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(Q)SARs to incorporate proprietary
knowledge for regulatory purposes: is
aromatic N-oxide a structural alert for
predicting DNA-reactive mutagenicity?
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Improvement of quantitative

ISPE

structure-activity relationship (QSAR)
tools for predicting Ames mutagenicity
QSAR2018 2018/06/12

45 2018/7/20
Mutagens and carcinogens in
Japanese food: evolution of prioritized risk
49
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(QSAR) tools for predicting Ames
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mutagenicity

mutagenicity and its application to risk
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Methods and Regulatory Acceptance
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30

Ames
Ames
invivo
invivo Ames
(TK)
Ames 10 TK
TK
10 4
4 3 Ames
TK Ames
Ames
1-256 (2005) Ames
Ames
invivo
AMP397
in Suter et al.,
Vivo Mutat Res 518, 181-194 (2002)
Ames Ames
Specificity; Ames
80 Kirkland et al., Mutat Res 584,
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Ames 9.  1-Nitronaphthalene 86-57-7

10. 4-Nitro-o-phenylenediamine 99-56-9

TK
TK
Ames OECD TG-490
in
Ames vitro
(TK)
Ames
10 TK
TK Ames
10 TK
CRO
10
Ames 10
MMS CERI
TK
Ames LSl
No. CAS No.
1.  4-(Chloroacetyl)-acetanilide 140-49-8 TK
2. 2-(Chloromethyl)pyridine HCl ~ 6959-47-3
3. 2,6-Diaminotoluene 823-40-5
4. 2 5-Diaminotoluene 95-70-5 SOP
5. HC blue no.2 33229-34-4
6.  8-Hydroxyquinoline 148-24-3
7. |lodoform 75-47-8
8. 4-nitroanthranilic acid 619-17-0
TK6 JCRB
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10% JRH

Bioscience; #16J196 200
pg/mL 100 U/mL
100 pg/mL
RPMI
37 5% CO,
2x 107
cells
DMSO
SOmix ()
150 mM KCl
TK6
CcP
MMS
1000rpm 5
10% 50 ml
50 ml
x 10° cellg/ml 37 5% CO,
TK
Cloning Efficiency (CE)
1.6 cel/
96 2

( 4x10%cels/mL)
RPMI-0

5mL
3.3mL

S9 mix 150 mM KCl 1.5mL
0.2mL
10 mL
(MMYS)
M0369
M0369
(CP)
PTR2478
030-12953
CE
EwW
TW
N
N=16
CE In EW TW N
CE “ K
“ ” 2x 107 cdlls
CE CEx
TK
CEO
3 CE3
RSO % CEO




100 %
RSO 20 10%

RSO 20 10%

RTG
TK

20 10%

RSO (%) CEO

CEOx 100

TK
RTG

RSG

RSO

Relative Suspension Growth RSG Relative

Total Growth RTG

RSG
SG SG1x SG2x SG3
RTG

RSG RS3

RSG
[SGL(

[SG1(  )x SGX(
* SG2( )x SGI(

)* SG3(
)]

)]

RTG
RS3
x 100

%
%

RSGx %RS3
CE3

CE3 CEO CE3

CE3
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Mutant Frequency

MF MF
TFT 3ug/mi
40,000 96
EW
CEO CE3 TFT
MF 14
NG Normally
Growing Mutant Colonies
MF 30 pg/mL
TFT 25 uL 14
28
SG Sowly
Growing Mutant Colonies
MF
EW
TW
N
N = 40,000
MF
T-MF NG
N-MF  SG
SMF 3
MF [ In EW TW N]
CE3



/N-MF EWn 192 A
TWy 192
SMF EWs 192 A B
TWs 192 A
< T-MF EW; 192 A B
TWr 192
192 14
NG A 28
SG
\ B
TK
Omori et
al., Mutat Res 517, 199-208 (2002)
TK 10
4 4-(Chloroacetyl)-ac
etanilide 3 2-

(Chloromethyl)pyridine HCI HC blue no.2 4-n

itroanthranilic acid

8. 4-nitroanthranilic
acid

9.  1-Nitronaphthalene

10. 4-Nitro-o-phenylene

Ames

TK *
No.

-9 +59

1.  4-(Chloroacetyl)-acet

anilide
2. 2-(Chloromethyl)pyri

dine HCI

2,6-Diaminotoluene

2,5-Diaminotoluene

HC blueno.2

8-Hydroxyquinoline

N gk~ w

|odoform

diamine
* 2 2
Ames
10
TK
TK
T-MF
T-MF 4
MMS 25 3ug/ml 6 26x 10°
4
CP 25 3ug/ml 7 22x 10°
MMS 25 3pg/ml
13 52x 10°
TK
TK 3 2-(Chloro
methyl)pyridine HCI HC blue no.2 4-nitroanth
ranilic acid HC blue no.2  4-nitroant
hranilic acid +/-S9mi x
SOmix
4
24
DNA TK
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1

TK

10

Ames

TK

Ames
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MMS

2)

YH2AX

Ames
2018.11.2
, Ames
TK6
MMS
2018.11.1



30

AOP
OECD
AOP
DNA DNA
AA
C57BL/6J gpt delta AA 300, 100, 30 ppm
28 3 300
ppm 300 ppm
AA 30, 100, 300 ppm 4.32+ 0.2 16.2
+ 0.6 37.4+ 0.6 mg/kg/day DNA
LC-MS/MS DNA AA
DNA
N7-GA-Gua AA
N7-GA-Gua
AA 1 mg/kg/day
N7-GA-Gua 60 75 /108 AA DNA
AA
: DNA gptdelta
AOP
OECD DNA DNA
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in vivo
TGR
AA
DNA
AA gptdelta
DNA TGR
AA
9 gptdelta (C57BL/6J)
AA
CAS 79-06-1, MW=71.08 99%,
Sigma-Aldrich  Milli-Q 300, 100,
30 ppm
AA100 ppm 1.4 mM 1
10~-11 28
1
5 DNA
3
-80
LC-MS/MS DNA
DNA
DNeasy Blood & Tissue Kit
(QIAGEN) DNA
RNase ProteinaseK 37
3
MilliQ DNA
biospectrometer (eppendorf) Qubit

(Invitrogen)

DNAS5u g 100 g MilliQ
[15N5]N7-GA-Gua
N7-GA-Gua
37 48

Amicon Ultra Ultracel-3K

-80
Milli-Q LC-MS/MS
N7-GA-Gua
N7-GA-Gua 100 nM
Milli-Q
[18N5]N7-GA-Gua Milli-Q

-80

DNA
LC-MS/MS Ultra
performance LC Aquity Quattro Premier XE
1

Waters

N7-GA-Gua
N7-GA-Gua
dsDNA 1bp
DNA

=616

AA
gptdelta AA 28

300 ppm
2 0 ppm
1 300 ppm
0 ppm
AA 30, 100,
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300 ppm 432+ 0.2 16.2+ 0.6
37.4+ 0.6 mg/kg/day 3
300 ppm
0 ppm
DNA

LC-MS/MS
N7-GA-Gua

DNA

N7-GA-Gua 50 0nM
1.25 nM

0.63 nM

DNA
150 300 /108

AA DNA
DNA
DNA RNase
DNA
DNA RNase
65
RNA N7-GA-Gua
RNase

DNA

AA 300, 100, 30 ppm 28
gptdelta
DNA
N7-GA-Gua 5

DNA
DNA 160
/108
300 ppm
2335+ 1204 /108
300 ppm

2781+ 224 /108

300 ppm
2886+ 552 /108
AA 1 ppm
8 10 /108
AA 1 mg/kg/day
60 75 /108
100
N7-GA-Gua
AA
AA
P450 CYP2E1l
DNA N7-dG-GA, N3-dA-GA,
N1-dA-GA
AA
AA AOP
DNA
AA 28
300 ppm
300 ppm DNA
N7-dG-GA AA
DNA
AA
OECD TGR
28 3
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AA DNA
R2 0.98
100
N7-dG-GA
DNA

AP site

DNA
TGR gpt

AOP DNA

28
DNA
N7-dG-GA AA
DNA

You X, Ando T, Xi J, Cao Y, Liu W, Zhang
X, Honma M, Masumura K, Luan Y.
Gene mutation and micronucleus assays
in gpt delta mice treated with
2,2',4,4'-tetrabromodiphenyl ether.
Mutagenesis. 2018, 33:153-160

Gi M, Fujioka M, Kakehashi A, Okuno T,
Masumura K, Nohmi T, Matsumoto M,
Omori M, Wanibuchi H, Fukushima S. In
vivo positive mutagenicity of 1,4-dioxane
and quantitative analysis of its

mutagenicity and carcinogenicity in rats.
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Archives of
92:3207-3221

Aoki Y, Nakajima D, Matsumoto M,
Yagishita M, MatsumotoM, Yanagisawa
R, Goto S, Masumura K, Nohmi T.
Change over time of the mutagenicity in

Toxicology. 2018,

the lungs of gpt delta transgenic mice by
extract of airborne particles collected
from ambient air in the Tokyo
metropolitan area. Genes and
Environment. 2018,40:25

Hori H, Shimoyoshi S, Tanaka Y,
Momonami A, Masumura K, Yamada M,
Fujii W, Kitagawa Y. Integration of
micronucleus tests with a gene mutation
assay in F344 gpt delta transgenic rats
using benzo[a]pyrene. Mutation
Research. 2019, 837:1-7

Tennant RE, Guesné SJ, Canipa S,
Cayley A, Drewe WC, Honma M,
Masumura K, Morita T, Stalford SA,
Williams RV. Extrapolation of in vitro
structural alerts for mutagenicity to the
in vivo endpoint. Mutagenesis. 2019,
34:111-121

IWGT Aneugen
MMS 72
(2018.6)
Ames
in vivo BMS
57 (2018.7)
47
(2018.11)
16



(2018.12)

Masumura K, Toyoda-Hokaiwado N, Ando
T, Ukai A, Nohmi T, Honma M: Absence of
selection against ENU-induced point
mutations in male germ cells during
transmission to the next generation. 49th
Annual Meeting of Environmental
Mutagenesis and Genomics Society. San
Antonio, USA. (2018.9)
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32
30
28
26 S<
24 J 1 > | [hoe
22
20
0 1 2 3 4 (weeks)
—0ppm —30ppm —100ppm  —300 ppm (n=10~11)
" p<0.05, 300 ppm vs 0 ppm
** p=<0.05, 300 ppm vs 30, 100 ppm
*** p=<0.05, 300 ppm vs 0, 30, 100 ppm
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Liver Lung Testis
2000 4
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1 DNA

LC-MS/MS Ultra-performance LC Aquity Quattro Premier XE Waters

HPLC Mightysil RP-18 MS 150-2.0 (5 m) (Cat. No 26075-96 )
A Water/ 2 mM ammonium acetate
B MeOH/2 mM ammonium acetate

Flow rate 0.2 mL/min

Gradient:
(min) A (%) B (%)
0 100 0
10 90 10
11 0 100
20 0 100
21 100 0
Type: MRM
lon mode: ES+
Capillary (kV) 3.00
Cone (V) 30
Extractor (V) 2
RF Lens (V) 0.0
Source Temperature () 120
Desolvation Temperature () 400
Cone Gas Flow (L/Hr) 40
Desolvation Gas Flow (L/Hr) 500
Collision Cell Pressure (m | <1le-4
bar)
Collision Gas Flow (mL/Min) 0.20

DNA

Adduct m/z
N7-GA-Gua 239>152
[15N5]N7-GA-Gua 244>157
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30

Acetamide
acetamide FAO/WHO
JECFA
gpt delta
acetamide
F344 acetamide 125 25 5.0% 28
2.5% AST ALT
5.0%
2.5% gpt delta
acetamide 0.625 1.25 2.5% 13 1.25%
acetamide invivo
A.
FAO/WHO
18 3000 JECFA
18 TTC
3-acetyl-2,5-dimethylthiophene MOE
invivo
2013
20
EU
DNA
1-4
in vivo
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gpt delta

34 JECFA
Acetamide
JECFA
5)
Ames
invivo
acetamide
6,7)
acetamide
0.625
1.25 2.5%
6 F344 gpt delta
acetamide 0.625 1.25 2.5%
13

B

B-1.
Acetamide

B-2.
6

18

1.25%

B-3. Acetamide
B-3-1

40

F344 20
CRF-1
24+1°C 55+5%
12
12
5
2
20 5
5.0%
2 25
1
29
10%
F344 gpt delta



24+1°C

55+5% 18 /
12 /12
2 3
2
40 F344
gpt dela 10
3
Acetamide
2.5%
2 1.25% 0.625%
13
1
1
16
Sysmex M-2000
WBC
RBC HGB
HCT
MCV MCH
MCHC
PLT
TP
(AIG)
Alb T- Bil
TG T-Cho
BUN CRN
Na Cl
K Ca IP
AST
ALT
ALP  y-
v- GTP SRL
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10%

in vivo
assay

DNA

Figure 1A

gpt



0.625%

4 1.25%
Figure 1B 2.5%
Table
1 0.625% 1.25%
2.5%
Table 5
1.25% AST ALT A/G  T-Bil
Cl T-Cho K
2.5% TP
Glu
Table 2 TG BUN 0.625%
1.25% TG
2.5%
TP Glu A/G T-Bil Table 6
AST 0.625% MCH
2.5% Alb ALT 1.25%
ALP HGB MCV
5.0%
Figure 2 Table 2.5% RBC
3 2.5% Reticulocyte
D.
D-1.
Acetamide
Figure 3 5.0% 4
2.5%
ALT AST ALP
C-2. Acetamide
5.0%
Figure 4A
2.5% 2
Figure 4B 0.625 1.25 2.5%
Table4
2.5% AST
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ALT 1.25% rats. Arch. Toxicol. 86, 1593-1601 (2012).
2) Suzuki Y, Umemura T, Ishii Y, Hibi D,

Inoue T, Jin M, Ssskai H, Kodama Y,

Nohmi T, Yana T, Nishikawa A, Ogawa,

K. Possible involvement of

31 sulfotransferase 1A 1 in estragole-induced

DNA modification and carcinogenesis in

in vivo the livers of female mice. Mutat. Res. 749,
acetamide 23-28 (2012).

3) Jin M, Kijima A, Suzuki Y, Hibi D, Inoue
T, Ishii Y, Nohmi T, Nishikawa A, Ogawa
K, Umemura T, Comprehensive toxicity
E. study of safrole using a medium-term
animal model with gpt delta rats.
acetamide Toxicology, 290, 312-321.
4) JinM, KijimaA, Hibi D, Ishii Y, Tekasu S,
0.625 1.25 Matsushita K, Kuroda K, Nohmi T,
2.5% Nishikawa A, Umemura T, In vivo
genotoxicity of methyleugenol in gpt delta
transgenic rats following medium-term
F. exposure. Toxicol. Sci. 131, 387-394.
5 JECFA WHO Food Additives Series,
Evauation of Certain Food Additives,
G. Report of 65th JECFA meeting 2005
G-1. 6) Diekmann J, Wittig A, Stabbert R, Gas
chromatographic-mass spectrometric
G-2. analysis of acrylamide and acetamide in
1) cigarette  mainstream  smoke  after
F344 on-column injection. J. Chromatogr. Sci.,
28 46, 659-663 (2008).
35 7) Vismeh R, Haddad D, Moore J, Nielson C,
Bals B, Campbell T, Julian A, Teymouri F,
Jones AD, Bringi V, Exposure assessment
H. of acetamide in milk, beef, and coffee
using xanthydrol derivatization and gas
chromatography/Mass  spectrometry. J.
Agric. Food Chem. 66, 298-305 (2018).
1) Suzuki Y, Umemura T, Hibi D, Inoue T,
Jin M, Ishii Y, Sakai H, Nohmi T, Yanai T,
Nishikawa A, Ogawa K. Possble
involvement of genotoxic mechanisms in
estragole-induced hepatocarcinogenesis in
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30

GPG GNP
in silico
insilico

GPG GNP in vivo

3-acetyl-2,5-dimethylfuran

gpt delta

invitro invivo

GPG GNP 6
F344 3-acetyl-2,5-dimethylfuran 125 250 500 1000 mg/kg/day 1
1 7 1000 mg/kg/day
28 500 mg/kg/day
6 F344 3-acetyl-2,5-dimethylfuran 60 180 540 mg/kg
1 1 28 540 mg/kg/day 1
180 mg/kg/day
insilico invitro
in vivo
gpt delta
inslico invitro invivo
GPG
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GNP gpt delta

insilico

10

3-acetyl-2,5-dimethylfuran

GPG GNP
Vivo
GPG
GNP
B.
B-1.
3-Acetyl-2,5-dimethylfuran
5 F344
24+ 1 55+ 5% 18
12
112
3
2
B-2. 1
3-acetyl-2,5-dimethylfuran 7
6 F344 3

3-acetyl-2,5-dimethylfuran

125 250 500
1 1 7

1000 mg/kg/day

B-3. 2
3-acetyl-2,5-dimethylfuran 28

6 F344 5
3-acetyl-2,5-dimethylfuran 60 180
540 mg/kg 1 1 28

C
C-1. 1
3-acetyl-2,5-dimethylfuran 7

2 1000 mg/kg/day
3 500 mg/kg/day
125 250 mg/kg/day

Figure 1



3-Acetyl-2,5-dimethylfuran

Figure 2

C-2. 2
3-acetyl-2,5-dimethylfuran 28

1 540 mg/kg/day

60 180 mg/kg/day

Figure 3
4 540 mg/kg/day

540 mg/kg/day

Table 1
540
mg/kg/day
180
mg/kg/day
540 mg/kg/day

D
in slico

3-acetyl-2,5-dimethylfuran GPG
GNP

1000 mg/kg/day
F344 3-acetyl-2,5-dimethylfuran 7

-41-

1000 mg/kg/day

500 mg/kg/day 1000
mg/kg/day

1000 mg/kg/day

500 mg/kg/day
28

540 mg/kg/day 180 60
mg/kg/day 28
540 mg/kg/day 1
540 mg/kg/day

180 mg/kg/day

180 mg/kg/day

3-acetyl-2,5-dimethylfuran

E

in silico

3-acetyl-2,5-dimethylfuran GPG
GNP

540 mg/kg/day
3-acetyl-2,5-dimethylfuran 28
540 mg/kg/day



mg/kg/day

G-1

G-2

180
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30

E
MS BALBI/c B6 Trp53 p53 +/-
EMS
LSL-Krasc12d EMS
AA BALB/c EMS
7,12- [a] DMBA BALB/c Trp53 +/-
EMS AA 27 29
DMBA
AA
3 27 29
shRNA
in vitro
EMS
AA
DEN 7,12-
DMBA
30 SB
gpt delta BALBI/c Trp53 BALBI/c C57BL/6J B6
B6 Trp53
LSL-Krasc12d Cre B6 LSL-Krasc12d Cre
pLKO.1 pLKO.1
BALBI/c Trp53
In vitro
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Trp53+/- LSL-KrasG12b

0 0.28
1.4 mM +S9 mix
7,12- [a]
DMBA BALBI/c Trp53+/-
0 0.2 0.6
uM  +S9 mix
B6 BALBI/c
Trp53+/- LSL-Krasc12b
BALB/c C57BL/6J B6 Trp53
p53 +/- B6 0 5 20 mM +S9 mix
LSL-Krasc12D Cre
pLKO.1 BALB/c
Trp53 3
2 24
S9mix
]
12 37 [ ]
] 1 1
]
8
/
] 10
p53 +l- p53 +I- 1
4 pm
- 2
LSL-Krase1zo Cre -PAS
recombinase Kras
pLKO.1
CK 19
pH6.0 10
EMS B6 CK19
LSL-Krast12b
0 0.05 0.2mM +S9
mix 50 pg/mL
DEN B6
BALB/c p53 +-
- 12D
S 0 02 1.0mM +S9 mi 48 105
. .Om mix 24 50
AA B6 BALB/ 18
¢ 88 25 84
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LSL-Krasc12b

18 6 1 EMS
27 2 20 BALB/c P53 +/-
EMS
B6 Trp53+/-
BALB/c
EMS
DEN
B6 BALB/c
p53 +/-
15 EMS
97 7 mm
B6 p53 +/-
DEN
EMS B6 Trp53+/-
LSL-Krasc12b
DEN
B6 BALB/c
Trpostt BALB/c Trp53+/-
=M : DEN
rmm 1/4 3/4
EMS
pLKO.1 Cre LSL-K rasG12p
EMS AA
3 8 mm
EMS BALB/c
AA
B6 1/4 214
EMS BALBI/c Trp53+/- 1a 20 mm
EMS EMS BALB/c
LSL-Krase1zo Trp53+l- 7
mm
EMS AA
B6 Trp53+/-
AA
B6 BALB/c Trp53+/- AA
EMS AA
LSL-Krasé12b
B6 EMS AA
BALB/c 2/4
EMS
B6 Trp53+/- EMS
1/4 BALB/c
LSL-Krass12p AA
EMS BALBI/c
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DMBA

Trp53+/- AA
2/4 B6 Trp53+/-
AA 1/4 2/4
Cre LSL-KrasG12b
AA 2/4
7,12- (@) DMBA
BALBI/c Trp53+/-
DMBA
7 9 mm
DMBA
DMBA
BALB/c Trp53 +/-
DMBA 4/4
DMBA
DMBA
SB
B6 BALBI/c Trp53+/-
LSL-KrasG12b
SB
B6 BALBI/c Trp53+/-
LSL-Krasc12b
BALDBI/c
SB 3/4 BALBI/c Trp53+/-
SB 4/4
SB
EMS B6 BALDBI/c
Trp53+/- EMS
AA BALB/c
AA
27 29

SB
rasH2
AA
SB BALBI/c
BALB/c
Trp53+/-
3/4
2019
3 58
Annual Meeting of the Society of
Toxicology
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Maru, Y., Onuma, K., Ochiai, M., Imai, T.,
Hippo, Y.: Shortcutsto intestinal carcinogenesis by
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