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T — X _X—ZANDClass A : WM (LLIE
P:>1,000 = 2 =—/mg). Class B : 5%

(Class A LIS DIGYE) DA77 HFY
TORBRBEEORLET MR L, T —
H_R—=2Z A Lz, B LA HEROHIEE
AR @ EREF RS STV D I
TEMERITK - 72, VR (B R24EE
LIa) ORBREER CIEERN 0D
DIZHONTIE, Hx DOF =205 HhiEt%
B UHE L,

T — X _X—ZDClass CYWE (A1 H Amesi
BREEPEMED) 120\ Tid, EMICIER ThERR
(IS ORF 235 2 &, o LRLE
IS B O HROAF AHEMENZ & 025
FEARHNILA BRI G & Lie o 723,
A OERELFET vy Loy 7Trye s M

CTEHET L 72 17OQSAR T HIE T /L DN, 42T
HDHNF1IOLAMTETOET VBN &
HE LT E (BIGTEE) 12O T
RPREELHAL, TOHENRZYTH
% HE RRGE LTz,

RN G Ty, U A B & RRE
OHNENE DR, ZOM, AR OME %
fIIANTZIE D YR I L 72— 220
TIE, AmesiRBRIZIEE L7ZFTN O REFIZE N
SN 2552500 T, e - M8 x2 L, [FE
G BT HIERMRE T — 2 N—RIZA
RO
B-2 Ames?ABR D EHEIZ L 5 R RO
N T = R 2 ZERE DO LL T 0214k
AoV T AmesikiR & FEifi L 7=,

(D bis(methoxyethyl)phthalate (Cas# 117-82-
8)
@ 2'3'4'-trichloroacetophenone (Cas#

13608-87-2)
AmesiR (X2 THMBEFEIC LV ZFER

BB BE 3 320 L 7=, OECDFRBR A KT A >
TG471 (ZHERLL | MR A HV N D 1R i 208
HEAER (Ames Test) % 32t L7-, ARBRIX
T2 BESRMEOV LT R T & KIGEO
HERHWTAER LT L, #BRYWED
DNAIZE % 5.2 2 IS0 OHE T 5 R R
Th b, BRI, TSR OFEE & OME
MEERESOEICBIT 2 fa8E) (CERk8HE3H22A
£, B SE29 5 AL TR R R w12 HEHL
L. EIE SRR A T AL 543 5= T R EH
G OEFMED A ([ZHESWTERM LT,

(fEL A~ DELRE) AWFZEIXEY) 2 T2
W EITORNT- ORI TH 5,

C. WrFmE
C-1 RRBEEMR L FEMEEDO AN

DI WA E B 217400 T ORBREE
FH (LRl F6 14ELARD) 13X, B4 T BG4
BRI WA DR T BNFED MR TEJ,
AFRATH-T,

AFTE RS FEON, R LD
IXBE A 1549 (Class A: 628, Class B: 921)
LRI LzEiRl Y v ¥ = 7 N OB
WHE TH > T 16E IOV TRt & OHE
ZRE L, BeHMiE DO E LD ERUTR
R

TR 2 EIMAT) LTE N % iR
T2 (F2), BMANEBIZOWTDOATS
FHILL T OEY TH 5,

O ER'E OHE  (Purity)

AR R AL O BB (%) &2 AT, E

L., >E>DGZE Lrho T,
@B L 7= 4K (Solvent)

FEMICFH—&E 2 bR IER

R ZEOLBICEL L TH -T2 &
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12 L7 (B : i Z/kDMSO%: 1ZDMSOIZ .

K, R KEITH01D),
OEMESFHEE N Z N OYIE & AREHEMEAL
DA HE(SI+/-)

RS E L O IE R OEIZ R
DE, EOClasslTHY T 2 0fE L, &
R[] CClass 23 # 70 2 56 133 BR M T —
e m W TE PRI D & Class 2 18R L
7o

VNI HIE MR ICBE OFLE S Hi
X, ZOEKIIEEE AL, 35475
Classm AJJ L CW=RN  MEEEZED DN
v B AT EER & AEER 23R %
HU }:75%75>0) T TR RS D3 e
INTYa ., HIEERICITEED G S
zhfb\é# e RB e I CHBUMED TR
ST, SERERBRIREE N I A LT R &
T T2 Koo —2ARER S
Nice ZOX D a. HiGMER O
Z D FE FIZClass/ AT D DIEAEY) T
D Lnb, BT TDOAF— A1
o THET DL oI L (K1), AA
X — LFESLATO AT @E T S % H AR
ATV, ATINEEZRE LT,
C-2 BEMZRIC X 2R BFER OB
R R
(=] 32 ET A D AmesiABR 1208 U 72 521 K
2 iR R OB 21TV, HE & e E S
7, 5L Class AL 5162892 . Class B
{LEIN21ME. Class CILE W03 1689E T
boto, W, ZNEN26, 18, 16WEDHIE
WER SN (R, FHIERE L. HIER
%@ﬁﬁ@%:f#
LS NI T —Z =%, AF243
H16 BZ2[A H ® Ames/QSAR[E fE H:[F] F +
Lvovrayey NEROT SR L

ﬁ%mu L ?“"&Ajj L /El\b“ﬁ_‘f\

FET

(B M%E LT HQSARN L X —(C
—z2 L LTt s,
C3 AmesRRDE L T — F RXR— 2 DHE
AT — 2 3l < OIEHEMEL
b HLGER, W Tl AmessRRIGETH Y
IR BRI AMERER ClIXRMt 2 R~ b ey
FTOWTITER :Amesﬁit%ﬁ%a‘%ﬁab S
BRT — 2 iRk L, 7 — 2 X—ADEIE - W
BZ&1T>TW\5, RUTFRTTEEITIT- 72
2O DAL E DR & Amesi R AE R & R T,
W{EAEWIE N T — 2 _R— 2GR S
. AmesiBRIGME & A S LTV D23, 3
MBS EOAFILTE D o7, 29
&t Derek Nexus ClEf2%, Case Ultra TIIEE
17 DB (Known positive) & ST\ 5, =
DI AN T =2 R=ZA DR E R
LTWDLHDEHREIND, LLRNRD,
Case Ultra COQSARIZ X % [ RIZZ 1
ZH, 124%, 11.3% LIS BYERRITIE
SEMID TR D,

Ames A B % FE e L 7= & T A,
bis(methoxyethyl)phthalate 1% Salmonella
typhimurium TA98 } Y TA1537 i OV T
Escherichia coli WP2 uvrA ®-S9IZ 3\ TH
BIRFH, BOBBUED @B EOG A 8L
BRI, Btk &fIE S v Te, e R ELTE MR 1
33.8 (TA98, -S9) ThH -7, 234-
trichloroacetophenone X
typhimurium TA100 % (NEscherichia coli WP2
wrAD +8S9IZFB VT, AEMKFR, HoF
BUIME D @ W BPEROG M BIEE S 4L, e &)
FE STz, FRTEVEMEIL13,306 (TA100,
+89) Th o7z, UbDZ EnoMmmE o
AmesZE BJFMEDTEFE S L7,

WZEEFR

Salmonella

D. 8
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BRI CTIERR L 72 12,140 W& X 0 A%
5 S Ames FRER T — & _X— RO T,
Bﬁ@ﬁé&ié%mb\é% T % R AR BR

EEMR L, K EEMaeRERE T —
A _R—= 2 BEMAT) LT, RO T
VR HAVUTETIE, BRSSO W T
BOFMED MR L CHEZ S STz, &
FERZIT 60 WEIZHOWTHENREHL I
7o (F1),

BEE7po- ERBEIE, 1) B2 R
IRZERET L LB, ZhETOT
— A R—=ZFHEH DV R b LB EL O
BVEWRSH-T2H D, 2) RERFESHEEI O
HIERIEN L TH D720, BUEDHW L
A>Tz &, 3) #HBkE LToH
EILAPEZ A, QSAR FHIE T /LT DO
SNBEMEETEONZY L szt
DRNd 5,

D I3HEL OFT =2 RS ETES
LTHAELIDHDOTHY, LI 6”ém

LTWS ZENRHEETHD, HFEHIC
R i@ﬁﬁ%@%%ﬁ%ﬂﬂ%ﬁ&ﬂ
TH 3 HCLD) T—2DF = v 7 BLE
Th D,

2) IZOWTITZHENEB RN 50 125
JEL R0 | RERICKT 5 EREH A%
LTETWD. EEICHIF~ PR o
Rt ELMR TS E, T—21F 1 Ao
FDFLE THBMERLHEDOZ AN T - =
DLW DL bole, BUATOLH
ETA BT A TEARRIZIL OECD TG471
&ﬁ%f%éﬁ\%nf%ﬁ%%%ﬁ’ﬂ
ERENRE2D 2 A LIELIERD 5,
%K&%®ﬁﬁ%%ﬂﬂy7ﬁ77/\
a v =— DD 2 W ERE (Salmonella
typhimurium TA1535 X° TA1537 72 &) 12}

AATIEENZ2 2LV b 35 Eoan
=—HIINTH > T LKL T D &
ZAME, b B A AEHTED BRI Y
RINBEL, BAROEEIZESHTHEL
TWD, WD THRT 2 LRNAS T
BNWT—=ANLIELIEDH -7, BIZIhE
T (M & RN 2 ORE) B 2 5
UL b = v =—HEE N oA 5 2 [tk o]
L L TE R,
Workshop on Genetic Toxicology Testing
(IWGT)Tix, (Flz1E) 215 & v 5 EAEZ B
IS TiLd 2 DT L b EWHIC
4L i.:z_iﬁb\ Ligim STV D (Levy
etal, 2019), WIZab~<% QSAR FHlET /L
BAROHLEND S K0 @) 722 5% o
MM EfE 2 T HZE L TV iud
RN EEZ D,

3) . miREIOEEELFEF vy LT e Y
=7 MZ ﬁﬁﬁbﬁ_l70)QSAR:?ﬁFET
VDN, 2T, HDHWIE 1 DLSMNIET
ET DG L HE LT E (A5
WVED) W2 OV TR S H A st L Fﬁfﬁi%
# (e.g.2 5Ll D am =—3#Ein0) |
Lfm@w%@®\ﬁﬁﬁ®&é%M@m

WD BT S E 1L QSAR BHFE OFLEN D
EEE X3 T DN LW Lz D
Th 2, ITHFED QSAR THIET ML, HED
IRARBUCHAS W TR S, FRIMEA R E
<M ELTWD, —J7, FERBRD Ames iR
FRBR, 2D WIXFERERIC L DT Y%
WHY, LT LHHBEMESEEIRTZLO
TIEZRW, 29 LI REz#Z 512, QSAR
THIET VD5 EN M LW L Z &
ZUMEOFmUVRILN B D & & 2 b, FER
BRICEWTH —EDRILRIRO b vt
TOMEZGEE X ST HZ LI f_fﬁfiin

1T A @ International
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bbH, S, FIZQSAR THIET LD/
=~ ABnHETIE, ERBRLD D 3)
QSAR  THIHE A3 28 B O HIWTIZ F5 v T
HER SN DR K D ATREMERH D, &R
T R— 2 TR L HE S iz 9,129
WEOFMMNELE->TD (F1D, & 4)
HOBETH D,

— 7. BEHEUSN DT — & ~N— 2 OIS
LEETH D, N CGX. ECVAM %

D Ames RERT — X X— ZAINFLET DD,

%< OF =2 I < EFE R BERE
ENRBNGELEZHD, BT —F N

— AT AR b P E A BT 207
ENREINEH SN TEY, QSAR EF /LD
FRICHETH D, 4R, FHiziZ 2 (LEW
[Z2OWT Ames ZBRIFMAMER LTZ, HIZ
KRB ERLT Z LIy I IR
R—=2DLKRE BT,

E. /5

12,140 WVE D~ 5 70 2 24115 Ames #UBRT
— X RX— 2 &AL, R & R A
1To72, EHIZ, MOBEFD Ames illikT —
H =2 DRI ©IT > T2, FERAICIZZ
NHT —HRXR—=2 A S, X F~v—
77 —H¥ v h& L TQSAR ET /LDBHFE
CWBIZHAESND Z L 2R D,

F. BFoEsE

1. FwsCFsER

1) ARMELIEFE. PRI O RFPEAR Y
D AENERHM & & B —ICH-M7 % %
Z I BAREEE O R MO EIZE
95 F}F— PHARM TECH JAPAN.
2019, 35, 1461-1469.

2) ARMHLIEF. bFWEOBISEIERL &
TERARHEAAES (QSAR) . &V #

5)
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2. 2019, 65, 5-25.
AFIES. BHERBRORLKEEZ D —
(E&H)) HEEMMEIIC L 515y
EOERIFVERM —  [F7 0 2
HAERTFERT#R 7. 2019, 137, 20-31.
Hasselgren C, Ahlberg E, Akahori Y,
Amberg A, Anger LT, Atienzar F,
Auerbach S, Beilke L, Bellion P, Benigni
R, Bercu J, Booth ED, Bower D, Brigo A,
Cammerer Z, Cronin MTD, Crooks I,
Cross KP, Custer L, Dobo K, Doktorova T,
Faulkner D, Ford KA, Fortin MC, Frericks
M, Gad-McDonald SE, Gellatly N, Gerets
H, Gervais V, Glowienke S, Van Gompel
J, Harvey JS, Hillegass J, Honma M,
Hsieh JH, Hsu CW, Barton-Maclaren TS,
Johnson C, Jolly R, Jones D, Kemper R,
Kenyon MO, Kruhlak NL, Kulkarni SA,
Kimmerer K, Leavitt P, Masten S, Miller
S, Moudgal C, Muster W, Paulino A, Lo
Piparo E, Powley M, Quigley DP, Reddy
MYV, Richarz AN, Schilter B, Snyder RD,
Stavitskaya L, Stidl R, Szabo DT, Teasdale
A, Tice RR, Trejo-Martin A, Vuorinen A,
Wall BA, Watts P, White AT, Wichard J,
Witt KL, Woolley A, Woolley D, Zwickl
C, Myatt GJ. Genetic toxicology in silico
protocol. Regul Toxicol Pharmacol. 2019,
Oct; 107:104403. doi:
10.1016/j.yrtph.2019.104403. Epub 2019
Jun 11. PubMed PMID: 31195068.
Petkov PI, Kuseva C, Kotov S, Honma M,
Kitazawa A, Kulkarni S, Schultz TW,
Mekenyan OG. Procedure for
toxicological predictions based on

mechanistic weight of evidences:



Application to Ames mutagenicity.

Computational Toxicology. 2019;12, G. M EMED HE - BRERI
doi.org/10.1016/J.COMTOX.2017.02.004 1. FFErEUS
6) AMIES. &b TITIRIMET HMERL 7L
FWE ORI —E ARG 2. FEHEEE
PEFEB (QSAR) 12 X A2 BFMALS: 7L
WEORE— HARELEFDFE 2020, 3. Zofth
29, 27-42. 2L
2. FRFER

1) TImprovement of Quantitative Structure
Activity Relationship (QSAR) Tools for
Predicting Ames Mutagenicity. Honma M.
o 47 KN BRBEA B 7 ) W
(201945 H, 77 A, LX)

2) ICH-M7(IEH 1 D DNA SUGPEASHE
YMOFHE & EENCRET LA FRZ
A ¥, ARBIEF, % 74 [6] MMS F5E
REBIZ (2019 46 H 1T

3)  EKRZRIEN AMEITERIFEEWE T
b5, ERIFMEWEIL in silico T T
TE D, W T, EBAMEMEIT in
silico TTHITE 5, AKRIESR, 5 46
o] H ARGV E AR AR (2019 47 6
H 1)

4)  Ames/QSAR International Challenge
Project. Honma M. 5 6 [0]7 ¥ 7 B85 28
RIFEES . A 48 [A] H ARBRBE AL B 7
2 (2019 4F 11 50

5) fbFWE O MEREY A 7 G IR
% in silico 77 a—F O BEAFEEN], 1L
HFEE, A E, A, SRR
¥, RMIEF, 5 47 [EHEETEMEFER o
YRV UL (20194 12 B ER)
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F1 L Ames RBT— 2 _X—20OBHEMOE LD (4F124E3 AEE)

A B C Total Note
Original chemicals (1) 672 1085 10383 12140
Study report unavilable (I1) 44, 164 1238 1446
Re-evaluation possible (lli= I-Il) 628 921 9145 10694
Re-evaluation completted (IV) 628 921 16 1565
Re-evaluation has not be done (llI-1V) 0 0 9129 9129|Re-evaluation will be continued.
Corrected 26 18 16
Increase or decrease by correction -23 15 2 -6|Not Assingend:6
New training data set (March 11, 2020) 649 1100 10385 12134

K2 AAHLeTr—44

seiat | N, [ RevsTaon | Ancs

Chemical_ Name Structure.

Mol Weight

-se

+59

[AnELPh|  Purity
Formula e Sovent

TAL00

TALS35 [WP2uwA| Tase | TAlsa?

TAL00

TAIS35 |WP2urA| TASE

TALS37

21504-(4)-988 oms| A [s7269.996

222844992 286 A [15121-898

[3-benzoytacrylic acid ethyl ester lccoco)c=cic(=0)c1=ce=ce=c1

204.225C12H1203 1 951 | pMso

Etk | Btk
| p]

EIUER 1

AIUER 2

ECEDEHE

ZHEBRAT &)

$IE

AT

*1 - 1200 . = 400 [>

§§¢ 600 500 300 BIC B
EHEEEH =TV SERHLRI ¥R DR EA

T3 DFHER D7 HEER

h 4

SNIIEFNCEE

EEEE(SHEURLA
BIREHND — B

Y

BIRMRZL — C

FRICEDEMHBRTRVVES — BEFIRICKDHEDR

X1 HEERIZEDHERAF—L (F)
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®3 BMbCL o THENEE SN ME—R

Serial Id Regi;g.alion :eef_f;:g Rersel‘l,lil:”m r Reasons
2 ~| review - - -
2298 2477 A i B It is weak response, which does not reach to class A.
2914 3193 C d B The study report was negative, But, weak and repi i P were by expert judg
3137 3326 [} d B The study report was negative, But, weak and were by expert judgement.
3202 3327 Cc e B The study report was negative. But, weak and rep P were by expert judgement.
3466 3711 C = B The study report was negative. But, weak and rep i P were by expert judgement.
4945 5378 @© ind B The study report was negative, But, weak and were by expert judgt
5274| 5835 C I A
5176 5834 A e c
6393 6738 ® nd B The study report was negative, But, weak and were by expert judgt
8871 9321 C nd B The study report was negative. But, weak and were by expert judgement.
10459 11048 C e B The study report was negative. But, weak and rep i P were by expert judgement.
12179 12810 A - B It is weak response, which does not reach to class A.
12535 12996 C e A The study report was positive, wheich rearch to class A.
14751 15469 Cc e B The study report was negative. But, weak and rep i P were by expert judgement.
17469 18336 ® i B The study report was negative. But, weak and rep i P were by expert judgt
19136 20330 C d B The study report was negative. But, weak and were by expert judgement.
19398 20768| Cc e B The study report was negative. But, weak and rep P were by expert judgement.
19330 20837 C d B The study report was negative, But, weak and repl i P were by expert judgement.
2082 2234 A - NA Non-organic, Gas-phase treatment. The result can not be asigned.
2484 2410 B nd C The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
2362 2469 A e B It is weak response, which does not reach to class A.
2472 2583 A i B it is weak response, which does not reach to class A.
2434 2608 B nd C The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
2466| 2643 B - c The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
2696 2760 B - C The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
2732 2765 B - C The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
2695 2767 B i (o3 The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
2763 2088 A - NA  [Unorthodox protocol. The result can not be asigned.
2759 3022 A - B Itis weak response, which does not reach to class A.
2931 3207 B e NA [Ambiguous result. The result can not be asigned.
3319 3445 A e B
3223 3469 A - B Itis weak response, which does not reach to class A.
3130 3635 B i (o3 The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
3497| 3743 B - c The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
3669 3876 A - B Itis weak response, which does not reach to class A.
3643 3915 A i NA [Ambiguous result. The result can not be asigned
3857, 4146| B - © The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
3934| 4161 A - B
4391 4740 A - B
4466| 4749 A - c [The study report was positive. But, the response was confirmed to be meaningless by expert judgement
5161 5390 B - c The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
5252 5643 A - B
5683 5984 B i Cc The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
5676] 6001 B - c The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
5924| 6240 B - C The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
8161 8461 A i B
9837 10580 A e B
10154| 10596 A - B
10373 11080 A nd B
10951 11483 A - B
11884 12477| A - B
12143 12530 B nd C The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
12263 13236 B e NA Reactive mixture. The result can not be asigned.
15410 16274 A - Cc
15409 16275 C - A
16589 17471 A e B It is weak response, which does not reach to class A.
16134 17623 B - NA  [Lower purity, ambiguous result. The result can not be asigned.
18254 19589 B - Cc The study report was positive. But, the weak response was confirmed to be meaningless by expert judgement.
22336 23970 A i B
22628 24173 A i B

Peach: Up-dated on '20 Mar 04

Aqua: Up-dated on '19 Sep 25

NA: Not Assingend
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F4 2{LEMD Ames RERHE R

Id

Structure

Mol
Weight

CAS#

Chemical_
name

Hansen
Ames
result

5864

282.292

117-82-8

bis(methoxy
ethyl)phthal
ate

Positive

No
misclassifi
ed or
unclassifi
ed
features

INACTIVE

Case
Ultra
GT1_BM
uT
result

CASE
Ultra
GT1_
BMUT
Proba
bility
(%)

Ames#ER FEREFE

Known
Positive

513

AAERYVE (FRAEMELIEFTE F OSalmonella typhimurium TA98
RUTA1537iU(CEscherichia coli WP2 uvrAlCSEWT. FAESHID0
BRZERID--HOTIENERT - IORIEIROZEBHED L IRE
B, MR ROFIEO21E N EICBIMNEE . T, TOBIICA
BRINENRDHSN, ARRERBRRUATIRCLD. MBREROBRIE
RN, MALLEIHBE(E  ARBRCBIBREEHFETO
Salmonella typhimurium TA98IZHWT. 33.8 (5000 pg/plate) %
RU.

—75. IBERRE. REFEEHCOERCENSTRTORMKCHU T, 18
RZERIN--HE2 M BOAE L EIEE e, RIEBRUTE T
HBOFLIEE, LTORBRCEVNTERT —IOZBIEEN THL, &
FRERBROER. HEORANBOVIEN RN INSOFRRE.
SUERNSEN)CRIBENIZCLRY . sERDERIEICH EERFIEE DS
BERTOVTH, AISRHENABN N,

6336

223.48

13608-
87-2

2,34
trichloroacet
ophenone

Positive

No
misclassifi
ed or
unclassifi
ed
features

INACTIVE

Known
Positive

[

AAERYIE (AHAIEMHEFFIE FDSalmonella typhimurium TA100
RUEscherichia coli WP2 uvrAICBWT, AB&DOEIRZERIN=—
HOTIENERT - SO ROZBFHED_LIREEZ. h R
ROFIHMEOAEU LITIBINSE T, Fo. TOEINCARRISHENRHS
N, AERERR ARBRUHEERRERCLD, MEEROBIRMENTE
BNz, MALEHER, ARBRCBIBRBFHFE T O

Salmonella typhimurium TA100(C85U\T, 13306 (9.77 p
g/plate) #RUIE.

HHEOBRCEIDST2TORMKCHLT, 8
DB BT, IRt R R U
SEROFPIIEG. STORRCEVTERT —IOEBTRERNTHOR. £

FHEROER, MEOREANRVCEN RN, TNEOFERIE,
HERNSEICRMEEN LIRS . SRS CH B RET RV 05
BERECOVTE, ASEHSNZINT.
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PRk 31 JEAGITBHEETR AR (LB Y 2 7 HHgEE3E)

MEREL : 4 V) aTFRERORE - ZRAMICESEDED
b MERY X7 OFEAR N F T U— D%
(H30-fb -8 %E-005)

SRR E
REFTFHIEF N OB BIZ X DMoAIZESW2in vivolBmEME T RIMED M iz BT 55
MRS HEE R BR EMEELRRREEMET ZEERT MRER
Wl hE AE ER EsEXRLASEENER BIFRE
Wt /1% Petko Petkov TNHARE BB BFER

W42 /338  Hristiana Ivanova 7V T A RS BHESLZEWIZEFR TES
W5t /1% Elena Kaloyanova 7V H AKR%E HIEB(LHEWFIEET WER
W /1 Ovanes Mekenyan 7V H A KE  BIELFRFIRET

MEEE

Insilico \Z X % invivo BT HIEAT O @ EAL - ERLEZX 5 729, invitro & invivo
TEIEFEERBERVPRRIMEICEH L, TOERERLIBERZMTL T, ZNLHD
L% Sk U T2 B AR w7 L OS2 B8 L7z, Invitro O Ames iRBRFEME T
invivo oW N7 LAY ==y 7 EIIRAE R (TGR) BRIGNE, & 2\ invitro Y&
R E (CA) RERZVETHOD invivo /MEZ (MN) BERBGME & A5 SN TV L E D
M. RTEEIC T — # OZ S YEDREE S 1172 Ames(-)/TGR(H)D 4 #E . CA(-)/MN(HD 12
WEICB LT, RN 23R T — 2 2Nk L, REif~ v 72 Bk L7z, £nEho
WEIZD\WT in vitrolin vivo DR OZERZ BT b TEHRAMRAEL T2 & 2 A, FERER
ELT, D) RO RTL, 2) RBRICHK T2 8E KM, »ETohl, ZhbDHA
AL TR#HIY I = L— 3 > 27 A (Tissue Metabolism Simulator System: TIMES)
DRI AT, BATO TIMES BIrmlETHITT ViE, 7 —Z =2 OREHE#H
IZHAEMRZEN L TTODA HERIREFIIER S TWRY, AR invitro [ -
invivo [GVEDZEFITITABR O RERFR P EE LKA TH L I ENREES VIR L
2o, Ry Iab—ya VICHERIRFZEAL, BILWET V72 BERTh
Do

A. TFEEEH)
AR, in vitroiB i ERER . FFICAmesik

Bk B2t Ain silico THIET /L OBEFE 2
A, (EIELHFIFRFERESH) ICHOMT

A RTA4 0 TlE, Bt EIZIin
SilicOTFEZ WD Z EDNHREND R E,
BV E ClEnatE 2 T4 5 2 L 2N ARE

-27-



272> T&ETWD,

Z Din silico PRI FIEDOFEE, &0 K5
7rinvivoifamlE, OWTIid e F ORI
DOFPNTBF T <AL, ALFEWE O &
F~DORISHEZ T DICHE LT s
R EMECRHmE I Z B O
DUV OEZBE L, £ D DM A%
R X DA D LETH 5,

AHFZE CliZin vitro & in vivo DX o E
MTPRFERICEZ DEEERT 5, — K
(WZinvitroiBmE R Tl T > WEOM 2
7w Y — LE5y (S9) (AR Z I L 7R
HFHEMALRD AW O L2, T L AR
THREX2R#E2 2L TWEbIFT
X720, REEER (RRICEE2M) BELORZE
IRHB. AR E R L7258 OR#E L~
JVDOAREDNN vivo & TR DRERE LT 5
T HREMER B B,

% Z Cin vitroi& & a1 BRFZ M Cin vivo
BRI & 72 DB D VT,
2B Din vitro/in vivof GG 2 INEE
SSHT D 2 & Ty invivoRE A E O SR A
2%, Z 9 LT b A7zinvitro/in vivod
R OB T 2R 2 CH TR 2 =
L — Z TIMESIZ X Bt =, Mode of Action

(MoA) 1235  ¥E7zin vivosE & #1411
ZAREICTHZ X EME L,

B. BFFEHIE

FJin vivorr BB GHEWE 2 fhiE T 5k
T AT DET — & O 4 - w@YMENE
B D0, FRB0FET, BEFOEFET
— Z ~_X—Z 1 Binvitro AmesidR (Ames) (&
PETToWE N T v AV ==y 7 2RI R
Bk (TGR) Btk & 722> TV HWE. K Win
vitroYe e (R B EEER  (CA) B2 Cinvivo /)

R (MN) Bt s s sh VW amE %
PREE L, R SUE ORBAIC L0 M5z
FERO AT L7z, £ OREE,. Ames
e PEITGREG M9 /& 1239 & (Cyproterone
acetate, Tamoxifen, Oxazepam) . Invitro CA
2 M fin vivo MN [5 % % 'H 13 12 % &
(Thioacetamide, 1,1,2,2-Tetrachloroethane, ClI
Solvent yellow 14, C.I. Direct black 38 .
Urethane .

Chlordiazepoxide . Procarbazine

hydrochloride . Diazepam . Atrazine .
Amphetamine, Dimethylvinyl chlorideds & Of
Salicylazosulfapyridine) 72341 O AHFZEIIE
M R&x7r—4 L LTHiisne®,

AEFEIX, T O OWEIZ OV TREHE
WAL L, R~ » 7 Z1ERL. In vitro/in
VivoDRE D ZEH 4 & 70 b T BN A RGE L
Too ZORER, ERERLE LT, 1) REHHE
FOFEL, 2) BiomtERBRoOBRERRH, 2
FON S o 7o, AmeslatE - TGRIGIEWE |
in vitro CAF&M: « in vivo MNEGPERIETIZ DU
T, EOXORBERTHIATE L7 —AD
PR L | AR7c L A& BLZin silicoi mE
FHIET (TIMES) DL B % 5 A 7=,

TR EE S BB EERBRE R X
0. AmesfZME/TGRIGMEME & LT, Methyl
eugenol Z BN, FHME & L7z,

(fi B ~DOECE) AWTZEITE Y 2 iz
MR EATORNTZDOXRINTH D,

C. WroEmsR

C-1 In vitrof&tE « in vivoRgtE D E R
R0 FE N RRIR T — & D 2 M % R

L 7z AmesFtE/TGRIGMEDA'E | Invitro CA

FEMEfin vivo MNBGE D 129 12> T

BT 2T — 2 sk L, R~ > 7
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DYERUZ 3 2AGHHE R 2 572, G~ >
T2 AERC L. invitrof2 4 < invivo Bt L 22 o
Te F7R BRI OWTHRGES 2 & 1) R
DFEBL, 2) BinEtERBRORBERH, 0%
F ol (F1A, 1B)

In vitro & in vivoD R IZ 351 2 (R B 36
BOEWTBEEEEORRE & 7 5 IE MR

(77— Mi#iE) OHIADERZ L5
AIREMER B D . E RIS T D RERM
L7 2 Lin vitro & WNin vivo T4 U 5 1R
PEW) D B EEAEZ T, Bk nI R BRAE F
(B2 KAET TR D 5, A EIRGEE L
TAE & A EOMEIZET Din vitrofEE - in
vivo Gtk & 7o 7o BRI, TGRSR O HL
DAERICERHL TWD EEX LT,
C-2 Amesf&t/ TGREGHME

AmesfEIHE/TGRIGMEDAME DN, 3W'HE

( Methyl eugenol .
Tamoxifen) TiZinvitro & invivodRIZE1T 5
PR 3R 58 BLOE O 23in vitro & in vivo DR
BRAEROFIHFICER > TND EEZ BT,
InvivodD % CTIEE 240 DRI (SULT)
DIEPER TN &, ZHAHWE Din vivo
TGRT —Z MG TH D Z &L DJRK & Si
2o

7l 21X, Methyl eugenolix, SULTOffj &z
U BOSHED @ KREFE D EA S 4,
EREEZ RT3, invitro TIESLUT O 8L
DAY 72728, Amesitlk Tl L 72 %
EEZBID, AmesitRICIWTH | SULT
DRBLZA O LIGHERRP GO D Z &0
WhHESINLTWS, ZhoDHmAEL EIC
TIMES T, in vitro & OVin vivo T ® Methyl
eugenol DR I 2L —var Lzt Z
A, LERIEHR E =BT 23~ v 7G5
7= (1A, 1B) , Methyl eugenol ®in vivoft;

Cyproterone acetate .

H~ > TNAHET D MBS OREH (B
&) 1, invitro TIEE Hiv7evy, T ORSHE
A D3in vivo TGRERERAE R TH D
ZEDFRKTH Y TIMESIZ X Sinvivo TGR
REBOTHNEHETHD L —FKT D,
C-3 In vitro CAREM/in vivo MNEGHE9E

In vitro CAF&PE/in vivo MNP E L2 DU
TIT12WET8WEDN . £ T DRIZEBT
HREERERIOENMNCLY . FIETDHR
B RES- b0 LB 2 B, In vitro/in
vivolH DR D722 T M DEE NP5 LA A
Yo —H# A3 vivoRER ICRF R TH D 2
EM TNHPE Dinvivo MNT — Z D351
ThHZLDOFREZEZLND,

5l 21X, C.I. Direct black 38/%in vivo MNG&
BRAE DG T H D23, ZauEin vivoRr B Y
72 ROSHEARGH ) C & % 4-aminobiphenyl % 4=
A 57 THD (M2) . InvitroTiEF -
WEAF S 7 1 Y — ASOEIR DT Y L&Y
A —VRERIEPEDME N =012, Z OHIEE
WD AR, invitro CARRBRDSFRPE & v 9
FERICENR->TND EEZLND,

C-4 BIEEMERRORERFH]

— T, —EROWEIZ OV T, invitrof&
PE < invivoRtE & 2p o 2 BERE, Dl st
RO BB ] OERICEEL TS &
&z biz, OECDHA KT A 2 Liidin
vitro ® Ames ik i & ONCARRER O 1 HE AL
AT O BFERF T Z N E 485, 6IRFRY]
T b, —77. invivo TGRERER IZENM~D I
HEERBRTHY . 28H M OHEH 5% 1
9o inVivo MNGRERIZ DU T I AR IfiL % 6 52
L LA, HEER 5% ORI K
BN R SN TWD, 20X 9 IZinvivo
BREMERBR O 03 L0 BN E <,
S B IZin vivo TIX B IAHK R LS 23 BEEE T

-
—
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HHT0, REWIC XD BILHE 5
Ay SR BAN

Bz 1%, in vitro CAFZM:/in vivo MNEGE47)
BEThoHYTESRLE, ENEIROER T
BEREVEBFBFEOERSHE S, BBk
A~ L AD3in vivolg RS SR DO JRIK &R S
U5, Invitroal B CIEXZFE R N B T2,
ZDOX D BRFEHRRA N U ANEZ 5
PERERNE ORI EEZBND,

Z 9 L CINEE Lo B nm sl Bt 1 & it
ST B AREHE R A TIMESIZ K S 2 L [A]
BRI, A B 52 & 72> 7zin vitrofa sk « in
vivo [tk & 72 D ERO—>, BRI
DT 2~ R I 21—
Va VNZHERIKFEEAT D Z L AR
L7,

C5 R#vIav— ¥ ~OFERRTFOE
A

TIMESIZ h¥>adxxTr v/ A& h¥xv
aBAF I AL EHAE DY TH—-OF
TV T TTy N7 r—LE LY T Y
2T THY, FERVIAXFRT v AEST

(TAHHE LS A O FHTT oA,

My aX A7 A THDLHEMEAD
= ALTESEEME (T7—8) LRE
INnb, TOFEE, BbEm. Bbam &R
#, E T O B E G R
(BDHWTRS W) EHEEND, BATO
TIMES TI3AH D T 112 3 B G Y 72 &
WEENTWARY, T E TITIE L
HEHR DL Z V15D (RIS & %
TSN HAD) ERNEBRE)SE Y A
Mb (ZB#aR) L SFEWSOSITR LT, X
Bk RO Ak F 7 R T — ¥
TED LD ICHEAE SN AMENEID Y
Thitd,

3,3-Dimethyl-1-(4-methylphenyl)triazene %

ETMEEME LT, ZORAEMRERL ER
TR LN HEGRT — & 2 O CRaF
i L7z, BARFHMERBROZRBEREM G ZE L
TR OB E L, YR ab—a U ELT
SRR 2 K3A, 3BITR T, i~ v 7 H K
FIEEE R S 2 L — 3 ([X3A)
R E N (IX3B) £ TELTWD
D, ME—DEWTHERIIR Y I 2 Lb—
3V CRH S I7ZDNAMIED AR (X13B
IZTHERZRR) Th D, Z ODDNAFHIMEDAE
R BB COBMERIR & 725 L5
Z OB, RAKBITHIEICED N E D M
OHEIIFAERE S ML L2 iz 697,
Btk & e DBEA R ET DMERH D, =
DEFTNY IO NWTIE, KT —4 &
REHbETEAELZHR L, EHLAEY
EIRF 2L, BIEHREMAFTT TH L.

D. B&

Invitrof2 1% - invivoF5tE D72 R 2 FiB T &
DG H A IUE L TR~ v 7 &2 1ER L
AR, 1) REEER OB, L2) Efnatt
AR DO FBEIREH], OFEDNFE PO B o7,
InvitroDRFANEHEAL (T > T 7 2 Y —
£89) Rl UBINESR . FRC 2B
DORBNKRLE, HDWEIKMLTWDHZ &
DNETS LTV Z28, InvitrofEE + invivopgiik
DRRE 225 Z ERLD THEB I NTZ, &
% L 7= & 9 72 f O E ) In vitro/in
VivoiE & B R ER O T — Z DIV L R A
U T, invivoRr A 22 RETE ML 22 1T 0
TV ERHEIE D FEE S 4LLE, in silicoF
B X DRI BICEN D 2 L 3 WIE
TE 5,

Invitrof214: « invivoRtE D =R O H H —>
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DER, BEENERER O ZFE R OMIEIC
SWTIE, BATDin silicomamtt Tlles
JAAZHERR TS A2 B AT B DB
MRk, A7 e ha—L Loz
FEIRF OE T K o T - BN D2
L OUE, Ak, REMZRETIZ VWO
LWy, ZOREE & >0 T IEHE R
728 2 B AT R 2 L—
IUNTEDLEICRDZ LN, ke R
fEE Y R 7 Rl DB, SRME~D %
BIERECHIMICA Y TS A 2 Tl %
T2 ETENOIETCTHh D, BIE, R#to
AR AR Ty I 2L —FTEH L9 E
TV T EED TS, ((REmEET) &
LMY E DNA X v /87 B 75 & OFER)
DT ERE L, TOMEEN —EREL EIC
5L BIEEEETRTEEXDILNTE
HZENL, ZO—EREEZEMEE LTER
BEOF A THIT HET V% FTinvitro
DAMes/CARBRIZSUNT, ZDRIZinvivoD
TGR/IMNGFRERIZ DWW TR T 5 X 5 Mt
EEDH TN D,

E. &

In vivoilf=#ME T HIMED A E~m@)iF Cin
vitrof& 4 - invivolg D 2R A G T 1%
A A IE L CTRE~ v 7R R LAGH
DFERZBIELIZE 2 A, ERERE LT,
1) fREEEE OB L 2) EinEERRICE
5 BBREE, OFMENFENOER ST, 5
ST R A2 RIS Y 2 = L— X TIMES
DO EZKY | invivofr B A7 2 KT
X5 L9 D LRI, HERNKETE
BALTEHLWET ) T E2EHETCTH D,

F. if5e3%

1)

2)

3)

[u—
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StarDrop % &l L 7= & BHL & % @ in
silicot&{m il DA, LBk, db
HBEFH, HEEE, &89, AMIER,
Felal T o7 R A RIS HARKEREE
ERIFFREABEIRE AFKRE (2019
F11H H )

L E O e MEREY 2 7 G k9
% insilico 7 7 v —F O BARE M, 11H
Ve, WA Z, Al —, SSARER,
AHIESE, o 47 [EREETEEMEBE S R
UL (2019 4R 12 H BEAR)
Improvement of Ames test database for
developing QSAR prediction models.
Kasamatsu T, Kitazawa A, Sugiyama K,
Suzuki T, Honma M. 59" Annual Meeting of
Society of Toxicology (March 2020,
Anaheim, USA)
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% 1A Invitro/in vivo DRERFERZRDORFE (Ames EME/TGR BBEW'E)
# | CAS Chemical name in vitro Ames da | in vivo TGR d | Factor affecting metab
ta ata olic difference
1 | 10540-29-1 Tamoxifen Negative Positive Enzyme expression
2 | 427-51-0 Cyproterone acetate Negative Positive Enzyme expression
3 | 93-15-2 Methyl eugenol Negative Positive Enzyme expression
4 | 604-75-1 Oxazepam Negative Positive Durations of tests
1B  Invitro/in vivoORERFERZRORRFE (In vitro CAREME/in vivo MNEBIESE)
# CAS Chemical name in vitro CA dat | in vivo MNT | Factor affecting meta
a data bolic difference
1 62-55-5 Thioacetamide Negative Positive Enzyme expression
2 79-34-5 1,1,2,2-Tetrachloroethane Negative Positive Enzyme expression
3 51-79-6 Urethane Negative Positive Enzyme expression
4 1937-37-7 C.l. Direct black 38 Negative Positive Enzyme expression
5 58-25-3 3H-1,4-Benzodiazepin-2-am | Negative Positive Enzyme expression
ine,7-chloro-N-methyl-5-ph
enyl-,4-oxide
6 513-37-1 2,2-dimethylvinyl chloride Negative Positive Enzyme expression
7 599-79-1 Sulfasalazine Negative Positive Enzyme expression
8 366-70-1 Procarbazine hydrochloride | Negative Positive Enzyme expression
9 439-14-5 Diazepam Negative Positive Durations of tests
10 | 1912-24-9 Atrazine Negative Positive Durations of tests
11 | 300-62-9 Amphetamine Negative Positive Durations of tests
12 | 842-07-9 1-Phenylazo-2-naphthol (CI | Negative Positive Durations of tests
Solvent yellow 14)
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320. Oxidative O-Dealkylation 320. Oxidative O-Dealkylation 866. Aliphatic C-Oxidation &71. Epoxidation

b Ll

320. Oxidative O-Dealkylation 320. Oxidative O-Dealkylation 757. O-Glucurenidation 395. Aliphatic C-Oxidation &1. Epoxides and Aziridines
&
S567. Quinene Formation 757. 0-Glucuronidation 757. 0-Glucuronidation

BI1A InvitroliZ33iF B Methyl eugenol®F > +S9/2 7 r Y —ARE~ v 7
DYIal—aV

CH3

O-.

@W Phase Il reactive
metabolite not
obtained in vitro /

431, Aliphatic C-Oxidation 807. Aliphatic C-Oxidation

\
- D H,C=—— S
= @W O oH

+
375, Cwidative O-Dealkylation 595. 0-Gucuronidation 586. Sulfation V 733 var-:ammgn: Formation

By @{ﬁ g

|
]

585. 0-Glucuronidation 596. Sulfation 73 Mer-:a:nrl:n\)ﬁ:j Formation 756. Sulfation 220, Allylbenzene Derivatives

X1B InvivolZ33iJ % Methyl eugenol DRR#F~ v 7D I a2 b— g
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NH, OH

N=N
NH>2 o\\S S//O
-
(C.1. Direct Black 38, N@ 971 I>0Na*

parent chemical) o o \
\ NH, NH,
NH,

(Benzidine) NH»
o

iaminobenzene, assumed)
1

(Phase 1l N-acetylbenzidine)

(Aniline, assumed)

(4-Aminobiphenyl)

(@] (o]

I} I}

(Phase Il N,N-diacetylbenzidine)

X2 NAARZ—IZBIT5 CI Direct black 38 DfUHR K

Non-kinetics metabolicsimulator

Metabolites distribution

=
0.8
0.665
07
0.6
=
E
T 05
111. Aromatic C-Hydroxylation a
0.4

RS
o
i

&
|
7 a

cH

IMetabolites

CNFCIN=N\z Tcceoe

Farent, Guant

502. O-Glucuronidation

X 3A  FEBEFRAIR invitro FF SO R I 2 L —F X BV Iab—v a3 iTBiF5
3,3-Dimethyl-1-(4-methylphenyl)triazene DBAL.&H & REHE
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Kinetics metabolicsimulator

51. Acyclc Triazenes §1. Acyclc Triazenes. 52. Acyelc Triazenes 52. Acyclic Triazenes 178, Aromatic C-Hydroxylation

cg“\[‘\!

o

Nt g

o) -0
Metaholites distribution L

DNA adduct 2

DNA adduct 1 /
9
NU * 569. 0-Glucuronidation

0.6 —

T -
05 o
04 0338 0338 s

0.227

Metabolites

Q o121 =0.676 mol/mol parent

X 3B HERAZ inviro FF SO KRB I 2 L—FICKDVIab—vaviiBil?d
3,3-Dimethyl-1-(4-methylphenyl)triazene OBLEY & REFHE (Nu 1TREH)
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PRk 31 JEAGITBHEETR AR (LB Y 2 7 HHgEE3E)

MEREL : 4 V) aTFRERORE - ZRAMICESEDED
b MERY X7 OFEAR N F T U— D%
(H30-fb -8 %E-005)

SRR E

FHREBEONF 2 ) —7 7 u—F T FAOMEI T 555
BooE WE Kb EIERSRSELATRE KMTREES =R
BREAE A e EVEKRRMEATAT ZSMTRIES R
FREmAE =W B EUEKSRMELTAT ZSMTRIES HRA
BREAE K BT EUEKSRMELTAT ZSMTRIEES HRA
WREAE FA Mz EVEKSRMELTAT ZSMTRIES HRA
BREAE KE B EUEKSRMEATAT ZSMTRIES HRA
BRlAE HE %F EUEKSRMELTAT ZSMTRIEES HRA
BREHE NF OB WIUKEREREERERATERN 502

WAREE

ARFZETIE, TR RSB L FEME O MEREY A7 22 REICFHET 5 729
2 A2V aFEOFEE FEALICESWEFMA T 7 U—OBEO—BR L L
T, KEEGHEEICOWTH T T =T 7 a—F 7 VO EEICBE T 20758 % 506 L
Too MRREMEIIABEMRHMEICH T 2 EBE BT RARA U FOOESTHLIN, BT
(D E SRR E A A= 2FBETFRET /MIZNETIFRE A LR, £ 2 TARIF
FETIE, B TA SN TV A EEEO SV IRER G EERR T — 2 2 G Lic T —
ZR_R—= 2N bk E %k L, BHEEMEO L E 2 —IC X D HERRICE DMt E
PERSFIE A AT 5 2 LT R0 | AT BT 2 0% OB IR ) 72 Mag5 M 4 (K R Ay
(CREHL LT, S 510, (b5AEns & s s RS D TR EEmE 2 7 v —7 b L, B
IE OIEH A B A CZ OfEk % EF LT, OECD QSAR Toolbox O# 7 F U —7
n7yAT7—IlEEFTHZ LIk, mRkEEE T - ST AT Y =T e —F
EHMAT 5700 B AEBE L,

A FFEER IR R OBEN ST D720, BURO in
Bk DRER T — & B8 L Ak silico RPN L~L o b E SRR Ok
WEORRVEIIA KX RRE L o> Th N BRIl COREASR KD LN
T @bq:@ﬁgg@gﬁayg)g By EEo T\, ITH OECD TiX, AOP (FEIMEFEHL
MO S BEICHEAL TS, Z0LD PR DBRFENKE RN HED HTEY |
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QSAR DiEHMNKEE L B 2 b DM
P RIRA » MZOWTIE, AOP I8
X insilico. invitro. invivo DIEREHE
b T E DR M2 R T 2 A1)
77 u—F (IATA) OIEHNRE - HiE X
NTWD, G- T, 5% ITE R~ DUAF
FEZER LSO, {LFWENREEL S D

N~ FEMEE B WKL CYHIT 5 in silico
DOFHMEAT 2 HeNr L, IATA (23S0 iz ke b
HEEE Y 2 7 OF I FIE A L S 5B & A
g+ 2EE2 605,

AL, ERRoEBEBICAERE S
o, 2Rl A X — A OB% & EAL
Z R LTV D, AFEI, Mt o x5
W, T3V =T —FEEHT5720
D HAEAAEES D, TR A E A
B AEERT KRS hO—D2ThH
%o ALY E A RTINE DA FHFHN T,
MR B ENRO LN LG EICITZOE
EVEZ B RE U CA E A A 5 9 5 B
CRHE SRR BN E N D, FEM7ZR ik
PERBSNFEM S D Z LIIRsNTEY
PR EEME 1T SR I B MR R O R D
WCRHME S NS Z ENEW, L, ZOR
B AVIZETE B 2> b ik a2 A S 5
LOIFNRETHLGENZNEIND, FF
fili 42>y — & L COBFEO#EE TS
SV MR EUTxt LTS - iR 23K
HICHED BTV D28, MBI ITIE S
A ERIETE TR, L7z » T, 4t
WO T IV =TT a—F 2T 52 &
X, HEWEORBRT — 2 E S
Fra & bio it mis v MR R
— NI D — B DR D - DICEET
HbH, WMELTEIT IV —%2ZORALL 7
Sl@mET —#X—2 L L HIT OECD

QSAR Toolbox 72 EIZHEHET HZ L2 XV
U= R7 70X 5T —4Fx v 7Hli5E
b & CRHM O 2R - Higkic w57 5%
LHIFFSND,

Z T, WEEEAES L2 ENATABR S
TV L REHRGBEERRT —Z 2 /e L
o7 — 2 N—Z2 % E M L TRk st mE &
B L, BEEMAZEO L v a—D% b
1 & BT ICEE T D IF M OINEE & Rt &
ToTAT7T Y —2fE L. OECD QSAR
Toolbox DT TV —TF a7 7 A 7 —|T%E
HEHRD Lo F 0k E ER LT,

B. #t%E7 1k
ENACAB STV A EEED VL
FWVE O A G w7 — ~  (HESS,
COSMOS. ToxRef, RepDose., £ it 2L
R ESE . FREHE 2,500 ) BHA LT2X
BaEERRREGT —# =2 (it 7Y
BIIBR<) 226 JREAHE SR IC AR R (
FESVIARM) AT B 22D B R ST
LUE. BLOHRRICHT 2B O EE
PR D EZZ DL —MIRBDOELE A
TOMEZ R LT, ZOHn6  FETH S
HWVFHTCHETOAREILD A LN TN D
DR, JRUE, HFEENME T 72 SO ERE T
HAECDAHBRZE LRI L Ty
EYONEEC1F 25 ik AN 3 W < Ry U [ oAl
FE7RMRR AL L STV DT b DD
5P —fREBICA LD Ao TW RN O
TRIGINBIN LT, Bk LIZEIZ OV T,
PubMed. Google, PubChem Z5 DI T
»ERWT, in vivo IZEBIT DR ENCE
T 5 SCERCE NS O U R 7 B e OVfR
FPEOREF BT 5 Uk IR - KA L7,
BIERB LV 7T HHEARER T —A X
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v b EELEEREE AT T D & L bIT,
B E DOIF S D BT =V — O FE
BT,

(B ~DEE) AR IXEM 2 iz
R EITORNT- ORI TH 5,

C. MR
C-1 BT —FR—AD LB L RH
HEE

Rk 30 A E TICHAL L-EET —
B _R— 2 (ABREMET — % 2,500 P AHY)
MH, MRFEEEEL D S EZTWE 2R
P U7, SR BRI A R (PR KO
KA ICHRED RSN WEHIL 23 Tho
oo B E I 7o AL 72O S AP SRIC
x5 L Bbh s —fIRIEORE N A b
ToW'E X HESS 3 X OVR: A il B s 2 A 3
OFMEFHROLE2—I2L D, £ 1,200 &
BEND 70 WEBE O, oSS
BN Z LIk 0 . PR & IEHE
B BEEE 2 A 3 2 ATREE DS & 5 oy i i
HEAATE LTI L (K1), ff
BIEWEIL. T OWEHII L THEERZ
FRMENAREWZ L EZRIBLTWD,
C-2 MRERIFEELEHBLLIMEL £
DEREINHIEBFRBLOLT IV —DHEE
F47 = (CAS: 110-02-1) [T/l
FEapl Tl 23, EIRMLFETICKIT D Tk
HiEL L Tambn TRy, MHgTIEy hy
7 L\ P450 (P450) 12Xk » TRk Sh., ik
Rt AR+ 5 (Dansette et al, 1992),
P450 23 FEBLT 2 /MK T TR & AR O R33
L EZ T, ERESIER T B
NTW5, £-F47 = U FEkoRss
FEO B EITB W T RO REBHE AL

MG SN TRY, MRRRICEERIT S
Strind B L HERI S5 (Cohenetal., 2017)
12-7mrux (107-06-2) 1%, /MK
A G| EE 2T, BWEIT PAS0 2LV R
BRI ARE S L 5 R & Glutathione S-
transferase (GST) (2 X % GSH fa& %% 5 #%
BRdDZENHREINTWD (Jeanetal,
1992), A= U7e SO IT AR 2 7 &
IRz L. IFEtEn BT 5 L35 %
HIVTUW D, P450 X° GST 23 FEHLT 5 /MK
BOWTHLRKEOEFERHERN SIS, 72
GSH Oyl L Db A b LA b mtEsEE
WZHFGT 5 ERESILTUVWS (Zhang et al,
2019), [EHED Cl LSt D~ 7 @R
S RIBROBETF CREMERBT L LEZ 2 6D,
1-Z7vw3-7axErar (109-70-6) X
HXARRE R DR (RS 12 6\ T BRARAR 219
Blexsl &Lz, ZOHEUMETH D 1-
T uE TN (106-94-5) 13, HEESC/ MM
ICHEMRE A SR L, TOBTFO—E
& LT GSH OHEIZ L Db A b L A
WK L RIEDANLTE R L (SH) A
Db ERREINTVWD (Wang et al,
2002),1-7 1 3-7 nEF s GSH#)
BEZTDHEZZDND Z ENDIRBEOK
FEh3BA5-4 A mHEMEN & 5 (Jones and Welis,
1981), E7REHROH 4 D/~ 7 EHK
b RO T THRERICEERI T 2R T
VIUXNEARTLHEZEZLND,

RU VT IV 3 =)V XIS HR N SR
FHIFEIT, RPN TELLIRVXT
JL7 & RliX. Glutathione Peroxidase % ZIZR
WCPRET D Z &k - T, IGMEREE Sy 718
(ROS) PEA %754 % (Tabatabaie and
Floyd, 1996), <> X7 L7t Kk, hir=x
VO FRRIC LD AR R DO ROS FEAE D k%
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THv k& LTHEb - TV D IRVGEFHIL &
% (Mattiaetal., 1993), X AT LT E KD
HUMETHH 7 == LT NTALTE R
b FIEERIEEZ RN RN HRET S
(Tabatabaie and Floyd, 1996) , LA E LV | 1%
FlcrovRvorr7ra—LrEifa-t
NSt o) PN I 2 SX 1) A Y. /L = L
PRBIERT oY VEBATHEEZ DR
ol

=k (98-95-3) X, /MKIZE
WA A 2l S 277, FREEES
MmN & e LT, i R ~ D &
BEFIRIZ & A ER LTV, i
Bl 13-V=baxXoE ok, /IR
MRk b2 g & 23, PR R N
DETYEE LT, = hakkoBErzi
L 72 AEHNEME/E (Romero et al., 1995, Hu et
al., 1997) . ROS PEA (Ray et al., 1992, Romero
etal, 1995, Huetal, 1999) . HIfINZ L /X7
BOBLHEER 45 2R3 2 L 20R
EINTWD, = haxXrE Ui
IR CTRRO LI TWND T D,
13-V = b a X L EARICHEEL LT
PR BT A RO BB B 5

T UNT IR (79-06-1) 1T EITKM#H
BB CHIRAEEZ G EEZS, 727U T
I RIEFHOWRERTHY . MRS 7B
D SH ERERISTHZ ERMbNTND
(LoPachin et al., 2012), —D>DREFF L& LT,
JE B AR IR D Hh SR L2 5 U B N ik
AT LF L ORI IZ 31T B /N ARl &
\ZfR D & X7 ~DIER] & B RE IR DS R
XN TW5 (Harrisetal, 1994), iET—4
R—=Z2HFOT 7 YT I RFER (79-39-0,
924-42-5) THHAML L 7 i g E R 3380
SENTEL ., HEO N-7 /L VERKE S

DTHUDRA D =X LN HETDHEBEZD
N5,

PR 2 A L7 b OO RHEEMER
RKRKEWVWEZ 2 o iREEr T Y —
IME U TIZHNZET D, =~ AT F
(155569-91-8) 1%, Jiod/F it M o> 22
b, BREEGHROEMEZSIZRT, ~
rua7A REWEILZ, FAF o F vz
N GABA Z B R IEMHE LT 5 =7 R
DS D, YV ar (76231-76-0) 1%,
BN T 9 o« il 235 & i 2 9, I 4E
DOIFFETIX, YVariAFrFyr o
T GABA Z AR L O BAEARHER ST
VW% (Holdetal,2000), VKU A(2-7
1 u I L) (115-96-8) 1d, AR R Tl
FeapIER T, mARTERE LESGA K
aY X7 7 —EBEHETDL, £ v
fg U ATV (512-56-1) bV AT T
—EBEZRT, MY RN Y A TFUE,
PRBE AR = 2 7 7 — B O EIE RS
INTWD, L, SR ER DT ¥ 1
JL DR SOBE S 00 AL ) 7 BH5E A3 A
Jiel o> AS R 7 9 BEAR AR O AU D72 3 %
MEIPIIARARENED, P=F ) —
7 X2 (111-42-2) 13RI K OORAH Rtk
HEDOBEMEE PR =) b Egl&k 4, ¥
TH =T I UDOREBRICEY A ORla
Oz Y AR ELS D Z & DY invitro T
RENTWD, LanL, 2 AGEHTRELD in
vivo \ZE T BRI E LI E 5 LT
WD DITONWTHaRFHLIAZE LTV D
LEZ LN,
C-3 MRER~DEELEZ b 5 — KRR
DELEZFIEEIITYWEL EZORBEIND
BRERBLIUONT I —DFEE
CIRNANTT =V (97-39-2) 1L, #%
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N5 30 00 HIRER, B EBR T, #
MR A &SRS, VT 2=V T T =Y
> (102-06-7) 1%, SERT — 1T HS < ik
FMEDHE TlL equivocal & L7=23, mHE
THEULERPBE IS, Y7 ==
JrT =V — Mgl Lo EiE T
FRERIZE NS, VT 2=V ST =V DY

U — X3P T AP AAEEZ RO Na"F v
FT7ay =L THEINLTWVD
(Reddy et al, 1998), 7 hr R hF %
PX IR DRIRTT =V SR
FFORIRFEFE LARED Na'F v v pL & a]
W ET 2 EN <ML TWVWD,
T =V U EE R RO LA WITIT A DA
YITEPEDRN R E S TWAH Z L ICRET L
L& 5 )Y (Saczewski and Balewski, 2009) .
SRR T T =V ARG Na™TF ¥ 1L
FLEZ I LR EmE R T vy v a T
% AREMENR B B

14-7 % VA=) (110-63-4) FHFEIZ X
0| EHE, BISEBNK e EABE IS,
1,4-7 % VA — Ui, RN THEE L 7o g
{L T & U y-hydroxybutyric acid (228 #
H. AR R O GABAR % B IRICHEHIHIIC
ERT 22 L 2R THELL OIRRH 5
(Carai er al., 2002), RIS T 1,4-7 5
VA —/b y-hydroxybutyric acid Z 4T 5
WEITSBIERORT v VEFSLE
ZHid,

AIFFE TR I NS T — F =R
FRMEEEB SO/ MEREEETMER
RO BIED ARG wRBRT — 2 3 E %
TS, A= A— FRFERFNIT BT
Nal) A7 T —F (AChE) % w[WiEgic
PRET S &, ARY o RE AL AChE
AR E TS Z Lix < mbnT

W5,

RUBUANVE T I FBLOEDRT
L IVEBAR (98-10-2,88-19-7) 1%, FE IO
515 % OIESHER T RBE IS,
SONH, #§ 43 & f Wk i /K B# 3% ( Carbonic
Anhydrase; CA) @ Zn?*& A LA =2 FRFED
WOMAERZE LT T CA EHEAKRERK
L., CA BeRIEMZ AT MIZHET 5
(Supuran, 2007), CA [FNIZIT CO2
& HCOs DA AZEMZ 42 Z LTk -
TZONT R EFEMAICHIEE L, @Y7
pH OHERFHIZBE D > TV 5, WL D DRRE
HIZ LD L 72t C A A SRR B R 72 CA
FHETEME A 7R LTV % (Bhushan Mishra et al.,
2018), CA PEZ ¥ —747 v b & LI-iEEE
PEFRBEAFZE (Khadikar et al., 2005) 75, 1§
JRWNR P Z LR 7 3 RFESRIT CA
PR A LT Bk & 2o il A B iR
PRI EE_T LB 20N 5,

rman 7 x /) —/)LOREICELD KR, K
SO A AR R D depression 72 E 3SR
Nz, 7vn7x/—/F, I harRI7
DERE Y At OBEEAER 2 R85
S OWENRH D, 7aa 7z ) — LWL
SSPING I ol i E e e (Y P it
HRKT 5 LEEZ 5N TW5 (ATSDR, 1999)
24-V=b0 7z /) —LHI bR
DRI K0 HRCR IR %
R EDNAMBILTV S (ATSDR, 2019),
fho=rnw 7=/ —/LHEEESFEEOER
EFREOLHENEND,

FRMAE 52 50T ECHA 1%, 2017 4 FEIA
F O REEAE ] & PR M O B DUV TR
iz AR L TR Y, &G w kR T
REEEEE T MEZ L E2— LT X
MEL T3 (ECHA,2017), = Offfkaatt
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WE Y AN ERFTRICHNHAET —F
— A B [ANE S AT BRIAR B B9\ ph ik
WRLRLIEWEY A N d 52 L1
0 AR & R R IR OB )
SRS 2WED T N— Tk T & 2
A ENET v a— TILF LT —T )L,
ToaxTTa—) THXNT =) —
b, TIVERNRCB N T Y — O
e LCHRE SNz, £ Ok
Pl LT, M~ DREIF Tk
GABA ZHEB~OIEM R EREE ST
D WELEARI 72 S\ (ECHA, 2017)
FOM AF T UNBRT ATV T T
X/ BUE= IV, T=0 0 Tk
=TI VT VB EROWE

ENHT TV =DM & LTZET S ns,

BT AV~ ORI L 72 BB A1
HITROMDB o7z,

D. B8

PR BRI AT FAEREA I C 301 ) 2 B An
P RARA Y OO ESTHLN, Zh
FCHFICESW e EETHET MTT L
A ETR, HIFEAN— A O ETE BT T
JLE L THBNS DEREK Nexus & %%
PEWVEL % W 2 R I3 oD TRV, & 2
TR TIE, ERNA TR SN TWAE
T D = W A G- BRI T — & A
L7257 — 4 R 20 DR & 38k
L. £ 6 &2 betiiE & A0 S 5wtk
FPcEESW T/ v—A b L, ZOMEEE E
#LC, 73V —TFe—FEHEHATH
723D O FAE OREGE A R I T2
REFHGHMERBROKAET —F _X— 270
ORI B A T D720, B
ks KOO MR BRI

HL7, < D7 —ZXTIERERD 2 ILD
WEELHE LT, LML, WINORAKHT —
A= ZAHRTIHDBEENAFTE T,
FERAE LNV L b E 0T, S
SIS/ —TF ¥ O —fRARRRBLER O 2 TREMIE
£%X°> FOB(Functional observational Battery)%
EFERML TWRNT =B LN Lk,
it e L CHIET 2 2 L NEE R E
H < DTS BEIOMHTIZITE O R0
> 7o, PR E ORI IV TR flod
in vivo FRERS°BEEN)E O B 5 O T HUN
A IBINTERM L7z,

PR O I BEAR AR A AT — A AS AT
MTHYVEETHLIEEZZ DN TWND, £
DT & LT, FEITHRR TR OEML R B
FELT DGR 2 L 0 ARk U 72 BOG AR
W DR T~ DI LRI E. 5
W7 VS FA S - fHBIC L D SH ¥
VNI EASOBELFREA N U AFHE,
AR REMERF IC BB 22 & X7 & DAt
IR TR EMZF T BT, — 0 BIRTH
IRBAICB D 2HFF & LT, MR OT v
VRN OFEHIHIE, I har FY
T ORI RO LR 2R A
HAEEZEZONDLORET LN, £, &
FEAL RO REAE L ALE T D Sy AR~ DAE I A
ZLIHET D2 EBR SN, ARIFFED AL
RO—2L LT, ALFWE ORI
HWMOEE S, AL FIE ISR T 2R
DRI 72 WagatE OB 2 RO D 2 & A3
Kl Z EMETF LD,

TP E OB oIS & b DEH A -
RSB EME E O BT — & & AT
D2 eIk, mERBUCHET L HAM
TR SNDMENAZREBRELTHT
Y —fEkE LTERLE (RD, Zh
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% OECD QSAR Toolbox ®H 7 Y —7 1
Ty AT —~TAZLNTHERTHZ LITEL
0. $% < OILEWE O b SR EEY
BEfrick3nwcrarzrA4 ) 0795
ZEMAREICAR D EHIRETE DS (K2), K
e Cid, MRREERT vy v EE TS
% F# CEXLIETRELIRNE AT

U —fE A ER Lz, BEicY v
BDX—A X D invitro RERT — X E & I
O IRFEPHIZUEE U CHE T C LA 3 %
ZElZkY, AT IV — O E XD R
WWERTEDHLIIIRDEBEZBND,
FHC, DA T 2V —TiE, FEAEEE R
S TUWTh in vivo FelEilBR TlIthit It
BRBO SN TWIRWT—2ANB 5,
Z—=7y hEDEM (FFvaxfF 37
) DBV Z T, B &N, R
W2 EIEKGET D R ax 1T 47 AD
EWLERE L TETOND, EEICHT
I =7 u—FEEATHEICIE,
REXWHEICT L Z ENREETHDL, AF
VER O¥EfE, NOAEL OHERH72 &, HIIC &

WEZIE U BT a2 IEE T 5 B EN
bDHZEITHETOREND D,

E. f&i

ARG TIE, ERNA TR ST S1E
ﬁé@%bﬁ@&@%‘ﬁﬁ?~&%%é
LTeT — 2 =20 b ik s S % 8tk
L7, ZOMitE ﬁ%ﬁ%%%%ﬁbf%
RHNZHEH T 5 Z LTk M%%E:ﬁ
DR R @gﬁ%@%%ﬁmﬁ%%
DT EMHRZ, S BIZ, ﬂ:%%mkf&‘ﬁ%é
S W THREEME 2 7 v — 7k L,
HRWE OFHEZIY AN TE OEE E

75 L C. OECD QSAR Toolbox DA 7 =Y —
TaT AT ICEETHILICEY, A
TAY) =TI —FEEHAT 500
RS LT,

F. WrFes&
1. SR
1) Jojima K, Yamada T, Hirose A.
Development of a hepatotoxicity prediction
model using in vitro assay data of key
molecular events. Fundam. Toxicol. Sci.
2019, 6, 327-32.

Inoue K, Suzuki H, Yamada T.
Comprehensive toxicity evaluation of
cyclopentyl methyl ether (CPME) for
establishing a permitted daily exposure
level. Fundam Toxicol Sci. 2019, 6, 145-
165.

Yamada T, Matsumoto M, Miura M, Hirose
A. Case study on the use of integrated
approaches to testing and assessment for
testicular toxicity of ethylene glycol methyl
ether (EGME)-related chemicals.
Organisation for Economic Co-operation
and Development (OECD), Series on
Testing & Assessment. 2019, No. 308. 1-75.
Patlewicz G, Lizarraga LE, Rua D, Allen
DG, Daniel AB, Fitzpatrick SC, Garcia-
Reyero N, Gordon J, Hakkinen P, Howard
AS, Karmaus A, Matheson J, Mumtaz M,

Richarz A, Ruiz P, Scarano L, Yamada T,

4)

Kleinstreuer N. Exploring current read-
across applications and needs among
selected U.S. Federal Agencies. Regul.
Toxicol. Pharmacol. 2019, 106, 197-209.

Tachibana K, Kass GEN, Ono A, Yamada T,
Tong W, Doerge DR, Yamazoe Y. A

5)
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6)

7)

2.
1)

2)

3)

4)

Summary Report of FSCJ Workshop
"Future Challenges and Opportunities in
Developing Methodologies for Improved
Human Risk Assessments". Food Safety.
2019, 7, 83-89.
IR, RAKAHE, NeEE, TR
. AOP (Adverse Outcome Pathway; A
EMERBURIE) (ZFESWIALFE D
TRMEFEM AT T F v LV,
YAKUGAKU ZASSHI. 2020, 140, 481-484.
HH 3% L, JAWEPA 2, Maurice Whelan,
IJJ H I‘%,u BIEF2 Y MU — 7 RITIC
A AT = A fE T AOP
%E«lk/ﬂ ZOWT. YAKUGAKU ZASSHL.
2020, 140, 485-489.

FRRER

Case Study on the Use of Integrated
Approach to Testing and Assessment for
Testicular Toxicity of Ethylene Glycol
Methyl Ether (EGME)-Related Chemicals,
Yamada, T., Matsumoto, M., Miura, M.,
Hirose, A. EU-ToxRisk workshop on

NAM-supported read-across: from case
studies to regulatory guidance in safety
assessment (May 2019, Espoo, Finland)
Current status of development and
improvement of in silico approaches for
regulatory chemical safety assessment in
NIHS. Yamada, T., Honma, M., Hirose, A.
5 46 o] B AN A2 AES (2019 4R
6 H )
KB DIG YA E S

NS a BPAYG S

PESWEDOB AN, AR, JIFE T,

R, JWHEEE, REHZ, Fdeml A
AP RFINESR (20194 6 4 )

LA - BRI DA DT 4

5)

6)

7)

8)

10) {b¥E O v MEREY 2 7 FHMIC
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7 U 2 Mulzm g 7oz s - A50s

FRAE D 7 )L — 7 3, E%%i% AR

B, gaRTE, AT, ILHEFES,

L3, BllE—, AR, KREIESE, K

WIAEZ, 25 46 8] B AKEME AR A i RS
(2019 % 6 A FHE)

Development of hepatotoxicity prediction

model using in vitro assay data of the

molecular key events. Yamada, T., Jojima,
K., Hirose, A. IUTOX 15th International
Congress of Toxicology (July 2019,
Honolulu, USA)

Hazard assessment of hydrazine, a possible
migration contaminant from drinking water
apparatus. Matsumoto, M., Igarashi, T.,

Inoue, K., Yamada, T., Hirose, A. 5th

Congress of the European Societies of
Toxicology (September 2019, Helsinki,
Finland)
Development of in silico prediction model
for skin sensitization using the alternative
tests dataset. Suzuki, M., Ambe, K., Tohkin,
M., Yamada, T., Ashikaga, T. CBI %%
2019 FERZ (2019 4F 10 H 350
tFWEO e N ZRMFHIO T2 D in
silico 7 7' 1 *—?:@Fﬂ'ﬁ%\é VR, IUHEFE
WL E Bz Fa'e'ﬁﬁ‘
HYVRY T b M%% ®Jﬁ
(Cfﬁﬁ“éiﬁ%“/w/va%@ﬁﬁﬁlﬁiﬁ
— (2019 11 H Hx0)
APEEERHEY) B /)% (PBPK) €7 /L3
T A — 2 OWE RO RHR O BT, %
BIH B, & HEARE, A HEBk—, 1
HER, 5 32ERAAKY 27 H2EIRKR
2 (20194 11 A Hw)

J LJ\
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% in silico 7 7 v —F OBHFEEA, 1
MR, LI E, AEmR—, SRe
I, REIIETE, 55 47 [EIREETEMEFRRE o
VAT (2019 4E 12 A REA)

11) Construction of databases of environmental

fate and ecotoxicity for the development of
environmental risk evaluation system of
pharmaceuticals. Hirose, A., Kobayashi, N.,
Kurimoto, M., Yamamoto, H., Ikarashi, Y.,

Yamada, T. Society of Risk Analysis 2019

Annual meeting (December 2019,
Arlington, USA)

12) Read-across case study on testicular

toxicity of ethylene glycol methyl ether-
related substances for the fourth cycle of

OECD IATA Case Studies Project. Yamada

T., Matsumoto, M., Kawamura, T., Miura,
M., Hirose, A. 59" Annual Meeting of
Society of Toxicology (March 2020,
Anaheim, USA)
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Positive substances

X1 BELE-EREBEEDEO ST EX A TICLD0HE

(5) QSAR Toolbox 44 [Document 1]

QSAR TOOLBOX = 10100

» Category definition  » Data Gap Filling
Profiling Custom profile
New  Delete

Filter endpoint tree.

B (C: 5:Md: 3074;P- 0] Subcategor

EC Number2175965 EC Number:2026371 EC Number:2007411 EC Number2018083 EC Number:2005634
1899-94-1 98-10-2 70-55-3 88197 63-74-1
High High High High High

e — o x

CTHINOZS C6HTNO2S

Celeeec(c)SN)=O... NS(=O)=0)ccccee’
b Custom category profiler
e developed in this study

. (no tox data) M:6 mg/kg bdwt/d

1) Sowcie Qe bl

e
S 1 suanTS

Aromatic compound , Aromatic compound| s

190%,100%] [70%:80%)

—— 8 List of new

z (category profile) categories for T
{-] Observed Rat In vivo metabolism Test IOt teste neurOtOXlCIIy 3 ey

[ | I [
X2 HEELI-FHOMEZM LT T Y —D OECD QSAR Toolbox ~MD 33
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#F1

Category

BE - BRUL L7 LB OF R OMRREL T T —

Core structure / structural boundary

Possible measurable key events
leading to neurotoxicity

R, 12 Ry=Cl, Br: R,=Cl, Br, H
R1/ﬁ/
R R
Rz 1 1
Rz

Thiophene S (core structure) Metabolic activation by P450s in CNS
ﬁ\ /] Damaging macromolecules
Haloalkane Metabolic activation by P450s/GST in CNS

GST depletion / induction of oxidative stress

Benzyl alcohol

@/\OH + its precursors

Inhibition of Glutathione peroxidase by the aldehyde
metabolite in CNS
Induction of oxidative stress

Ro=H, CpHan.4,
C.Ho.0H (n=1or 2)

R>
YI\NH/

R

Nitrobenzene X NO; R;=NO,, NH,, H Metabolic activation by nitroreductase in CNS
| Damaging macromolecules
S P
Ra
R
Acrylamide = R;=H, CH; React with sulfhydryl groups of neural proteins at

peripheral nervous system and CNS

Behavioral changes

Phenyl guanidine

Q NH, /@ (core structure)
/)\
N N

Inhibition of sodium channel

1,4-Butandiol

HO\/\/\
OH

+ the corresponding

Competitive inhibition of GABA by y-hydroxybutyric

precursors acid in CNS
[¢]
HO\/\)'I\OH
Benzenesulfonamide o\\ o R=CHjs, NH, Competitive inhibition of carbonic anhydrase in CNS
_~NHz
S
= \
| T
L
R
Chlorophenol R ot R OH R OH Mitochondrial uncoupling of oxidative phosphorylation
# Cl Z Cl #
& R=CI, H
Nitrophenol OH + its esters Mitochondrial uncoupling of oxidative phosphorylation
[ I in CNS
O;N NO,
Aliphatic alcohol R=straight or branched
(K] alkyl (C3-4)
Alkyl ether R—O0—R, R;=straight or
branched alkyl (C3-4)
R,=straight or
branched alkyl (C1-4)
Alkoxyalcohol o Ry=H, CH,
Ry OH Ry=CpHons1(n=1,2) Not clear
R (interaction with membrane/interference of GABA in
Alkylphenol R R=CpHzn+1 (n=1-4; Y
S chain length, C1-2;
| substitution #, 1-3)
=
Alkylbenzene R R=Cl, C Hpn+1 (n=1-2;
\\ chain length, C1-2;
| substitution #, 1-2)
=
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PRk 31 JEAGITBHEETR AR (LB Y 2 7 HHgEE3E)

MEREL : 4 V) aTFRERORE - ZRAMICESEDED
b MERY X7 OFEAR N F T U— D%
(H30-fb -8 %E-005)

SRR s E
RE#REFED AOP F—A XN —R77uR 5 VR E R _EIZBE 5%

Wy EE R HE EVERMBEMEENER ZEefETHRMEE W
WEwAE LU S EvERMBEMEENER ZeMETHRMEE =R
WEBIE SR ¥ EvERMBEMEENER Tt TR R
BF3et /1% Susanne Stalford 7 —VHFFFT R

W32, /3% Adrian Fowkes 7 —3 iR FER

Wt /1% Alun Myden 7 —3 iR FER

Mo 7%E Emma Hill A2 ) M 5o = |

WREE

YRR 31 AERE, AFRAEFMEICET AV - KT 7 e 22T VOMEEEZHIEL T, &
PERRBRAE SR & BEJN 0 A58 A2 m eI B 2 1B & ool AR A I BE S 5 — Ao
Ny ROEERBRE (AOP) ORIEZEZRMRT, BEALFWESR7T a7 F A TiTh
NTEERFMEDNT A—F 27— 7 ~_— 2 L, Uk STV SR BRI 59 5 Filllbe
DFERE %455 7212, Derek Nexus & AOP (2RO < AR AFBETFHIO 70 s % 4 7%
FTHNERNTANY F—2 g &2 {To7=, FOREE, Derek Nexus (28 LT AOP (25D
SETNVCTRED EANRO LN, FFRMEOEK T - TRV | #RIICIZ2 2D
BT IVOMEEIZRFEE Th o7z, 20 AOP I[ZHSL BT VORED LA 2 WHFET 572
D& FROERBIEOTFELZIRRT DO, SHEOT —X~A =2 7 FEE -
7o RE—r~A =27 (Sherhod et.al.,2014) TIXARE/RFNIEA =X LTROND
o= FAEATEFMNOVEERS (Wuetal, 2013) T 2 f$H. Derek Nexus DD
FMEIC T 2M1E T T — b OfENTCIL 2 FESH. ToxCast 7 —# & OFHE~ A = 7 Tl
TR, 7 4> H—7V 2 M2 LD QSAR ET /L TIE 8 FMIEHDIEA A 1 = X L fgedili % h
HT D2 LM TEL, 2D B, = b FHFRILEMIEEST 2FEAA =L L LT,
TINEFF L OWDEEIBEA ML AT E I SN DRERE XU RS2
JRIK & 72 D BEHATEREOIR F 27~ 9 AOP Z[RETHZ &M TE, U— K77 B RXET
NVOYEREM EIZTe T TAEID AOP OBRRFEFIENAH TH L Z LR ENT,
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A FZEER
T DAL E O HHNZ B 2 [FEERAY 72

B.LE. AL E DR AMERERIZ 35V THY
W SEER % T3 BRI D 2 & e <
LW ERTE I L DA EEM 2 FE Lk
TLHIOOFHMIA ST TV — %ML T 52
LIZH Y O P I N THE ST FE
(QSAR)RC L T T Y —7 I —F 72 XD in
silico FlEZ A W-avEa—% NFoa
0 IEERMESTTLH Y, BED
EENDLHEDH CTh D, AR TIE, KB
B EttoEtETHITT VRO B E L
T, SFEND AR AEFERICET LY —
N7 727 VOMELBIE L, iR
Bt R & BEEn D AL HE R AE I B3 2 1E
ZotlT, GRS D F— A
¥ FR° AOP DRIEZHAALD Z &2 AL
L CHE 21T - 72,

B. B35k
B-1 EEFBABMERRT —F O L 7 3
T IV AR — A ERAT
ML B 7 e 7T LTI T
X T AR B - - AR AR F I OF G R
(OECD TG-421) 3 X UM 5 A5 5 A= bk
Bk (OECD TG-422) Ti& bR
BEDONTG A= T —2 =2 LTz,
F 72, Lhasa DA RET —2 > M &
DEBERLT I TV AR— AT 24T - 12
B-2 ATEFAFERRT — % OFEE(L
TR = T ~OEY DR
(B#¢ 23HMEE R o 7 — 7k E) %
794 iMEEBICOWTIX, F—% & v b
NTZY RARAS L bV —E L TEED,
Frbhuo—LoRRFREERAE L,
B-3 RBEROHEIE

Fosty bOVA =S R L

o

k&% € DR R > THET 572
HON—VERE LTz,
B-4 In silico ET VD) T — a v

R S T BB RS SR € - T Derek
Nexus (v6.0.1), AOP OFfA % JEHE L LT
oD 7 v h & A 7E7 /) (Myden etal.,
2018) Z MW T, THIMERE DR 24T - 7=,
B-5 7 —4%~A =7 Lai#ihH

Derek Nexus & AOP % FWNT= R AT
Wo7a N ZATETVTIEAZITHN—
SN0 T mE PRSI ORI TS
WTLLFD S SO EE#A LT,
INB—<A =27 (Sherhod et.al.,

2014)

o ETHRABMEDOIER (Wu etal.,
2013)

e Derek Nexus (LoD 7 7 — &2\ %
F1E)

ToxCast 7 — % (USEPA,2015) & ®
B~ A => 7 (Sipeset.al.,2011)
ChEMBL #tHET V& oA
G740 H—=T Y Nk
B-6 AOP DYERRDFEAT

FhH U 72 et n R e sk & A Sl e
OB EZ T D JRME, SO T =Xty
MIEENLDWE ORI G, YRR AR L
T UM AILE ~ (GnRH) Z &K & Aitis
MDD 7 F OO THAE L. AOP ®
VER & kA T2,

(M ELE A~ DELRE) ABFZEIXE) 2 -T2
W EITORNT- ORI TH 5,

C. WramER
C-1 AFERAEFERBRT —FZ O L 7 3
IV A R— R R
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ML E R 7T 0 77 ADT — 2|
EHEND 394 DILEHMD S B 105 DILH
W73 Lhasa OAEFEARMET —F &> M
TAAE Uiz, E 7o hOEHIR & O EE % it
Liz& 2 A, RBRAIZHOWT & v 2Ef 7t
WAL TCWDE T —X v ~ (Lhasa @
DART DB 35 L Of ToxRefDB %) & OFEM &
LT, fbAEnEE A E LIRS
—X%y b~ (FDABIUNTP 72 &) L&
HRRKE o7,

K1 T8ty FOMAMDS b, fMOEFHFEATE

DOF—FEy MIBEETHILEHDOE

All Combination of the
datasets 105 datasets listed below
Mining dataset curated
FDA 50 and supplied by the FDAE!
Lhasa Curated dataset of studies
Limited 7 published in the literature
A dataset obtained from
NTP 94 the NTP WIth a binary
classification for
developmental toxicity
A database containing
ToxRefDB 7 repeat dose studies
including DART studies!®
Training set for an expert
Wu et al 9 rule-based prediction

system for DART

Tz, THIZXoTHAEINDLEEZE
M A et 5720, itahizr—%
-+t w % Lhasa Limited £E23 @V ME ML A
LTWa7r—&ty ML (K1),
Ta oy ME ERSEEITIC L - T 2 RoTIC
ffd/IN L, Morgan 7 o > % —>7"1  [RDkit]
IR TREESNTT I AN AR—ZND
fbeMmarERT, FOOBET v ME,
Lhasa OEJEBAERFMET —F 2y hD o H
FDA & ToxRefDB HIKD 7 X 71 /b A— A
TEIC, REDRIT, A EOTF—Z 2y FO
394 DHEEZ RS ARIOT =4t v MTiE,

A GE S AR FEVEVE F AN BB 0 DTV Bk
LEEER A EO TV A LD L HE, K
W E DR M e M ik A S T D
LDOLHDHIENDhoT, ZOT Y b
U7 . & 3 AL RS 2T AR A
PEGEAIC B9 B 1E SN S\ v AY 2 (T &
LZEpRmeEng (K1 kA BIW
B), 2D 2 DA DB 2 FET D & |
TEIR A IZE ENHIEHO AL, /Mb
G, FER=ULEM B L ORI EY T
DO, PR B TIEABEHEENZ N &R
REIT,

nsion 1

PCA dime
|

=2 -1 0 1 2 3 4
PCA dimension 0

K1 BREWERRS eSS ADEEBAEFET —
% & Lhasa Limited 383518 3 5 BEEO LB ETIET
—%ty MofkE e OB%R

C-2 AFERAEBUERRT — % OF%E{L
TG-421 & TG-422 HBAFER D S £ I E 72
FHEEE &2 ofER ML, TSk Yy
NNOMOFHIEE & BER T2, 2D
O S N-FHMEER 2T — %y FAO
L OFME H & AT 5720, /N7
FHMEEEEEER L. (F2), ZnbH0H
FEl%. EBI @ Ontology Lookup Service <M
HERB AL ha o—7p POMGEOF
feY—MmbAFLE, ZOX9RFIET
FHBTEE AT H 2 LT, T~ A =
YISO MBDIZ DDy hT—7 ¥
IR L7z (%2),

-49-



£2 FHOEBEOIER (Fr7N)

Observation Preferred  Parent From

term endpoint
Abnormal Abnormal Female fertility http://purl.obolibrary.o
estrus cycle estrus toxicity rg/obo/MP_0009016
No. of mated Mating Mating http://purl.obolibrary.o
pairs| behaviour  behavioural rg/obo/GO_0007617

toxicity

No. of Abnormal Fertility toxicity http://purl.obolibrary.o
copulated copulation rg/obo/MP_0009697
pairs|
Copulation Abnormal Fertility toxicity http://purl.obolibrary.o

index| copulation rg/obo/MP_0009697
No. of Abnormal Fertility toxicity http://purl.obolibrary.o
pregnant pregnancy rg/obo/MP_0009661
females|

Fertility index| Reduced Fertility toxicity http://purl.obolibrary.o
fertility rg/obo/MP_0001921

Pairing days Mating Mating http://purl.obolibrary.o
until behaviour  behavioural rg/obo/GO_0007617
copulationt toxicity

Abnormal Abnormal Female fertility http://purl.obolibrary.o
estrus cycle estrus toxicity rg/obo/MP_0009016
No. of dams Embryonic  Embryo/foetal http://purl.obolibrary.o
with live pups| lethality lethality rg/obo/MP_0008762
Gestation Long Female fertility http://purl.obolibrary.o

lengtht gestation toxicity
period
No. of corpora  Decreased Female fertility
lutea| corpora toxicity
lutea
number

rg/obo/MP_0002293

http://purl.obolibrary.o
rg/obo/MP_0002680

X2 EMEEE LAY FrP—LoRE %
EETRY NU—IK

C3 RBRAE RO
T2ty bO~YA =T DRI LA
W% & OFBFER I > THET 720D
N—VERE LT, ZhbHDONL—LDHK
1T, fOFNEITHEIET D O T e < BIREY

\ZATRR A B Z S S 2T RO H 5
e ERFET D ETHD, ZRHOY
Bz DERWEEWE L L, £, 28
BIEDOFIE N CAMBEEEZ SRS
k& z DERIREEME] & Lz, FIH
AIREZR T — & B L O EIRINO 72 O
RHEEZ B LT, fkmaABRH & (HTD) %
B 2gmENRD 55 HEICHY
THEWRE LT, TORRUTONL— L%
MWL S OAFHIE B ORISR 2358 L
77
® i H o F/MEH E(LOEL) < HTD

= NERAEFEEDE )
® :IfiXEH o LOEL = HTD

= [IERIROFEDE |
® FTMHTE H 0 LOEL A8 S /ey

= [BEmMEYE
394 WPE ONMERERIIL I DL TR T,
#3 E®ROAFMMEE OBEEMELK

BEIY 39 102 253

REM 33 117 244

C-4 In silico EF VDY F— g v
EREGBICESE | B TTAER AR
P % T | AT HE 72 & 7 /L Derek Nexus
(v6.0.1) & AOP DFufA % Kbl & L 725t
O7a hH A FET /L (Myden etal., 2018)
ZHWT, BT VORGEERAT > 72, BEE
F O AR OFARE B 1220 T, Derek
Nexus 3 LTV AOP |2 < £ 7 /L (Lhasa AOP
Model) DY) F— g U &21To7= (X 4),
ARG B 126 L CBE T 57 L & IR
L7, B2 0%, HAR R o F I B 12D\ T
UTF—a 2T 58I, AR X
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@%E%@%?w%%wkgﬂaﬂuf~
va VR AERRT D2 0I, FRRIRAYE
PEE b EMEMEICE T e (Included)
TFUF] Lk E.?S’)iib\ B4 (Excluded)
STV D2 OTHT TR L=,

K 4& X 4. RBW OFHIHE B D€ 7 MR

FEER B

EMYWE  Model Total TP FP TN FN

Excluded @ Derek 277 2 13 231 31
Nexus

Excluded AOP 277 11 62 182 22
model

Included @ Derek 394 6 13 231 144
Nexus

Included AOP 394 40 62 182 110
model

Offspring

1
09
08

07 |
06 . | u
05 | 3
04 N |
03 | | -
0z
i
0 | - L

Balanced
Accuracy

Accuracy Sensitivity  Specificity Positive Negative

predictivity Predictivity

R S&X 5. BB OFMEE DT T /VHERE

FEERY

HEHME  Model Total TP FP TN FN

Excluded @ Derek 292 1 10 243 38
Nexus

Excluded AOP 292 12 63 190 27
model

Included @ Derek 394 9 10 243 132
Nexus

Included AOP 394 42 63 190 99
model

Dams

Balanced
Accuracy

Accuracy Sensitivity  Specificity Positive Negative

predictivity  Predictivity

N F—va rOfER, BEs X O
B OFGIEH . 72 5 N IERIR Y

B A

'ﬁéﬁéﬁﬂ%w:owf EF LD
XA OME P AR D 57z, Derek
Nexus & F#E L C. AOP Model TEE D

ANREDH Iz, 2D AOPModel (ZH1F %
B ERIE, RERMICB W THRBROIKR T &
o TR Y . FERAYITHET L O ILIR
FRIE T LT 7z, AOP Model (2515

J&PE D 13, Derek Nexus & b _XTLE W)
@ﬁEFH%%T“@??E'J CHWONLWET 7 —
FPHR LV IENWZ LIk TAELD &
Aj%‘z BT,
C5T—F~A =7 L mikimm
In silico &7 )V ClX+I2 A=
WEPE AR B OB A R E L. BT O AE
BB IO hEEEE THICE 5 ET L
DR ZXZET H7202, BEEs XU
AR OFHIE A ORI 2 AV T 5 DDOFiE
ZRWT, BLEEk & 2O ROFE %2R
Tz,
o ¥ —r <A =7 (Sherhodetal.,2014)

TNV XA L > TTFRIERE T
— %ty NNOZLEW ORERE &t
B L7k, ET ML o ThH =S N7
Do To MR E O R & R R & FfE C
LN, FFEEINT-RE— B REE LT
R, B N—T T Lo TEMST BN
—HOLFEME N R o T2 &k
D, ZOFETITH LAY =2 Hn
2R ot,
o AFERAEFIEDOREN (Wu eral, 2013)
R 7o L — M C & T 7 — b
MW THEREFEE L THICTE2E
FIT, ZOFETNLERHNT, EEEODin
silico BT VT /R— L TR 2 DD
Bl.L I Z FrE CT&E 72 (R 6),
Derek Nexus (ft > 7 7 — F 2 W5 FE)
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Derek Nexus (27 £41 A D mMEDRE
fiEHH 2 PR 2MET 7 — F 2 v
T, 7u77A4 ) T ETo7 R, &£
R AEFRMEICEET S Bbhd X
VAT HT E AN A NE2ORFE LT
(% 6),
o ToxCast 7 — ¥ L OB~ A =7
(Sipes et.al., 2011)
A EIO T — & OFNE B D4y ik &

& ToxCast D EWIEMEAE & DOFAEHBER % |

Sipes B AHE L7z HiEE W THRETL
T2 WEHORER L OV — & HW iz,
Invivo \Z3\F 2 A FHiZ)R & T/ 8E 724
YITEMERRBR RS X O fEIR & 7 iRy E C
e (7,
o NAFT 4 H—T VL NETIL
ChEMBL 7 & #2{lk % 51 7= #i it 7
Nz T, RIREEME DA A7
A =TV b EAERK LT, BEIZ AOP
ICELSET LV E L THB SN TWDIE
()2 3T ZRA L B o T RIS DD
TV BT AR A TN & B
D& HEERZFFET D12 DITHRFE A AT
STm, FOFER 8 SOIER) & 2 X7 H[F
EL (#£38),
C-6 AOP DIERLDFAT
YL EfHTIC K > T, AEMEGEL 77— 4
T oA IEEMEIZOWT, BIER
IR AETERE A TR ORI R BAMR & LT 715y
WL ONDOEYFHNRERN R ET 5 2
EINTETN, 2D DEERIZDOWT, #i-
72 AOP ZAERRT D52 LN TE B0 E
[ZOWTIRGE L 7o, £9°, Al EME & o
HoT =2ty MNCEENIWE O E S
EZL L., MR A LE SRR LVE S
(GnRH) K & ARSI E DR O 7 ) v

WZDOWTHHA L, AOP OER A R AT,
ZO¥ T lE, QSAR THIIZ L - T
GnRH ZAKEMAEEMNT 2 LA REnT
—HOMAEMZESNTVER, ZhbD
L& BIT 2 EMIENET — 2 RX— 2 &R
RUTAER, EAWIL GnRH Z 8RR Y 7
Y RTEZ2WZ ERHH LT, Zhbofk
BYORICEZHEENDL = XU B U8
73, ChEMBL @ GnRH ZFKET /LD I L
—= 7ty hOIEHELEY O S &
LCEENDZ LA QSAR FHIDIRHLIZ 72
STWhEBZLNZ, L, Zhb=h
BB VEIL, Tty FOHRTCATH
AR L OB A R T Z IR ENT
WDHDT, B0 LHFREZAT > 1254
2 DAL G BBEAM OB 2 AT D
FEREEICEE T s Z s, £2
T, ZOMAZMHET 2 X O ITHEZITV,
= b EHRFEENBEA B LA Lo THE
OAFEFMEEZ S E T VD AOP Z1E
i L7z, 2D AOP OREZIILL F OERIZ 72 >
77

B F A (GSH) 1, EHAERAIZLD
KEFMEEREDICAEY ORE R X OVEM
fesEfE (ROS) D/ = F U T DOIE LD
NUNRTF R CTHD (Forman et.al, 2009),
ROS I%, ¥ 7 FNVEHRICBITS kA vE
YVx— L LTOEM. BEOA A ik,
FIEFIE R, BB IO R h—v
ZZBET 57 ADEA & e —H O
EH 7R AW FHMEICH L CEETH D
(Ray et.al., 2012; van Gelder et.al., 2010), W
EMEROS 1, 2 Fav RU T OBREY
Fefbs AR L, 22 CHERKREAZHT
5HZ ENTE D (Rayetal,2012), L L7g
W5, 1R ROS 1T, FEEEMER LU F
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TR 2 5 o LR PH O mg MR D LIRS
B3 Al b A F L RREEE & 72 57 A[HE
M3 & 5 (Creasy et.al., 2018; van Gelder et.al.,
2010) , &% 72 ROS B L UL A b L A%,
= b u BHFEER E ORI L EMIZ L -
THEE S D ATHEME N & D (Creasy et.al.,
2018; Kovacic et.al., 2001) (X 6),

X 6. = b uHFEFRBIC X DHBEOEHHFELED AOP O X —
A Ry DR

= b FEHEOHEI — GSH O

= e FEBEIZ, SN T GSH & X
ST HIENTELIHERELERT S
(Kovacic et.al, 2014), GSH & = b v 5 &R
[ D5 & RIS (SNAT J)UER) 137
U — AL & O EHARRITKAFEL TV D
(Ruzza et.al., 2013), = 512, GSH ® &1k
IZROS DILEED 7= 8 DFEFR UG FEM TH D
728 . GSH @ —EAbiX ROS % FEAET 54K
ABEMIZE o TRES D FREMER H 5
(Nimse et.al., 2015),
GSH Db — ROS DN

GSH L. 8% ROS DA K3 2 M D
B b HE R B BEARE T & 5 (Nimse et.al,
2015), L7=h3o T, ALFHEEN AT D
GSH D722 45181% ROS O¥EIN% 5] X
ZL15%, GSH & DOFEEDORNT, ARSI
W7 V) —Z A VR 2 20T 5
Z L NN (Wells er.al., 2009), =@ GSH &
DFEEITMA, ZNHDT7 V=TT HNLD
A B RS BIMDOROS 24T 5 2 &2
T& 5, LI o T AEKREMORFITL D
GSH DOH5BIZ L > TilFEl7Z2 ROS M3ALT

2o
ROS O — WA b LA
ROS i%, X bz FU 7O Y g
b, N A A ik, 218 R, 855
BELOTHR M=V RIZEAGT 527 rE A7
EDZBOEYFN T aE AZEHETH D
(Ray etal, 2012; van Gelder et.al., 2010;
Wagner et.al., 2017), ROS [TF(Z, BE{LAY
VEREIZEBWT I har R 7 TART S
(Ray et.al, 2012), P&fb A kL A%, ROS &
MBI o A~HH e EZIND
(Betteridge et.al., 2000), L7-723-> T, MLz
TCIRA T AL L AL MeFF+ D U AT DDA
B9 5 E TROS BHIMNT 5 LBMEA b
AMAELC DR & 5,
BE{LA b LA — HHEEME
ROS L DNA, # > /37 Bk L OWRHE & 4
AEa L, MlaER~DH G UM
a2 7 F AREREE % 5] E & Z 9 REMEN
& % (Creasy etal, 2018; van Gelder et.al.,
2010), EE(LA b L RIS EOREEZ I LT
BHEE LD LG50, B0 EM %
Fra R4 5 2 LITMHE TRV s, AdE
HIEE AT 22 BOILEMEEL, £ D@
5T 2 EERXONDMILA N L A%E]
TR T R BN TV S (Kovacic et.al.,
2001; Creasy et.al., 2018), = F v HEHFHEILE
WITRAEA L RAZG| SIS Z LN TE
(Kovacic et.al., 2014), f5 B mEME LB T 5,
AOP LB % = b v HHEBE(EEH DB
o 2sec-7 T IN-46-V=bn T /)= (Y
JE7)
T T EEEIC RS SRR OREE
TIiE, ¥/ BTET v b~DOkkx 22 AER
H #5350 RBEREREED
ERHEEDE LI SN TWVD
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(Matsumoto et.al., 2008),
e 46-V=Fu-0-7 LY —/L (DNOC)

R A %, DNOC 1Z¥ /&7 LV §
b\**%f&ﬁ# HThdLfimIhTND
(Matsumoto et.al., 2008),

e 24-vV=Fu 7= /—/L (DNP)

TR am LT, DNP XA EREEME Cldie
WS, Z OB BIE, Wl R BN U T T

IR 5 &b am S 4L TV D (Matsumoto
et.al., 2008),

e FU=Fhuw k= (TNT)

Z v MZEBIT5H TINT OFEZH 7= 13

WO ARG, INT [ $xmHAETO
FE MG RS LR D2, VM7 14 7
1 v LMD & ORHELIR S
Nl AR ETH R i KO R
AR DI 72 83T B AT (Levine et.al,
1984),

e = hu~__¥r (NB)

7 v MZEIT 5 NB O HLE# 5308k Tl
JFfi & KBRS 2 OMK/E.\%O)E?LM%E‘JHJ%«"%%T‘
b5 Litwm S L, mAEEEHME OB

RO HAL, KR ORkEE & FFE FERD
B OWD 138 H 7= (Bond et.al., 1981),
o 13-=tur~¥ (1,3-DNB)

F v b~D 8 HEEOBUKBEEIZ LY | K
BFEMTIMA, K FROIET & REHE D
Wiv&. HASE. 16 M T3 B O E &R H
ERY) ’Bﬁ/bt(Cody etal., 1981), £7-,1,3-DNB
X, S har RUTINETF A RELK
TS5 ZEHHLNITIA TV S (Creasy
et.al, 2018),
e 26-=1Fu hLx=> (2,6-DNT)

AX LTy baEHnE 13 BEEORERT

X, BERZEMB L OB RO TR4AT

7= (Rickert et.al., 1984),

e 24.Y=}Fnu hLx (2,4-DNT)

T v hEA X~ 13 EERTE O RZEN
&R TE Al L B AU 7- (Rickert et.al.,
1984),

e 3 AF)NA4-=FrrT7x/—/L (PNMC)

~ 7 A~D 100 mg/kg O HAIfEFEN 5
THIME I LWHEE %2R L7=(Bu etal,
2012), S 502, MAEREHIIED 40%HE K,
RWHTFOIHERM., BEZEWR RO b,
INLOFTRGL I NVEF A REDIKT &
[FIRFIZ 3R B, B kB Ik (k)
DFRIFFRGIC L T, BESCTINVE T A
B DRI S T,

Elaﬁ)

D. B
ML E 7 0 77 A TiTo X
WG EERBRO 5 HARAEREEA %
FEMT LT/ . R — A O FHIET L X
D, AOP |[ZED W= T HIE T /L CRUE D
WLI=Z LDt BFEOMETIE I N—T
ETWRWATARAEFBEDOIER A 1 =X A
FEHBETEDWREEDOH D Z EWRENT,
D DOFEME A T = X MMER & T D EMTE
PEREI & B 2L S MREDFAE & 1D T
W ZERTENIE, HHlo AOP BEJE & 4k
IV —R7 7 uA7 7a—Ffkie 4t
A A TR T L OMERER BT TE S
LOLEZOLNTZ, T T, 2L DOAEYTE
PERZ D 5 b B A B & O BEMES
T2ty MCEENLIMEOE ESE L
U PERRFIY S Ve > B 7R 1€ o (GnRH)
SRR EEEREOM O vk = kR
FEFACE Y DB OV TIAE AT -
7o, SEEEIE GnRH & O BIEME L R 728
minotz, LinL, = e FEFEEE R &
SE DT —H ¥ v b OfFENTIC & % BIREN
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WE L OBEEREN EnD, E5R5
A LD THER, B A L RIZK D8
HFEMEE OBREENEN PR ER -T2, ZD
ZliE, ML AR L OMBIED AT
FHo TN ClE, M2 A W =X L%EIR
B DN D a2 R LR, &5
RBHT—H v =7 THEYRIG LS L
O EMEZ T2 2 ERARETH D Z &
HRLTWD, BT, AREIOENTRI R L LT
BDOAT) = A LT LN TEZ LI,
AElOT 7a—F 37 AOP DI T
Bl L TRYThHoTmZ Eard i,
AEFEEMEICBEI LT, &b 785 AOP DRFE D
RHPRHLZEHRBLIEEDEEZ B
ol

E. f&#

IR AEFMEICET DY — KT 7 r R E
TNOREEE B LT, mHRBE R & BE
HMOFEFEICHET HERE I, BEE
PEICBEE T 5% — 4 X2 R AOP DJRE
rikHlo, B FWE SR T e 7T LT
TON TEEEEND AT AR T —X
N—=24{L L, WS TWDHRERIZXT 5
THEEDFIIE A2 15 5 7212, Derek Nexus &
AOP [THEAS AT O T 1 h 2 A7
EFETNEHNTANY T = a 2 To0,
Z DfER, Derek Nexus (Z ki LC AOP (Z

WS ETNVTRED ERDZED AL,

FEMEOK T HE-TRY . MR 2
DOET NOMEIIRIRE CH-oTz, ZD
AOP (ZES L ET NVORBED FH % HRFET
Dl & HROE BRI DA 2 PRR T
LD STEOT — 4~ A = T FE%E
1To7me NH—2~A =271 (Sherhod
etal,2014) TIIAERFEEA T =X LTH

DN IR T, AEFEFE AT O R E R
(Wu et.al.,2013) Tl 2 fiiH. Derek Nexus
D OFEMEIZKT T D& T 7 — F Ofiftr T
X 2 fE¥H, ToxCast 77— % & OFHEE~ A =
TR TRE, 74 =7V MIED
QSAR EF /LTl 8 FIHDIEH A 1 =X A
iz T, 200 b, = b e EE
{LEWCREET 2EH A D=L E LT,
TG FF DWW Zff D BRIEA B L AT
Gl & Z SN DREHE L O TR A
JRIR & 72 D BEVEASHARE DI T Z 7k 3 AOP
ERETDHZENTE, V—RT7 7 aX%E
TV OYERER B2 i) TA IO AOP DB
EFENEHTHL Z LR EnT,

F. BF3tFE
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4) LIHPER, BFIKATHE, NGEE, LHE Finland)
Z.AOP (Adverse Outcome Pathway; 6) Construction of databases of

EPERBRER) IS\ bFEWE O

HRMFEM~miTmF v LD,
YAKUGAKU ZASSHI. 2020, 140, 481-484.

environmental fate and ecotoxicity for the

development of environmental risk
evaluation system of pharmaceuticals.
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2) AEAFOHRERTIcHT om D ETFWEOE MERY 27 FHi kS
SNSRI OB I, BARTORT IR B insilico 772 —=F DHEBIA, L
W g L e W HFEE, A, AW, SRR

xR, RMIEF, 5 47 [FEETEMEMHER o

%5 46 [l A ARSI RS (2019 DA (2019 4E 12 B REA)
6 ATtk 8) Read-across case study on testicular
3) HEAJHERE - AR OUEMEIORT T 4 toxicity of ethylene glycol methyl ether-

7 U A MulZ g 7o 2R - BB
BREAD 77— 751, BB T, IMAH
B, SyARTE, JIAE 7, L HE RS,
HEE, BiliE—, FHE KEIER,
JRHEZ, B 46 Bl H ARBIE BN
Kzx (2019 4 6 HHEE)

related substances for the fourth cycle of
OECD IATA Case Studies Project. Yamada,
T., Matsumoto, M., Kawamura, T., Miura,
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Society of Toxicology (March 2020,
Anaheim, USA)
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(2019 4 6 H 1) 3. oM
5) Hazard assessment of hydrazine, a L

possible migration contaminant from
drinking water apparatus. Matsumoto, M.,
Igarashi, T., Inoue, K., Yamada, T., Hirose,
A. 5th Congress of the European Societies
of Toxicology (September 2019, Helsinki,
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Compound class? Numbers of Biological In silico model Recommendation(s)
Chemicals in DB plausibility knowledge

and Scores®

Anthraquinones
(DART decision
tree)

3 compounds

Signal:
Dams = 0.5
Offspring = 0.67

Chemicals such as
these can inhibit type
Il topoisomerase and
thus disrupt DNA
synthesis and repair.

Putative AOP linking
genetic instability to

developmental toxicity.

These compounds
were not captured by
the current research
model.

AORP for type Il
topoisomerase inhibition
leading to DART.

AOP network linking
DART to genetic
instability.

Perfluoro-
carboxylic acids
and perfluoro-
sulphonic acids

(DART decision
tree)

5 compounds

Signal:
Dams = 0.2
Offspring = 0.5

Chemicals such as
these are associated
with DART which may
be driven by disruption
to the endocrine
system.

No model in the AOP-
based approach
captures compounds
of this type.

Mode of action analysis
for compounds within
this class. Synthesise
structural alert or AOP
accordingly.

Alerting for
mitochondrial
toxicity (Derek
Nexus)

33 compounds

Signal:
Dams = 0.46
Offspring = 0.40

Mitochondria are
essential for cell
survival and therefore
their perturbation of
could lead to a variety
of toxic outcomes.

Disruption to
mitochondrial function
is not a key event
described in the AOP-
based approach.

Synthesise an AOP
network for
mitochondrial toxicity
and link to DART
endpoints if appropriate.

Quaternary
ammonium salts
(Derek Nexus)

6 compounds

Signal:
Dams 0.42
Offspring 0.33

Possible mechanisms
of action include
disruption to
membrane integrity or
uncoupling/inhibition
of oxidative
phosphorylation.

No Lhasa model for
predicting the DART
effects of compounds
within this class.

MOA analysis for
quaternary ammonium
salts. Synthesise
structural alert or AOP
accordingly.

a. Method used to identify chemical class of concern is given in parentheses.

b. The signal for each endpoint is the average score for compounds captured by the feature described
where compounds are assigned values according to the following rules: Selective toxicant = 1, non-
selective toxicant = 0.5 and non-toxicant = 0.
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Compound class?

Numbers of
Chemicals in DB
and Scores®

Biological plausibility

In silico model
knowledge

Recommendation(s)

Pregnane X
receptor
(ATG_PXRE_CIS_
up')

Endpoint = Offspring

Non-selective
toxicants = excluded

Signal = 0.18
(17 compounds)

Pregnane X receptor is
involved in foetal liver
metabolism. However,
mouse knockout data
indicates that the
receptor is not required
for normal development
or reproduction.

Pregnane X receptor
is not described in the
AOP-based approach.

Investigate pregnane X
receptor as a potential
MIE for reproductive
toxicity.

Matrix
metallopeptidase 9
(BSK_KF3CT_MM
P9_down)

Endpoint = Offspring

Non-selective
toxicants = included

Signal = 0.36
(11 compounds)

Matrix
metallopeptidases
breaks down
extracellular matrix
proteins and are
required for cell
differentiation and
growth.

Matrix
metallopeptidases are
not described in the
AOP-based approach.

Investigate matrix
metallopeptidases as
potential MIE for
developmental toxicity
AOPs.

SMAD1(ATG_BRE_
CIS_up)

Endpoint = Dams

Non-selective
toxicants = excluded

Signal = 0.4
(5 compounds)

SMADs (mothers
against dpp) are signal
transducers in multiple
signaling pathways.

Knockout of SMAD
genes result in embryo
lethality in mice.

SMADL1 is not
described in the AOP-
based approach.

Investigate SMADs for
potential roles
developmental toxicity
AOPs.

Histone
deacetylases
(BSK_3C_HLADR_
down)

Endpoint = Dams

Non-selective
toxicants = included

Signal =0.38
(8 compounds)

Histone deacetylases
have roles in key
cellular processes. AOP
leading to testicular
toxicity is described on
the AOPwiki.

The broad family of
histone deacetylases
is described in AOP-
based approach.

Create an AOP network
for histone deacetylases
inhibition leading to
DART endpoints.

IChemokine ligand 2
(BSK_3C_MCP1_d
own)

Endpoint = Dams

Non-selective
toxicants = included
Signal = 0.43

(7 compounds)

Chemokines act as
growth factors.

Chemokine signaling
is not described in the
AOP-based approach.

Create an AOP network
for disruption of
chemokine signaling
leading to
developmental toxicity.

Vascular cell
adhesion molecule]
1
(BSK_hDFCGF_VC|

Endpoint = Dams

Non-selective
toxicants = included

Inhibition in the placenta
has been linked with
restricted foetal growth.

Vascular cell
adhesion molecules
are not described in
the AOP-based

Investigate disruption to
vascular cell adhesion
molecules leading to
reproductive toxicity.

(BSK_4H_Pselecti
n_down)

Non-selective
toxicants = included

Signal = 0.44

(9 compounds)

angiogenesis.

AM1_down) approach.
Signal = 0.50
(8 compounds)
P-selectin Endpoint = Dams P-selectin is involved in | P-selectin is not Investigate disruption of

described in the AOP-
based approach.

P-selectin leading to
reproductive toxicity.
Implement models as
appropriate.

a. ToxCast assay identified as being predictive for adverse outcome is given in parentheses.

b.  The endpoint and method for compound classification using the donated dataset. The signal is the average score
for active compounds in the ToxCast assay (IC50 < 10 uM), where compounds are assigned values according to
the following rules: Selective toxicant = 1, non-selective toxicant = 0.5 and non-toxicant = 0.

c. Values were calculated using compounds which were present in both the aggregated Lhasa Limited DART dataset
and the ToxCast assay dataset. Molecules in the Lhasa Limited dataset had a binary classification for DART and
compounds were classified as active in the ToxCast assay if they were more potent than 10 uM. Prevalence is the
ratio of compounds classified as a toxicant and the positive predictive value (PPV) is the ratio of compounds
predicted as active in the in vitro assays which are classified also classified as toxicants in the Lhasa Limited dataset.
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Signal:
Dams =0.11
Offspring = 0.18

pharmaceuticals
show no DART
effects

not described in the
AOP-based approach.

Compound class Numbers of Biological In silico model Recommendation(s)
Chemicals in DB plausibility knowledge
and Scores®
Lanosterol 8 compounds Part of the Lanosterol synthase is | Investigate DART
synthase cholesterol not described in the liabilities associated with
Signal: biosynthesis AOP-based approach. | Lanosterol synthase.
Offspring = 0.188, | pathway. Implement models as
Dams = 0.188 appropriate.
P2X purinoceptor 2 | 14 compounds Marketed P2X purinoceptor 2 is Curate relevant DART

data for marketed
pharmaceuticals.
targeting P2X
purinoceptor 2

iG-protein coupled
receptor 84

2 compounds

The receptor plays
a role during eye

G-protein coupled
receptor 84 is not

Investigate DART
liabilities associated with

data also highlights
developmental
toxicity issues.

Signal: development in described in the AOP- | G-protein coupled

Dams = 0.5 Xenopus. based approach. receptor 84. Implement

Offspring = 0.5 models as appropriate.

ISerine/threonine- 1 compound The kinase acts as | Serine/threonine-protein| Investigate DART

protein kinase a negative regulator| kinase WEEL1 is not liabilities associated with
WEE1 Signal: of entry into mitosis | described in the AOP- | serine/threonine-protein

Dams =1 (G2 to M transition).| based approach. kinase WEE1. Implement

Offspring = 1 Mouse knockout models as appropriate.

ICannabinoid CB2
receptor

11 compounds

The receptor plays
a role in supporting

Cannabinoid CB2
receptor is not

Investigate DART
liabilities associated with

C and disrupt for
female fertility.

Signal: female fertility. described in the AOP- | cannabinoid CB2
Dams = 0.273 based approach. receptor. Implement
Offspring = 0.227 models as appropriate.
Tyrosine kinase 1 compound The kinase is Tyrosine kinase non- Investigate DART
non-receptor involved in signal receptor protein 2 liabilities associated with
protein 2 Signal: transduction. receptor is not tyrosine kinase non-
Dams and described in the AOP- | receptor protein 2.
Offspring = 1 based approach. Implement models as
appropriate.
ISomatostatin 1 compound Pharmaceuticals Somatostatin receptor | Investigate DART
receptor 3 targeting the 3 is not described in the | liabilities associated with
Signal: receptor are AOP-based approach. | somatostatin receptor 3.
Dams =1 classified as Implement models as
Offspring = 0.5 pregnancy category appropriate.

Gonadotropin-
releasing hormone
receptor

12 compounds

Signal:
Dams = 0.25
Offspring = 0.292

Drugs targeting the
receptor are
contraindicated for
use during
pregnancy.

Gonadotropin-releasing
hormone receptor is not
described in the AOP-
based approach.

Investigate DART
liabilities associated with
gonadotropin-releasing
hormone receptor.
Implement models as
appropriate.

a. The values represent the signal for each target. The signal is calculated as the average score for
compounds predicted to interact with the target, where compounds are assigned values
according to the following rules: Selective toxicant = 1, Non-selective toxicant = 0.5 and Non-

toxicant = 0.
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van der Waals Force
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m lon-lon Interaction O O Acids
3 2 £ Category OW'E D43 BUAREAE D 4347 &iBH
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(L& /2E 547 Bl AR 20
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R 8.8 9.1 1100 —
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(P i i % 3 Bl R 250
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e/ ME 0.42 0.12 0.80 0.66
(ME WA/ 53 B AR 250
e KAE 510 150 2.0 0.77
op R 60 23 0.57 0.34
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(7R L e ARELRRR /1 17 2o B R 50)
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(G L SRRk of 30 45 B AR 250)
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6 |n-Propyl bromide 124 656 Human .57
[ 163 i Isopropyl bromide 132 04| Rat 94|
183 2 |Isopropyl bromide 132 04] Human .37
IMES -GS HNE) B 5 H)
(B fREks £ O Vmax, Km (ZB9 %%
L B ik |
Wi | iR | mip | mEA | Gmt | m | Wm | &0 | E® | mm | # | i [T
AL ¥ 750[ 22 33 [ LI Vinaxe
:&gmm 3] 23000 703) 200, Vimax
23000[ 703 20, Vinax
ET) 3] 2060, 20 Vinax
= 5] 101 11
%ﬁ%mi 3 X 2
i 389 1oL 760 123 11.0] +
/2 384 858 390 271 3.26] BT
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IE] b1 7920 403 Vi 12.5|mgh Y . T2
ETTE3 66.1]  792.0] 40.5]
/3 68.1]  7920] 637 1050, 40.3) +
I3 276 4350 256 17.0] 19.9] +
bl
W
ETLYE 1151 173 Vinax 104] 042|mgL i
/3 £33 139, 56|
I 1 833 130, 456 + |
/2 X 33.0| 21 254 +
Vmax. 414|mmolh/g-liver 19[uM I i
Vinax 503 | mmol/h g Ii azluM E
817 2360
/3 17| 2360
Vi3 41 1280]
e 41| 1380]
ﬂ{! .38 800
Vi3 41| 1580]
fids L OH O Y)
(Z DI L OH L OE 5
R LEL 4 1 1 O | ; Yo
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i 20| 0.25 | RO E0) 41 AL 1 03[1n S50 41 F
FREIY —BET4 2 Fa Y
i of1h L I EEL L]
ki L84[11 L I L X 06[1m Fo Ak T v T A
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