25

26(2014)

5



1-5

in vivo
1-3 1-3
1-5

12

20

24

30

31



25
25
28
3 7
G//S 28
G//S M
28
90
invivo
NFT C57BL/6J Nrf2 gpt delta
NFT 8 gpt Spi” assay gpt
MF
Nrf2  NFT NFT
Spi" MF
NFT
ROS NADPH oxidase (NOX)
piperonyl
butoxide(PBO) NOX (Apocynin; APO) (N-acetyl cysteine; NAC)
PBO APO NAC
PBO NOX
DNA
in vivo
ROS NADPH oxidase (NOX)
NOX




National Toxicology Program

P450

Allen et al., 2004

Brown et al., 2007; Adler et al., 2009

28
G,/ M
thioacetamide
TAA ochratoxin A
OTA M
Ubiquitin D
Ubd G,
Taniai et al., 2012, Yafune et al., 2013
M
G,/M Ubd
_ G,/S
p2 1 cipl
28
25

28

invivo
NF
NFT
4
NF
NF
DNA
DNA
gpt delta
NFT
NAF AHD
in vivo NFT NFA
NFT GC-TA
DNA
8-hydroxydeoxyguanosine 8-OHdG
NFT invivo
NF
25 NFT
Nrf2 nrf2
gpt delta
NFT
NFT
cytochrome P450 (CYP)
( CYP inducer )
CYP inducer
CYP

(ROS)

(Kuwata et al., 2011; Shimamoto et al.,
2011; Morita et al., 2011; Tawfeeq et al., 2011; Hayashi
etal., 2012)
ROS
DNA

ROS
CYP inducer



ROS
ROS
ROS
NADPH
oxidase (NOX) NOX
gp91phox’ p22phox p47ph0x’ p67phox’
p40P™* Rac
NADPH NOX
superoxide
dimustase Fenton
myeloperoxidase
Kalyanaraman, 2013 NOX
Thakur et al., 2006
Liu et al., 2008
NOX ROS
NOX ROS

TGF-B1 (Boudreau et al., 2012) NFxB
(Wang et al., 2011) Wnt/B-catenin (Kato et al., 2012)
PI3K/Akt (Huang et al., 2012)

MAPK Whnt/B-catenin/TCF
TCF FOXO
(Parody et al., 2009,2010)
NOX
Block and
Gorin, 2012
(DHP)
90

glutathione S-transferase placental form GST-P

NOX2 mRNA
NOX2
(2-
)(DEHP) DEHP PPAR
GST-P
NOX
NOX

peroxisome receptors-activated receptor
o(PPARa) agonist

Wy-14643 NOX
ROS
NOX p47Phox
null
Rusyn et al., 2000
Wy-14643 NOX

Woods et al., 2007

NOX
NOX ROS
piperonyl butoxide
(PBO) NOX
B.

5 F344 SLC (Shizuoka,
Japan) (Oriental Yeast Co.,
Ltd., Tokyo, Japan)

12
23 +3°C 50 +20%
1

1 n=20
2/3 PH n=22  mthyleugenole

MEG n=22 thioacetamide TAA n=20
acetaminophen APAP n=20 a-naphthyl
isothiocyanate =~ ANIT n=20 promethazine
hydrochloride =~ PMZ n=22

PH MEG PMZ

TAA 400
ppm  APAP 10,000 ppm  ANIT 1000 ppm—600
ppm
MEG 1000—800 mg/kg body weight PMZ
200—100 mg/kg body weight
MEG PMZ ANIT
PMZ 3
3.7 CO,/O,

n=10 PH n=11 MEG n=11
TAA n=10 APAP n=10 ANIT n=10
PMZ n=11 TAA 400 ppm
APAP 10,000 ppm ANIT 600 ppm MEG

1000—800 mg/kg body weight PMZ 100 mg/kg
body weight 28

CO,/0,
MEG

11



MEG TAA
2
1 n=20
methapyrilene MP n=20 carbadox CRB
n=20  leucomalachite green LMG n=20
B-naphthoflavone BNF n=20 oxfendazole OXF
n=20 promethazine hydrochloride =~ PMZ
n=22 PMZ

MP 1000 ppm CRB 300 ppm LMG 1160 ppm

BNF 10,000 ppm OXF 500 ppm
PMZ 100 mg/kg body
weight PMZ
7 28 COy/0O,
CRB LMG
CRB LMG
MP CRB
BNF OXF
6
4% PFA
4% PFA
PFA
(HE)
Ki-67 p21“"" Mad2
0.3%
30 10 mmol/1
pH 6.0 _ Ki-67
121°C 10 p21€P! Mad2
goeCc OO0
Ki-67
200 Dako, Denmark p21
1000 Abcam, UK Mad2
ooo BD Transduction Laboratories,
USA 4°C

Vectastain Elite ABC kit
3,3°-

Vector
Laboratories, USA

Topolla p-Histone H3 Ubd yH2AX
cleaved caspase 3

Topolla. p-Histone H3 Ubd yH2AX  [J0 mmol/l

pH 6.0
121°C 10 cleaved caspase 3
target retrieval solution 3-in-1 pH 9.0 Dako
121°C 10
0.3%
30
Topolla
0ogd Abcam p-Histone H3
ooo Santa Cruz Biotechnology, USA
YyH2AX ooog Abcam
Ubd ooo Proteintech Group,
USA Cleaved caspase 3 oo
Cell Signaling Technologies, USA
Vectastain
Elite ABC kit Vector Laboratories 3,3-

Ubd  Topolla p-Histone H3
Ubd
Vectastain Elite ABC kit Vector Laboratories

3,3- Topolla

p-Histone H3

Vectastain Elite ABC-AP kit Vector Laboratories
Vector Red Alkaline Phosphate Substrate Kit I

Vector Laboratories

Ki-67
p21“?" Mad2 Topollo. p-Histone H3 Ubd yH2AX
200 10
cleaved caspase 3 100
WinROOF image analysis
and measurement software

Ubd Topolla p-Histone H3
Ubd Topolla p-Histone
H3 Ubd Topolla
p-Histone H3
Bartlett
Bartlett
Dunnett’s multiple comparison test
Bartlett
Steel’s test
in vivo
1 Nrf2 Nrf2"~  gpt delta
C57BL/6J gpt
Nrf2
9
gpt Nrf2



Nrf2” gpt delta

cellulose MC

4 8 5
MC

Nrf2™ NFT

Spi” assay
YG6020

Cm
Cm

Cm
gpt MF
P2 lysogen
Spi”
P2

P2
Blue MRA
Spi’
SpiMF

2 F344

MC

NAC

2% NFT

DNA
HPLC-DECD

dG

NFT  methyl
70 mg/kg bw

Nrf2™*
C57BL/6]  gpt delta

16 NFT

gpt
gpt assay
6-
Cm
6-TG  Cm

6-TG

YG6020

6-TG

Spi” assay
XL-1 Blue MRA(P2)

WL95 red/gam

Spi’

XL-1

3 NFT
125 mg/kg bw 5
NFT MC

SAA
a-TP 1

NFT
8-OHdG 8-OHdG/10°
Coulochem;

ESA Bedford, MA, USA

F344

N-diethylnitrosamine (DEN)
PBO 15,000 ppm
(Apocynin; APO, 250 ppm)

NOX
(NAC,

3000 ppm) 8

APO NAC
3
PBO
GST-P
APO
NAC
PBO APO NAC
AST ALT
ALP
-80°C
4%
HE
GST-P
Ki-67 active
caspase-3
0.3%
30 Ki-67 10
mmol/l pH 6.0
active caspase-3 10 mmol/l
pH 9.0
121°C 10
Ki-67 50

Dako, Denmark cleaved caspase-3

300 ; Cell Signaling Technology, Inc.,Danvers,

MA, USA 4°C
Vectastain Elite ABC kit

Vector Laboratories, USA 3,3’-
GST-P 1,000 Medical & Biological
Laboratories Co., Ltd, Japan GST-P
GST-P
0.2 mm



Ki-67 active caspase-3

1000
6
real-time RT-PCR
Cyplal Cyp2bl/2
Ngol Gpx2 NOX Cybb (gp91phox/Nox2)
Racl primer set
p
Bartlett
Tukey’s

multiple comparison test Bartlett
Steel-Dwass multiple comparison
test

(NIH)
DNA
CO,/0,
C.
1
3
Ki-67 PH
TAA APAP ANIT
PMZ Cleaved caspase 3
TAA
PMZ
7
Ki-67 PH
APAP ANIT Cleaved
caspase 3
MEG TAA APAP ANIT
28

Ki-67
MEG

caspase 3
MEG

TAA  PMZ

TAA

Topolla
PH TAA
PMZ
p-Histone H3
PH TAA
PMZ
Ubd
TAA

ANIT

ANIT

ANIT PMZ
YH2AX

TAA ANIT
p2 1 Cipl

MEG TAA APAP

Topolla

PH MEG APAP ANIT

p-Histone H3
PMZ
ANIT

Ubd

MEG

PH MEG

TAA  APAP  ANIT
yH2AX
APAP

ICipl

TAA

ANIT

p2

APAP ANIT

28
Topolla
PH MEG
APAP
p-Histone H3
MEG
Ubd
MEG

TAA PMZ

TAA PMZ

TAA PMZ
Mad2
MEG
YH2AX
MEG
p2 1 Cipl
MEG

TAA PMZ

TAA PMZ

TAA APAP

Ubd  Topolla p-Histone H3

3

Cleaved

MEG

MEG

PH

PH

PMZ

APAP

PH

MEG

PH
APAP



TAA ANIT
Ubd
Ubd  Topolla p-Histone H3
p-Histone H3
Ubd PH
Ubd
p-Hlstone H3
PH ANIT
Topolla Ubd
TAA ANIT
7
3 TAA ANIT
Ubd
Topolla p-Histone H3
p-Histone H3 Ubd
Topolla
Ubd PH TAA
ANIT
28
MEG TAA
PMZ Ubd
Ubd  Topolla p-Histone
H3 p-Histone H3
Ubd PMZ
Ubd
p-Hlstone H3
MEG TAA
Topolla Ubd
MEG TAA
2
28
Ki-67 MP
PMZ
Topolla
MP
p-Histone H3
MP PMZ
Cleaved caspase 3
MP
invivo
1 Nrf2"  NFT 2
1
NFT
Nrf2" 5
NFT
4 8
8 gpt Spi assay
gpt MF Nrf2"* 0.77

NFT 1.35 1.8
Nrf2" 0.81 NET 2.30
2.8
gpt MF NFT
gpt MF
Nrf2” Nrf2"*
Spi MF  NFT
Nrf2”
2 NAC SAA o-TP
1 2% NFT 1
NFT 14
NFT NAC 1% o-TP 2%
NAC 2% AsA o-TP
2% NET
NAC 2%
NFT DNA
8-OHdG NFT
PBO
1 NAC 2
PBO PBO
DEN
DEN PBO
APO NAC
DEN PBO
AST
APO NAC
APO NAC DEN
( )
DEN
GST-P PBO
APO NAC
Ki-67
active caspase-3 PBO
APO NAC
Real-time RT-PCR
Cyplal Cyp2bl/2 Ngol Gpx2
DEN PBO
APO NAC
NOX Cybb
(gp91phox/Nox2) Racl



3 PH TAA  ANIT Ki-67
Topollo. p-Histone H3 Ubd DNA YH2AX
p21Cip1
TAA MEG APAP
cleaved caspase 3 TAA
7
PH MEG TAA APAP ANIT Ki-67
Topolla p-Histone H3 Ubd yH2AX
MEG TAA APAP ANIT p21€iP!
Cleaved caspase 3
28
MEG TAA
PMZ Ki-67 Topolla p-Histone
H3 Ubd yH2AX M
Mad2
p21Cipl Cleaved caspase 3 MEG
TAA
PMZ
3
28
p21°PY  cyclin
D/CDK4/6 cyclin E/CDK2
Rb S
Xiong et al., 1993; Harper et al., 1993; Niculescu
etal., 1998 Nras®'?"
lecipl
Kang et al., 2011 7
pzlcipl
G//S

p2 1 Cipl

28
pzlcipl

3
PH Ubd  p-Histone H3
TAA ANIT Ubd Topolla
7 PH TAA ANIT
Ubd  p-Histone H3
Ubd Topolla
28 MEG TAA Ubd
p-Histone H3
Ubd Topolla
PMZ
Topolla  GyM p-Hitone H3
M Woessner et
al., 1991; Adachi et al., 1997; Lee et al., 2004; Beekman
et al., 2006 TAA ANIT
3 TAA MEG 28
Ubd Topolla
28
Ubd  p-Histone H3
Ubd G,
Ubd
M Mad2

Lim et al., 2006;
Herrmann et al., 2007

28
Ubd G, M
28
PMZ Ubd G,
28 M
PMZ 28
p21€PP! Ubd
G,
PMZ
PMZ
2
MP
28



piperonyl
butoxide

90

invivo
1 C57BL/6J Nrf2” gpt delta
NFT 8 gpt Spi~ assay
NFT

gpt MF

Nrf2”=  Nrf2"* gpt MF

Nrf2  NFT

Nrf2  y- GCL
GPx
TRX HO-1)
Nrf2”  gpt MF
NFT gpt delta
8-OHdG
NFT
Nrf2
S - GST NF
NAD P H
NQO1

NFT Nrf2"-
DNA

NFT
NFA
NFT

Nrf2” gpt delta
NFT NFA NFT

C57BL/6J
5 NFT NFA 8

Nrf2” gpt delta

NFT 70
35 mg/kgbw NFA  NFT
41.3 17.5 mg/kg bw
invivo
Nrf2

DNA

2 NFT

NFT 2
NAC SAA a-TP 1 2%
NFT

NAC 1%
a-TP 2% NFT

NAC 1 2%
SAA 2% NAC 2% NFT
NAC 2%
3
2%
NFT DNA 8-OHdG
NFT
NFT 2 8-OHdG
8-OHdG gpt MF
4 13 NFT
PBO
PBO CYPIA
CYP2B inducers
promotion
Kawai et al., 2010; Morita et al., 2013
ROS ROS
CYP
Hara et al., 2014 PBO
PTEN/Akt TGF-B/Smad

Tania et al., 2009; Ichimura et
al., 2010; Hara et al., 2014

ROS NOX
GST-P Ki-67
active-caspase 3 PBO
NOX
ROS ROS
APO NAC
APO NAC
mRNA
PBO NOX
Cybb (gp91phox/Nox2) Racl
PBO
NOX
Racl
NOX2 NOX
NOX2 NOX1, NOX2, NOX3,

NOX4, DUOX1, DUOX2



NOX4 TGF-B1

Carmona-Cuenca et al., 2008
NOX2

PBO
APO NAC

APO  4-hydroxy-3-methoxyacetophenone
Apocynum cannabinum  Picrorhiza kurrora

NOX
Stefanska and Pawliczak, 2008

p47ph0x
H,0, MPO APO
APO 2 p47°"*  thiol
APO
PBO
APO
PBO NOX
PBO
GSH/GSSG
GSH
Gpx2 mRNA
Morita et al.,
2013
APO NOX NAC
NAC PPARa
(CYP4A inducer)

(Nishimura et al., 2009) CYPIA
inducer Indole-3-carbinol
(Shimamoto et al., 2011) GST-P

Indole-3-carbinol
NAC CyplA
mRNA ROS
8-hydroxy-2'-deoxygunosine

Indole-3-carbinol

CYP
CYPI1A inducer
PBO NAC
PBO NOX
PBO NOX
NOX
NOX

NOX

NOX
Matsunami et al., 2010 APO
Lu et al., 2006

Sheedfar et al., 2013

NOX
NOX
NOX
NOX
E.
G,/S
G,/S
M
invivo
NFT 8 C57BL/6J Nrf2” gpt
delta DNA gpt
MF Nrf2”
C57BL/6] Nrf2” gpt delta
NFT NFA 8

NF
F344
NFT NAC SAA a-TP 1 2% 2

4
13 NFT
NOX
PBO
NOX
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G.

Yafune, A., Taniai, E., Morita, R., Nakane, F., Suzuki,
K., Mitsumori, K., Shibutani, M.: Expression patterns of
cell cycle proteins in the livers of rats treated with
hepatocarcinogens for 28 days. Arch. Toxicol. 87(6):
1141-1153, 2013.

Yafune, A., Taniai, E., Morita, R., Hayashi, H., Suzuki
K., Mitsumori, K., Shibutani, M.: Aberrant activation of
M phase proteins by cell proliferation-evoking
carcinogens after 28-day administration in rats. Toxicol.
Lett. 219(3): 203-210, 2013.

Yafune, A., Taniai, E., Morita, R., Akane, H., Kimura, M.,
Mitsumori, K., Shibutani, M.: Immunohistochemical
cellular distribution of proteins related to M phase
regulation in early proliferative lesions induced by tumor

promotion in rat two-stage carcinogenesis models. Exp.
Toxicol. Pathol. 66(1):1-11, 2014.

Morita, R., Yafune, A., Shiraki, A., Itahashi, M., Ishii, Y.,
Akane, H., Nakane, F., Suzuki, K., Shibutani, M.,
Mitsumori, K.: Liver tumor promoting effect of
orphenadrine in rats and its possible mechanism of action
including CAR activation and oxidative stress. J. Toxicol.
Sci. 38(3): 403-413, 2013.

Morita, R., Yafune, A., Shiraki, A., Itahashi, M., Akane,
H., Nakane, F., Suzuki, K., Shibutani, M., Mitsumori,
K.: Enhanced liver tumor promotion activity in rats
subjected to combined administration of phenobarbital
and orphenadrine. J. Toxicol. Sci. 38(3): 415-424, 2013.

2.
Wang
Liyun

40
40

P-194 p.S363 6 17-19 2013

B B B B

Phenobarbital (PB)

Piperonyl butoxide (PBO)

40 40
P-67 p.S300 6 17-19
2013
CYP
28 28
p.34(  19),8 26-28
,2013

Reiko Morita, Ayako Shiraki, Megu Itahashi, Kazuhiko

Suzuki, Makoto Shibutani, Kunitoshi Mitsumori:
Modification of Combined Administration of CYP
Inducers in Rat Liver Tumor Promoting Activity. 1
European Congress of Toxicologic Pathology, Ghent,
Belgium, P17, p.80, September 10-13, 2013

lth

CYP
156 : 156
B65, p.223,9
20-22 2013
30
30
P42 p85 1 30
-1 31 2014
H.
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25
28
G/S p21¢!
G,M Topoisomerase Ila M p-Histone H3
M
UbiquitinD G,
28
2/3 PH methyleugenol
MEG  thioacetamide TAA acetaminophen APAP a-naphthyl isothiocyanate
ANIT  promethazine hydrochloride PMZ PH 3 7 28
3 PH TAA ANIT
TAA ANIT G, Ubd
7 MEG TAA APAP ANIT
p216P! 28 MEG TAA PMZ
MEG TAA
p21¢! G, Ubd
3 7 G/S
28

G//S M

methapyrilene MP  carbadox CRB  leucomalachite green LMG
B-naphthoflavone BNF  oxfendazole OXF  promethazine hydrochloride PMZ 28
CRB LMG CRB LMG
MP CRB BNF OXF
Ki-67 Topolla p-Histone H3 cleaved caspase 3
28
90

National

—12—




4

Toxicology Program

P450

Allen et al., 2004

Brown €t al., 2007; Adler et al.,
2009
28

G,/M

thioacetamide TAA
ochratoxin A OTA
M
Ubiquitin D Ubd G,
Taniai et al., 2012, Yafune et
al., 2013
M

G,M
Ubd

G/S
pzlcipl

28

28

5 F344 SLC (Shizuoka,
Japan) (Oriental Yeast

Co., Ltd., Tokyo, Japan)

12 23+3 50 +
20%
1

1

n=20 2/3 PH n=22
mthyleugenole MEG n=22 thioacetamide

TAA n=20 acetaminophen APAP n=20
a-naphthyl isothiocyanate ~ ANIT n=20
promethazine hydrochloride =~ PMZ n=22

PH MEG PMZ

TAA 400 ppm APAP 10,000 ppm
ANIT 1000 ppm - 600 ppm
MEG 1000 - 800 mg/kg
body weight PMZ 200- 100 mg/kg body
weight MEG PMZ
ANIT PMZ



7 €0,/0,

n=10 PH n=11 MEG n=11 TAA
n=10  APAP n=10  ANIT n=10

PMZ n=11 TAA 400 ppm
APAP 10,000 ppm ANIT 600 ppm MEG 1000
- 800 mg/kg body weight PMZ 100 mg/kg body
weight 28

C0,/0,

MEG
11 1
MEG

TAA

1
n=20 methapyrilene MP n=20 carbadox
CRB n=20 leucomalachite green LMG
n=20  B-naphthoflavone BNF n=20
oxfendazole OXF n=20  promethazine
hydrochloride =~ PMZ n=22
PMZ
MP 1000 ppm CRB
300 ppm LMG 1160 ppm BNF 10,000 ppm

OXF 500 ppm
PMZ 100 mg/kg body weight
PMZ
7 28 C0,/0,
CRB LMG
CRB LMG
MP CRB
BNF OXF
6
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PFA

PFA

4%

4% PFA

HE

Ki-67 p21°P'" Mad2

0.3%
30
pH 6.0
121°C 10
90°C
200
1000
Mad2 400

Laboratories, USA

10 mmol/1l
Ki-67
p21¢w! Mad2
10

Dako, Denmark
Abcam, UK
BD Transduction
4°C

Ki-67
p21

Vectastain Elite

ABC kit Vector Laboratories, USA

p-Histone H3 Ubd vyH2AX

121°C

10

Topolla

3,3°-

cleaved caspase 3

Topolla
p-Histone H3 Ubd vyH2AX 10 mmol/l

pH 6.0

cleaved caspase 3

target



4

retrieval solution 3-in-1 pH 9.0 Dako

121°C 10
0.3%
30
Topolla
400 Abcam p-Histone H3
400 Santa Cruz Biotechnology, USA
YH2AX 1000 Abcam
Ubd 500 Proteintech Group,
USA Cleaved caspase 3 500

Cell Signaling Technologies, USA

Vectastain Elite ABC kit Vector Laboratories
3,3°-

Ubd  Topolla p-Histone H3
Ubd
Vectastain Elite ABC kit Vector Laboratories
3,3’-
Topolla p-Histone H3

Vectastain Elite ABC-AP kit  Vector Laboratories
Vector Red Alkaline Phosphate Substrate Kit I

Vector Laboratories

Ki-67
p21°P" Mad2 Topollo. p-Histone H3 Ubd yH2AX
200 10

cleaved caspase 3 100

WinROOF

image analysis and measurement software

Ubd  Topolla p-Histone H3
Ubd  Topolla
p-Histone H3 Ubd
Topolla p-Histone H3

Bartlett
Bartlett

Dunnett’s multiple comparison test

Bartlett

Steel’s test

NIH
C.
1
3
Ki-67
PH TAA APAP ANIT
PMZ Fig. la
caspase 3
TAA PMZ
Fig. 1b
7
Ki-67

PH APAP ANIT
lc  Cleaved caspase 3
MEG TAA APAP
Fig. 1d

28
Ki-67

—15-

Cleaved

Fig.

ANIT



4

MEG TAA PMZ Fig.
le Cleaved caspase 3 28
MEG TAA Topolla
Fig. 1f PH MEG TAA PMZ
APAP Fig. 4a
p-Histone H3
3 MEG TAA PMZ
Topolla Fig. 4b
PH TAA ANIT MEG Ubd PH
PMZ Fig. 2a MEG TAA PMZ
p-Histone H3 APAP Fig. 4c
PH TAA ANIT Mad2
MEG PMZ Fig. 2b MEG TAA PMZ Fig.
Ubd PH 4d
TAA ANIT PMZ YH2AX
Fig. 2¢ MEG TAA PMZ Fig.
YH2AX 4e
PH TAA ANIT PMZ p21¢iP!
Fig. 2d MEG TAA  APAP Fig.
p21¢iP! 4f
MEG TAA APAP Fig.
2e Ubd  Topolla p-Histone H3
7 3
Topolla PH TAA ANIT
PH MEG APAP ANIT Ubd
Fig. 3a Ubd  Topolla p-Histone H3
p-Histone H3 p-Histone H3
PMZ PH MEG Ubd PH
APAP ANIT Fig. 3b Ubd
Ubd H p-Hlstone H3
MEG TAA APAP ANIT PH ANIT
Fig. 3¢ Fig. 5a Topolla
YH2AX Ubd TAA
PH APAP ANIT Fig. ANIT
3d Fig. 5b
216!
MEG TAA APAP ANIT 7
Fig. 3e 3 PH TAA  ANIT

—16—



Ubd
Topolla p-Histone H3
p-Histone H3 Ubd
Fig. 5¢
Topolla Ubd
PH TAA ANIT
Fig. 5d
28
MEG TAA
PMZ Ubd
Ubd  Topolla
p-Histone H3
p-Histone H3 Ubd
PMZ
Ubd p-Hlstone H3
MEG TAA
Fig. 5e
Topolla Ubd
MEG TAA
Fig. 5f
2
28
Ki-67
MP PMZ
Topolla
MP

p-Histone H3
MP PMZ
Cleaved caspase 3

MP

3 PH TAA ANIT

Ki-67 Topolla p-Histone H3 Ubd DNA

vyH2AX
p21¢w! TAA  MEG
APAP
cleaved caspase 3
TAA
7 PH MEG TAA
APAP  ANIT Ki-67 Topolla p-Histone H3
Ubd yH2AX
MEG TAA
APAP ANIT p21¢P! Cleaved
caspase 3
28
MEG TAA PMZ
Ki-67 Topolla p-Histone H3
Ubd yH2AX M Mad?2
p21Cipl Cleaved caspase 3 MEG
TAA
PMZ
3
28
p21°P" cyclin D/CDK4/6 cyclin E/CDK2
Rb

Xiong et al., 1993;
Harper et al., 1993; Niculescu et al., 1998
Nras%12V

p21Cipl

Kang et al., 2011



Ubd
p21¢w! M
Mad2
Lim et al.,
G//S 2006; Herrmann et al., 2007
p21¢w! 28
Ubd G, M
28 28
p21¢w! PMZ Ubd
G,
28
M
3 PH Ubd  p-Histone H3 PMZ 28
TAA ANIT Ubd  Topolla p21¢P!
Ubd G,
7 PH TAA
ANIT Ubd  p-Histone H3 PMZ
Ubd  Topolla
28 MEG PMZ
TAA Ubd  p-Histone H3
2
Ubd  Topolla MP
PMZ
Topolla G,/M 28
p-Hitone H3 M piperonyl
Woessner et al., 1991; butoxide
Adachi et al., 1997; Lee et al., 2004; Beekman et al.,
2006 TAA ANIT 3
TAA MEG 28
Ubd  Topolla 90
28
Ubd  p-Histone H3
Ubd G E.
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M., Mitsumori, K., Shibutani, M.:

Immunohistochemical cellular distribution of proteins
G//S related to M phase regulation in early proliferative

lesions induced by tumor promotion in rat two-stage

carcinogenesis models. Exp. Toxicol. Pathol.

66(1):1-11, 2014.

2.
Wang Liyun
G,/S M
40 40
P-194 p.S363
6 17-19 2013
F.
G.
1. 30
Yafune, A., Taniai, E., Morita, R., Nakane, F., Suzuki, 30
K., Mitsumori, K., Shibutani, M.: Expression patterns P42 p8& 1 30 -1 31 2014
of cell cycle proteins in the livers of rats treated with
hepatocarcinogens for 28 days. Arch. Toxicol. 87(6): H.
1141-1153, 2013. 1.

Yafune, A., Taniai, E., Morita, R., Hayashi, H., Suzuki,

K., Mitsumori, K., Shibutani, M.: Aberrant activation 2.

of M phase proteins by cell proliferation-evoking
carcinogens after 28-day administration in rats.

Toxicol. Lett. 219(3): 203210, 2013. 3.
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Fig. 1. Digtribution of Ki-67" and cleaved caspase 3" cdlsin theliver in rats after 3, 7 or 28
days from the start of treatment. Photomicrographs show distribution of Ki-67" and cleaved
caspase 3" cells in the liver of the representative cases from untreated controls and animals
treated with TAA or ANIT (&, b, ¢, d) and treated with TAA or PMZ (e and f). The graph show
positive cell ratios of hepatocytes per total cells counted in 10 animals in each group. Values
represent mean + SD. (a) Ki-67 (after 3 days), (b) cleaved caspase 3 (after 3 days), (c) Ki-67
(after 7 days), (d) cleaved caspase 3 (after 7 days), (e) Ki-67 (after 28 days), (f) cleaved caspase
3 (after 28 days). ™" P < 0.05, 0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 2

Fig. 2. Distribution of Topollo', p-Histone H3", Ubd", YH2AX" and p21“*'* cells in the
liver in rats after 3 days from the start of treatment. Photomicrographs show distribution of
Topollo', p-Histone H3", Ubd", yH2AX" and p21“?'" cells in the liver of the representative
cases from untreated controls and animals treated with TAA or ANIT. The graph show positive
cell ratios of hepatocytes per total cells counted in 10 animals in each group. Values represent
mean + SD. (a) Topolla, (b) p-Histone H3, (c) Ubd, (d) yH2AX, (e) p21°? P <0.05, 0.01

vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 3

Fig. 3. Distribution of Topolla’, p-Histone H3*, Ubd’, yYH2AX" and p21“""" cells in the
liver in rats after 7 days from the start of treatment. Photomicrographs show distribution of
Topollo', p-Histone H3", Ubd", yH2AX" and p21“?'" cells in the liver of the representative
cases from untreated controls and animals treated with TAA or ANIT. The graph show positive
cell ratios of hepatocytes per total cells counted in 10 animals in each group. Values represent
mean + SD. (a) Topolla, (b) p-Histone H3, (c) Ubd, (d) yH2AX, (e) p21°? P <0.05, 0.01

vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 4. Distribution of Topolla’, p-Histone H3*, Ubd’, Mad2, yYH2AX" and p21“"'" cells in
the liver in rats after 28 days from the start of treatment. Photomicrographs show
distribution of Topolla’, p-Histone H3*, Ubd®, yH2AX" and p21“P'" cells in the liver of the

representative cases from untreated controls and animals treated with TAA or PMZ. The graph

show positive cell ratios of hepatocytes per total cells counted in 10 animals in each group.
Values represent mean + SD. (a) Topolla, (b) p-Histone H3, (c) Ubd, (d) Mad2, (¢) yYH2AX, (f)
p21°P' " P <0.05,0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 5. Distribution of immunoreactive cell population of p-Histone H3 co-expressing Ubd
(Ubd/p-Histone H3), Ubd co-expressing p-Histone H3 (p-Histone H3/Ubd) or Topolla
co-expressing Ubd (Ubd/ Topolla) in the liver rats after 3, 7 or 28 days from the start of
treatment. Photomicrographs show distribution of Ubd/p-Histone H3, p-Histone H3/Ubd, Ubd/
Topolla in the liver in untreated controls and animals treated with TAA or ANIT (a, b) and
treated with TAA or ANIT (c, d) and treated with TAA or PMZ (e, f). Immunoreactivety of Ubd
(cytoplasm) and p-Histone H3 (nucleus) or Topolla (nucleus) is visualized as brown and red,
respectively. The graphs show Ubd-positive cell ratio (%) of proximal hepatocytes per total cells
immunoreactive with p-Histone H3 or Topolla, p-Histone H3-positive cell ratio (%) of proximal
hepatocytes per total cells immunoreactive with Ubd counted in 10 animals in each group.
Values represent mean + SD. (a) Ubd/p-Histone H3 or p-Histone H3/Ubd (after 3 days), (b)
Ubd/ Topolla (after 3 days), (¢) Ubd/p-Histone H3 or p-Histone H3/Ubd (after 7 days), (d) Ubd/
Topolla (after 7 days), (e) Ubd/p-Histone H3 or p-Histone H3/Ubd (after 28 days), (f) Ubd/
Topolla (after 28 days). *~ P < 0.05, 0.01 vs. untreated controls (Dunnett’s or Steel’s test).
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Fig. 1. Growth curves for male nrf2-deficient gpt delta mice treated with
NFT for 8 weeks.

*#%: Significantly different from the control group at p < 0.05, 0.01.
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Values are means +=SD.

*: Significantly different from the control group at p <0.01.



Table 1.

Body and kidney weights of nrf2-deficient gpt delta mice given NFT for

8 weeks.
Nef2** Nief2*
Control NFT Control NFT

(4 weeks)
No. of animals 4 4 4 3
BW 26.98 + 0.93 26.64 + 1.85 289 + 1.7 2747 + 2.57
Kidneys; absolute (g) 0.31 £ 0.01 0.31 £ 0.01 0.35 £ 0.04 0.35 £ 0.05

relative (g%) 1.13 £ 0.01 1.16 = 0.05 1.23 £ 0.13 1.27 + 0.07
(8 weeks)
No. of animals 4 4 4 4
BW 31.26 £ 0.92 29.06 = 1.41 * 31.59 + 1.62 28.76 + 0.78 *
Kidneys; absolute (g) 0.36 + 0.05 0.36 + 0.05 0.36 + 0.06 0.33 + 0.03

relative (g%) 1.15 £ 0.16 1.24 £ 0.10 1.16 £ 0.17 1.17 £ 0.14

* Significantly different from the relevant control

group at p<0.05.



Table 2.

gpt and Spi” MFs in the kidneys of nrf2-deficient gpt delta mice given

NFT for 8 weeks.
gpt assay Spi.assay
Cnfoolonics 6TGRand Mutant Plaques within ~ Plaques within Mutant Frequency
Genotype Treatment Animal No. s N Frequency Mean = SD XL-1 Blue MRA XL-1 Blue B J Mean + SD
w 109 Crf colonics ®10%) «105 MRA(P2) €109
w2 14.09 15 1.06 24.57 2 0.08
w104 9.86 6 0.61 6.39 1 0.16
Control (105 64.17 30 047 53.01 14 0.26
W106 10.49 10 0.95 0.77 + 0.28 10.17 2 0.20 0.17 + 0.08
H+
Nif2 w4 6.44 10 1.55 10.17 0.29
W5 11.70 19 1.62 12.51 1 0.08
NFT
WwI110 38.43 42 1.09 29.16 7 0.24
WIll 12.42 14 1.13 1.35 + 0.28 * 17.37 4 0.23 0.21 + 0.09
Ho5 17.87 12 0.67 18.99 2 0.11
Ho6 9.72 12 1.23 8.19 1 0.12
Control 157 12.56 9 0.72 12.60 2 0.16
Ho8 16.38 10 0.61 0.81 = 0.29 18.18 2 0.11 0.12 + 0.02
"
Nifz Ho9 9.99 31 3.10 21.51 4 0.19
Hol0 10.67 31 291 21.33 5 0.23
NFT
Holl 14.81 18 1.22 12.69 2 0.16
Hol2 9.14 18 1.97 2.30 + 0.88 * 17.37 4 0.23 0.20 = 0.04 *
MelQx Pl 8.24 60 7.29 7.47 10 1.34

* Significantly different from the relevant control group at p<0.05.



Table 3.
Body and kidney weights of male F344 rats of combined
administration of NFT with antioxidants for 2 weeks.

Kidneys
Treatment No. of animals Body weights .
() Absolute (g) Relative (g%)
Basal diet + Vehicle (MC) 3 205.9 + 10.2 1.46 + 0.11 0.71 + 0.02

Basal diet + NFT 3 178.7 + 3.78 1.34 + 0.03 0.75 + 0.00
NAC 1% +NFT 3 183.6 + 8.78 * 142 + 0.04 0.78 + 0.03"
NAC 2% + NFT 3 200.2 + 6.56 * 1.62 = 0.10 0.81 + 0.03*"#
SAA 1% + NFT 3 2045+ 75 * 1.49 + 0.04 0.73 + 0.01
SAA 2% + NFT 3 2024 + 119 * 1.58 < 0.10 0.78 + 0.01*"
aTP 1% + NFT 3 207.9 = 7.73 # 1.55 + 0.07 0.75 + 0.03
oTP 2% + NFT 3 1754 + 11.8 ™ 1.39 + 0.12 0.79 + 0.01*

" Significantly different from the control group at p<0.05, 0.01.
# # Significantly different from the NFT-treated group at p<0.05, 0.01.
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CYP inducer ROS
ROS
ROS NADPH oxidase
(NOX)
NOX 25
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Kalyanaraman, 2013
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2006 Liu et al., 2008
NOX
ROS
NOX  ROS
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2012
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ALT ALP
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Ki-67
active caspase-3
0.3% 30
Ki-67 10 mmol/1
pH 6.0 active
caspase-3 10 mmol/l
pH 9.0 121°C
10
Ki-67 50 Dako,
Denmark cleaved caspase-3 300

; Cell Signaling Technology, Inc.,Danvers, MA,
USA 4°C
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GST-P 1,000 Medical & Biological
Laboratories Co., Ltd, Japan GST-P
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Ki-67 active caspase-3
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6
real-time RT-PCR
Cyplal  Cyp2bl/2
Ngol Gpx2 NOX Cybb
(gp91phox/Nox2) Racl primer set
(Table 1)
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Bartlett
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multiple comparison test Bartlett

Steel-Dwass multiple
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(Table 5)
D.
PBO

PBO

DEN

DEN

APO

PBO

AST

NAC

DEN

APO

active

Ngol
PBO
NAC
NOX
Racl

27—

PBO CYPIA
CYP2B inducers
promotion

Kawai et al., 2010; Morita et al., 2013

ROS

ROS CYP
Hara et al., 2014 PBO
PTEN/Akt TGF-p/Smad

Tania et al.,

2009; Ichimura et al., 2010; Hara et al., 2014

ROS NOX
GST-P Ki-67
active-caspase 3
PBO NOX
ROS ROS
APO NAC
APO NAC
mRNA PBO
NOX Cybb (gp91phox/Nox2)
Racl
PBO NOX
Racl NOX2
NOX NOX2

NOXI, NOX2, NOX3, NOX4, DUOXI,
DUOX2

NOX4 TGF-B1
Carmona-Cuenca et
al., 2008
NOX2
PBO
APO NAC

APO  4-hydroxy-3-methoxyacetophenone



Apocynum cannabinum  Picrorhiza kurrora
NOX
Stefanska and Pawliczak,
2008
P 477Phox
H,0, MPO
APO 2

APO
p47"™*  thiol

APO PBO
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NOX
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Morita et al., 2013
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(Nishimura et al., 2009)
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(Shimamoto et al., 2011) GST-P
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PBO NOX
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NOX
NOX
NOX

Matsunami et al., 2010

APO

Lu et al., 2006

Sheedfar et al., 2013 NOX
NOX
NOX
NOX
E.
NOX

PBO NOX

F.

G.

1.
Morita, R., Yafune, A., Shiraki, A., Itahashi, M., Ishii,
Y., Akane, H., Nakane, F., Suzuki, K., Shibutani, M.,

Mitsumori, K.: Liver tumor promoting effect of

orphenadrine in rats and its possible mechanism of



action including CAR activation and oxidative stress. J.

Toxicol. Sci. 38(3): 403-413, 2013. Reiko Morita, Ayako Shiraki, Megu Itahashi, Kazuhiko
Suzuki, Makoto Shibutani, Kunitoshi Mitsumori:
Morita, R., Yafune, A., Shiraki, A., Itahashi, M., Akane, Modification of Combined Administration of CYP
H., Nakane, F., Suzuki, K., Shibutani, M., Mitsumori, Inducers in Rat Liver Tumor Promoting Activity. Nk
K.: Enhanced liver tumor promotion activity in rats European Congress of Toxicologic Pathology, Ghent,
subjected to combined administration of phenobarbital Belgium, P17, p.80, September 10-13, 2013
and orphenadrine. J. Toxicol. Sci. 38(3): 415-424,
2013.
CYP

2. 156 ,

) , ) , 156 B65,
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40 H.
40 P-67 1.
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28 p. 34( 3.
19),8 2628 2013
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Tablel. Sequencesof primersused for real-time RT-PCR

Gene Forward sequence (5'-3') Reverse sequence (5'-3")

Phase I drug metabolism enzymes

Cyplal GCCTTCACATCAGCCACAGA TTGTGACTCTAACCACCCAGAATC
Cyp2b1/2 GGGACACTGAAAAAGAGTGAAGCT AATGCCTTCGCCAAGACAAAT
Antioxidant enzymes

Ngol GCTCTATCGTGCTCGCATGA TCTTCTGTCACCCTGTGCTTGA
Gpx2 GTGTGATGTCAATGGGCAGAAT AGGGCAGCTTGTCTTTCAGGTA
NOX-related factors

Cybb AAGAAGAAGGGATTCAGGATGGA ACACTGCGGGACGCTTGA

Racl TCTCCTACCCGCAAACAGAC CGGGTAGGTAATGGGAGTCA

Housekeeping gene

Actb CCCTGGCTCCTAGCACCAT AGAGCCACCAATCCACACAGA




Table2. Body and organ weights, daily food, water and estimated chemical intakes of rats given PBO,
APO and/or NAC for 8 weeks after DEN initiation

Groups DEN-alone PBO APO NAC PBO+APO  PBO+NAC

Number of rats 12 11 12 12 15 10
Final body weight (g) 279.9+13.9 205.1+7.4" 285.6+18.8 269.9+152  206.6+12.3" 194.6+14.7"
Food intake (g/rat/day) 12.7+0.9 11.7£2.4 12.9+1.0 12.1+1.1 11.7£2.5 11.5+£2.6
Water intake (g/rat/day) 17.1£1.5 15.6+2.4 18.0£1.5 13.9£3.2 15.942.6 12.8+3.1
PBO intake (mg/kg BW/day) - 37.63+2.15 - - 37.28+2.77  35.45+2.82
APO intake (mg/kg BW/day) - - 0.95+0.08 - 0.64+0.06 -
NAC intake (mg/kg BW/day) - - - 8.32+0.70 - 6.00+£0.49
Absolute liver weight (g) 8.89+0.55 12.19+0.82" 8.96+0.75  8.94+1.25 12.61+1.21"7 11.31+1.08"
Relative liver weight (% BW) 3.17+£0.11  5.94+0.317 3.13+£0.08  3.32+£0.54  6.10+0.43" 5.81+0.19"

Values are expressed as mean + SD.

"P<0.05 or P <0.01 compared with control group (Dunnett’s or Steel’s test).



Table3. Theresult of blood biochemistry of rats given PBO, APO and/or NAC for 8 weeks after DEN

initiation

Groups DEN-alone PBO APO NAC PBO+APO PBO+NAC
Number of rats 12 11 12 12 15 10

Total protein (g/dl) 6.62+0.22 7.42£0217  6.73£0.26 6.72+0.23 7.66+0.36"  7.52+0.30"
Albumin (g/dl) 4.73£0.16 5.55+0.18"  4.75+0.13 4.74+0.13 5.64+0.14"  5.62+0.19"
AST (GOT) (IU/I) 69.08+£5.05  60.64+559"  69.50+3.48  68.36+4.06 61.71+£5.65°  59.00+8.51"
ALT (GPT) (1U/I) 43.83+4.15 43554339  44.25+437  4558+11.97  45.07+3.38 44.20+3.85
ALP (1U/]) 937.92+£70.30 951.00+£82.39 936.75+84.79 1020.58+249.03 972.07£167.62 896.90+74.38
Creatinin (mg/dl) 0.34+0.05 0.30+0.04 0.33+0.05 0.32+0.04 0.30+0.00 0.29+0.03

Urea nitrogen (mg/dl) 1575+1.48 2236+1.12" 15.83+1.11 14.83+1.03 21271397 23.50+1.58"
Glucose (mg/dl) 192.75+£27.64 147.45+17.87" 199.00+£34.47 176.50£27.58 139.13+21.54" 140.10+18.45"
Triglyceride (mg/dl) 13433+£25.00 30.91+£6.24™ 112.33+£19.98 104.92+22.66  38.93+38.56" 24.60+4.84"

Total cholesterol (mg/dl) 68.83+3.13  103.18+7.26™ 74.67+4.31°  78.67+16.00° 110.40+14.70" 111.10+6.69"

Values are expressed as mean + SD.

"P<0.05 or P <0.01 compared with control group (Dunnett’s or Steel’s test).



Table. 4. GST-P-positivefoci, and Ki-67 and TUNEL positive cel ratioin theliver of rats given PBO,
APO and/or NAC for 8 weeks after DEN initiation

Groups DEN-alone PBO APO NAC PBO+APO  PBO+NAC
Number of rats 12 11 12 12 15 10
GST-P positive foci
Numbers (No./cm?) 8.04+2.53  23.79+8.75" 7.97+1.66  8.46+2.15 17.82+4.22" 17.85£3.59"
Areas (mm?/cm?) 042+0.14  1.82£0.69" 042+0.08  0.41£0.12  1.66£0.75" 1.75£0.72"
Ki-67 positive cells (%) 4.89+0.55 12.19+0.82" 4.96+0.75  5.04+125 12.61+1.217 11.31+1.08"
Caspase-3 positive cells (%)  1.17+0.11 3.94+0.317  1.13+0.08 1.3240.54  4.10+£0.43"  3.81+0.19"

Values are expressed as mean + S.D.

"P <0.01 compared with control group (Dunnett’s or Steel’s test).



Table5. Changesof transcript expression in theliver of rats given PBO, APO and/or NAC for 8 weeks

after DEN initiation

Group
Genes DEN-alone PBO APO NAC PBO+APO PBO+NAC
Drug metabolizing
enzymes
Cyplal 1.03+£0.31  330.19+116.78" 1.02+0.33 1.19+0.64 352.45+104.01" 348.38+284.67"
Cyp2b1/2 1.03£0.29  298.74+21.86"  1.06+0.29 1.08+0.63 283.34+30.41"" 279.17+39.42"
Antioxidant enzymes
Nqol 1.01£0.12 4.69+0.53" 1.08£0.10 1.20+029  6.93+1.68" 6.10£1.68"
Gpx2 1.03+0.27 4558+5.81"  0.84+0.09 4.51+8.07 48.30+7.54" 40.31+7.23"
NOX-related factors
Cybb 1.01+0.15 0.98+0.15 1.1640.26  1.52+0.84  1.24+0.36 1.60+0.15
Racl 1.01+0.13 1.01+0.04 1.01£0.07 1.13+020  0.99+0.16 1.04+0.13

Values of mRNA expression level (normalized by Actb) are expressed as mean £ S.D. (N=6).

"P <0.01 compared with control group (Dunnett’s or Steel‘s test).
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