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2 CGXDB in vivo MN (n=379)
L9 E MEH
P51 fEtE HNEN .
(+) &) () el E
EHhAME 120 163 10 463 756
ERAAME 22 52 12 a7 183
it 142 215 22 559 039
3 CGXDB in vivo TG (n=78)
s MEH
B B (£33 EtE  F—Aa4L
(+) {na(+)) (=) (na(-))
EhADE 48 6 16 4 682 756
ERHFAME 0 0 4 0 179 183
Bt 48 6 20 4 861 939
Bt 54 24 861 939
4 in vivo a
FEMRAM in vive MN in vive TG
i+ E - g 4+ -c i
+ 120 10 163 293 54(6) 20(4) 74
- 22 12 52 86 0 4 4
ERS g 41.0% (120/293) 72.9% (54/74)
HEN 60.5% (52/86) HEET
— % 45.4% (172/379) HEET

a: E(Equivocal, HIVELY) (X, BHIZITSTAH. [BE. BT HICHE#L TULLL

b: na(+)&& & (n=6)
c: nal-)&EE (n=4)
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5 Ames invivo MN

in vive MN
Ames -
+ E - 5
+ 79 5 74 158
E 2 0 2 4
- 33 4 82 119
&t 114 9 158 281
Ames + in vivo MN
MERER THELI-RAAMBEL (A) - 281
AABTORBMEMER(B): 79(28.1%)
MAEEBOIDDOHTOBMEHMER(C): 114(40.6%)
B2 (AHBEEELTLLELIDOHETEM) ([B+Cl/A) : 68.7%
6 Ames invivo MN
in vivo MN
Ames -
+ E - E
+ 6 2 11 19
E 1 1 2 4
- 15 9 39 63
at 22 12 52 86

Ames + in vivo MN

B CTHREL-IEFEHIAMBE(A) - 86
mEREE TOEMESMERH(B) . 39
R (B/A): 4539

BMADHEBTHNVEWNE) . HSEWVIIDOEBTHLENTHDOEI1DOEAR

EBTIEHEOIERERILFAMEBEE(C): 12
ExEHILI-ESOEEME LR ([B+C]l/A) 0 59.3%
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7 invivo MN in vitro CA a

in wvivo MN
in vitro CA -
+ E - a
B 70 5 70 145
E 1 0 7 8
= 19 2 48 69
at 90 7 125 222

— Bt 53.2% (118/222)

a: E(Equivocal, ®ULVELW) (X, BHIZITSTHEE. BELTRIZHET#HLTLENL

8 invivo MN in vitro CA a
in vivo MN
in vitro CA
+ E - A
+ B 6 20 35
E 2 0 6 8
- 10 3 20 32
it 20 9 46 75

— % 37.3% (28/75)
a: E(Equivocal, @LVELY) (X, B#IZIZTSTHESE. EELVTRIZEF#ELTLVEL
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9 in vivo MN in vitro CA a

in vivo MN
in vitro CA -
+ E - &t
+ 78 12 90 180
E 3 0 13 16
- 29 4 68 101
) 110 16 1M 297

— B 49.2% (146/297)
a: E(Equivocal, HILVELY) [, 8#8#IZITSTHIEE. BEOTRIZHE#EL TN

10 Ames in vivo TG a
in vivo TG
Ames
+ b _ =t E
+ 46 (5) 10 (3) 56
E 1(1) 0 1
- 5 12 17
.13 52 22 74

— ¥t 78.4% (58/74)
a: E(Equivocal, WLVEW X, BEICIZTSTHEE. BELWTHIZHEEL TGN
b: na(+) ¢ (n=6)
c:nal=)ZEE (n=3)
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III.

I1I-1.

vitro In vivo

STT

in vitro

SAR/QSAR

DNA

DNA

0. Mekenyan
P. Petkov
In vivo
in vitro
1
in
3
DNA I in
vitro II
1n vivo
in vitro in
VIVO
IIT  invivo
in vivo
DNA
UsS
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EPA 3

I
Ames
II 1n vitro
111
in vivo
1n vivo
NIHS
In vitro
1n vivo
1n vitro
1n vivo

integrated test

strategy; ITS ITS
REACH
REACH Technical Guidance
ECHA 2013
ITS
MIE
KE
AO 3
Adverse

outcome pathway; AOP

ITS

integrated approaches

to testing and assessment; IATA

TATA
in vitro 1In
VIVO
TIMES
1n vivo 1n vivo
2 (QSAR
1n vitro 1n vivo
3 1
in vitro
2 in
VIVO
3
n vivo
Mekenyan 2012
5 3
3
1
5
AOP AOP
TATA
1n vitro
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1n vivo

TATA TATA
STT TATA
GHS
genotoxic
carcinogens
I11-
162
Mekenyan 2012
Ames OECD TG 471
OECD TG
473
OECD
TG 476
DNA UDS
OECD TG 486
OECD TG

Olive and Banath 2006

OECD TG 488
in vivo
OECD TG
Cliet 1989
OECD TG 474
IATA
GHS GHS 2013
214
OECD QSAR Toolbox
v3.2 ISSCAN v4a
OECD QSAR
Toolbox v3.2

ISSCAN

Instituto Superiore di Sanita

ISSCAN

Carcinogenic Potency DataBase

http://potency. berkeley.edu/c pdb.html

TD50
TD50
1
mg/kg /
TD50
TD50
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2 A B C 3

A
DNA UDS
in vivo
GHS
GHS 20 30 DNA
2013
http://www.unece.org/trans/danger/publi/ DNA UDS DNA
ghs/ghs_rev05/05files_e.html Ames
GHS DNA
2 B
1 GHS 2013 in vivo
GHS TRM
TRM Ames
III- . DNA
3.1 in vitro in vivo Ames
C
CA in vivo
1 in vivo CA
in vitro 1B ivt CA
1A S9 3 in vivo
Ames 1
2 MNT 1
3 DNA
1B
in vitro ivt CA 2A
DNA 2B
in vivo TRM 2C  invivo
MLA CA in vivo MNT
Mekenyan
2012 in vitro
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in vivo 3.2. Ames

in vivo MNT
in vivo 162
1A
Ames
3
9
in vitro Ames
ivt CA
1 70/78 Ivt CA
1
in vivo
2 UDS
1 14/17 2A
Ames-S9 CA 1A Ames
MLA
In vitro Ames CA
2 3 in in vivo
vivo UDS 2
1 1A
Ames 1B 37
CA 2A
2
2 CA 2B 2C
in vivo MNT
3
in vitro in vivo 2A 17
1
2B in vivo
in TRM
vitro In vivo Ames
Ames 16
2A
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2A

2B 2C DNA
MNT
3 2B
In vivo CA in vitro 3
CA in vivo
in
vitro Ames
4 Ames
1A 74
1B 28 UDS
28 CA
2A 6
22 21 2A
3 1A
74 1B
41
CA DNA
Ames
DNA GHS
1A
1B 41 in
vivo GHS 2
2 1A
1B 21 1B 2
2A 1A
CA 1A
1B
1A
1B 2A
15
Ames
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1
GHS
apical
2 1n vivo
US EPA UsS
FDA EU
in vitro 2 3
2 1
US FDA US EPA
EFSA
GHS
3
GHS EFSA
2011
1n vivo
in vitro
2 NIHS
in vitro
1n vivo
in vivo
UDS
3
In vitro 1n vivo
TATA
TATA 2
5 5 In vitro Ames
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in vivo TRM

DNA

1n vitro 1n vivo

2
in vitro Ames in
vivo TRM ivt CA in
vivo CA in vivo MNT
2

ivt CA

in vitro Ames
in vivo CA in vitro Ames
in vivo MNT 1vt CA  in vivo TRM
ivt CA in vivo TRM

ECHA ITS
ECHA

in vitro

vt CA in

2013
Ames
vivo MNT
in vitro
in vivo MNT
2

Ames

NIHS

In vitro Ames in

vivo TRM

3
1n vitro 1n vivo
in
vitro Ames in vivo
UDS
DNA
3
ivt CA In
VIVO UDS
DNA
3
3.3.
in
vitro 1n vivo
1
Ames
MNT
RDL
1n vitro Ames
vt CA
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15 2

3
ECVAM
3
EFSA 2011
3 13%
1n vitro Ames
2 in vivo TRG 2
11
2
2
91%
9%
DNA
3
in vitro Ames 1n vivo
ivt CA 1n vivo
CA MNT
2
15
3 2
3
In vitro CA in vivo MNT
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In vitro CA  in vivo MNT 10 12%
39 85 90%
3 8%
1 in vivo n vivo
DLT
2 1
45
1 45 214
37 82% in vivo DLT
45
8 18% I11-4.
vitro In vivo
TIMES
2 3 GHS
2
1n vitro Ames in vivo MNT
3 ivt CA in

VIVO
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TATA

TIMES
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Level 1A Level 1B Level 2A Level 2B Level 2C Level 3
in vitro in vitro in vivo in vivo in vivo in vivo
Mutagenicity Mutagenicity Genotoxicity Mutagenicity Mutagenicity Mutagenicity

Bacterial Mammalian Liver Liver Liver Bone Marrow
{Ames-S9} {CA, MLA} {Comet, UDS) {TRM) (CA, MNT} {MNT)
Ames-S9 CA MLA
Comet UDS DNA TRM
MNT
1. in vitro in vivo
Level | Level Il Level IlI
in vitro in vivo liver in vivo bone marrow
Mutagenicity Genotoxicity Mutagenicity
(Ames-S9, CA, MLA) (Comet, UDS, TRM) (MNT)
2. Mekenyan 2012
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Level 1A Level | B Level Il A Level [1 B Level 11 C Level (11
in vitro in vitro in vivo liver in vivo liver in vivo liver in vivo BM
Mutagenicity Mutagenicity Genotoxicity Mutagenicity Mutagenicity Mutagenicity
Ames CA, MLA Comet, UDS TEM CA, MNT MMNT
1pazitive 1 pasitive
L g
1nagative o lragasive o
< positive
P
3N7a ENA Iregative
LS 15 1 positive 1regavive negacive
_________________ » g g
Zrezatied
ingzative "
3 poative 1negative hl
57 pazitive - HI T 37 gesuma 1= poaitne
J— . - 3D NS4 4 12 negative
> » DR ez s
2 oositive
Znezative
2 regative N 2 positive -
1rezative 1nazative -
> »
16 nagative 16 K/ 15 H;» 12 nezative
lgaziive
3 poaitive N I oesitve N
> *
1regative 1pozitive
: : - >
R N iNe 1 positive
- . 2 positive - 2 positive -
Irezative 2 pasitive
Inazative
B positive
3 nezative
g nazative G pazinve 5_‘1_,.- _______ I ponitive
» 2zative 1M73 1ragative
1_N: _______ 1lregativa
3. Ames
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Level 1A Level I B Level Il A Level II B Level lIC Level Il
in vitro in vitro in vivoliver in vivoliver in vivoliver in vivoBM
Mutagenicity Mutagenicity Genotoxicity Mutagenicity Mutagenicity Mutagenicity
Ames CA, MLA Comet, UDS TRM CA, MNT MNT
5N/A 5 positive 5 N/A 5N/A 5 negative
_________ — > PR ol e
2N/A 2 negative
3 positive r 1 positive 2 negative
> >
_fﬁ”i _____ 3 negative 1 negative 1 negative -
>
2N/A 2 negative
74 negative 28 negative 1 positive > 1 negative >
» — 1 negative 1 negative
> >
20 N/A 18 N/A 18 negative
21 negative 1 negative 1 positive N 1 negative
— »
1 positive 1N/A 1N/A 1 positive
e el
5N/A 1N/A 1 positive o 1 negative o
1 positive 1N/A 1 positive
41 positive 3 negative 1 negative s 1 negative "
> L 1N/A " 1 positive o
1 negative
21 negative Vegatve 1N/A 1 negative
> 0 Ty e
20 N/A 17 N/A 15 negative
________ 2 positive
2 negative N 2 positive o
1 positive : 1 positive )
1 negative 1 negative
» — >
3 positive il 3 positive =
i 3 negative g
15 positive 9 N/A | 6 positive :
h—— [ —— [ S ac
2 positive
P A
4. Ames
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In vitro (No 59)
models

In vitro (with S9)
models

In vivo (liver)
somatic cells

In vivo remote tissues

In vivo remote tissues

somatic cells germ cells
Ames - Ames-S9 -> TRM in liver J 5 TRM in BM J ______________ DNA mutagencity
mutagenicity mutagenicity mutagencity mutagencity
Mutagenicity in prokaryotes
uDs, € t o
genotogir:iiy ---------------------------- DNA genotoxicity
CA C CA, MNT MNT in BM Dominant )
mutagenicity - mutag:nicity - mutagenicity ] g mutagI:ncity - |e(t):;||ntaer;t ----- DNA/ prc:t?ln
mutagenicity
Mutagenicity in eukaryotes
5. IATAA
In vitro In vivo liver In In
Vivo Vivo
BM Germ
cells
Ames | Ames | CA | CA | MLA | UDS, TRM | MNT, | MNT | RDL
-S9 +S9 -S9 | +S9 Comet CA
Carcinogenici
& 478 | 344 | 217 |63 |89 |126 |54 |65 290 | 111
Sensitivity, % 81 75 68 59 77 90 94 90 75 82
False 55 49 46 59 78 67 74 70 71 74
Positives, %
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Combination of in | Defined Sensitivity to | Rate of false | Total

vitro and In vivo | Category positive positive #

tests mutagens carcinogenicity, carcinogens, (%) chemicals
(%)

Ames and Comet Category 3 87 (13/15) 13 (2/15) 15

Ames and TRM Category 2 91 (10/11) 9 (1/11) 11

ivt CA and CA Category 2 100 (13/13) 13

ivt CA and MNT Category 2 92 (36/39) 8 (3/39) 39

DLT Category 1 82 (37/45) 18 (8/45) 45
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IV. in vivo

- Derek Nexus in vivo
S. Canipa
A. Cayley
L. Fisk
IV-1.
1n vivo
1n vitro 1n vivo
1n vivo
1n vivo
TGR
TGR

SAR

1n vivo
TGR
Derek
in vivo
TGR
016
TGR
OECD
et al
TGR
Derek
10%
In vivo
TGR
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in vivo 113

75
NIHS
Derek
in vitro
in vivo
1.2
NIHS 4 7
in vivo
na(+)
na(-)

5%
32%

1.NIHS TGR Derek 2014 Derek

KB2014 KB Derek Nexus 4.0 in vitro
Pred +ve Pred —ve

Exp +ve 11 102 KB in

Exp —ve 0 75 vitro 118
Sensitivity = 11/113 = 10%; Specificity = 39
75/75 = 100%; Accuracy = (11+75)/188 = TGR
46%

1

IV-2.

NIHS 188

TGR 3
OECD in vitro
Lambert et al
TGR 2

NIHS Lhasa 2

TGR

1n vivo
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1n vitro

1n vivo

70%

2 Entry2 8

Entry 1 016

1n vivo

ChemIDPlus Vitic Nexus

1 eChemPortal2 ECHA
Lhasa
TGR
TGR in
vitro in vitro
in vivo
TGR
1n vivo
1n vitro
1n vivo
in vivo
! Vitic Nexus Database 25.0

2

http://www.echemportal.org/echemportal/index?pag

elD=0&request locale=en
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2. NIHS TGR 2 in vitro
Entry Pos
Alert Pred No of
no Alert name Active | Inactive (%) compounds
1a 016 Quinoline 11 0 100 11
2b Aromatic azo
330 compound 3 0 100 3
3b Aromatic amine or
351 amide 3 0 100 3
4b N-Nitro or N-nitroso
007 compound 13 1 92.86 14
5b Polycyclic aromatic
hydrocarbon or
339 hetero-analogue 8 1 88.89 9
6P Aromatic amine or
352 amide 7 1 87.5 8
7P Aromatic amine or
354 amide 5 1 83.33 6
8b 019 Epoxide 4 1 80 5
9 Aromatic nitro
329 compound 10 5 66.67 15
10 027 Alkylating agent 9 6 60 15
11 023 vic-Dihalide 2 2 50 4
12 331 Halogenated alkene 2 2 50 4
14 328 Halogenated methane 0 3 0 3
IV-3. in vivo
3 7
6 in vivo
in vivo 6 5
in
vIivo
in vitro toxicophore
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(1)

toxicophore
352
toxicophore
352
@
3
Entry | Alert Alert name Outcome Reasoning Likelihood
number rule
1 330 Aromatic azo Comments N/A N/A
compound updated

2 351 Aromatic amine or Alert New Plausible
amide extended to reasoning
in vivo rule added

3 007 N-Nitro or N-nitroso Alert New Plausible
compound extended to reasoning
in vivo rule added

4 339 Polycyclic aromatic Alert New Plausible
hydrocarbon or extended to reasoning
hetero-analogue in vivo rule added

5 352 Aromatic amine or Alert New Equivocal
amide extended to reasoning
in vivo rule added

6 354 Aromatic amine or Alert New Plausible
amide extended to reasoning
in vivo rule added

7 019 Epoxide Alert New Plausible
extended to reasoning
in vivo rule added

330 3 Entry 1
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TGR

Lambert et al

Derek KB 2014 8 NIHS
NIHS TGR
4 2014
Derek KB 2014
1
10% 41%
46% 62%
100% 93%
1. NIHS TGR Derek
KB2014 NIHS Yr8 Knowledgebase
Pred +ve Pred —ve
Exp +ve 46 67
Exp —ve 5 70

Sensitivity = 46/113 = 41%; Specificity
70/75 = 93%; Accuracy = (46+70)/188

62%

IV-4.

In vitro
n vivo
in vivo in vivo
TGR
TGR
DX
NIHS Lhasa
TGR
DX 1n vivo
1
016
10% balanced accuracy 55%
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1n vivo

7 in vitro
in vivo 6
in vivo
1
6 1
in vivo in
in vitro vitro
DX in vivo
in vitro
DX  in vitro 1. 007 N- N-
2. 019
73% 3. 339
57%
in vivo 4, 351
in vitro
5. 352
in vivo
6. 354
7. 330
in vitro
DX
50%
3 41%
in vitro 93%
3
50%
11 in vitro
7 4
3
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1 1n vivo in vivo
1 016
In vitro 1n vivo
in vitro
in vitro
1n vivo
1n vivo
1n vitro
1n vivo
ADME 75%
1n vivo
in vitro IV-5.
1n vivo In vivo
1n vitro 1n vivo
NIHS
in vivo
1n vitro NIHS TGR
in vivo
1n vitro
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TGR

1n vitro



70% 1n vitro

2
50%
4
in vivo
NIHS TGR
4
60%
NIHS TGR
2
in vitro
3 32
16 1

NIHS
TGR
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rat reproductive study

Metazosulfuron Not defined
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Sedaxane Not defined NE
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NE, Not examined; EROD,7-ethoxyresorufin; O-deethylationPROD, pentoxyresorufin-O-dealkylase; BROD, benzyloxyresorufin-O-dealkylase; MROD, 7-methoxyresorufin O-demethylation

A, Fig.1 ; C, Fig.3
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