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[1. 5 v FZAWVWE TIPS HEIZ X 2RENKRESERABERBRR O ERBEOE
PEFTAM M ONC 22 B #E IAE O MEFEAMG I & B AR IC B 285t
Tables 1-1, 1-2-1~1-2-4, 1-3-1~1-3-5, 14, 1-5

(2. in vitro FRBRDEHE]

Table 2-1~2-3,  Figure 2-1~2-4

[3. in vitroRRBRIZ & D FAEFRIE & in vivo ~DIETERRETHE]
Table 3-1, 3-2
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B 3
AT BRI E R B a2 (L FPWE Y X 7 H5edsk)

T4~ 6 R AT
T AL BI) DFEE F IR D BNEWATEMERABR DAL DB K Y

Z OFFEULIZBI T 2098

WHEREE IIASES
SEESR A B AL AT IERT L et YRR e v 2 — B BN E

[

HRER

B SOIEWE. JRRL B E AT 2R BRI ES 1T D LDso, LCso flin 5 E STk
0. BEFIEIERO, BELOWAPEESNTND, L, 2 WRAZFEIIREE
FBIEENMNE L e 5 EOREENR S D720, WAFEGBRIIBRENTH D,

AWFFERRE T, £7. WHAEOEWRKE M E & 575 (intra-tracheal intrapulmonary
spraying ; TIPS %) 12 X 2R &EN&E G- ERBRIC OV T, B AFEERBROMNRBREE LTl
MAEZ LVERERLDOICTHIE2HBE LT,

PEERYIE 24 AN OV T TIPS HEIZ K 5 5E NG s el 2 50 L, LDso OFE & OV
PERBOBMMNEIT T, T OREE, TIPS $5D LDso SR ARTIED 0.5~2FTH-72b D 13
AL 025~05 5 TH 7B DR 5H], 025 5L T THAT DR 6 AITH Y | TIPS {ETIT e
W NBRFZE & U CREDRESE, HOWITM RNUVDOME & D Z L RS, FANINCD
UNT TIPS 50 LDso I35 GHS A T o 72 & 2 A, WAGRERIZEHEL LT TIPS 1 THliv
AEMEX ORI N E IR, SRR G E R EZ R WE TH v | BT
FIREIZ B W TRE D LI EE OGRS D=2 LD, TIPS {EICEBIT 2 HEOHTRIZ
VXM g BRIk 2 B R e MRS O TR X BT S Al REME S R ST, — 5, e
EPECHIBANE DS L VA ChH 2 WE 1T, BEABER & RIRRE OFEEX TS L, PR
I Dl | Z kT BB ATRE Th o7, LLEX D | TIPS IEIC L 2 RE NG Atk mtEatiR
L AR ERESORIRNE & R T2 F M 21T 9 2 & C. mEWHIE KON GHS /330 72 8 D2k A
s ORIEE L LTAEMNTH L RN /R ST, £72. invitro ® Neutral red assay (23317
LRI TIPS RIS K 2 2kttt S FHEA U, BMEREMERBR OB G IRER EICH WD IEIE L 20 2
HEEZ BRI,

F7o. THFEZin vitrosBRE IS < mHECRIIESE 2 DI 25 HlE bk S Tn 5,
Z 2T, AR TIET v b2 AW TR E ORKUE INEZ ¢ 5-1%  (Trans-tracheal
intrapulmonary spraying ; TIPS{%) %17 9 BEDin vitroft 5-EF EE L LT, MlasEERHmE s L
THH SN TV D~ 7 AFRHESEMIE 3T3% V7= Neutral Red Uptake Cytotoxicity Assay (OECD
GD 129)% —HtA L, WMAIT S BERBIABUEES 5720, M Z & bl iarkAS49(2
EHE LT AS49-NRUT vt A ZHESL - Faiifb L7z, AS49-NRUT v & A OF HMEEZMHGET 5 7=
D, AHE & RRITLCsofE & L L. TIPSIE~OIMENATRE ThH 5 Z L 2l LTz, 72, K
EHEWE T2 T < TEKEHI S R EECd o ImHRIEAINC OV T HLCsofEZ 155 2 &3 TX
KT A OEWILAMEINRENTZ, EHIZ, AS49-NRUT vt A THOLNTZLCsEE 7 > ~4
RN < B&BFRERIZ 36 1T 5 LDsofl & OFEBIMRAT 24T o T2 R, KIESHIE, 713 — e




T—T ) EE AR VIR A AT HEFEWE TlE, LCSOfi & LDSOfEAS IEDFAR 2o~ L, FEELd
DRHEE AT LT E TIEEMEISE AL T D alREtE S R S v, A T, FHBEMET Tf5
SN EIEIC L ALDsED FHME & . FEEROLDsfE DB & 2 —E1 25 Z L VRS
Ni=Z LB, AS49-NRUT v B A OFERN S in vivolZ BT 2 LDsofE & HEH| T & 2 rIREMEN R
BENTZ, 5%I1T. LV EBREAWEEZ NS E LT-RIEE M ROZEfRE 28 U T, AS49-NRUT v
A DI LRDHNHAMEDOILR E THNREE DR EE2 XD LERH D,

—J7. BIRIZREDAMEDR DN DAL, TIPS MR THINA~D 4 B AFFEMERERK 7% OKF
I OWTELREIC CEMICBIZET 5 2 LI k> T, BRAMEEME~OIS AR HEINS, &=
FE, BxIIWLO0DEEH—R T ) F2—7 (MWCNT) (2O T TIPS 5% EHEET 2
Tl Lo T A R LS L C & e, TIPS IEITAERAENUKE 21X, EHHEGREBROERIC L
0. K 20mLkg KEOFETO 4 A5 F T HREO BT KU TCHB RN hoTcZ &
N, ZOWFFET TIPS IEIC X D MBS % 2 £ F THE T2 LiIck» T, EYRAZRERRIC
ROLHEBRIEDHIE 2T > TE T, HBRWEIZ, 207 Ry =2 P TAETITRBEINTEZ 13
WEWE D 5 5, TARC Monograph (23T 5 & MIXT 28BN AME (EK) 725055 Group 2A (I
ZHL<HY) 4WE, Group2B (FIREMEDH V) 4 WE. Group3 (BN ANT —X AK+47) 2 WE
THDHM, TIPS I L 2R E 2 % ORN AN & OBEEMEIZOWTHITZ D TV 5,




AR e

HHVESE (B BN R PR EFEE -
FHT3E0%)

B (AT RFE N KRB ST R - E504%)
AR (E 2 EHE S L A A SERT - AT
7EE)

FRAR O ([ S7 = 3 & S AT FE AT - EAEAT
7EE)

W 718

BRI IE S (AN RFIENKIRKIRASI RS -
EE il

David B. Alexander (4 & i N2 KFRFBEE
TR KB EER)

William T. Alexander (%4 &7 B KFRFPE
EFHER wFsER)

Mohammed Mourad Saleh (4 =132 K%K
FPLESER AR R A)

Omnia Hosny Mohamed Ahmed (4 7 & 11 37 K77
KRFBEEFOER iR ERpE )

A BIRE®
Al. 7 v b ZHWVIZ TIPS ik

B SOTEMWE, AL B A T SR
PERRBRIZ 35T 5 LDso, LCso BN B HIE 4T
B WEFFEIITRE O BRSO ADETE
SNTWD, FFIZk F~DOWAFBNEE S
AT OWNTITRAIT K 2 3l 23 632
ThD, LinL, B AZBRIEITI R 22
BAEE D MEE D720, EhEvTRE e sk 1%
DFTINTH Y, BHE S ERBRIEITAR A b
VANRET D, 29 Lo b EERIC
b, ALFEM O L OFERICE T 5
Fa 27 2 (GHS) (2361 2 W AFEVERE B3 RR
EHITH 5,

HHEFIE B E L, ZRETIZT Y b
FH N T2 8 B T D 1% S8 N Ve 4R G iE

(intra-tracheal intrapulmonary spraying ; TIPS {%)
(2 R DIHIMED E R BB 2 BRSE L,
ZEDLE I —AR T ) F 2—7 (MWCNT-7
%) O SOZMNEE A B9 2 RS A e
HLRE Y, £, BPERAFMERER O REER
FEIZ BT % JATRMIT AT SE Tl TIPS HEIC X
% LDso D iz & & WAFRTRIEIZ LD LCso 7
HRD LD BRFEEE DAL, e FERTT

RARD 4EUNE FOHAEN RSN 2,
LovL., WAZETERBROMNEE L LT
HITITE R DBEEDMLETH D,
ARERETIE, EHDICLVBF ST
&7 TIPS VEIZ L o RE NG #EMERBRIZS
W, AR AFERBRONTELE LTof
FtEE L0 EBER L 0I5 2 & &2 BRI,
BRI 24 FINZ OV T TIPS 12 K 5 LDso D
HE & FE i L, 155072 LDso & 25 W A\ 5%
PRERTE KON in vitro Neutral red assay 7> 53K
72 LDso &t L7z, S5, TIPS {EIC LD
LDso [ZF25W T GHS 38 L, BEH O W A%
ARERVEIC X D GHS K4y & ik LT, AL T
B TE O 7= 8D D 2MER AT a5 O 1A
&L CHAMEERGE LT,

A2. in vitro FRERD E i
I invitro BRI < BRI

PESE O 2 RHiiE b Ak STV %,
FIo AR ORI O, FHIEHE R B F~D
AT BEPBESNDMEWT, WMAIZED
Pl LEETH 508, BHW AL TEIETKR
BB 2 X< BEE PN L I D720 FEhin]
REZR MR ITHANC AT DTN TH D, £
ZT, BEWMATSBEORFIEL LTI v
I 2 RN T BRI D8 S I R P -1
(Trans-tracheal intrapulmonary spraying ; TIPS %)
ERMNDZ LT D0, TOMEREDIZD
E2H D07 vy FEHWD I LT 3R
(Replacement, Reduction, Refinement) D& 50>
DY TILR W, & 2 C, AAFSE Clrififakk 2
FHNTZ in vitro IEIZ LV LCso ZHEE L, D72
WIEECT TIPS {EZAT 9 1280 D invitro $5-J5%
FERERR T 5, £OHEL LT, Y
WNREE T2 SOl BB TH D
b TR AR (A549) D MG B M A HR AT
& LT RHiiE 2 s - Kb U B o fa e
(CET D FEOMWSLEN D Z L2 AR E LT,

A3. FERRGE &/t

WERDT v MTBIT D 4 BB ATEET —
% (LD50 4 FEffi) %, HEONZEI—R
) ) Fa—7 (MWCNT) OFHFM T
BWTHER L T & Tl 7208 8 i e 25 4%




5 (TIPS) {EZHWTSHLE S &35 DT
BD, HEREIZOWVTIT A549 ifiHs AML A
FANT= in vitro 2R OE LN EE
FHWC, TIPS JEIGH LT LDS0 % 2 5
ETHHLDTHD, ZHUZ K> TRBEREHD
W NZRFE MY % B2 L 72 W2 72 e A ME DR
MIED FIRE & 72 2 o BRI I FE DS AN B
i dYa L, TIPS B THINIZ 4 REFWA
FMERBRE TR FEM I B W TIRLEZ T
FEHNCEIZT 5 2 LI ko T RN AMEZ 21
THZLEHETEDLINICOWVWT HLENIL LD
ETDHHDTHS,

B. WFZE 5
Bl. 7 v F &AWk TIPS &
Bl-1. #SRWE Kk O\

BER'E 24 F|DO— % Table 1-1 127”7,
AR RS R IFERIE T bIEA
L7, @13 10 25 11 B O-EN: F344 7 >
NXiX 7 WD SD T hEVx 7V - T
N7 R — - Dy XU SHNBIEAL, 1
WL EOBIMEE, EERICHE LTz, B OfE
%, IR 241°C, WL 555%, #AXURIEL 18
FI/FE (A= 7 by ra), 12 REEEOEIT IR
H1/12 REEVEAT DBREE T CTARY v — A7 A
DEMRIZ T o T2, BNTERRARY 1—
Rp— MR — 22 3 BT OINAE L, K
X = IRy —e 2oy 7 v F v T EH
VN, 2 [BIAZ A AT o T,

Bl-2. TIPS {EIZ XD RE NG AtEmEMER
B

HH D OSEITIIE & $ 72 5 R K O3
BHTEMT 52 &b, #BWEEZ MWK
Bk & T D DI B G- S O
1To72, 12725 14 D F344 7 > &
ToA Y TNT AR T CABRIERZ 1
A48 (1 RFEAR &5 Lz, 5137 v b
MEBRKENEZEA T L — (MR 80 mm,
W 0.8 mm, #ME 1.0 mm) (E HHRAER %
FAWT—RmY47210 0.2~2.0 mL/kg IREDKE
THEE L, KZAENOFEAILT » N MRS (B
HBWERT) 2 W THRR < Ehi L7, & 5%I1%
MR SLE S O M7 & — R E & iRl L7,

Fo, AR AN L EHT A2 REO S
ECHEE L, BSIROMNOSHCIRRESR B ]
THER LT,

I, R 24 AHNZ-DUT TIPS JEIC &
HRENE G AR A i L7, 12
EROREM: F344 7~ b XX 8 Tl OHENE SD 7
> MZA Y 70T AR T TR R E
Bk (AR AEBEER) % 2.0mL/kg O
BT A 4R (1R 5 L, &5&
X, BEICHE SN 2H R ARTED LCs
BEBERO T » MR E D% W THRE L, in
vitro R OFEREHBE L TRE LT, &hH
BEHNOHE% 14 H £ T RIRREBIZR 21T -
7o WL - WIEEN K O 5% 14 H D4
FENMI L AR & BRIt L7, TIPS 3% 19 3
BRICOWTRAE ., R 3, il oD Js BEAR
FHIRA A FEHE L BT U TR,
B, NMEROKBOKREZ BN,

TIPS £ TR 37 LDso (LDso (TIPS))
L. 25 W AZFERBRIED LDsy (LDso
(inhalation)) } TN in vitro Neutral red assay 7)>
53R®7- LDsg (LDsy (NRU assay)) & EbiizL
7oo BT, BEIWHIEICB T A AREOH M
ZRET 5 HBYT, LDso (TIPS) %212 GHS
SR D KUK DY E BB U U TR
WE % L BB RO A X D atkEE, &
J& I M VIR A (2 B4 5 GHS K43 &t
L7,

Fo, RECBWTEKRBEEDWE OG5 %
BEL, ALV —7 727 % hOFEs
MR e L ComReMEZ M Lz, AN THit—
777 & ME, BB (YAKUGAKU ZASSHI
2012. 132(7) 817—822) Y% LHITHME L, *
U DUEIRIE IR LT,

(fi B i~ D L)

Bhiy) % T SEBR I E N R SR L A S AR AT
ST EREMMMEE B2 ORRESZ LT,
BAFRIE 285 L CEhE L=, B o f - AL
BEIZY 7> Tk, B EEORMICAISD & &
HICHERCICHoEE L, K& NS TR
B RO L., SR IIRREE T TOLEIE
R 7R, EREEEICE O T,



B2. in vitro 3XBR D
[HEBRAE e O REAR]

ARG TR L7z 49 WiBRE K OS2
Table 2-1 |23 3, FEAMIC W 2 B5 a8l & LT
W NIELS TBAEAE L, b BRI A549
BRI U7, FEARRGH & LT 10%FBS XN 1%
NR=V Y/ ARLVT h~A v (PS) &F
RPMI-1640 (L-Z7 V4>, 7= /—/LL v R
GH) BHALE, £/, R RAFLUZ2E
S D AWEEA (RpP*2 A5 LemE) 2o
WA T 2B 6well 7L — M &EFEHL, 0
OWEIZRY ZAF L8 6 well L — %
EH L., BRI L7,

[A549-NRU 7 v & A]

AS549-NRU 7 v & A OFZEIZ-2 T, Figure
2-1 12",

Day 0 (28T, 6 well 7 L — M2 A549 #l
faz 2x10° cell THEFE L 72, Day 1 121X, #%k
WEOTBD T2, 15mL F = — 7 IZHERY
B3 L U8 Table 2-1 [ Z/R 3 SLpERS 2 5 To AL
Mz TRA LT, S HICHHRL L -5 &
vortex (Z°C 5 FPREE 5 < k¥ L 7=,

HANZHE L7z AS49 Mlalcxt LT, B
ZW 5% PBS C 1 [AI¥EyE L, FRNCHHR L7
WAV IR AR % dish NICHINLT=, D
B, A FaX—%— (37°C/5%CO,) 12T 15
A FaX—ra L,

Neutral red {EIZ L DWAEEEEITH 2o
2. Neutralred &4 RPMI ¥4t L7~ (&
FEIREE 0.33%) o BAMGRBIE & Fhith, A
W51 L, PBS T 2 [AIBEF%. Neutral red &4
RPMI % % dish NIZHIN L7z, D%, A >
Fa_N—H—|ZTC 34 FEA v FaX—23
VLT, A Fa—Ta VTR, B AR
1L PBS T2 B L, Wifg-=4% ) — VIR

(50%T X /—)b +49% VU Q7K +1% Kk
%) % 1 mL 92/ % dish % shaking L7=, #
L HE LT 96 well 7L — Rz, dish NORE
fe-— & ) — ViRl % 180ul 3 o8 LIz, W
FJEREFHZ T 540 nm R ORI A 1T 5 7=,

[LCso fill > % HiFs X OMH BEfEHT]

Neutral red assay (2 CHF DAV DN
. TPl if#R % GraphPad Prism Software CHEAT
L. LCso fEZ S H L7z, FEMli7Z2 ik LT, i
LA OB G % Log 2548 L 7= fE % AV T
IMETE (0—77 4 v ME) THLAZHE
% log(agonist) vs normalized response — Variable
slope fEATIC T LCS0 28 H L7, F7=, BRI
729" LCso (A549-NRU) % FH 7= FH BAAEAT T,
Pearson DAHRET 24TV, 153 HALIZHE R 21
e UTER L 72,

[LCso (A549-NRU) & #BRE D et (57 F &,
KA & 7 — A BfRE) & OFEEI ST

LCso (A549-NRU) & 43FEC/K~D BN
M7 CHEERYE DR & OFBIZ W T, T
AT o712, R E OISV T, fHFEN
—7E ClE72 1> Polyacrylic acid % RV 72 48 W)/E
TR EIT> T2, o AK~OFFMEIZ W T
KA 57— BRI (log Kow) Z M L 72,
log Kow 1%, LFE D 2 DOIEIRFIMEA (GF
HWIXA 7 &2 7 — N EK) OFITED X 51258
TH0aMT2EERKNFTHDH, log Kow
DIEVIE EBUIYE (IRVEME) TH D | log Kow 73
fRVME EBUKME OKEME) TohoHZ & xrT,
log Kow 23HIB L TN 5 46 OME TG 21T -
77

[LCso (AS549-NRU) & LDso (7> b 4 Re[#I A
X< BERER) & OFEBIfENT)
A549-NRU 7 v & A TH b 17z LCso
(A549-NRU) OPAMEZMEFET D720, Zh
FTICHESNTND T v b 4 RFRIAEL
BRI D LDso 8 (T v b 4 BT
< BERER) & W TR 217 o 7, 7o s,
B % RO T2 RN < BERABRIZIS 1T % LDso fl
X LT OfFHRIE D ATF LT,
e PubChem (https://pubchem.ncbi.nlm.nih.gov)
o BB E AT AR (NITE)
(https://www.chem-
info.nite.go.jp/chem/english/ghs/ghs nite all f
y_e.html)
e Haz-Map (https://haz-map.com/)
e National Institute for Occupational Safety and

Health (NIOSH)
(https://www.cdc.gov/niosh/rtecs/default.html)



728 LDso flHIX. 7 > b 4 BFEWAIZ KD

LDso fEANHiPHERE CREEiE STV 2 54,

FHBE AT I I e E S A0 T DA B i 2 {3
L7,

[LCso (A549-NRU) & BHREHICIESWTHEERY)
B OEE L OFE ST

MBI OWTEREZ LICHESIT L
(Table2-2) . A549-NRU ® LCsofli & 7 v b 4

Ip IR AT < BERBRIZI81T % LDso il FIVN T,

FABAMRAT 21T - 72,

[A549-NRU assay & 3T3-NRU assay O i f#E]

7y b4 FEERANISERBRICBT 2
LD50 5% VT, ~ 7 ARRHESFHIIE 373 Hifa
12X % NRU assay T LCso fE2MEF H AL TV 2K
A /|
dimethylformamide, sodium arsenite) (Z351F %
LC50 fEDFHBI 3T 24T\ £ OFHEAMEZ A549
M THF B AVIZBRAR & HERHRES LT,

( acetonitrile, acetone, N,N-

(B ~DEE)
L e N U ER L TR
W, R OBV S S,

B3. HERE &/ FtEmREt

4 W AR O — % (LD50, 4 I
) 128 2 TIPS # G-k HIFEMERERIC 3
i 5447 (LD50 fERE 2 & T B 2 i 7= Bhi)
IZDOWNWTEDR 2 FRIMLEBLZETHZ LI
Lo T, WERWE DR M ANEIZ DN T OENT
I LT\ D,

(fi L i~ DL )

B DR K OVE BRI B3 2 1B (W FD 48 4F
10 H 1 B, &% 105) | WS [EBREMW
DOfF B K OPRE S B3 2 5L 4E (I Fn 53 4F 3
H 271 B, BREUFERE 6 5) 2845 &L
HIT, YHIES OIS R 0B E
BRmEER B R OFE 218 7- ECHF 7R 2 3206 L
7o B MESED DM EHIR - TR,

C. HFERER
Cl. 7y bZHWE TIPS &
C1-1) TIPS {EIC L DR EN&K G AR

(281 D GO MR

KB NP G- O A M O 55 MR D T2
—[E4 720 0.2~2.0 mL/kg {KEDEFATHIK
G UToRiR, —BIRRE D i K OB
TR SR T, AFARIE AR L7258
H &2 RO FIETEE LI-f5 R, 1.0mL/kg (&
HUL EOEGRECR GRS 2RI T 5
DFER ST,

Cl1-2) TIPS JEIT K 258N G- Akt aiR
(21T D MR 2RIl ONC By il s O s tE R A
PERMVEL 24 AN HOWTC, #5143 HE TIC
B HINTFETHN I 5 — R BERT /. (24 All)
% Table 1-2-1~1-2-4 (2, &/&. K&K, i,
JIFg. . R, B . /I R ORGSO BRAL
RO R (19 &) % Table 1-3-1~1-3-5 IR
7

[— R AE]

H#HDO—BAREEBLEIC BT, A&7
1=k ULEFRWE 23 FIC, FERAREE R 5
Nz, 720 24 (o-7mm 7=/ —)b,
XYt Fa-1H-7 B, 727 ULk, 2-2 2
FNLTI)xH ) —L NNN\N-F k5 A F
NWNIZF VLTIV 23-THTF VY
gAY 24T RR T H ) — )L
tert-7 F /LT L a—)L T b=k U/ NN-
CAFNHRNLT IR, NN-UAF LT & B
7 IR) TS OIZHEEDMERRNEENED &
ni,

Zof, 7=V TFT ) —E . 2-T hF v
X )=/ THEAKRORAR, 2-14 Y7 ¥
VIH )= )L TCHRER, I-= hr a2 T
B R EENME T, IR L OB TR, 2-= b 7
2R TH B REAR T RO B EHE T, 1-
s mau-2-7nas8 ) —)LCHRBEEK T & OME
R, AF L RT U CHRBEMKEE v ) =
N UL CHRER, IR & OE A /AEEAT
A% 7 Una= kUL THEEML/FENML & O
RS BERE T U L CURIRIE, E BT /RS EA
MR OVERL, 7 U LT Lo — L TR E, 3%
EENE T R OB BEE S ,

[P B A S R 2T
19 A OJF AL IR A IZB W T, LD



AT RS B,

OFFR 2 - [E, K& ?\%i&?ﬁ%ﬂ@
LR OB, MiOBMRIE, 5 o1, AKHE, H
7% 19 A CHim L CHis2 éhto
@l : NN-2 A F LRV LT 2 R 2-7 b
D G N =t N = By DA S O N B/ =
1-2-7" 1 /X ) — L C/NERLLME R EE ST |
Befig 7 U VKON U LT L 32— L C/NEE
PEAFRIIREESE D ZE 8 BTz,

Qi : 2-7 h ¥ ¥ /) — LTI o, #Bta
BRI fAMEITTE, A&7 Vn= ) L
T olfil, BRGNS LI,

@F g : 2-7 FhF¥v=Z ) — LK 2-= h
TR TANE T a B R IMER R R
bz,

OISR BT U VK ONT VLT L —
VT EEG . AR M NGRS DY B
K ONEIFIZ BT B KIERTED Hiviz,

Flo, UL U ERAEAEEKE DN T
=777 2 MTEMUTERER, S
ITABEEKTIXIE E A EWME Lo Tz—
5. NLH—7 7 27 %> N TiE 200 mg/mL 2
FEOWREE THREBETL LN TE,

Cl1-3) TIPS JEIZEIT S LDso HIE & 2 HW A
Sl BRYE K O in vitro Neutral red assay |25
i} 5 LDso D LLiik

BRERMVEL 24 12> T LDso (TIPS) % LDso

(inhalation) M OMZ LDsy (NRU assay) & Fbi
L7-fE % Table 1-4 (2" 3, 24 HlD 9 b,
LDso (TIPS) 73 LDso (inhalation) @ 0.5~2 3%
ThHho72b D) 13 Al 0.25~0.5 (FThH-o7-
HDONR 5 A 025 fELL T TH72b DAY 6 Fll
ThHol,

LDso (TIPS) & LDso (inhalation) O#HBEE!E
%*ﬁ%ﬁ L7-fES, TREOEOHE (1=0.52)

3RO H ATz, — 7, LDso (TIPS) & LDso (NRU
assay) D TIEFRWIEDARR (1=0.94) 23R
Do, BIEELEL (R=0.87) W57z,

LDsy (TIPS) (2#-5< GHS K43 & W AT
DAtk TErE. BRI K ORI F‘aé#
% GHS X473 & O ik % Table 1-5 12777, LDso

(TIPS) (235 < GHS K43 & 2t AT

OSSR LB LIERR, -7 7=/
—)L . ~FHhe Fa-1H-7 B, 77 ULz,
2-AFNT X ) =K ) —)v, NNN,N-7 k
FTAFNZT LTIV LD tert-7F VT
Jba—L® 6 A TIiE, LDsy (TIPS) (Z3:5<
GHS X/ »BE# O GHS X4y k0 i E
PRI S T3, Ol 18 ANz

TIFAEHROR MR —E LT, 361
TIPS {£T X 0 WA FMEX ST fﬁéht
KD DG tert-7 F T v a— &R 5 AL
in vitro Neutral red assay CIMME % 7~ 3T%E Th
Y | BEERO B2 K OMRAIE M 255 < GHS X
TRV TRV FEEX Sy (GHS X4y 1) 12
SHEINLIHLO LKL,

C2. in vitro AR D Effi
(R AR IS DR

ASAOFMAEZFERE L. & D24FFH# DOWST-8
ETH LN & BB OMBEIZ DN T
Bt L7z 3. 0.25~2.0x10° e C B AT 725
B = 09903 G 6Tz, Lizn->T, £
DI KRIETH 52.0x10° AL ARERIZF1F 5
M E L CRETE T,

[LCso (AS549-NRU) & #BW/E OFFE (4
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Table 1-1. List of test substances.

No. Test substance CAS Number Supplier Purity (%)
1 1-Chloro-2-propanol 127-00-4 Tokyo Chemical Industry Co., Ltd. 98.4
2 1-Nitropropane 108-03-2 FUJIFILM Wako Pure Chemical Corporation 99.8
3 2,3-Butanedione 431-03-8 FUJIFILM Wako Pure Chemical Corporation 100.0
4 2-Butoxyethanol 111-76-2 FUJIFILM Wako Pure Chemical Corporation 99.8
5 2-Dimethylaminoethanol 108-01-0 FUJIFILM Wako Pure Chemical Corporation 100.0
6 2-Isobutoxyethanol 4439-24-1 Tokyo Chemical Industry Co., Ltd. 99.8
7 2-Methoxyethanol 109-86-4 FUJIFILM Wako Pure Chemical Corporation 99.9
8 2-Nitropropane 79-46-9 Nacalai Tesque, Inc. 100.0
9 Acetonitrile 75-05-8 FUJIFILM Wako Pure Chemical Corporation 100.0
10 Acrylic acid 79-10-7 FUJIFILM Wako Pure Chemical Corporation 99.8
11 Allyl acetate 591-87-7 Tokyo Chemical Industry Co., Ltd. 98.3
12 Allyl alcohol 107-18-6 FUJIFILM Wako Pure Chemical Corporation 100.0
13 Aniline 62-53-3 FUJIFILM Wako Pure Chemical Corporation 99.4
14 Chloroacetone 78-95-5 FUJIFILM Wako Pure Chemical Corporation 95.2
15 Cyclohexanone 108-94-1 FUJIFILM Wako Pure Chemical Corporation 100.0
16 Malononitrile 109-77-3 FUJIFILM Wako Pure Chemical Corporation 99.7
17 Hexahydro-1H-azepine 111-49-9 FUJIFILM Wako Pure Chemical Corporation 99.9
18 Methacrylonitrile 126-98-7 FUJIFILM Wako Pure Chemical Corporation 99.9
19 Methylhydrazine 60-34-4 FUJIFILM Wako Pure Chemical Corporation 99.9
20 N,N,N',N'-Tetramethylethylenediamine 110-18-9 FUJIFILM Wako Pure Chemical Corporation 99.8
21 N,N-Dimethylacetamide 127-19-5 FUJIFILM Wako Pure Chemical Corporation 99.9
22 N,N-Dimethylformamide 68-12-2 FUJIFILM Wako Pure Chemical Corporation 100.0
23 o-Chlorophenol 95-57-8 FUJIFILM Wako Pure Chemical Corporation 99.3
24 t-Butyl alcohol 75-65-0 FUJIFILM Wako Pure Chemical Corporation 100.0
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Table 1-2-1. Clinical signs in rats.

hexahydro- - 2-dimethyl tetramethyl
chloroacetone o -chlorophenol ) acrylic acid R o
1H-azepine aminoethanol ethylenediamine
Dose (mg/kg) 64 40 31 63 150 300 240
Necropsy day 1 0 0 0 1 0 0
No. of animals examined 5 6 3 6 3 6 6
Irregular respiration 5 5 0 0 0 0 0
Dyspnea 0 1 3 6 1 6 6
Table 1-2-2. Clinical signs in rats.
2,3-butanedione  cyclohexanone fzflfcfh\;tlw acetonitrile N;:r;:;?‘ei;zyl N;’Z::;Tn?;?’l 2-methoxyethanol
Dose (mg/kg) 1280 320 1600 1200 2400 2000 4000 2560 3000
Necropsy day 0 0 0 2 0 0 3 0 0 1 0
No. of animals examined 3 2 3 2 1 3 5 6 6 4 2
Irregular respiration 0 0 0 2 1 0 6 0 6 4 2
Dyspnea 3 2 3 0 0 3 0 6 1 0 0
Table 1-2-3. Clinical signs in rats.
aniline 2-butoxyethanol 2-isobutoxyethanol 1-nitropropane  2-nitropropane 1-chloro-
2-propanol
Dose (mg/kg) 240 400 400 800 480 100 300
Necropsy day 0 2 0 0 0 0 1 1
No. of animals examined 6 1 2 2 3 3 6 6
Irregular respiration 6 1 2 2 0 3 6 6
Dyspnea 0 0 0 0 3 0 0 0
Cyanosis 6 0 0 0 0 0 0 0
Reddish urine 0 1 0 2 0 0 0 0
Paleness 0 1 2 0 0 0 6 0
Hypothermia 0 0 0 0 [o] o] 6 0
Hypolocomotion 0 0 0 0 0 3 6 6
Drowsiness 0 0 0 0 0 3 0 6
Staggering gait 0 0 0 0 0 2 0 0
Table 1-2-4. Clinical signs in rats.
methylhydrazine malononitrile methacrylonitrile allyl acetate allyl alcohol
Dose (mg/kg) 30 30 60 100 100 200 120 240
Necropsy day 0 0 0 1 0 1 0 0 0
No. of animals examined 5 1 5 3 2 2 6 6 6
Irregular respiration 5 1 5 0 0 6 6 6 6
Hypolocomotion 0 0 0 0 0 0 0 6 6
Prone/Side position 0 0 1 3 2 6 6 0 0
Prostration 0 0 0 0 0 2 6 6 6
Tremor 0 1 2 0 0 0 0 0 0
Clonic convulsion 0 0 3 3 2 0 0 0 0
Tonic convulsion 5 0 0 0 0 0 0 0 0
Muddy stool 0 0 0 0 0 6 6 6 6
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Table 1-3-1. Histopathological findings in rats.

chloroacetone o -chlorophenol hexa hyd.ro— acrylic acid Z—Idimethy\ tetra me.lhy!
1H-azepine aminoethanol ethylenediamine
Dose (mg/kg) 64 40 31 63 150 300 240
Necropsy day 1 0 0 0 1 0 0
No. of animals examined 5 6 3 6 3 6 6
Trachea Necrosis, epithelium (&, +, ++, +++) 5(0,0,0,5) 6(0,0,6,0) 3(0,0,0,3) 6(0,0,4,2) 3(0,0,0,3) 6(0,0,0,6) 6(1,0,3,2)
Hemorrhage (&, +) 0 0 0 0 0 5(5, 0) 3(1,2)
Bronchi Necrosis, epithelium (, +, ++, +++) 5(0,1,4,0) 6(0,0,5,1) 3(0,0,0,3) 6(0, 0,0, 6) 3(0,0,0,3) 6(0,0,0,6) 6(1,1,2,2)
Hemorrhage (+, +) 0 0 0 0 3(2,1) 3(2,1) 4(0, 4)
Lung Necrosis, bronchioles/alveoli, diffuse (£, +, ++, +++) 5(0,0,5,0) 6(0,0,5,1) 3(0,0,2,1) 6(0, 0,0, 6) 3(0,0,0,3) 6(0,1,0,5) 6(1,0,5,0)
Inflammation, acute alveolar/interstitial (+, +, ++) 5(0, 5, 0) 6(0, 6, 0) 3(0,3,0) 6(6,0,0) 3(0,0,3) 6(1, 5, 0) 6(3,3,0)
Congestion (&, +, ++, +++) 5(0,0,0,5) 6(1,5,0,0) 3(1,1,1,0) 6(1,1,2,2) 3(1,0,1, 1) 6(3,3,0,0) 6(2,3,1,0)
Edema (4, +, ++) 1(1,0,0) 6(6, 0, 0) 3(0, 3, 0) 6(0, 6, 0) 3(0,1,2) 6(1, 5, 0) 6(3, 3, 0)
Hemorrhage (4, +, ++) 5(5, 0, 0) 6(0, 4, 2) 3(1,0,2) 6(4,2,0) 3(1,2,0) 6(1,5,0) 6(6, 0, 0)
Liver 0 0 0 0 0 0 0
+, minimal; +, mild; ++, moderate; +++, severe
/, not examined
Table 1-3-2. Histopathological findings in rats.
2,3-butanedione  cyclohexanone tert-Butyl N,N-dlme.thyl N’N-dlméthvl
alcohol formamide acetamide
Dose (mg/kg) 1280 320 1600 2000 4000 2560
Necropsy day 0 0 0 3 0 0
No. of animals examined 3 2 3 5 6 6
Trachea Necrosis, epithelium (&, +, ++, +++) 3(0,3,0,0) 2(0,2,0,0) 3(0,1,2,0) 0 6(1,4,1,0) 6(2,4,0,0)
Hemorrhage 0 0 0 0 0 0
Bronchi Necrosis, epithelium (£, +, ++, +++) 3(0,2,1,0) 2(0,0,2,0) 3(0,0,3,0) 0 6(0,0,6,0) 6(1,2,3,0)
Hemorrhage 0 0 0 0 0 0
Lung Necrosis, bronchioles/alveoli, diffuse (&, +, ++, +++) 3(0,1,2,0) 2(0,2,0,0) 3(0,3,0,0) 4(3,1,0,0) 6(0,0,1,5) 6(0,0,4,2)
Inflammation, acute alveolar/interstitial (&, +, ++) 3(1,2,0) 2(1,1,0) 3(3,0,0) 5(1,2,2) 6(6, 0, 0) 6(6, 0, 0)
Congestion (&, +, ++, +++) 3(0, 3,0, 0) 2(1,1,0,0) 3(0, 3,0, 0) 4(0, 1, 3, 0) 6(0,2,2,2) 6(0, 6,0, 0)
Edema (¢, +, ++) 3(2,1,0) 2(0,2,0) 3(0,3,0) 4(0,3,1) 6(0,5, 1) 6(1,5,0)
Hemorrhage (%, +, ++) 3(3,0,0) 2(1,1,0) 3(2,1,0) 4(1,3,0) 6(1,4,1) 6(3,3,0)
Liver Necrosis, hepatocyte (&, +, ++, +++) 0 0 0 5(0,0,0,5) 0 0
+, minimal; +, mild; ++, moderate; +++, severe
/, not examined
Table 1-3-3. Histopathological findings in rats.
aniline 2-butoxyethanol 1-nitropropane  2-nitropropane 1-chloro-
v prop prop 2-propanol
Dose (mg/kg) 240 400 480 100 300
Necropsy day 0 2 0 0 1 1
No. of animals examined 6 1 2 3 6 6
Trachea Necrosis, epithelium (£, +, ++, +++) 6(0, 3,3, 0) 0 2(2,0,0,0) 3(3,0,0,0) 2(1,1,0,0) 6(0, 6,0, 0)
Hemorrhage 0 0 0 0 0 0
Bronchi Necrosis, epithelium (%, +, ++, +++) 6(0,0, 6,0) 0 2(2,0,0,0) 3(2,1,0,0) 2(2,0,0,0) 6(0, 6,0, 0)
Hemorrhage (, +) 1(0, 1) 0 0 0 0 0
Lung Necrosis, bronchioles/alveoli, diffuse (¢, +, ++, +++) 6(0, 0, 6, 0) 1(0,1,0,0) 2(0,2,0,0) 3(0,3,0,0) 3(0,1,2,0) 6(0,5,1,0)
Inflammation, acute alveolar/interstitial (%, +, ++) 6(0, 6, 0) 1(0, 1,0) 2(0,2,0) 3(0,3,0) 5(2,3,0) 6(0, 6,0)
Congestion (#, +, ++, +++) 6(1,5,0,0) 1(1,0,0,0) 2(0,2,0,0) 3(1,2,0,0) 3(3,0,0,0) 6(0,0, 2, 4)
Edema (&, +, ++) 6(2, 4,0) 1(1, 0, 0) 2(0,2,0) 3(1,2,0) 3(3,0,0) 4(4,0,0)
Hemorrhage (t, +, ++) 6(1,4,1) 1(1,0,0) 1(1,0,0) 3(2,1,0) 4(3,1,0) 6(4,2,0)
Liver Necrosis, hepatocyte, centrilobular (+, +, ++, +++) 0 1(0,0,1,0) 0 0 6(0,0,0, 6) 6(0,0,0, 6)
Spleen Congestion (£, +, ++, +++) 0 0 2(0,0,0,2) 0 0 /
Pigment, macrophage (%, +, ++) 0 1(0,0,1) 0 0 0 /
Extramedullary hematopoiesis, increased (£, +) 0 1(0, 1) 0 0 0 /
Kidney Cast, hemoglobin/red blood cell (£, +, ++) 0 1(0,0, 1) 0 0 6(1,5,0) /

+, minimal; +, mild; ++, moderate; +++, severe

/, not examined
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Table 1-3-4. Histopathological findings in rats.

methacrylonitrile allyl acetate allyl alcohol
Dose (mg/kg) 100 100 200 120 240
Necropsy day 1 0 1 0 0 0
No. of animals examined 3 2 2 6 6 6
Trachea Necrosis, epithelium (&, +, ++, +++) 3(3,0,0,0) 2(2,0,0,0) 2(0,2,0,0) 6(1,5,0,0) 6(4,2,0,0) 6(4,2,0,0)
Hemorrhage () 0 0 2 2 0 0
Bronchi Necrosis, epithelium (&, +, ++, +++) 3(3,0,0,0) 2(2,0,0,0) 2(0,1,1,0) 6(2,3,1,0) 4(4,0, 0, 0) 5(5, 0,0, 0)
Hemorrhage (t) 0 0 0 3 0 0
Lung Necrosis, bronchioles/alveoli, diffuse (, +, ++, +++) 3(3,0,0,0) 2(2,0,0,0) 2(0,2,0,0) 6(2,4,0,0) 6(3,3,0,0) 6(0, 4, 2, 0)
Inflammation, acute alveolar/interstitial (£, +, ++) 3(3,0,0) 1(1, 0, 0) 2(0,2,0) 6(1, 5,0) 6(0, 6, 0) 6(0, 6, 0)
Congestion (%, +, ++, +++) 3(0,0,0, 3) 0 2(0,0,2,0) 5(5,0,0,0) 3(3,0,0,0) 5(3,0,2,0)
Edema (%, +, ++) 1(1,0,0) 2(2,0,0) 0 6(4,2,0) 4(4,0,0) 6(5,1,0)
Hemorrhage (#, +, ++) 2(2,0,0) 0 0 1(1,0,0) 2(2,0,0) 6(6, 0, 0)
Liver Necrosis, hepatocyte, periportal (+, +, ++, +++) 0 0 0 6(3,3,0,0) 6(0, 0, 6, 0) 6(0,0,1,5)
Spleen Congestion (&, +) 3(0, 3) 0 / / 0 0
Pigment, macrophage (z, +) 3(0, 3) 0 / / 0 0
Kidney / / 0 0 0 0

+, minimal; +, mild; ++, moderate; +++, severe

/, not examined

Table 1-3-5. Histopathological findings in rats.

allyl acetate allyl alcohol
Dose (mg/kg) 200 120
Necropsy day 0 0
No. of animals examined 6 6
Stomach 0 0
Duodenum Necrosis, mucosa (%, +, ++, +++) 6(0,0,0,6) 6(0,0,0,6)
Jejunum 0 0
lleum 0 0
Cecum Edema, lamina propria (&, +, ++) 5(1,3,1) 6(1,5,0)
Colon Necrosis, mucosa (%, +, ++) 4(1,1,2) 4(1,1,2)
Edema, submucosa (%, +, ++) 6(0,4,2) 6(0,3,3)
Rectum Necrosis, mucosa (&, +, ++) 3(1,0,2) 3(1,0,2)
Edema, submucosa (£, +, ++) 5(1,3,1) 6(4,2,0)

+, minimal; +, mild; ++, moderate; +++, severe
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Table 1-4. Comparison of LDso in TIPS with those in inhalation study and in vitro Neutral red assay.

No. Test substance TIPS Dose (mghkg) oY TPSLDg  LDso (TPS) o LDz (TIPS) ,
(No. Dead /No. Treated) (mg/kg) / LDsp (Inhalation)*! /LDy (NRU assay)*

1 1-Chloro-2-propanol 38, 75, 150, 300 0/6, 0/6, 0/6, 6/6 150-300 0.26-0.52 0.48-1.0
2 1-Nitropropane 60, 120, 240, 480 0/6, 0/6, 0/6, 3/3 240-480 0.29-0.58 2.7-5.4
3 2,3-Butanedione 160, 320, 640, 1280 0/6, 0/6, 3/6, 3/3 320-640 0.12-0.23 4079
4 2-Butoxyethanol 100, 200, 400, 800 0/6, 0/6, 3/6, 3/3 200-400 0.61-1.2 1.2-2.4
5 2-Dimethylaminoethanol 19, 75, 150, 300 0/6, 0/6, 6/6, 6/6 75-150 0.08-0.17 3.6-7.2
6 2-Isobutoxyethanol 100, 200, 400, 800 0/6, 0/6, 2/6, 3/3 400-800 0.55-1.1 2.3-4.6
7 2-Methoxyethanol 1500, 3000 0/6, 6/6 1500-3000 0.63-1.3 0.89-1.8
8 2-Nitropropane 50, 100 0/6, 6/6 50-100 0.19-0.37 0.48-1.0
9 Acetonitrile 300, 600, 1200, 2400  0/6, 0/6, 3/6, 3/3 600-1200  0.22-0.45 0.89-1.8
10 Acrylic acid 16,31,63,125,250  0/6, 3/6, 6/6, 6/6,3/3  16-31 0.03-0.06 1.1-2.1
11 Allyl acetate 25, 50, 100, 200 0/6, 0/6, 6/6, 6/6 50-100 0.16-0.33 0.42-0.84
12 Allyl alcohol 30, 60, 120, 240 0/6, 1/6, 6/6, 6/6 60-120 1.0-2.0 0.19-0.38
13 Aniline 40, 80, 160, 240 0/6, 0/6, 0/6, 6/6 160-240 1.1-1.7 2943
14 Chloroacetone 4,16, 32, 64 0/6, 0/6, 0/6, 6/6 32-64 0.47-0.93 34-69
15 Cyclohexanone 80, 160, 320 0/6, 1/6, 3/6 160-320 0.11-0.22 1.3-25
16 Hexahydro-1H-azepine 8, 16, 31, 63, 125 216, 0/6, 6/6, 6/6,6/6  16-31 0.04-0.08 14-2.8
17 Malononitrile 15, 30, 60 0/6, 1/6, 5/6 30-60 0.94-1.88 0.13-0.25
18 Methacrylonitrile 25, 50, 100 0/6, 0/6, 6/6 50-100 0.37-0.74 0.35-0.71
19 Methylhydrazine 15,30 0/6, 5/6 15-30 0.68-1.36 0.39-0.77
20 N,N,N',N-Tetramethylethylenediamine 30, 60, 120, 240 0/6, 0/6, 2/6, 6/6 120-240 0.13-0.26 3.9-7.9
21 N,N-Dimethylacetamide 320, 640, 1280, 2560  0/6, 0/6, 0/6, 6/6 1280-2560 1.9-3.9 1123
22 N,N-Dimethyiformamide 500, 1000, 2000, 4000  1/6, 0/6, 6/6, 6/6 1000-2000 1.1-2.3 11-23
23 o-Chlorophenol 5, 10, 20, 40 0/6, 0/6, 0/6, 6/6 20-40 0.07-0.13 2.0-4.0
24 t-Butyl alcohol 200, 400, 800, 1600 0/6, 1/6, 1/6, 3/3 800-1600  0.18-0.35 2.2-4.4

*!: Converted from the previously reported LCso (mg/L) of the acute inhalation toxicity study in rats or mice using the respiratory volume of rats
(45 L/4hr, 300 g BW) or mice (7 L/4hr, 30 g BW). LDso (mglkg)=45 (L)*LCso (mg/L)/0.30 (kg) or 7 (L)*LCso (mg/L)/0.03 (kg)
*2: The estimated doses calculated based on the LCs of neutral red assay. LDsg (mg/kg) =LCso (Mmg/mL)*2 (mL/kg)*4 (doses)
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Table 1-5. GHS classes based on TIPS, inhalation, skin and eye irritation.

TIPS LDso TIPS TIPS Inhalation  Skin irritation  Eye irritation NRU assay
No. Test substance w1 2 3 4
(mg/kg)  LCso (PPm)*" GHS class** GHS class*®> GHSclass ~ GHSclass  LDso (mglkg)
14 Chloroacetone 32-64 56-113 1-2 2 1 1 1
23 o-Chlorophenol 20-40 25-51 1 2 1 1 10
16 Hexahydro-1H-azepine 16-31 26-51 1 3 1 1 11
10 Acrylic acid 16-31 36-70 1 3 1 1 15
5 2-Dimethylaminoethanol 75-150 137-274 2 3 1 1 21
20 N,N,N',N'-Tetramethylethylenediamine 120-240 168-337 2 3 1 1 31
19 Methylhydrazine 15-30 53-106 1-2 1 2 2 39
13 Aniline 160-240 280-420 2 2 3 2 55
3 2,3-Butanedione 320-640 606-1212 3 3 2 1 81
2 1-Nitropropane 240-480 439-878 2-3 3 5 2 89
8 2-Nitropropane 50-100 91-183 1-2 2 5 2 104
11 Allyl acetate 50-100 81-163 1-2 2 2 2 119
15 Cyclohexanone 160-320 266-531 2-3 3 2 2 127
18 Methacrylonitrile 50-100 121-243 2 2 3 2 142
4 2-Butoxyethanol 200-400 276-552 2-3 2 2 2 168
6 2-Isobutoxyethanol 400-800 552-1103 3 3 —5 2 174
17 Malononitrile 30-60 74-148 1-2 1 —+5 2 240
1 1-Chloro-2-propanol 150-300 259-517 2-3 3 —5 —5 312
12 Allyl alcohol 60-120 168-337 2 2 2 2 316
24 t-Butyl alcohol 800-1600 1759-3519 3-4 —* (>4) 3 2 367
9 Acetonitrile 600-1200 2382-4765 3-4 4 not classified 2 671
22 N,N-Dimethylformamide 1000-2000  2230-4460 3-4 3 2 2 873
21 N,N-Dimethylacetamide 1280-2560 2395-4790 3-4 3 not classified 2 1135
7 2-Methoxyethanol 1500-3000 3213-6427 4 4 not classified not classified 1684

*": Converted from the LDso (mg/kg) by the TIPS method using the respiratory volume of rats.

*2: Classified based on the LCso (ppm) by the TIPS method according to the classification criteria for gas.

*3; Determined by previously reported LCso (ppm) by the acute inhalation toxicity study.

**: The estimated doses calculated based on the LCso of neutral red assay. LDsg (mg/kg) =LCso (Mmg/mL)*2 (mL/kg)*4 (doses)
*5 Classification not possible due to lack of sufficient data.
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Table 2-1. Test chemicals evaluated using A549-NRU assay

No. Chemicals CAS RN MW Dens“z Vehicle
(g/em’)

1 1,1,2-Trichloroethane 79-00-5 133.4 14 2% Ethanol in RPMI (FBS-)
2 1.2-Dichloroethane 107-06-2 98.96 1.245 2% DMSO in RPMI (FBS-)
3 1.2-Dichloropropane * 78-87-5 112.99 1.159 2% DMSO in RPMI (FBS-)
4 1,4-Dioxane 123-91-1 88.11 1.034 RPMI (FBS+)

5 1-Chloro-2-propanol 127-00-4 94.54 1.115 RPMI (FBS+)

6 1-Hexyl mercaptan 111-31-9 118.24 0.84 2% DMSO in RPMI (FBS-)
7 1-Nitropropane 108-03-2 89.09 0.996 2% Ethanol in RPMI (FBS-)
8 2.3-Butanedione 431-03-8 86.09 0.99 RPMI (FBS+)

9 2-Butoxyethanol 111-76-2 118.17 0.902 RPMI (FBS+)

10 2-Dimethylaminoethanol 108-01-0 89.14 0.887 RPMI (FBS+)

11 2-Ethoxyethyl acetate 111-15-9 132.16 0.974 2% Ethanol in RPMI (FBS-)
12 2-Methoxyethanol 109-86-4 76.09 0.96 RPMI (FBS+)

13 2-Nitropropane 79-46-9 89.09 0.982 2% Ethanol in RPMI (FBS-)
14 3-(Methylthio)propanal 3268-49-3  104.17 1.04 RPMI (FBS+)

15 3.,4-Dichloro-1-butene * 760-23-6 124.99 1.153 2% DMSO in RPMI (FBS-)
16 3-Methyl-2-butenal 107-86-8 84.12 0.88 RPMI (FBS+)

17 Acetone 67-64-1 58.08 0.785 RPMI (FBS+)

18 Acetonitrile 1975/5/8 41.05 0.787 RPMI (FBS+)

19 Acetylacetone 123-54-6 100.12 0.972 RPMI (FBS+)

20 Acrylic acid 1979/10/7  72.06 1.051 RPMI (FBS+)

21 Allyl acetate 591-87-7 100.12 0.928 1% Ethanol in RPMI (FBS-)
22 Allyl alcohol 107-18-6 58.08 0.9 RPMI (FBS+)

23 Aniline 62-53-3 93.13 1.02 2% Ethanol in RPMI (FBS-)
24 Benzyl mercaptan 100-53-8 124.21 1.058 2% DMSO in RPMI (FBS-)
25 Bis(2-chloroethyl) ether * 111-44-4 143.01 1.22 2% Ethanol in RPMI (FBS-)
26 Carbon tetrachloride * 56-23-5 153.82 1.594 2% Ethanol in RPMI (FBS-)
27 Chloroacetone 78-95-5 92.52 1.15 RPMI (FBS+)

28 Chloroform * 67-66-3 119.38 1.479 2% Ethanol in RPMI (FBS-)
29 Cyclohexanone 108-94-1 98.14 0.942 2% Ethanol in RPMI (FBS-)
30 Dibromomethane 74-95-3 173.83 2.5 2% Ethanol in RPMI (FBS-)
31 Dichloromethane 1975/9/2 84.93 1.326 2% Ethanol in RPMI (FBS-)
32 Ethylene glycol monoisobutyl ether 4439-24-1  118.17 0.89 2% Ethanol in RPMI (FBS-)
33 Formaldehyde 50-00-0 30.03 0.815 RPMI (FBS+)

34 Glycidol 556-52-5 74.08 1.143 RPMI (FBS+)

35 Hexahyro-1H-azepine 111-49-9 99.17 0.864 RPMI (FBS+)

36 Malononitrile 109-77-3 66.06 1.19 2% Ethanol in RPMI (FBS-)
37 Methacrylonitrile 126-98-7 67.09 0.8 2% Ethanol in RPMI (FBS-)
38 Methylhydrazine 60-34-4 46.07 0.87 RPMI (FBS+)

39 N-Nitrosodimehylamine 62-75-9 74.08 1.005 RPMI (FBS+)

40  N.N-Dimethylacetamide 127-19-5 87.12 0.937 RPMI (FBS+)

41 N.N-Dimethylformamide 1968/12/2  73.09 0.945 RPMI (FBS+)

42 N.N.N'.N'-Tetramethylethylenediamine 110-18-9 116.2 0.777 RPMI (FBS+)

43 o -Chlorophenol 95-57-8 128.56 1.263 2% Ethanol in RPMI (FBS-)
44 Polyacrylic Acid 5000 (10%) 9003/1/4 5000 0.1 RPMI (FBS+)

45 Quinoline 91-22-5 129.16 1.09 2% Ethanol in RPMI (FBS-)
46 Sodium arsenite 7784-46-5 12991 1.87 RPMI (FBS+)

47 tert—Butyl alcohol 75-65-0 74.12 0.789 RPMI (FBS+)

48 tert-Butylbenzene 1998/6/6 134.22 0.867 2% DMSO in RPMI (FBS-)
49 Xylene * 1330-20-7  106.17 0.87 2% Ethanol in RPMI (FBS-)

* Using glass plate. Chemicals without underlines were evaluated in 2024, whereas those with underlines were assessed before 2024
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Table 2-2. Physicochemical properties, LCso values from A549-NRU assays, and LDs, values from 4-hour rat inhalation studies of tested chemicals

Functional

aroup LCso from LCs for 4-hour rat inhalation LDs, from 4-hour
No. Chemicals MW Density (g/ml) Log Kyw Water soluble rat inhalation
of chemicals 15(1:1nigl;;t;A15)49 ppm mg/L (mg/kg)
1 1,1,2-Trichloroethane 133.4 1.4 2.35 No Alkyl halide 2.46 2000 1091 1637
2 1,2-Dichloroethane 98.96 1.245 1.48 No Alkyl halide 7.84 1000 4.05 607
3* 1,2-Dichloropropane 112.99 1.159 1.98 No Alkyl halide 3.33 2000 9.24 1386
4 1,4-Dioxane 88.11 1.034 -0.42 Yes Ether 117.58 9158 33 4950
5 1-Chloro-2-propanol 94.54 1.115 0.53 Yes Alcohol 38.97 1000 3.87 580
6 1-Hexyl mercaptan 118.24 0.84 535 No Thiol 043 1080 522 783
7 1-Nitropropane 89.09 0.996 0.87 No Nitro 11.14 1512 551 827
8 2,3-Butanedione 86.09 0.99 -1.34 Yes Ketone 10.09 2250 - 5200 7.92-18.31 1188 - 2746
9 2-Butoxyethanol 118.17 0.902 0.83 Yes Glycol ether 21.03 450 2.17 326
10 2-Dimethylaminoethanol 89.14 0.887 -0.55 Yes Nitro 2.59 1641 5.98 897
11 2-Ethoxyethyl acetate 132.16 0.974 0.24 No Ester 39.76 2119-3166 11.45-17.11 1718 — 2567
12 2-Methoxyethanol 76.09 0.96 -0.77 Yes Glycol ether 210.53 5141 16 2400
13 2-Nitropropane 89.09 0.982 0.93 No Nitro 13.02 490 1.79 268
14 3-(Methylthio)propanal 104.17 1.04 0.41 Yes Aldehyde 2.98 1036-1105 4.42-4.71 663-707
15% 3.4-Dichloro-1-butene 124.99 1.153 237 No Alkyl halide 1.53 2100 10.7 1610
16 3-Methyl-2-butenal 84.12 0.88 0.53 Yes Aldehyde 3.9 1076 3.7 555
17 Acetone 58.08 0.785 -0.24 Yes Ketone 111.87 32000 76 11400
18 Acetonitrile 41.05 0.787 -0.54 Yes Nitrile 83.82 10679 17.93 2689
19 Acetylacetone 100.12 0.972 04 Yes Ketone 15.62 1224 5.01 752
20 Acrylic acid 72.06 1.051 0.35 Yes Carboxylic acid 1.88 1221 3.6 540
21 Allyl acetate 100.12 0.928 0.97 No Ester 14.83 500 2.05 307
22 Allyl alcohol 58.08 0.9 0.17 Yes Alcohol 39.56 165 0.39 59
23 Aniline 93.13 1.02 0.94 No Aromatic 6.94 250 0.95 143
24 Benzyl mercaptan 12421 1.058 248 No Thiol 0.55 178 0.9 211
25% Bis(2-chloroethyl) ether 143.01 1.22 1.29 No Ether 748 56 0.33 50
26* Carbon tetrachloride 153.82 1.594 2.64 No Alkyl halide 3.58 8000 50.3 7549
27 Chloroacetone 92.52 1.15 0.28 Yes Ketone 0.12 121 0.46 69
28* Chloroform 119.38 1.479 1.97 No Alkyl halide 5.65 2310 113 1695
29 Cyclohexanone 98.14 0.942 0.81 No Ketone 15.88 2450 9.83 1475

*Using glass plate.
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Table 2-2. Physicochemical properties, LCso values from A549-NRU assays, and LDso values from 4-hour rat inhalation studies of tested chemicals

(Continued)

Functional LCsy from LCs for 4-hour rat inhalation LDs from 4-

No. Chemicals MW Density (g/ml) Log Kow Water soluble group . hour r.at
15 min-A549 inhalation

of chemicals (mg/ml) ppm mg/L (mg/kg)
30 Dibromomethane 173.83 2.5 1.7 No Alkyl halide 9.56 3978 28.3 4245
31 Dichloromethane 84.93 1.326 1.25 No Alkyl halide 159 18371 63.8 9572
32 iﬁiéi:gbglifycl‘;er 118.17 0.89 N/A No Ether 21.77 707-1000 3.41-4.83 512-725
33 Formaldehyde 30.03 0.815 0.35 Yes Aldehyde 3.03 480 0.59 88
34 Glycidol 74.08 1.143 -0.95 Yes Epoxide 14.02 820 248 373
35 Hexahyro-1H-azepine 99.17 0.864 1.7 Yes Cyclic amine 1.39 604 2.45 368
36 Malononitrile 66.06 1.19 -0.6 No Nitrile 30 52.3-78.6 0.14-0.21 21-32
37 Methacrylonitrile 67.09 0.8 0.68 No Nitrile 17.71 328 0.9 135
38 Methylhydrazine 46.07 0.87 -1.05 Yes Nitro 4.86 78 0.15 22
39 N-Nitrosodimehylamine 74.08 1.005 -0.57 Yes Nitro 69.53 78 0.24 35
40 N,N-Dimethylacetamide 87.12 0.937 -0.77 Yes Amide 141.89 1238 441 662
41 N,N-Dimethylformamide 73.09 0.945 -0.87 Yes Amide 109.18 1948 5.82 873
42 NNN.N - 116.2 0.777 0.3 Yes Amine 3.81 1318 6.26 940

'Tetramethylethylenediamine

43 o-Chlorophenol 128.56 1.263 2.15 No Aromatic 1.24 390 2.05 308
44 Polyacrylic acid 5000 (10%) 5000 0.1 N/A Yes Carboxylic acid 10.53 8 1.71 257
45 Quinoline 129.16 1.09 2.06 No Aromatic 1.53 N/A N/A N/A
46 Sodium arsenite 129.91 1.87 N/A Yes Inorganic 1.1 96 0.51 77
47 tert—Butyl alcohol 74.12 0.789 0.37 Yes Alcohol 459 >10000 >30.3 >4547
48 tert-Butylbenzene 134.22 0.867 4.11 No Aromatic 0.29 838 4.6 690
49* Xylene 106.17 0.87 32 No Aromatic 0.54 5000 21.7 3257

*Using glass plate.
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Table 2-3. Comparison of predicted LDso values with reported LDso values from 4-hour rat inhalation toxicity
study for water-soluble chemicals, chemicals containing aldehydes and ketones groups, and chemical
containing alcohols, ethers, and epoxides groups

LCsfrom 15 4-hour rat inhalation (mg/kg) Ratio of predicted
Chemicals min A549-NRU LD50 to reported LDs,

(mg/ml) Predicted LDsy  Reported LDsy

Water-soluble chemicals

Formula: Predicted log LDso = 0.4056*log LCso + 2.243

1,4-Dioxane 117.58 1210 4950 0.24
1-Chloro-2-propanol 38.97 773 580 1.33
2,3-Butanedione 10.09 447 1188 0.38
2-Butoxyethanol 21.03 602 326 1.84
2-Dimethylaminoethanol 2.59 257 897 0.29
2-Methoxyethanol 210.53 1532 2400 0.64
3-(Methylthio)propanal 2.98 272 663 0.41

3-Methyl-2-butenal 3.9 304 555 0.55
Acetone 111.87 1186 11400 0.1

Acetonitrile 83.82 1055 2689 0.39
Acetylacetone 15.62 533 752 0.71
Acrylic acid 1.88 226 540 0.42
Allyl alcohol 39.56 778 59 13.23
Chloroacetone 0.12 73 69 1.06
Formaldehyde 3.03 274 88 3.1

Glycidol 14.02 511 373 1.37
Hexahyro-1H-azepine 1.39 200 368 0.54
Methylhydrazine 4.86 332 22 15.08
N-Nitrosodimehylamine 69.53 978 940 1.04
N,N-Dimethylacetamide 141.89 1306 662 1.97
N,N-Dimethylformamide 109.18 1174 873 1.34
N,N,N',N'-Tetramethylethylenediamine 3.81 301 35 8.49
Polyacrylic Acid 5000 10.53 455 257 1.77
Sodium arsenite 1.1 182 77 2.37
t—Butyl alcohol 459 826 4547 0.18

Chemicals containing aldehydes and ketones groups

Formula: Predicted log LDso = 0.7268* log LCso + 2.265

2,3-Butanedione 10.09 988 1188 0.83
3-(Methylthio)propanal 2.98 407 663 0.61
3-Methyl-2-butenal 3.9 495 555 0.89
Acetone 111.87 5676 11400 0.5

Acetylacetone 15.62 1357 752 1.8

Chloroacetone 0.12 38 69 0.56
Cyclohexanone 15.88 1373 1475 0.93
Formaldehyde 3.03 412 88 4.68

Chemicals containing alcohols, ethers and epoxides groups

Formula: Predicted log LDso = 1.174*log LCso + 0.9352

1,4-Dioxane 117.58 2322 4950 0.47
1-Chloro-2-propanol 38.97 635 580 1.09
2-Butoxyethanol 21.03 308 326 0.94
2-Methoxyethanol 210.53 4600 2400 1.92
Allyl alcohol 39.56 646 59 10.99
Bis(2-chloroethyl) Ether 7.48 92 50 1.85
Ethylene Glycol Monoisobutyl Ether 21.77 321 512 0.63
Glycidol 14.02 191 373 0.51
tert— Butyl alcohol 45.9 769 4547 0.17
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1 2 3 4 5

Seed cells into Incubation for 24 hours Prepare the targeted Replace medium with 2 mL of Incubation for 15 min
A549 cells 6-well polystyrene or glass plates concentrations of chemicals medium containing test chemicals
p— T I Y 4 .
\ B i'.‘_¥" Y — —) —) - — 2 —
/
y
6 7 8 9 10
>

* Remove medium Incubation for 3 hours * Remove NR solution Transfer GAE solution \ Read absorbance at 560 nm
¢ Wash twice with PBS * Wash twice with PBS (180 pL) to 96-well plate )
¢ Add 1 mL of 1% ——l .~ =—p * Add 1 mLofglacial =—p

neutral red (NR) acetic acid - ethanol

solution (GAE) solution

Figure 2-1. Workflow of A549-NRU assay
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Figure 2-2. The correlation between log LCso values form A549-NRU assay and MW (A), and log Kow (B) for all tested chemicals.
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Figure 2-3. The significant correlation between LCso values from A549-NRU and LDso values from 4-hour rat inhalation, grouped by water-soluble (A), chemicals
containing aldehydes and ketones groups (B), and chemicals containing alcohols, ethers, and epoxides groups (C).
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LCsy (mg/ml)
Chemical Water LDs, from 4-hour rat inhalation
emicals soluble AS5S49-NRU 3T3-NRU (mg/kg)
(15 min) (48 hour)

Acetone Yes 111.87 0.012% 11400

Acetonitrile Yes 83.82 7.951° 2689

N,N-Dimethylformamide  Yes 109.18 5.224° 873

Sodium arsenite Yes 1.10 0.000759° 77

Xylene No 0.54 0.721° 3257

B C
57 r=0.8698 57 r=0.3768
_ g 4 p=0.1302 . _ g 4 p=0.6232
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A549-NRU 3T3-NRU

Figure 2-4. LC50 values from A549-NRU and 3T3-NRU assays, and LD50 values from 4-hour rat inhalation studies (A), correlation between LD50 values from 4-hour
rat inhalation and LC50 values from A549-NRU (B) and LC50 values from 3T3-NRU (C). LC50 values in 3T3-NRU assay were obtained from Mannerstrom et al.
(2017) and OECD (2010).
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Table 3-1

: Summary of tumor site and LD 50 and our TIPS method (1)

Existing Data Macroscopic Tumor Incidence by TIPS at Week 107 ( Sum of all doses)
Compound | p.50 Mammary
Target Organ N Lung Liver  Kidney
hame atday  Route Leukemia  Gland Others
14 (IARC) Tumors Tumors Tumors Tumors
*Testicular mesothelioma
Glycidol ’362%‘ - "",:;“:‘V 1265%  25% | 25%  75% % 59% (2/40)
(G2A) o T 35 liver | (14/40) (10/40) ! (1/40)  (3/40)  (240)  *Adrenal tumor 2.5% (1/40)
9 kel “Thyroid tumor 7.4% (3/40)
NN *Testicular mesothelioma
e 1280- . . . " 4.3% (2/46)
f:'l::\‘::\‘ige 2560  Inhalation Liver : gfg (‘;Iig) 0 &/ié') (42/::2’) *“Thyroid tumor 9% (4/46)
(GZA) mg/kg *Mediastinal mass 2%
(1/46)
Azsfic 120- 24% 0% a7% g “Thyroid tumor 9% (5/54)
Acid 240 - No data (13/54) (16/54) 0 (2/54) (1/54) Mediastinal mass 3.7%
mg/kg (2/54)
(G3)
*Leydig tumor 4% (1/24)
Acetyl- 400- o v h
Acetone 800 : No data 21% 125% 0 0 0 Thyrold tumor 8% (2/24)
(5/24) (3/24) Mesiastinal mass 4%
(IARC-)  mglkg
(1/24)
Ethylene 26% 6.5% *Leydig tumor 10% (3/31)
Glycol ND - No data (m;) (2'!3;) 0 0 0 *Adrenal tumor 3% (1/31)
(IARC -) *Thyroid tumor 13% (4/31)
N.N.
. 1280-
dimethy! . . 13%
Acetamide 2560  Inhalation Liver 3/23) 0 0 0 0 0
(G2B) mg/kg
Table 3-2 : Summary of tumor site and LD 50 and our TIPS method (1)
Existing data Macroscopic tumor Incidence by TIPS at week 107 ( Sum of all doses)
Compound | p.50 Target Mammary
X Lung Liver  Kidney
name
::day Route ((I);?R:?) Leukemia T?:::s Tumors  Tumors Tumors Others
ot 40 oy | 2
eth- . cavity, A% b " " "
acrylate "?96: Inhalation Lung, (5/47) 217) 0 0 0 Leydig tumor 35% (6/17)
(G2A) 9 Uterus
Acrolein 12 ) . 20% 20% 10% o
(G2A) mglkg Inhalation Nasal Cavity (2/10) (210) (1110) 0 0 Leydig tumor 60% (6/10)
*Leydig tumor 40% (7/18)
X{(l;:;e ND No data (gﬁ/g) (32“3;) (151‘;/08) 0 0 *Adrenal tumor 5% (1/18)
*Thyroid tumor 11% (2/18)
Dichloro- 120- .
Ehan 240  Oml e 2%/5;)’“ i 0 0 0 “Leydigtumor 43% (37)
(G28)  mgkg sl B, e
Formal- Nasal
dehyde  ND cavity, (11‘,;‘; (’1‘/;’; 2&;‘;"‘ 0 0 “Leydigtumor 714% (57)
(G1) Leukemia
¢ i o *Leydig tumor 28.5% (2/7)
Q'(’g‘;g)'“ ND Liver ‘g;{’ 0 0 0 0 *Adrenal tumor 14% (1/7)
@) “Thyroid tumor 14% (1/7)
*Leydig tumor 68% (13/19)
T-Butanol 31.9% 16% .
(arcy P ’ Nodata | (619 (39 ° 0 S%(19) Thyrold( t;g 10.5%
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