concentration, High conc.: High concentration
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29 SESIRCTEEE Oy
WAE S TER (=7 2/RH) RV ~—A ERF) T2 Y LIR)

LDH {51
LDH activity in BALF
* %
450 - A - .
_ 400 A wE M 3
A [
=2 350 - I I
= %
g 30 =
S 250 - &
S 200 -
Z 150 A
= 100 -
50
0 T T T 1
3days 1month 3 months 6 months
OC- OL- OH- OC+ OL+ OH+

Turkey 7 ** p<0.01, *p<0.05

FeAt A £
Total cell count in BALF
= 1,800 -
£ 1,600 |
T 1,400 -
]
S 1,200 -
(]
% 1,000 - —t—
- 800 1  xx e
g %% =
2 600 ~5 =
< —k
§ 400 =
= 200 H
= 0 : : . .
3days 1 month 3 months 6 months
OC- oL- OoH- oC+ oL+ oH+

Turkey i  ** p<0.01, * p<0.05
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WAL Bl (=7 /B RV =—A GEERY T 27 Y Lig)

IR EREL
Neutrophil count in BALF
1,400 1
3 1,200 |
g
= 1,000 -~
£E
o
S 800 -
8 >
=2 600 -
-g.S * %
S X 400 1 ==
£ o
2 200 1 !lL
0 T T "Il-.'l ’-LlIEj
3days 1 month 3 months 6 months
OC- OL- OH- OC+ OL+ oH+

Turkey f27E ** p<0.01, *p<0.05

TFHERE &
Percentage of neutrophil
- in BALF
— 9 q ==
\c  *%1
= 80 A TP
Z 70 -
=
£ 60 -
G
5 40 A
§” 30
E 20 -
5 10 -
=%
0 .
3 days 1 month 3 months 6 months
OC- OL- OH- OC+ OL+ OH+

Turkey i  ** p<0.01, * p<0.05
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EXBNHERRE (K <=—A) ©

Ad5 (RY<—) 7v&—trHr75—1EERE 20214£58268 (K)

No dpa SBIES s |42 rEE| #E e
AIRER (me) P IREE (mg) (mg) (mg) (%)
8Ny ITyT 0 184.737 184.718 0.019 0.019 0.16
7 0.4 188.434 188.404 0.030 0.049 0.42
6 0.7 188.742 188.332 0.410 0.459 3.92
5 1.1 187.504 186.149 1.355 1.814 15.49
4 2.1 187.195 184.456 2.739 4.553 38.87
3 3.3 194.745 190.845 3.900 8.453 72.17
7 4.7 186.977 184.694 2.283 | 10.736 | 91.66
( 1 7 185.127 184.516 0.611 11.347 | 96.88
0 11 181.335 180.969 0.366 | 11.713 -
¥ 1509FEIE  IREEE2.76mg/m’
A4s (RU~—) 7Fr&—trHr75—2@BHE 2021658270 (K)
No dpa BIER e |FRrER| BEE e
AiKER (mg) | IRER(mg) (mg) (mg) (%)
8Ny T YT 0 195.884 195.830 0.054 0.054 0.15
7 0.4 180.238 180.140 0.098 0.152 0.43
6 0.7 182.726 181.489 1.237 1.389 3.89
5 1.1 183.131 179.061 4.070 5.459 15.28
4 2.1 192.195 183.977 8.218 | 13.677 | 38.29
( 3 3.3 192.349 180.421 | 11.928 | 25.605 | 71.69
2 4.7 190.270 183.120 7.150 | 32.755 | 91.71
1 7 196.076 194.212 1.864 | 34.619 | 96.93
0 11 197.571 196.475 1.096 | 35.715 -
¥ AS0RRIRE  IREEE2.80mg/m®
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EKBNHERRE (K <=—A) O

A4S (RYU~—) 7v&—er¥ v 77—8F

(202146A8H~611HAIE)

No dpa AER AIER AR MEE| WE HE
AHEER(mg) PHIRES (mg) (mg) (mg) (%)

8Ny Ty 0 170.100 170.027 0.073 0.073 0.81

7 0.4 175.824 175.761 0.063 0.136 1.51

6 0.7 176.459 175.943 0.516 0.652 7.24
5 1.1 185.996 184.682 1.314 1.966 21.84
4 2.1 185.198 183.204 1.994 3.960 44.00
( 3 3.3 192.728 190.423 2.305 6.265 69.60
2 4.7 190.448 188.418 2.030 8.295 92.16
1 7 187.649 187.164 0.485 8.780 97.54

0 11 204.483 204.262 0.221 9.001 —

¥ 1,100930E IREMRE029 mg/m®
C
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Abstract We conducted intratmachesl inatiiatons of polyacryiic actd (PAA) with cmmalinking and
nan<Tamelning ko rabs in eder 0 ssamioe what kinds of phrreconchemical chanactermtion of acryiie-
ackd-bumed polymnors afiect smporiss (n the kang, 134 zats wew Intzatracheally exposed o sondlar
modecule weights of coomedinied PAA [CL-PAA) (degrw of comsbinkong: ~01% and non-cosdnked
FAA (Noo-CL-PAA) 2t low and bigh doses. Bt weew sacriiond 3t 3 duyx, | week, | sonth,
3 monthe, and 6 manths postexcposure. Both PAAS caased Bcroases in neutrophll inflac cviokine-
Incuced noutrophil chemostiractanis ([CING) 8 the beonchaalveolar lvage floid (BALYF), and borre
oocygrnase-1 (HO-1) in the lung S from 3 days 10 6 months follosing insllation. The release
od Lactatw debvwdsogonase (LD activity In the BALY was higher in the CL-PAA-exposad groups.
Hisopathological thdings of the lings damormatrated that the exteraive Hibrotic changes caased
by CLPAA weee aleo groamee than thow i exposere 1o the Non<L- PAA during the sbwervation

poriod CL-PAA has mooe Sbeogenicity of the lung, supgeding that crossdinking may be one of the
phowicochemscal charaderstic factoes of PAA-Dduced king disories

Keywaede: pohacrvilc acd (PAAL onpani chemioals; coomlinking: palmonary foakity

1. Intreduction
3 chermicaly such as asbwtios and crystalline xlics ace & % cauwe &b

based lung disoeders such as prussncomiosis, while cngarse chemacals arv known to cvsse
allergic G such as bevechaal ssthena and by porsenitivity presssonitia, but are mot
comwidenad to cause hang fibroes dovctly. I rocost yeans, however, it has boon nported that
orgams chemicaly induce fibrosts following sflammation. In Korwa, general consamen
oposed 0 disefoctants used = humadifiers developed progresive mbsestitial powamimes,
which became & social problem [1.2], and = the Ussted States, e-cigarette soers suffonad
from acute neagraratory failune [3,4] Is Japan, progsessave ey disorder was obwerved =
workers who handled serveral palyacrylic aads (PAA), and e Manistry of Health, Labour
s Welfare (MHLW) comstdered this lung disorder smportant and seand a notice [5-7].

Dt [ S 2002 21 LU hetpe )/ Sk oy, 30000 a2 L0

BEpe e anlp Lo arval e
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PAA v a whate powdier that s composed of acrybc acsd momormens that am npeatedly
hinked together to furm a so-called polymer structure, and by asmg 2 crosslinkayg agent
0 induce covalent crosslinkog of multiple liness modecules, B polymer is made moew
polymenic, formeng 2 complex Sarve-di acmal wirs 5] Sincw PAA i» an orgasec
chermical that has water sbworbency and thackening properties when dssolved in water, it
s wend in vanous products = dadly us—from duapers, shampoos, and cosswtios to food
sddnives—and is 2 Baghly safe sabstance that 1 wadvly weed in general society (V). In
Japan, Bowever, inflasssation and fibrosis of the intenstiium around the airways have
been reported = workers handling PAAS that are w beorbing casedinked poly=rer

compomsndy |5-7]. mpmwmdﬁmunnmrqdﬂ_dﬂnfh;d-m
canmved by asbeston or crpstalime silica, whach ane known as reproseniative inongassc
chemicals with Ebrogemicity. Elucdation of s pathogeneods ts srpently nioded.

Several animal exposure udies seng PAA have confirmed that its pathogenesis =

disonder, 28 = n [7A0,11]. Rat intratrachead inst@llation and mhalston exposurne
stuches of PAA have reported neutropheiic hesg eflesmaton, lung iqury, and sulsogeent
rapicd Sbrows [7, 10,11} however, # has not yet bowm elucidatd as 8o what physacochescal
propertios of PAA affect the physiopathalogy in e lung.

We previously noported = an evtratracheal instillation in zats [ 12] that PAA weth high
moleculer weights casses more lung disoeders than PAA wath low molecular weights. It »
thomght that the thickeseny peoperty changes with incneasing miclecular wesght, sesulting
in am advance = the sflammaogemicty and Sbrogensaty of PAA. The crossnkimg structune
s also considered i be another mugor factor that affects the thickemanyg property: In the
prosent study, an intratracheal swtsllation was performend on rats using crosslinked PAA
[CL-PAA) and son-creedinked PAA (Noe-CL-PAA) at $he same modocular wesght level
in coder to evainale whedher or not crsadinking stractane of PAA affect physaopathology
in by,

2 Results
21, Refatioe Ling Wigiss

Rulativw bang weight (ung weight /body wesght) & 3 dow-dependently at vach
obwervation point in both the Non-CL-PAA and CL-PAA exposure groups (Rgune 1A).
m-mda&l}mipﬁtmﬂyhmrab&“WMMMM
P groups compernd with the control group in a dose-dependent mannes theoghont
the obwervaton peniod (Fgune LB). The CL-PAA-exposed lungs, especally the L0 mg of
CL-PAA-exposed lungs, were mnone sypnd, and it was dafiscalt to expand the lusygs whis
vbtainmg the bronchoulveclsr Lavage fund (BALF) (Figune 2).

D Negative contral DNegatie contral
BNonC102 my {8) DNonCL02 mg
PrhonCl10my @NonCL10mg
Doolmy . DL Ol =g
PO 10mg ~ 38 B10mg
En
? %)
]
5
54
E.
°

Imonth 1 mortta € moctha ddopn Lessk Imosh Imortis 6morsha

Pigare L. Kelative lung weight after the irstillation, and amourns of BALP In the disection.
1A Redative weight of the entire king was calculated as 2 atio of setal hung weight (g) o bady
waighs oo wach rat i the Noo-CL-PAA and CLIAA exposure grosps. (B The amumnts of BALP
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were cbtained Suring dleaction at vach taw after exposare. The melative lang wetght was penesaly

wgriticantly heavier in the exposed groups compased with the control group 0 a dose-dependent
manres throughout the observation pericdd. The amountx of BALF wese also egnificantly koawer

In the exposed groups companed with the coatrol geeup i 3 dose-dependent manner furoaghou
the cbwervation perind. Dala are posernied s mean = S0 ("7 < 008, "™ p < 001} An avesage of
regatve contaole In Non-CL-PAA and CLEAA expertments at sach time potnt showed 2 stnglo bar
of negative control.

Non-CL-PAA Non.CL-PAA
0 Zrgirat

1.0 sgia

CL-PAA

Figrare 2 Macro findings 3 daye after the netilation. The bungs iIn the eaposad grimps shawed
wwellng at 3 duys ates intratrachoal instflation. In the L0 mg CLPAA-exposed group, the vardae of
B kangs was rigd, and 1t was difticult 1 epand the lungs when BALF was ditained.
2.2, Cell Anabysis svd Cell Injuury Markers ax Brencioabenler Levope Flaid (BALF)

Figer % shows the novalts of mflasesatory ool oo, lactate delvydrogenase (LDEH)
activity, sod total peotem in BALF. There werw statistically sigmificant incovases & the nam.
ber of ktal colls, neutrophils, sand pescentage of swutrophils in all of the exposure geops
fromn 3 dayw to | sonth after exposase compunad with each comtrol gron (Figume 3A-C).
The rewults of LDH activity and total pectein in all of the expossary groups alo showand
statstical ndencies % incovase from 3 days o | sonth after exposure compared with the
coetend grony (Fagure SDUE). Thoe was a greater incovase = mflammsatory cells in the BALF
in e NeaLL-PAA-exposed groops than in the CL-PAA, while the celease of LDH actovity
in e BALF way higher in e CL-PAA-exposnd groups.

23, Comcentration of Ci Iedwcnd Clrvwatieaciand ({CINCG) sv BALF and
32 oyt bt S

Figam 4 shows the concentrations of CINC-1 and CINC-2 ;g BALF and HO-1
in lung tseaw follinwing the intratracheal instillatson of Non-CLPAA aod CL-PAA. The
CINC-1 and CINC-2 = the BALF showed an upwand trend in all of the exposune groops
from 3 days o 1 week. The HIO-E i the lung toess sbowed an monvasw in a dose-dopemdient
manner from 3 days o | month, snd thero was 2 mdency fo incovase i the 1.0 mg exposune
proep of both PAAs sxbal & monthe after exposere. These nsults indicate that Neew CLPAA
hase after um, excopt foe an osidative stomes marker.

r r
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Figare 1. Anabpes o ool memier rebesssd LI sctieity, and fedal progetn in BALY Sollrw o
riratrsacoul irstilation ol Mer-CL-PAA ard LL-PAh. (A Tetal cell nomber i BEALY. (B Neutrephil
coarnt i EALE 0 Fercontsge of neumophils in BALE (D] Concontration of sts] peedein in ALY
| Bl Evlessiad LIVH sctivity i BALF. Inflsrerston: orll counds. relessad 1LDH activitg s oomeen brabian
of st promein i BAALE ol et paposid proops wese Mgher thun theoss i e conies] greapsin s
k- nl AR O 3 ddevs b 1 ek aer snpaeum . nelarmrrosnes colls i HAL Y wess s
racrvdsnd i thee Mean-C LR than in e LIL-PAA s U preups. whille rokassed LI woviey
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BALY wan Ngher m the CLAAA. Data are prosentied as s £ S0 (" p< 005, ™ p < 000} An sverage
of negative cantrols in e NoorCLPAA and CL-PAA expertments f sach tomwe poirtt shoued 3 wngle
bur o€ sagaeae control

(8) Dtuegevs careral
Onncoiee @ oo .. et
@Nen-CL10mg 4L 1.0m
Suuim 2 e
S0 10mg 2000
P
000 ™
§ :
1000
s
q
laap favek Lvoety Smomma &oormw

1 mooeh 1 mamhs G montw

Pigare & Analyss of cymokines in SALY and HO-1 in bang tiwie st Riratracheal tratifation.
TA) CINC-2 concentrason i BALY. (B) CINC-2 conceraza tion in BALE. (C) HO-! concentzation in
lang e, CINC-1 and CINC-2 in BALY showed 3 wndency to in = all exp Froaps troen
Sdayw o 1 woek HO-1 in king Seoe showed an increase In 3 dose-dependent from 3 days
to I moneh, and a endency 1o incaeaw o the 10 myg expowiae group of bosh PAAS unstl 6 manths
ater exposumne. Dats are possertiod as muean £ SD. (" p < 00% and ™ p <201 nndicale that the vaboes
arv sigrificanty higher than the contel group. ) An average of negative controls in the Non<{L-FAA
and CL-EAA experiments 3t each time poing showed 2 sagle bar of regative antrol

24. Histoputixlegical Faatures jv the Lang

Reporsentative histopathological Exdings = the bang ot 3 dayw, | month, and & monthe
ater the instillatson of Noo-CL-PAA and CL-PAA am shown = Figare SAL Inflammatoey
cull sfirations =vio the alveoli, masly swutrophils, were remarkable in the lung in a
dowe-dependent manner at 3 days after exposure 10 both Non-CL-PAA and the CL-PAA
Fibroinflammatoey changes wene abserved from 3 days 1o 1 week after expossane, indi-
catemng a high degnw of lung impury. [n the | 0 mg expossre group of CL-PAA especiallly,
these were stronger clusters of adlammatory colls than in NeevCL-PAA. Evaluation by
the =flammuabion scose showed a dose-dependent increase = the score in the expossan
0 both Neew-CL-PAA and CLPAA, and there were tendemcaes of higher scones in the
10 =g expowure group of CL-PAA thas in St of Non-CL-PAA (Fgure 5B). Sesdar to the
spread of inflammatory cell mhlization, fbnsas was alwo cbserved in the 1) mg exposurn
group of both Non-CL-PAA snd CL-PAA, whervas Sbeosis was mome widespevad = the
10 =g exposware groep of CL-PAA (Fgur A} Evaluation by the Asboroft scoow showed 2
dose-dependent morse = the sooew of $w exposssre to both Noon-CLPAA and CL-PAA.
There wese highor scoses = the 10 mg exposune gronp of CL-PAA than of NoevCL-PAA
{Fagure 0B}
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(A)

3 days 1 month 6 months

Negative
control

Non-LL
10mg

CL
1.0mg

(B)

) aervreti on xore

Jdmn I went 1 manth 1 montta S ot

Pigare 5. Hstopathological Andings of HE sstning in king exposed th Noo{L-PAA and CLPAA
{A) Boprosentative histopathologscal ndings in the lung at 3 days, § month, and 6 months after
the inntflation of Nen<CL-PAA and CL-PAA. (B) Inflammation soome i hivtopathological findings
of lung . Inflammmatory cefl nfilrations into the alveol, mainly seutrophis, wees svmarkable in
the lung, 0 2 dose-dependent mannee at 3 days after exposare 10 both Noo-CLFAA and CLPAA
Fbtecirdammatocy changes wese obesrved troen 3 daye 10 1 week after exposam. An sverage of
nogative contals in Noo-CLA'AA and CLAPAA evperiments at cach Sme potet shawed a single bur of
nogative coatrol. Dats s proserted ae mwan £ SO (" p< 008 and *" g < 00T indicate thas the valum
are sigretficanty higher than e contml group. | An sverage of segative contiols b the NonL{L-PAA
and CL-PAA experizons 2t ench tme point shosced 2 dngle bar of regative cantmd
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(A) 3 days 1 month & months

Negative
controd

Non-CL
Lumg
CL
1.0mg
O Negatve contrel
(B)*® — DN 0.2 mg
oo e @Non-CL 1.0mg
. ono2my

B 1omy

Ahord tacare

1dan 1 wrwk 1 momh 3 montihs S montn

Pigrare b HMuwtopashological Andings of MT i long exposad 0 NoaLCL-PAA and CLIAA
{A) Repaerntative histopathological Andngs n dw lung st 3 Says, 1 senth, and 6 manthe sty the
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trwtilation of NonCL-I'AA and CLPAA. (B) Axhoro®t scoow, which dicates Hbross scor, in
hvopathalogical ndings of lung, Flrosis was abso chwerved in the LI mg expossas grocps of botk
Nood L-PAA and CLPAA, wheovas tibrods was mone widepread in the 1.0 mg sxpossy gooup
of CL-I'A. Bvaluston byt Adhcroft score showed 2 dose-dependent incosaw i the scores in the
exposiey groups of both Noon-CL-PAA snd CL-PAA. There were higher scores in the 1.0 mg expossw
grosp of CL-PAA than in that of Nen-CL-PAA. An svesage of negative controls n NoerCL-PAA and
CLAPAA expertments ot each time poing showed 2 single har of negative contood. Diata are preseted
s mesn £ SO p <008 and " p < (101 Bdicale that the vabues are vigrificantly higher than the
contmol group, # p < 0LDS and M < 001 indcate that the values ame signsicantly higher than In e
Neo-CLAAA 1.0 mg expossaw grospl. An averagoe of negative contsols in the Non-CL-FAA and

CL-PAA experimenis 3t sach e pokt showed a sngle bor of negative conteal

trophil counts in the BALF showwd & biphaec upwarnd tned betwwen noe-crsalinked and
crosslinked PAA (Figure 7A), while LDEL, an indicator of cytotaricity, showed a nearly
linear screase in respoese to fibrosis (Figure 78).

..b.ﬂ

8

Py
at . s B =%
e 1 . - .
nae AR} -
w e
. o - 15 - - s
0 73
g C . oo =t g
hgoe L i .
we oy
OF = w=s
o “ " e ae Pl R
P i 3008 v | 0 ety SAK]

Pigare 7. The nilatsonudilp Betwen lurg Bhroess and lung syury. [A) The mlsoaship betwen lung
thronis and neutrophd] counts. (B) The selatonsdep between lang Sheosds and sdeased LIH actvay.
Newtophd courts in BALY shawed 2 biphasdc spwarnd tend botwesn Non-CLAAS and CLAPAA,
widle LI, an indicator of oy teteodcity, showed a neasly linear ncmaw n mwponee to thamk.
26. Genw Exprosason Anabpss

Tabdes | and 2 show the ramber of games, amung the 20,174 gevws examined by cDNA
muicrowrray, sorted by the fold change of mENA expovssicn levels in the ey Seao at
1 meeth = the 10 mg expowune group of CL-PAA compased with that of NeewCL-PAA.
A total 266 genes wwre more $an 1.5-5ld upeegulated; S top 20 of them ame shown =
Table |. The gene-rvlated fibroblast arlls in the sop 10 of thoss geres anv shown in Table 2.
The rewst of KECG pathway revealed that deflervatially exprossed spregulated genes wemn
sigeaficantly eeriched = 7 pathwayw (Table J), nduding $e “Apopioea” snd “PIHEK-Ak
sigralng” pathway.

Table 1. Upregulstng of the top D genes in king exposed $o CL-PAA.

Fald Ohange  Fold Chunge

Cwve Syabal Cormne Donsnption ACTH) WGAPDID
Ao wtabiteiies e 0
AN O | - ai “
[ Tpal watons reepas L123 an o
i ey 34
A 24 1
Rab2d FANDL, mwwdes RAS soxogene LDl s 40
Taut abula agas ® 24 0
Nel&l Pha b snpted cablurdy | gunp D maesader | 2. s
b IFeraneybbula beay dtaas 24 a7
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Table 1. Cowst
Fald Feld
BCDIwST sindas o Iy vanadle mgaon, Lght dhale s 3z
Tl 1o hn I\ rimite Sgame SLoil 2 s
Apiial AlPase 1342 24 i
Sl “l‘-ﬂowml 23 bV
> aks e 22 Al
a ﬂwmw 22 a1
Fes ru;w——.mw 21 20
& — 21 30
Fpue ELA dinday passsn 22 v
Al mmwu&’gﬁ-: 20 e
Onopd axpetiin 2 LS 21
Table 2. The lop 10 geows related t theobiast odll in g exposed to CL-PAA.
Coan Told Chaage  Fold Change
Symsal Cotmm Emxiption ACTE CGAFDH)
i wlmtn 25 30
Akl v-akt murine thymoma vinal cocogene bomolog 1 15 2
[ CUMG-like scatiokding prodsts 7 24
migration nhebitory factor " -
Mz ht 1 22
Parpl0  paly (ADI-ribose) paly ber 30 14 2
MMMM bets 13 21
Callal collagen, type L, alpha 1 14 21
ftbooblaet growth futor ecvpar 4 14 20
Cugt cormective tiwie growth facior 14 2
Hyal2 Byalmsraogloomaminiiae 2 14 20
Table 3. The result of KECL pathway using more fhan L5 told uprrgulsted gones n lung exposed to
CL-PAA
Terma of KEGG Pathway Gere Coants ~ e
Saknoneils infection 10 108 Q02
Alzbeimer Sncme 12 am Q1
Tuberculionds * 4 DR el
Apoptons b4 eL ) auar
Naad shear soowas and atieroscionods 7 s ands
PISK-Akt sigraling pathway 10 0w aroes
Sphingolipls wgnaling pathweay . 3m Q0w
X Discuwion

I the presest study, Noo-CL-PAA and CL-PAA wese stsatracheally imalied imto rats,
MMMMMW&MWM&MLPMMJM
{1) inflammogenicey udm.ubybc&wp-nﬂ‘h\.ﬂ}plhq’hm
sccumpanacd with the croslinked type, and (5) factors nelated 1o the < thang structumw
of PAA in the progree of Sboosis.

) Hm-iv-dﬁopbyndudhbdﬂypd“hhp_lm
both Non-CL-PAA and CL-PAA mduced srvere Jung inflamematioss i the acule phase
but it was trosast. I addition, fibroees occurmed 1o a certain degeew in both of the

PAAs. [ the past, pensdstent lung inflammation was cesidened 50 kead % rmevenable

Shrowm in lung exposed 10 inbaled chermicals. In the caw of silica and ssbeston, which

Furve Bigh puleonary Sooocty, there was penadet sflasenation that peogresed to

Sheosis = rat Jung up 10 6-12 months after sgosune |10, 1-15] On the other hand,
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Mdmh-d--mdnﬂﬂb:)-lm«:&(bﬂ).whdlhn
m-wmmlﬁblm&m-ﬂhm
progroe o fibeeds [10-15] I the present study, uny inflammation was caused for
abostt | wewk, and CINC, a neutrophsl chamokine, incovased sigmaficantly s both PAAS
20 1 woek in a dose-dependint sunnes Total protes and LDH in the BALF (v mjury
ndicaton) and HOM i the husg tiese fooadative stress indicator) were also significatly
mcromad in the exposed goups snbil | mumth after exposure.

Corsidering that pemestimt miflammation s asoceted with the potestial for lung disor-
e, it is spoculated that S lung disonder potmtial of both PAAs is mot Righ, hewd oo
trarmesnt! eflamumaton and sflammaton-weoaatnd coytokine producton by both PAAs
Horweves, although the silesmataon by PAAx ended 2t the acube phase, & was acooes-
%0 the next stage, fitvosis—that &, 2 progeeeed k0 e imevershle o,

Fibrrwos after acote sflamemation has bows obwerved in ssamal exposune stades s
clinical cases; it is often obwerved in LPS exposure modely that sxdacr acute mflamms-
Son and = ARDS that peesents with acste nagwratory faliee. The chmical presentation
of ARDS 19 kemowen 8o cauwe lung irqury of the alveolar epithelium due to sflammation
Sollowed by Sbeosas fromn repair processes [19]. Azemal models of scote nagpenatory
Sailurw caused by LPS or bleomycs also show sevese lung inflammation that ends =
1-2 weeks, followed by fibeonis [20,21] Althoogh the perestent inflameation by both
PAAS wan not observed koo long penods, the inflammuatsons dad cause fibroses. Seme-
Lazly, in other reports of PAA, the miflammatice is followed promptly by Sbeoss [7,10].
Althosgh adbestives uszally causes fibroes after 10 years of exposure in dmical cases,
PAA cavess rapid fibnves in | 1o 2 yours i the clinical cases of workens working with
2 The present study = chimcally comsdstint wath PAA baving Sbeotic i

I the prosent stady, both exposures to PAA cosed irsvvendble fibnoses from | sonth
after intratracheal ssllation. Proliferation of fbroblasts o depositbion of collages
= the lung intensttzam has boom abwerved from sbout | month after pharmgeal
mpiration expowess of ssbestos or MWONTs in miae [14). An stratracheal s tillation
n mice wing the onganic substance polviesamethylme guasidine phosphate (PHMC-
7l also showed collagen deposition s well s lung inflasseation from I wewks after
mtratracheal meallation [22]. Comvadenmyg $hose reports, the Sbemas cbserved =
ﬁpmlnmdy‘rwhWMmdcuManM
Mnﬂwlqymluq-mdmhﬁwwp The level of croeldinkeg of
CLPAAmthe p t wtudy was below 0.1%, whach & coemmonly used = industrial
Mhmm.lmmmdbmty
of CL-PAA in the kg with: the level of crosslnking = sdastrual spplications bas bom
wraluated. In the possent study, the CL-PAA caused meoow fibrosis of the lungs thas
diad thw Non-CL-PAA. To mwestagate the differvnce in fiberosis peogression between
e CL-PAA and Neew-CL-PAA, we performed a micmarray analysas ssing hung thece
one month after vxposum, which 1 comsidernd % be thw fiborsas tramsetion penod.
Compared with Non-CL-PAA, the exporssion of elastn, which constituten elasts
fers, and the collagen a1 gene, which is swohoed in the Sbeosis, was bigher in CL-
PAA Incrvased elastin game and collagen L2l gerw exprmsdon in Sbeotic lewons bave
bevm nepoeted i a bleomyan-induced pulmosary fbeosis moded [21,24] saggesting
uat ncreased el 2e well as collagen was involved in the fibeosis of the bang
Estopathology findings of CL-PAA

I the CL-PAA with strongly indeced Sbrosis, the LDH in e BALF was found 1o be
Bighur than n Noe-CLPAA, suggesting that CL-PAA causes geeator celisler ingury to
S comutituent cells of the lung. Several reports have ncognized that stscegger hung
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and the deposition and Sbeoses Sevels of MWONTS showed stmilar sndencies to
mereas | 14.25] In e prosent stady, S ndationdop between LDH and fiboosws in e
BALF with both PAAs showod am almost hirwar coomelatios betwosn LDH and Sbrosis
(Figure 7TA) On the other hand, 2 cormelatson was obwerved betwien the number of
seutrophils m the BALF and Sheosis, but not as Enear ax the cormelatam betwees LDH
and fibrosis (Fagure 7E). It is Blady that lung sjury has 2 mone denct effict on the
Sheosis development of PAA than does inflammatory cell infiltration.
As for gene expresecn mvolved n lung inpery scluding ooll death, KEGG pathway
analyses in genes $at an mooe upnggulated o CL-PAA showed genes sdlated %0
apopiosts, including apoptosis sud the Phosphommbde 3-lomaw-AKT (PEK-AKT)
sigraling patbway, and it is svported that $usw pathways ane involved in fibrosis. =
# has bews neported that the exprosescn of geres relatod to ghe PUOK-AKT pathway =
virvated and Evolved in $w developrmnt of Sbeosas in the hang [25,27] Althoagh
apoptoss iy meoesary for normal rvpair to eliminate inflassatory cells and prolif-
wrating fibeoblasts that colinct = thw alvwolar walls and ahvwolar space daring hang
=yqury [25] 2 has bewn svported that icoemive apoptosts s mvelved = the patho-
prmwnas of ARDS, whach s a trarsition to Gbrosis [29]. Convidering the increasad
exprosion of collagrs gemws and $w enhamcement of the apoplotic pathways, o
dudmng the FDE-AKT pathway in lung Sseue due to hamg mqury, the progneeson of
fheosts 1 CL-PAA may be related to kg sjury
(L] muubwmmdehmdwm
=okeoalar of NonLL-PAA and CL-PAA i this study were 7.53 107 g/l
and 745 » 107 g/mwl, respoctively, and the radius of gyratson (Rg) indicated that
$w radii of polymer particles = solutson were 749 nm snd 687 nm, nepectively.
Sirce both PAAS have smilar molocsdar wenghts, we comedesed that the crosslmking
structume was sesporneble Sor $w enhascement of fibrosis by the PAA. In gemeral,
$w thickening propertios of PAA chamge with sxcovasany molecular weight [5]. It
bars boen seported $at there i an optimal visoosaty for spatum dearance [29,30].
The thickenimyg that comes with screasing molecular weght sy adiect the delay =
dearance of the PAA froen the lunge In the prosent study, the rat lungs at disection
3 days %o | month after intratracheal instillation of PAA, especially in $he 1.0 mg
wxposare group, wene not expanded, and BALF was not recovered safficiently even
whwen saline was infused into the lung (Fgune 18). Sach poce secovery of BALF may
mefloct the cevult of a collageed lung, and 2 collapsed g may affect the delay =
chrarance of PAA. On $w other Band, the presence of a comedinked stractune makes
a high water-abworbency property and low viscoety when the molecsdar weght of
both PAAs anv the same level [11,52]. In other wonds, CL-PAA incarporates water
molecules nto the polymer’s strong braided structure by cesdinking = $w lung,
whille Neomv-CL-PAA has 2 wiak retention of water molecules due 0 its lack of &
strong network structure. [t s posseble that the waterabsarbing property of the
MMmhmmmhlqnbymwM-hb
m vivo, cassang cytotoscaty s vitm studses using polymenc sanopartcles have
shorn that me‘chﬂnmhmymdbw
mwdium. When the bodegradable polyses Poly@lactideco-glveide) was exposed 2o
macrophages (RAW colls) and adveclar epithelial cells (AS49 cells), it cansed coll death
as the oemotsc prossure of the sediem increased, and & comlatson was obwervid
Hw-nlh-ha_ht—d:p-vudalld-&[illhm&lbm
owmotic presssse changes doo ln watir abworptios, thes difle n waler
by PAAS may have inflaenced fhe dffenmoe in Sbeosis via coll inury (Figeoe 53
I the poesent study, the maximum svratrachesl mstillation dose ws st at 1.0 my.
These doses were st to mot neach ovendone, assuming human exposure. Reganding toner
partcios as pocrly sobable partacies, it has been seportid that heg demage duw to overdoss
mn addiion o kxicty of the substance sl occuns when $w amount of depostion =
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the lungs excoeds 1 1o 3 mg [34,15]. We previoady ned the iopenastence of TiO;
nasnparticles with low soxicty Mgmmhmmiqm-“udﬂm—
stillason study, and the dearance of Ty nanoparticles in the rat lung acooepuried by
neutroplul inflammation began 2o delay at dowes exoseding | mg/rat [ 6] We comadorad
that pulmoeary eflamesation by a high dose of more than |0 =g /rat may be sndoced by
the exosedve dose of malerial, not $he bty of the matenial itself.

Non-CL-PAA CL-PAA

G

Pigare 5. Schemase overview of the stiady. CLPAA Glaw oamotie presscw changes due to waler
abworption, and thic &fference 1 water alworpeson by FAAS may have mflcenced the diseemon in
o via ovl Enpary.

Intratracheal instiBation studies cam be belpfad for sppoocimating the hazardous vffocts
of mhalsble chermicaly; howwves, 2 Bstation of thex study is that ity exposure roule was not
phraciogcal and bolus effects were casad. Diaspite the instillaton of PAA of a sespirable
wizw, 2 3 ot B s e in smBalabon stadbes in ferms of the ditrbubon, desrasce, sed
netenticn of sateriale.

4 Muaterials and Methods
4.1, Sangple Priymer

A samplo of CL-PAA was paschased from Sigma-Aldrch, St Lowss, MO, USA. CL-
PAA = a white, vasly scattered powder, with a specfic gravaty of 1.2 The degroe of

crosalinkesg of a polymer s gemerally expovssed as the wisght % of the crosdmkor = the
raw matersal The degeee of cromdinkeng of cur CL-PAA sample was (L1% or lew. A sample
of Noo-CL-PAA was symthuntond by the polymertzation of seacrylic aod mosomer withost
aam“itgaw Bradly, Reversdsle Addition /Frageustation Cham Tramafer Plymer-

FES ducted useg 4-Cyano-4-{(dodecybaulfamylthocarbonyl) safanyl|pentancec
n:dw Sigma Aldech, St Lo, MO, USA), aa’-Azchiescbutyronitrile {ATEN,
KANTO CHEMICAL CO, INC., Tokyo, Japan), and tbatyl acrylate. Next, Doprotec-
tion of the tbutyl group of the neultsg poly 1-Butyl acrylate was performnd o obtan
NoevCL-PAA without weng a crosslinkeng agent (Figune AL Noa-CL-PAA and the CL-
PAA werw maivoed with Sstsliod water and slowly seroed Sor 30 mes (Mag-Miser MFSX) or
M, Yamato Scentibc co, Lid, Tokyn, fapan). The weight average molecular wesght
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(MW), number average molocalar wogght (Mn), and poly dispemsty index (PEX) of the
polymes and the radas of gyratica (Rg) were d by gel permeatice chromatography
(GFC) (a Promeswence 01 systen (SHOKO SCEENCE, Kanagawa, Japan) coapled with a
multi-angle state light scattersmg (MALS) detector (Duwn-Heleos-1I, Wyatt Technology
Eurcpe GenbH, Dvenbach, Rhainland-Plalz, Germany | using CERIMHEQ (Showa Denko
KX, Tokyo, Japen) with 0.1 M carborate-bicarbomate buffer as the cluent [37, %), The
viscosily of the PAA saspermeons was messuned as 25 °C using a viscometer (VISCO Lab
4000, Cambradge Viscosity, loc, Bostosy, MA, USA) with a temperature comtsolier (FL2-ME,
JULABO GanbH, Sevibach, Cormuemy)

The fundsmemtal characterstion of Noo-CL-PAA and CL-PAA are sesevarceed =
Table & The Noo-CL-PAA and CL-PAA used in cur study had weaght sverage molocsdar
wights (MW) of 753 » 10 g/mol and 765 x 10° g /mel, nepectively In the molecudar
dispereon, the polvmens wesr dicolved in (L1 M carbomate-bicarbonate buffer; then, the
sodutuns werw alkalized weth IN NaOH aod neutralized with IN HCL Fygune Y shows the
scanning eloctron micmscopy (SEM) images obtained using & HITACHI 5-4500 (Hibacks,
Lid., Tokyo, Japes) of e dispened NonLCL-PAA aod CL-PAA in the molecular dispersaon
(Fagure YA B} and the datdled water (Fgure 9C, 1), sospectavely.

Figrare 9. SEM images o the polymens csed in the pasert sudy. Suspermion of Non-CL-IAA ana
CL-PAA in the molecular dispervion (A, B}, and the Sxtlled watee (C DY, nepectvety (otermad wale
bar » 500 ran )

Table 4. Physochomical chasacnerization of the polvmes weed i the prsere wudy

Fhysodemaal Noa-Cresslinked Crsaslaked
Chanacierization TFolyaarylic Acd Folyacrylic Ackd

o o
Rructural foromda

COOH
| n
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Table 4. Conr.
Fhysiodhemical Noo-Creasinked Croantakes
(haracterization TFolyaaylic Acd Folyacniic Acd
.W."‘“"I v 753 « 30 g/mal 708 % 10F g/mal
Nusslr ““‘?m 430 = 10" g/mal 415 % 10* g/mad
Paby dispessity mndex (I"IM) 124 L
Dvgree of coomal indang, p -0
Viscoslty (ml'a ) a2 23 °C 309 ml*a = 235 mffan
madius of gyratuon (5g) T9nm 087
41 Avawuls

Male Foscher 344 rats {8 wiwdka old) (Charles River Laboratonies Intermatiosal, Inc,
Kanagawa, [apan) were acchmated for 4 wovks = the Labocatory Anmal Rescarch Conter
of the Univensity of Occopational and Environmental Health, Jspan with free acoess 80 a
commercaal diet and wake All procedures and anamal handing were performed acconding
0w guidelines decribed n the Japacese Cuide for the Cane and Use of Laboratory Ase-
maly 2s approved by the Animal Carw and Use Committew, Universety of Ocupatammal end
Environmental Health, Japan (aremal studies cthics ceszance peoposal sumber: AE17-009),

3. Intradracha aahilletser

Diosen of 0.2 mg (08 mg kg BW) and |0 e (4.0 g /g BW) of Non-CL-PAA and
CL-PAA suspendid in 0.4 ml. daatllled water were administered 1o $w b of rats
(12 weeks old) = single intratracheal imeliations. Rats were miratracheally intillod under
smwwiuexia by sovollurane (Pline Japan, Tokyo, Japen) inhalation. Briefly, a lanyngeal
exhmnaiom was performad using a leryngoscope blade (MACH, Rudolf Riester CmbH,
Junginges, Germany |, s amamal foeding needle (KN-348, Natvamw Setsakusho Ca, Lad,
Tokyo, Japan) was inserted dowctly into the traches, and e susperim was massally
tnpcted. Then, 3 mil of s twice with a syringe from the anmmal feeding needle was inwested
into the traches. The rats were then allowed 10 awaken spontancousdy and wese observed
periodically. Sengle intratracheal instillations of (1.2 =g and 10 mg of Non-CL-PAA and
CLPMmW-!dchlhu-,mdﬂnw'mMud—l tnatillatioes wero
conducted a total of two imes. The comtrol group wd distdled water, and a contral
Fosp was ewtablished for each intrtrachead matillataon Dosages of 0 2 and 1.0 myg /cat were
used in the stratracheal instillatson of the PAAL This maximum dose was st asuming
human expossre and 1o avoid overkboad in the kg [10].

44, Avavels Followviny Mntratraciol buatilletion

These were 5 rats in sach exposure and control group at sach b point. Anumals
were daswcted at 3 dava, | week, | month, 3 months, and 6 monthe after saratracheal
nhﬂmMrMh.nbv-:ﬁmﬂ-rhp-,Tck\n Japan} mbalabon. Body
mdhgwﬁhmuﬁ.hl%b@du-w—dlﬂuﬂhm
sorts sod $he hungs were perfused with soemal saline. The right lungs weore repeasadly
mflated with normal saline under & presane of 20 cm HyO, followeyg Auid secovery two
timew, while the keft main beoechas was damped. Betwoen 7 and 14 ml of the recovennd
Buid (BALF) was collectid in collection tubes by fovw fall, and them the night and loft lungs
werw divided. The homaogesaeed third lobew of the right lungs wene used for HO-E and
cDNA microseray after ecovery of BALF. The left lungs were inflated and fised by 100
furmaddohyde under a prossure of 25 cm HyO for uw in levtopathological evaluaton.
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BALF was cortnifuged ot 400« g at 4°C for 15 min, and the supomatant was trass erred
10 & new tube for meavurement of total peotes, lactate debwdmgrmase (LDH), and cytoknes.
{1379 mM NoClL 2.7 mM KClL B2 M NagHPOy, 15 mM KH POy, and 5.6 mM CiH o))
wd centrifuged at $00x ¢ a1 & °C dor IS min. After remorval of the sopermataes, the
pellets wore nesspended with | sl of PMN (polymorphosvacionr leskocyae) Buffer The
mﬂhrduﬂnmhﬂﬂma‘ibymtumm LTD, Tokyo,
Japan); the cells werw splashed oo 2 alide gloow usng cytospin, and fived and stained with
DXEQuik (Sysemarx CO, Kobe, Hyogo, Japan), after which the number of nectrophibs and
ALP activaty in $he BALF sopernatant was swaearnd by 2 Cytotoxacity Dtection Kal'LUS
(LD#H) (Roche Dasgnossios GebH, Marsbess, Nordrbwss-Westfzlen, Germany | accoeding
to the masufacturer’s intractioss. LDH activity was evtematod ssang 3 stamndard carve
nitained froen known coecentrations of recombunant LDH froes rabbat svocle (Orental
Yoast Co, Iid, Tokyo, Japan). The concentration of pectietn in the supernatant of the BALF
was determined by a Plerce™ 680 nm Protes Assay (Thermo Scentific Inc, Rockford,
I, USA)L

5. Movaromersd of Ohvmeskane av BALF and HIO-1 éx Lang Taoar

Comcentrations of CINC-1 and CINC-2 in the BALF were swasurned by ELISA ks
FRONIN0 and ARCN2DD (R&D Sywtvers, Minneapols, MN, USA), respectrvely. All mea-
sunsments were perfoemed according 8o the manufacterer's instructioss. The thind lobes of
the nght hangs were homogereed with a T-FER Seur protein extraction neagent (Thermo
Scentific e, Rockdord, 11, USA) scduding protes inhdbitor cocktails (P30, Sigma-
Aldnch, St Louts, MO, USA ) and cOmplete Mini (Roche Diagnostios GmbH, Mannbes,
Nordrhein- Wstfalen, Germany), and then amtnifuged (20400« g ot 4 “C dor 10 mim). Thw
proten concrmtration = the supermatant was swasuned by o Plosoe 860 nm Protein Awsary
Reagent (Thermo Scentific Inc, Rockioed, [L, USA), using bovine serum albumsn as 2
standand. The newults of the HO-1 messscroements with ELISA kit ADELEKS-£10A (Exco
Life Scaences, Farmingdale, NY, USA) were cornacted by the probes concentration = the
supermatant to calcalate the Smal HO-1 concentration in fhe lung Seue.

4.7. Totwd RNA Extraction

The thind lobes of the right kegs (v » 5 pur group per time poind} were bomogmieed
wikle using a QlAzol lysis nuagent with & TaesxRupotor ((Ragen, Hilden, Cormany).
Total ENA from the homogenates was extracted usng a miRNeasy Mini Kit {Qiagen,
Hldem, Cormany | follineing the manulfacturer s instractions. ENA was quantifiod sing &
NanaDrop 2000 spectrophotcmwier (Thermo Fisher Saentsfic Inc., Waltham, MA, USA)
aud the qpality of the sessplon wan ssalyzed by a Becemalyner 2100 (Agilent Technologaes,
Santas Clara, CA, USAL

45 Micrmarray Analpes

We used & theve-demesacnal (30)-Cere Rat Olgo Chips 20K {verson L1} (Toray
Industrien, Tokyo, Japan), which could mosst 20,174 gevus, for the DNA sacroarray
snalysia The total RNA vatracted from the kuogs of the five et in $hw high dow NesCL-
PAA grovsp was mined = equal amounts o make one sample, whach was then amplified by
the use of 2an Amrseo Alhd MessageAmp 1 aRNA Ampification Kat (Ambion, Inc, Austin,
CA, USA). The CL-PAA of the high-dose groep was trvated & the same manner.

The antiserme RNA GRNA) wer labelod wath C)5, uving Amersham Cy5 Mono-
Reactwve Dyv (GE Hualthcare, Bockasghasshire, UK), and the labeled aRNA were by-

bradeeed at 37 °C foe 16 b The hybridization was perforssed according 8o the supplior’s
protocals. The chips wero washed and dried, then scanmied = an cocew-frow enviroement
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unmg # ID-Geomo Scamner 30 (Tozay Indostnies, Tokyn, [apan) and acalynad by use of 3D-
Came Extraction Softwane (Toray Industries, Tokyo, Japen). Each raw sigmal stemsity was
hﬁdby&-wﬂmdh%(ﬂaﬂdmw
dehycrogemase (CAPDE), which an knows intermal standards in e samples, to compare
the geme expresecn kevels of Non-CL-PAA and CL-PAA, respectively. We amahysed the
relationbep penes $at weer found to be slrvated in CL-PAA weng the above microarray
data foe Kyoto Encyclopedia of Cenes and Genoous (KEGG) pathway analysis via the
Dutabase for Annotation, Veasalization aod Imtegrated Discovery {DAVID) venion 2021
(Bitpac/ [ david sciced gov Shome 3) (acameed on 29 July 2022)

w&dhhwmwnmﬁwd-ﬂmﬁ—
d‘m“h-ummwﬂdeMMM)
Rltraticn scoew [ 75] and the Asheroft scooe [40,4 1] sespectivedy, s m pewvious neports [ 110,34]
Brudly, e inflammatory cell mfiltration scooe was chtained by sconng the degaee of mflen-
mutory ool infiltraton = humg toee as follows: mone (), minsad (1L5), meld (1), moderate
2), e wevere (3). Lung fibeosts was awessed by sconeg $hw lung hisopathological Sadings
v & scale of 0 to 8, using the Madifind Scale of Axhcoodt scom, and S mean and standard
deviataon were caloslated in each group.

420, Seatiantionl Avalyus

Statawtical analysis was carried out using [EM* SPSS* software (IBM Corporation,
Chicago, I, USA) pvalues < 005 were comadenad statistically sigreficant. Dunnett's
-h-deq.hme!d&mh&mnﬂmv&m
mndivadual diffesrnces b those exposed %0 the coosadinked polyacrylate samples aod
the comtods.

5 Conclusions

Wo comdactd ntratzacheal instillatices wesg NonLL-PAA aod CL-PAA in rate sod
and CL-PAA with 2 degaee of crosslimking withen (1.1% was found to bave stronges fibeosc
potertial and kg squry than Non-CL-PAA, suggesting $hat the coomlinkang structure =
PAA, whach 1 used in cromalinking kevelds in industrial applications, say cootribute to the

progrossice of e hbrogenicity of PAA
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Appendin A
g s i E i
%/I\K TR Ny R
peutyl acryale paly tbuty acrylale paly (acrylic acid)

Figara &1. Chrorview for smihesis of MonCL-PAA. Reveesshis Aadstion |/ Fragmanssson Chain
Transies Pohrmarization wem conducted ssng Hlvano-Hdod sy isulfanyithancartamyd b sl
txnyl jpem ki sk HCIF, Sagrmes Alidrich], @.a'- Anobisisobrotypanitrilet AN, B ANTO CHEMICAL
L0, I, and ebutyl sorvivie. The dissolved solution was Eerskerred o 2 Schlenk. b and
babbled weith nitrogan lor 3 min The reschion was Shn carmissd out in sl beth s B0 °C o 9 b,
arad puerified by re-pcipitabion in s mivios of water and methanol (25 and Birason. The pehrmer
waa issrbead bn THF and dried i shisin pohr Byl sorylsie. The sssuliing paly -Buiv scrplie
was disschved in dichieomethare (I3C8), it scid (TP was sdded, and ile maction
W caThed MU A rom Bemperatun bor 48 b o deprodect S sbesy ] growg o cbiain FUA Hiane
w sl iy the raction seboSon b peeciplbvie e AL, anad the sokeent wos menoved by iEsson.

Thie remultirg polymar wos then dissoived in methansl, dilyasd, purtied, snd byaphiloed with
U-diosane o obizin Nor-CL-PAA
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