25

ROS

CYP inducer (ROS)
CYP inducer ROS
ROS
ROS NADPH oxidase
(NOX)
NOX 25
N-diethylnitrosamine (DEN) 2 piperonyl butoxide(PBO) NOX
(Apocynin; APO) (N-acetyl cystein; NAC) 8
1
PBO glutathione
S+transferase placental form Ki-67 active caspase-3
APO NAC real-time RT-PCR
PBO APO NAC
PBO NOX
A.
CYP inducer
ROS
cytochrome P450(CYP) ROS
( CYP inducer )
CYP inducer ROS
CYP NADPH oxidase(NOX) NOX
(ROS) gpglphOX’ p22PhOX p47phox’
p67°", p40P", Rac
(Kuwata et
al., 2011; Shimamoto et al., 2011; Morita et al., 2011;
Tawfeeq et al., 2011; Hayashi et al., 2012) NADPH
ROS NOX
DNA

superoxide dimustase
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Fenton

myeloperoxidase

Kalyanaraman, 2013

NOX
Thakur et al.,
2006 Liu et al., 2008
NOX
ROS
NOX  ROS

TGF-B1 (Boudreau et al., 2012)
NFkB (Wang et al., 2011) Wnt/B-catenin (Kato et al.,

2012) PI3K/Akt (Huang et al., 2012)
MAPK
Wnt/B-catenin/TCF TCF
FOXO
(Parody et al., 2009,2010)
NOX

Block and Gorin,
2012

(DHP)
90

glutathione Stransferase placental form GST-P

NOX2 mRNA
NOX2
(2-
)(DEHP) DEHP PPARa

GST-P
NOX
NOX

receptors-activated receptor a(PPAR«)
Wy-14643
NOX RO

p47°%  null

peroxisome

agonist

S
NOX

Rusyn et al., 2000
Wy-14643

NOX

2007
NOX
NOX ROS

piperonyl butoxide(PBO)
NOX

6 F344

N-diethylnitrosamine (DEN)
PBO 15,000 ppm
(Apocynin; APO, 250 ppm)
(N-acetyl cystein; NAC, 3000 ppm)

8
APO NAC
3
PBO
GST-P
APO
PBO APO NAC
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Woods et al.,

NOX

NAC



AST
ALT ALP
-80°C
4%
GST-P
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
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
(Table 1)
p
Bartlett
Tukey’s
multiple comparison test Bartlett

Steel-Dwass multiple

comparison test



1 NAC 2
PBO
(Table 2)
PBO
NAC
DEN
APO NAC
APO
DEN
(Table 3)
(
GST-P
PBO
NAC
(Table 4) Ki-67
caspase-3 PBO
APO NAC
(Table 4)
Real-time RT-PCR
Cyplal  Cyp2bl/2
Gpx2 DEN
APO
Cybb (gp91phox/Nox2)
(Table 5)
D.
PBO

PBO

DEN

DEN

APO

PBO

AST

NAC

DEN

APO

active

Ngol
PBO
NAC
NOX
Racl
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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
APO
PBO
NOX
PBO
GSH/GSSG
GSH
Gpx2 mRNA
Morita et al., 2013

APO NOX NAC

NAC
(CYP4A inducer)

PPARa

(Nishimura et al., 2009)
CYPI1A 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
CYP1A inducer PBO
NAC
PBO NOX
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PBO NOX
NOX
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,

, , , Phenobarbital p-223,9 20-22 ,2013

(PB)  Piperonyl butoxide (PBO)

40 H.
40 P-67 1.
p-S300 6 17-19 2013

CYP
28
28 p. 34( 3.
19),8 2628 2013
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