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121 483 2 0.41
122 4.12 3 0.73
123 2.13 2 0.94
92ppm DMA 211 220 1 0.45 0.62 + 043
212 2.81 1 0.36
213 375 1 0.27
221 4.94 3 0.61
222 3.40 2 0.59
223 2.74 4 1.46
Table.2 red/gam (Spi- )
Phques within XT-1 Plaques withm XI-1
Organ Groups AnimalNo.  Blue MRA (X 10°) Blie MRA (P2) ME(x107%) Mean + SD
Liver Control 111 1.93 1 0.52 0.75 + 0.28
112 2.81 2 0.71
113 1.70 2 1.18
121 2.00 2 1.00
122 3.75 2 0.53
123 3.66 2 0.55
92ppm DMA 211 227 2 0.88 0.76 + 0.17
212 2.52 2 0.80
213 237 1 0.42
221 2.47 2 0.81
222 2.23 2 0.90
223 2.69 2 0.74
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Table.3 gpt
Type of mutation
Non-treatment 92ppm DMA
Transitior G:C to A:T 2 ( 222% )H)? 2 ( 25.0% )
0.06 + 016 P 0.12 + 0.20
AT to G:C 1 ( 11.1% ) 0 ( 0% )
0.08 + 0.19 0
Tranversion
G:C to T:A 2 ( 22.2% ) 2 ( 25.0% )
0.10 + 0.17 0.09 + 0.15
G:C to C:G 1 ( 11.1% ) 1 ( 12.5% )
0.04 + 0.10 0.05 + 0.12
AT to T:A 1 ( 11.1% ) 1 ( 12.5% )
0.04 + 0.17 0
AT to C:G 1 ( 11.1% ) 0 ( 0% )
0.04 + 0.10 0
Deletion
single bp 1 ( 11.1% ) 1 ( 12.5% )
0.04 + 0.09 0.06 + 0.15
Over 2bp 0 C 0% ) 1 ( 12.5% )
0 0.03 + 0.08
Insertion 0 ( 0% ) 1 ( 125% )
0 0.05 + 0.12
Total 9 (' 100.0% ) 8 ( 100.0% )
0.40 + 0.19 0.50 + 0.17

2 Number of mutations (%)

> Mutation frequency (x10°)
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Napsin A

DHPN
quartz DHPN
Napsin A
32
2mg 28
N-nitrosobis(2-hydroxypropyl)amine (DHPN) 2 quartz NiO Cu0
Napsin A
30
4-(methyInitrosamino)-1-(3-pyridyl)-1-butanone Napsin A B
(NNK)
12 SP
SP-A, B, C, D napsin A
DHPN F344
30 quartz F344
28
Napsin A
Napsin A
-B
Napsin A
DHPN
DHPN Urethane
dimethylnitrosamine (DMN) Benzo[a]pyrene
DHPN Napsin A

DHPN

Cyclin D1 Napsin
A p27 Thyroid transcription factor 1 (TTF-1) Ki-67
Cytokeratin (CK) 7 CK 20 CK 34p E12 CK 5/6
surfactant proteins-A (SP-A) p53 Endothelial
growth factor receptor (EGF-R) estrogen receptor o
(ER a ) progesterone receptor (PR)
carcinoembryonic antigenl (CEA) pl6 proliferating
cell nuclear antigen (PCNA) chromogranin A
synaptophysin 19
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1g benzo[a]pyrene

8 F344 46 4 1
12 2 13 3 12 4 13 3
0 1 4 16 5 32 5
0. 1%DHPN 2 10 4 3
2 urethane 1g/kg body weight
10ml 1g urethane 16 1 6 2 6 3 6
1 10 3 4 5 16
30mg/kg body weight 10ml 3 DMN 4
30mg DMN Benzo[a]pyrene 2 urethane
4 benzo[a]pyrene 4 1
20mg/kg body weight 10ml 19
benzo[a]pyrene

16 3 DMN

1 DHPN 2 urethane 3 DMN
DHPN No.14027

Urethane CAS no. 51-79-6 1 hyperplasia adenoma  lymphocyte
infiltration 2 hyperplasia lymphocyte
DMN:CAS no.62-75-9 infiltration 3 4 hyperplasia
Benzo[a]pyrene:CAS no.50-32-8 sigma-aldrich Hyperplasia
Co.,LCC. MO, USA
16 32 2
32 1 5 2 6 3 6
4 5 32
(@ 2 4
1
(b)
32
1
3 hyperplasia adenoma lymphocyte
25G infiltration 2 4 hyperplasia
Iymphocyte infiltration
Hyperplasia
© 6 2
(d) @
16 32
HE
2 urethane 16 hyperplasia
napsin A 2
4 benzo[a]pyrene
Napsin A
Napsin A
6

4 benzo[a]pyren
70% ethanol
20mg/kg body weight 10m1 70  ethanol
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Napsin A

DHPN Urethane DMN Benzo[a]pyrene
Napsin A

16 16
2 urethane 4 benzo[a]pyrene

32 16
Napsin A

Yokohira M, Kishi S, Yamakawa K, Nakano Y, Ninomiya
F, Kinouch S, Tanizawa J, Saoo K, Imaida K., Napsin
A is possibly useful marker to predict the
tumorigenic potential of lung bronchiolo-alveolar
hyperplasia in F344 rats. Exp. Toxicol. Pathol.,
66: 117-123, 2014.

Yokohira M, Yamakawa K, Nakano Y, Numano T
Furukawa F, Kishi S, Ninomiya F, Kanie S
Hitotsumachi H, Saoo K, Imaida K
Immunohistochemical characteristics of
surfactant proteins-A, -B, -C and -D 1in
inflammatory and tumorigenic lung lesions of
F344 rats. J. Toxicol. Pathol ., 27(3-4):175-182,
2014.
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Liver Right Kidney Left kidney Lung
Body weight Absolute Relative . . .
Group Treatment WksNo.(g) @ (%) Absolute (g) Relative (%) Absolute (g) Relative (%) Absolute (g) Relative (%)
1 DHPN 16 6 292.8+81 81+0.328+0.1 09 +£00 03 +00 08 +00 03 +00 15 0.5 05 £0.2b
2 Urethane 16 6 277.8+11.7ab8.0 +£+0.52.9+0.1 0.8 +0.1 03 +00 08 +0.0 03 +£0.0 1.3 +£0.2 0.5 =£0.1
3 DMN 16 6 302.7+19.5 8.6 +052.8+0.1 08 +0.1 03 +00 09 +£0.1 03 =£00 1.2 =£0.1 04 =£0.0
4 Benzolalpyrene16 5 303.3+13.8 8.3 +0.62.7+0.1 08 +0.1 0.3 +0.0 09 =+0.1 0.3 00 1.1 =+0.1 04 =0.0
1 DHPN 32 5 307.6+£229 82+0.82.7+0.2 09 +£00 03 +£00 1.0 +01 03 0.1 26 +£0.2¢d 0.9 =£0.1cd
2 Urethane 32 6 311.5+24.5 8.4 +1.02.7+0.1 0.8 =+£01 03 00 08 =+£01 03 =00 1.8 £03 06 =+£0.1
3 DMN 32 6 321.8£21.0 87 +0.62.7+0.3 09 =+£00 0.3 +£00 09 £00 03 +00 2.1 054 0.7 =+0.2
4 Benzolalpyrene32 5 352.1+33.1 9.2 +1.02.6+0.1 09 =+0.1 0.3 =+00 09 =+0.1 03 0.0 15 +03 0.4 =0.1

2 P<0.05 vs Group 3 of 16w by Tukey-Kramer test.
b P<0.05 vs Group 4 of 16w by Tukey-Kramer test.
¢ P<0.05 vs Group 2 of 32w by Tukey-Kramer test.
d P<0.05 vs Group 4 of 32w by Tukey-Kramer test.
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Histopathological findings of lung

Inflammatory lymphocyte
Weeks Treatment No. Hyperplasia hyperplasia adenoma (bronchus)
16 DHPN 6 6 2 3 3
16 Urethane 6 1 0 0 4
16 DMN 6 6 1 0 0
16 Benzolalpyrene 5 0 4 0 0
32 DHPN 5 5 0 3 5
32 Urethane 6 0 3 0 6
32 DMN 6 4 0 1 6
32 Benzolalpyrene 5 0 2 0 3
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Group 4 Benzo[a]pyrene, 32w
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Group 2, Urethane 32w

Group 1, DHPN 32w

Group 4, Benzo[a)pyrene 32w

Group 3, DMN 32w
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Ki-67

HMGB2, Ki-67

PhIP,

DMAB y-H2AX HMGB2

y-H2AX HMGB2, Ki-67

PhIP DMAB HMGB2, Ki-67
y-H2AX HMGB2,
Ki-67
DMAB
MNU
HMGB2 Ki-67
4 y-H2AX 0.02%
2020 2
HMGB2 Ki-67
y-H2AX
HMGB2 95%
30-40 Ki-67 y-H2AX
50-60
3
2-Amino-1-methyl-6-phenylimidazo[4,5-b]- DVMAB
pyridine (PhIP) 3,2 -Dimethyl-4- N-Methyl-N-nitrosourea(MNU)
aminobiphenyl (DMAB) 3
H2AX (y-H2AX) High
mobility group box 2 (HMGB2) Ki-67
3
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6 F344 PhIP 100 mg/kg 2
10 60
6
F344 DMAB 50 mg/kg 2
1 20 60
y-H2AX, HMGB2 Ki-67
6 F344
DMAB  MNU

DimethylInitrosamine (DMN)(
) 1,2-Dimethylhydrazine (DMH)(

)
DMAB DMH MNU
DMN
2
vy-H2AX, HMGB2
Ki-67
PhIP DMAB
HMGB2 Ki-67
y-H2AX
y-H2AX HMGB2
Ki-67
Gleason
grade
DMAB MNU
y-H2AX  HMGB2 Ki-67
Ki-67 2
DMN DMH
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DNA y H2AX /

26 y H2AX
6 F344 10 0.025% 2-acetylaminofluorene
2-AAF 1% p-cresidine 0.02%/0.01% dimethylarsinic acid DMA  0.04% glycidol 0.001%
N-nitrosodiethylamine DEN 0.005% acrylamie AA 4 2-AAF/p-cresidine
5 2 5 y H2AX
4 4 N-butyl-N-
(4-hydroxybutyl)-nitrosamine;BBN, 2-nitroanisole;2-NA, 2-AAF, p-cresidine y H2AX
3 glycidol, DEN, AA
y H2AX 2 y H2AX BBN, 2-NA, 2-AAF
y H2AX
4
Ki67
DNA
DNA
DNA 6 F344 1
H2AX y 0.05% AN-butyl- A-(4-hydroxybutyl)
H2AX y H2AX nitrosamine BBN 1.8% 2-nitroanisole 2-NA 2%
2,2-bis (bromomethyl)-1,3-propanediol BMP  0.1%
phenethyl isothiocyanate PEITC 3%
3% 2
0.025% 2-acetylaminofluorene 2-AAF 1%
BBN/2-NA p-cresidine 0.02% dimethylarsinic acid DMA  0.04%
/ glycidol 0.001% A-nitrosodiethylamine DEN
y H2AX 0.005% acrylamie AA 4 BBN, DMA,
BBN 2-NA glycidol, DEN, AA DMA
4 y H2AX 3
0.01%
2 y 10 5 2 5
H2AX BBN 2-NA y H2AX
y H2AX Ki67
/ 3,000 1,000
y H2AX/Ki67
26 / cell population basal cell
y H2AX intermediate cell umbrella
cell y H2AX/Ki67
y H2AX
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intermediate cell

51 p-cresidine

BMP/DMA y H2AX/Ki67

umbrella cell

DNA
BMP/DMA
umbrella cell

PEITC

PEITC y H2AX/Ki67
BMP/DMA

Ki67
y H2AX

y H2AX

1.

1) Toyoda T, Cho YM, Mizuta Y, Akagi J, Ogawa K.
A 13-week subchronic toxicity study of ferric
citrate in F344 rats. Food Chem Toxicol, 74: 68-75,
2014

2) Toyoda T, Cho YM, Mizuta Y, Akagi J, Nishikawa
A, Ogawa K. A 13-week subchronic toxicity study
of sodium iron chlorophyllin in F344 rats. J
Toxicol Sci, 39: 109-119, 2014

3) Onami S, Cho YM, Toyoda T, Horibata K, Ishii
Y, Umemura T, Honma M, Nohmi T, Nishikawa A, Ogawa
K. Absence of in vivo genotoxicity of

3-monochloropropane-1,2-diol and associated
fatty acid esters in a 4 week comprehensive
toxicity study using F344 gpt delta rats.
Mutagenesis, 29: 295-302, 2014

4) Onami S, Cho YM, Toyoda T, Horibata K, Ishii
Y, Umemura T, Honma M, Nohmi T, Nishikawa A, Ogawa
K. Absence of in vivo genotoxicity of
3-monochloropropane-1,2-diol and associated
fatty acid esters in a 4 week comprehensive
toxicity study using F344 gpt delta rats.
Mutagenesis, 29: 295-302, 2014

5) Akagi J, Toyoda T, Cho YM, Mizuta Y, Nohmi T,
Nishikawa A, Ogawa K. Validation study of the
combined repeated-dose toxicity and genotoxicity
assay using gpt delta rats. Cancer Sci, in press

2.
1 S
y H2AX 31
2015 1 30

2)

y H2AX 73
2014 9 26
3)
y H2AX 41

2014 7 4



DNA DNA
DNA (DNA )
in vivo
1,4- invivo DNA
LC-MS
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1,4-
DNA 1,4- 0, 20, 200 5000 ppm
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1,4- DNA
invitro Ames 1,4- 0, 20, 200 5000 ppm
DNA F344
DNA
in vitro DNA
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DNA DNA DNA
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invitro
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Vivo DNA DNA
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Western blotting
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12.5% SDS-PAGE PVDF
1% skim milk/T-PBS 1/2800

Rabbit anti-phospho-histone H2AX (Ser139)
1gG antibody (Merck Millipore. Co., USA)
Rabbit anti-lgG-HPR (Jackson
Research Lab., USA)
Fisher Scientific, MA, USA)
35mm

Immuno
ECL+ (Thermo

6%
2% Triton X-100

Fig.1 PR — RIZ&KDy-H2AXDEE

DNA
y -H2AX
Fig.2
y -H2AX Tween 20 Triton X NP-40
y -H2AX
SDS

y -H2AX



Tween 20 (%) g Triton X (%)

NP-40 (%) SDS (%)

°
o
=
o
(]
=
=
[=
=2

Untreat
0.003
0.01

0.03
Untreated
0.003
0.01

0.03

iy

0.003
0.01
0.03

hirs
o

01

i}
o

0.003
0.01
0.03
0.1

y-H2AX

Actin

|

H2A p.
(CBB)

|

— ——|
goe=s SEENR

Fig. 2 HIEFEEMFICKDy-H2AXDEE

y -H2AX
pH  4-5
pH

pH
y -H2AX

Fig. 3

4 56 7 8 9 10 1112 pH (-log[H+)

Fig.3 pHZELIZ&By-H2AXD B

y -H2AX
DNA

DNA
y -H2AX

Tween

20 Triton X NP-40 y -H2AX

SDS

pH y -H2AX

y -H2AX
DNA

pH y -H2AX

58

Lo

I. Yoshida and Y. Ibuki. Formaldehyde-induced
histone H3 phosphorylation via JNK and the
expression of proto-oncogenes. Mutat.
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