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Fig. 2

Fig.2.  Distribution of Ki-67*, p-Histone H3*, TOP2A*, UBD" and cleaved caspase 3" hepatocytes in the liver
of rats after 2 weeks of post-initiation treatment with hepatocarcinogens, hepatocarcinogenic tumor promoters or
non-carcinogenic hepatotoxicants. Photomicrographs show the distribution of immunoreactive cells in the liver
of representative cases from the DEN-alone, DEN+BNF or DEN+APAP. The graphs show mean positive cell
ratios per total hepatocytes counted in each animal of DEN-alone (N=10), DEN+BNF (N=10), DEN+CRB
(N=10), DEN+LMG (N=10) and DEN+APAP (N=9). Values represent mean + SD. (A) Ki-67, (B) p-Histone H3,
(C) TOP2A, (D) UBD, (E) cleaved caspase 3. Bar = 100 pum (A-D) or 200 pm (E). * P <0.05, ** P <0.01 vs.
the DEN-alone group (Steel’s test).
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Fig.3.  Distribution of Ki-67%, p-Histone H3*, TOP2A*, UBD" and cleaved caspase 3™ hepatocytes in the liver
of rats after 4 weeks of post-initiation treatment with hepatocarcinogens, hepatocarcinogenic tumor promoters or
non-carcinogenic hepatotoxicants. Photomicrographs show the distribution of immunoreactive cells in the liver
of representative cases from the DEN-alone, DEN+BNF or DEN+APAP. The graphs show mean positive cell
ratios per total hepatocytes counted in 10 animals of each group. Values represent mean + SD. (A) Ki-67, (B)
p-Histone H3, (C) TOP2A, (D) UBD, (E) cleaved caspase 3. Bar = 100 um (A-D) or 200 um (E). * P <0.05, **
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P <0.01 vs. the DEN-alone group (Steel’s test).
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Fig. 4.  Ratio of p-Histone H3* cell per total Ki-67" hepatocytes in the liver of rats after 2 or 4 weeks of

post-initiation treatment with hepatocarcinogens, hepatocarcinogenic tumor promoters or non-carcinogenic
hepatotoxicants. Number of animals examined was 10 for DEN-alone, DEN+BNF, DEN+CRB, DEN+LMG and
9 for DEN+APAP at week 2 and 10 for all groups at week 4. Values represent mean + SD. (A) p-Histone
H3*/Ki-67* cell ratio at week 2, (B) p-Histone H3"/Ki-67" cell ratio at week 4. ** P <0.01 vs. the DEN-alone
group (Dunnett’s test).
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Fig. 5
Fig. 5.  Incidence of hepatocytes expressing p-Histone H3 or TOP2A in UBD* populations in the liver of rats

after 2 or 4 weeks of post-initiation treatment with hepatocarcinogens, hepatocarcinogenic tumor promoters or
non-carcinogenic hepatotoxicants. Photomicrographs show the distribution of immunoreactive cells in the liver
of representative cases from the DEN-alone, DEN+BNF or DEN+APAP. The immunoreactivity of UBD
(cytoplasm) is visualized as brown, and that of p-Histone H3 (nucleus) or TOP2A (nucleus) as red. The graphs
show the incidence ratio of p-Histone H3- or TOP2A-positive cells (%) per total hepatocytes immunoreactive to
UBD. Number of animals examined was 10 for DEN-alone, DEN+BNF, DEN+CRB, DEN+LMG and 9 for
DEN+APAP at week 2 and 10 for all groups at week 4. Values represent mean + SD. (A) p-Histone H3*/UBD"*
cell ratio at week 2, (B) TOP2A*/UBD* cell ratio at week 2, (C) p-Histone H3*/UBD* cell ratio at week 4, (D)
TOP2A*/UBD™ cell ratio at week 4. Bar = 100 pm. * P <0.05, ** P <0.01 vs. the DEN-alone group (Dunnett’s
test).
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Fig. 6.  Number and area of GST-P* liver cell foci in the liver of rats after 6 weeks of post-initiation treatment

0

with hepatocarcinogens, hepatocarcinogenic tumor promoters or non-carcinogenic hepatotoxicants. Number of
animals examined was 14 for DEN-alone, 15 for DEN+BNEF, 16 for DEN+CRB, 16 for DEN+LMG and 15 for
DEN+APAP.™ P <0.01 vs. the DEN-alone group (Steel’s test).



Table 1. Antibodies used for immunohistochemistry

Antigen Abbreviated Host Clone name Dilution Antigen Manufacturer
name species retrieval (City, State, Country)
Cleaved caspase 3 - Rabbit Polyclonal 1:500 Autoclavingin  Cell Signaling
(Aspl75) target retrieval ~ Technology, Inc.
solution (Danvers, MA, USA)
Glutathione S-transferase ~ GST-P Rabbit Polyclonal 1:1000  None Medical & Biological
placental form Laboratries (Nagoya,
Japan)
Ki-67 antigen Ki-67 Mouse Monoclonal 1:200 Autoclavingin ~ Dako (Glostrup,
(MIBLI5) citrate buffer Denmark)
Phosphorylated histone H3 Phospho- Rabbit Polyclonal 1:400 Autoclaving in  Santa Cruz
(Ser10) Histone H3 citrate buffer Biotechnology, Inc.
(Santa Cruz, CA,
USA)
Phosphorylated MDM?2 p-MDM2 Rabbit Polyclonal 1:400 Autoclaving in  Cell Signaling
(Ser166) target retrieval ~ Technology, Inc.
solution
Topoisomerase IT alpha TOP2A Rabbit Monoclonal 1:400 Autoclavingin  Epitomics, Inc.
(EP1102Y) citrate buffer (Burlingame, CA,
USA)
Ubiquitin D UBD Rabbit Polyclonal 1:400 Autoclavingin  Proteintech Group,
citrate buffer Inc.

(Chicago, IL, USA)

Antigen retrieval was applied for immunohistochemistry. Retrieval conditions were either autoclaving at 121°C for 10 min in

10 mM citrate buffer (pH 6.0) or in target retrieval solution (3-in-1; pH 9.0, Dako).



Table 2. Sequence of primers used for real-time RT-PCR

Gene Accession no. Forward primer (5'—3") Reverse primer (5'—3")
Cdinla  NM_080782 ACCAGCCACA GGCACCAT CGGCATACTT TGCTCCTGTG T
Chekl NM_080400 TGGCAGCTGG CAAAGGA AATCCCAGTC TTCCACAAAA GG

Mad2l]  NM_001106594 ACAGCCACTG TGACATTTCT ACCA CCCGATTCTT CCCACTTTTC A
Mdm2 NM_001108099 GAAGGAGGAC ACACAAGACA AAGA ATGGCTCGAT GGCGTTCA

RbI2 NM_031094 AAGTGAATCG CCTGCAAAAA G CTCGGTCATT AGCTACATCT TGGA
Ip53 NM_030989 CCCTTCACTG CCTTTTTTTA CCT GCCAGGAACC AGTTTGCATA G
Housekeeping genes

Actb NM_031144 CCCTGGCTCCTAGCACCAT AGAGCCACCAATCCACACAGA
Gapdh NM_017008 GGCCGAGGGC CCACTA TGTTGAAGTC ACAGGAGACA ACCT

Abbreviations: Actb, actin beta; Cdknla, cyclin-dependent kinase inhibitor 1A; Chekl, checkpoint kinase 1; Gapdh,
glyceraldehyde 3-phosphate dehydrogenase; Mad2ll, MAD2 mitotic arrest deficient-like 1 (yeast); Mdm2, MDM2
proto-oncogene, E3 ubiquitin protein ligase; RbI2, retinoblastoma-like 2; RT-PCR, reverse transcription polymerase chain

reaction; 7p53, tumor protein p53.



Table 3. Relative transcript levels in the OSOM of rats treated with NFT, ADAQ, TCP or CBX at day 3,
day 7 and day 28

Gene Relative transcript level normalized to Actb Relative transcript level normalized to Gapdh

NFT? ADAQ*® TCP® CBX® NFT* ADAQ® TCP*? CBX?
Day 3
Cdimla 411£1.69°  1.35%035  4.79+0.69” 2.38+0.42" 2.60+0.95™ 3.85+0.48™ 4.25+0.54" 2.17+£047"
Chekl 1.46+0.18" 0.71+0.12°  1.55+0.21" 1.42+0.19" 0.94+£0.16  0.67+0.07" 1.25%0.19° 1.30+0.26"
Mad2l1 1.23£0.19°  0.77+0.17°  1.45%0.15™ 1.27+0.11" 0.80+£0.19  0.73%£0.13  1.17+0.16  1.14=0.01
Mdm?2 120£0.19  1.41+022" 2.13%021" 1.79+0.17" 0.78+0.18"  1.33+0.09" 1.71£0.12" 1.63%0.21"
RbI2 127021 1.20+0.15  1.45x0.18" 1.20+0.07 0.85£0.31  1.13%0.03  1.17£0.14  1.09%0.13
Tp53 1.20£023  1.30+0.18  1.42+0.13"  1.79+0.35™ 0.77+0.11°  1.24x0.20  1.15+0.16  1.64+0.43"
Day 7
Cdknla 1.99£0.46°  0.45%0.16" 2.32+0.62"  0.89+0.10 1.49+0.34  0.38+£0.13"  1.85+0.51"  0.83+0.12
Chekl 2.08+0.47"  0.89+0.13  2.22+0.28" 1.25+0.18 1.56+£0.35™ 0.76+0.13  1.78+0.30" 1.17+0.17
Mad211 1.37+0.18™  0.98+0.05  1.35+0.13" 1.13+0.14 1.03+0.14  0.83+0.05° 1.08+0.16  1.05+0.14
Mdm2 1.18£0.15  1.52+0.10" 1.98+0.23™ 1.47+0.07" 0.89+0.10  1.29+0.11" 1.58+0.21™ 1.37+0.11"
RbI2 1.03+£0.21 1.30£0.05™  1.45+0.10™ 1.23+0.09 0.77+£0.12°  1.11%0.09  1.16+0.18  1.15%0.14
Tp53 1.50+0.26™  1.53+£0.11"  1.68+0.18" 1.58+0.18™ 1.13£0.21  1.30+0.08"  1.35+0.19™ 1.47£0.18™
Day 28
Cdknla 128+£0.61  0.51+0.08” 4.30=1.16" 1.36+0.33 0.93:0.41  0.49£0.06™ 4.27+131" 1.41£0.58
Chekl 1.44£0.48°  1.23£0.19  2.02+0.30" 1.84+0.25" 1.02£024  1.18+0.16  2.00+0.39" 1.89+0.57
Mad2l1 1.17£032  1.25%0.11"  1.20+0.13"  1.38+0.09™ 0.84£0.15  1.20£0.08  1.19+0.16  1.40%0.27"
Mdm?2 0.96+0.16 1.40£0.117"  1.68+0.16" 1.38+0.09" 0.70£0.10"  1.36+0.14™ 1.67+£026" 1.40+027"
RbI2 0.97+£0.28  1.10+£0.06  1.14x0.03° 0.99+0.12 0.70£0.17"  1.06£0.09  1.13x0.13  1.00=0.19
Tp53 1.10£0.13  1.2440.12°  1.27+0.13"  1.50+0. 09" 0.80+0.11  1.20+0.14  1.25%0.07° 1.520.27"

Abbreviations: 4ctb, actin beta; ADAQ, 1-amino-2,4-dibromoantraquinone; CBX, carboxin; Cdknla, cyclin-dependent
kinase inhibitor 1A; Chekl, checkpoint kinase 1; Gapdh, glyceraldehyde 3-phosphate dehydrogenase; Mad2l1, MAD2
mitotic arrest deficient-like 1 (yeast); Mdm2, MDM?2 proto-oncogene, E3 ubiquitin protein ligase; NFT, nitrofurantoin; Rb/2,
retinoblastoma-like 2; OSOM, outer stripe of the outer medulla; TCP, 1,2,3-trichloropropane; Tp53, tumor protein p53.
2n=6.

®Values represent relative expression levels expressed as mean =+ SD.

* P <0.05, ** P <0.01 vs. untreated controls (Dunnett’s or Steel’s test).



Table 4. Final body weight and liver weight of rats after treatment with hepatocarcinogens,

hepatocarcinogenic promoters or non-carcinogenic hepatotoxicants at the post-initiation phase

Group Number of Final body Liver weight
animals weight (g) Absolute (g) Relative (g/100g BW)
Week 2
DEN-alone 12 207.7+10.7 6.59+0.36 3.18+0.11
DEN+BNF 11 172.1+16.6%* 8.89+1.50** 5.13:£0.42%*
DEN+CRB 11 182.8+£13.5%%* 6.79+0.67 3.71+0.19%*
DEN+LMG 12 171.2£8.2%% 6.77+0.39 3.96+0.12%*
DEN+APAP 9 183.0:£11.7%* 6.63+0.67 3.62+0.19%*
Week 4
DEN-alone 11 246.9£9.9 9.03+1.13 3.67+0.52
DEN+BNF 12 218.0£15.4%* 13.87+1.69%* 6.35+0.40%*
DEN+CRB 11 219.3£12.5%* 8.72+£0.46 3.98:+0.11%*
DEN+LMG 11 218.2+7.5%* 10.17 £0.54%* 4.66%0.15%*
DEN+APAP 11 228.6+:12.8%* 8.71+0.50 3.96+£0.52%*
Week 6
DEN-alone 14 279.9+7.5 8.94+0.45 3.19+0.15
DEN+BNF 15 258.0+£10.5%* 13.94£1.09%* 5.40£0.34%*
DEN+CRB 16 240.6+15.2%%* 9.29+0.69 3.77+0.16%*
DEN+LMG 16 240.6+7.9%* 10.79£0.43** 4.49+0,10%*
DEN+APAP 15 257.7+£11.9%* 9.68 £0.54%* 3.76 £0.12%*

Abbreviations: APAP, acetaminophen; BNF, B-naphthoflavone; CRB, carbadox; DEN, N-diethylnitrosamine; LMG,
leucomalachite green.
Values are expressed as mean = SD.

* P <0.05, ** P <0.01 vs. DEN-alone group (Dunnett’s or Steel’s test).
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HOBLA N REAZE= b uEoBEORR L
T = b7 I B OAEOIEEEERKREE
By LB LNE RS,

E. %

Nrf2 RE R gpt delta < 7 R 72 & DN F DB
~OD 13 BE DO NFT DEEICE Y, B{EX L RIZ
ot LEERZ R R N2 R XKIE~ 7 2 TR W TR
{LH) DNA BIE L~ LR L, BIFEEOHET
N2 R~ U ADH TEIBIZBIT D invivo ZEEIR
HERBEHERRERLTNADZ b NFT O#EEE
PERBUEF I EA FLABEET 22 L35
MEipolz, NFEOBRA bV AEEABFICIT, =
Fa 77 EEOMEDEFRENKRE {EETD
A REME DS RIR S Tz,

F. RS
Bz L

G. FFFpR

G-1. FERE

AREER, A BAR T RE W, LR,
RESER, MIAETF, BHES: BEPIALR=
077y M OBEEERBMF BT 58{EA
P ADBEE BAEEESAITES 8 42 BEIRE,
FI. 2015.6.29-7.1

G-2. FEERX
2L

H. FHMEEMHED HERE - B&EIRI
L
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Nifzer Nif2-
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Nifz++ Nif2-
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- P ” e ) M <43l\Da

Fig. 1. (A) Change in the mRNA levels of Ngo! gene in the kidneys of Nr/2 ** or Nrf2 - gpt delta mice
treated with NFT or NFA for 13 weeks. Data were normalized to GAPDH mRNA levels. (B) Western
blotting analysis of NQO1 in the kidneys of Nrf2 ** or Nrf2  gpt delta mice treated with NFT or NFA

for 13 weeks.
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Fig. 2. 8-OHdG levels in the kidneys of Nrf2 */* or Nrf2 7~ gpt delta mice treated with NFT or NFA

for 13 weeks.



BAEGBRFMERMEHNE (REOREFRERIEENIERE)
‘ ' SHERFEREE (PR 27 £K)

O L e N i R
S FARRIERRRE : FE3E 08 AR S LA

SRS EE OB FRURTREREG R B AR s

HrRE S

Fx ik o CleRYHEERFHEA] (CYPinducer) 1LV BEEA SN B IEMEEEEFE(ROS) M ATR M AR
| EBRRICEET AFEEE R L TER, LHL, CYPinducer ThHoTHIZ Y —ATROS ZEALEL
ROGE R ROS EEANBEA P U ADERIZER S 2 WEAE THHRPABEERANRR LN Z XD
V. TOBWFRIHEIC 2> TWRY, £ THEL I 71 Y —5 ROS EAJRTH S NADPH oxidase
(NOXNZHEE LT, T v MFENAREBRIZE O TSR TIE 2 K7 T IR B BRI AT ~D
NOX DR EEKF Lz, T v b ZEBBEENATT V&V, N-diethylnitrosamine (DEN) % [EiENEE L,
2 % SIFEEME & L C dimetridazole (DRZ) % Bl & 2 id NOX BAZEA|(Apocynin; APO ; /K #
Gy O L CIREER 5% 78T o7z, REREIREFR, & NOX BEZHEET 2 OBEEHEAR 2 G L.,
KIBRD b OFFIE~DORIERE KSR % B L LT dextran sulfate sodium (DSS, 1.5%) % 3AERBALS 5 H
2B 5 BEBKEEL, BEORBRZ —BEICHER L, FEEWEERE | BRRICEREICEVES T
YIBRZIT o7z, BEHMK TRICIIEZ B L, MIRAE(ZORE L FEET D L, FiEEzER L., 7
BEAH RS AR R I QN S MU L2 RORAT 21T o 7o, mBAfRRNC & 0 Mg ERER . RRRART. FFREE (X
BT EBE AT OLENCI L, ATDS APZEIEIED glutathione S-transferase placental form(GST-P)R5 4R 58 43
HL, KB GST-P BIEMIRN O Ki-67 3TN NOX BEE4yF p22phox MMM AN Uiz, £/,
| NOX B [HF Poldip2 mRNA DOEFEMNL SN, DRZ BEIZ X VMR L X T o — Lo & i
KALD GST-P BEHEMBER B L7edd, FRILITFOKRE S0 GST-P BRI HEM L, APO OFERIZ

X0 2 o OEIEIE S, HFD e RO DSS SLESF FIi VT, DRZ i NOX BIEMEDRE L
HERE L AEETEH DD NOXEFRIRATHRD ABEER 2R 2 L ARl E i, '

A. BFEEBE Y

FFHRBAE 0 LI BT 2 T AR IS O I
LB ABRTEOO L2 TH Y . BeMFED
IS h T OMERRARLE L RS EEERTH B,
CEE. LEWEITERNICERSNS &, R
i %5 1K OBE % Ml B Cytochrome P4SO(CYP)
iC E 0 BETFHORISREYICERS L, Thick
BRI AT B 72 A TR DR A
ADBl& & L7 n l ERERBIZAONTNS, £
DB, CYP 1237 m Y — A (HE/MEE) oRmE
o THEEIND D, KB V-V TIIAFHEIER

L LTHRH &b, Z0OX 5 RIEREZRTEDAG

BERFEANICYPOFELEAL LTI Y —
DT RT D IESEBREREROS)DEAEMB I OEN
WK DBRMEA P UARBEZERETDHZ LI L VIR
25 AARKENE A % 7R 9728 (Kuwata et al., 2011;

' Shimamotb etal, 2011; Morita et al., 2011; Tawfeeq et

. al., 2011; Hayashi et al., 2012),
EWESE S 2 L OLFEME O ZEMERBRIZB W T,

A=A IN,S:-)i N
ROS FEAI NTEMEA b LARKT L HE#E LTk
HaEhs & IR 59, ROS OIS T 53N B
(N B B T IR AR B D4y TR 2RO O R IR
BRD BTN D,

AW TIE. EHEBEE (ROS) EARSE LTUE
EH T& % NADPH oxidase(NOX)IZ% B L THF#EN
MREMFF OBIAZ1T > 12, RO T, 37
v a— LRI ERT R (NASH) 00 A L APERFZ
[TV B AFRRHEIE DAL NOX 3B 5 Z & 23R
Lkl o255 (Paketa,2014), FREIA
RAEVER 28 L2 E OFFiE~ D EEICB O T
NOX [ZBE - 2 HFFITIT & A BT TV,
NOX iIfEE BB DEEZRE G4 T, NADPH #4F N
T—L LT, G FRBEENOA——FFT REB
Bt KR %2 FEAT 5, HLFE TIL.NOXI~5,DUOXI
BIU20TEOSFEIMONTEY, HMAYAR
NOX & L THIESEDRY A IRET 2R~ 7
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|7y -k EOFERMIICEE LTV D NOX2
(gp9lphox) 23Fb KL{AMBN TV D, NOX2 37l
YT 2=y bk LT, p22phox, pd7phox, p67phox
F LU Rac #F L THY | p22phox % LN NOX 1
~4 TEREEX BB Ta=y Mo R 2EEEE
HERL LT3, FFIECIE, NOX1, 2 38 5 08 4 23 fFHE
R, BRI RN, FTEMAE (A 12, NOX2
D37 woS—HERE, EPER. U oosERR Eo R lEkic
FEHE LTV B, AEHS 5\ S EMEOFRIT L
b D NOX BEESFEEZIT. Zhicd»>T
FEA SN D ROS D3k 2 7 MRSy F 2 885/
WIEM LT 5, ZO—EOY T FIREILL -,
TR L CIIfEMIROMEAE, EE, R0 7 R
P RERFEIN, o, DAMBIZEBNTY
) LAREEN, MEOB ML £, BE, &
B MEHAEICEET 5 2 & HVRIE ST 5 Block
and Gorin, 2012),
AT, PR AABEBIRIC 51 5 NOX
CBEEEMZET A H D . TV — VERERAMERT
P& (NAFLD) &7 /VIZEE Lic, B isii
Bt 5% %52 LTt O NAFLD [ZHEL Li-iRiE%:
Vel 2 = LT, ZHUCBIE LT NOX ORE
TLE L IR E B (LA A b4 (Matsunami et al., 2010) |
NOX FLEH|TH 5 apocynin (APO) 541z X v AFHE
BSAE NI T 5 Z LA RES LTS (Luetal,
2006), NAFLD i3, NASH 0 Uizt < FFRRHEE 2
BTCIHFREB AW DETHERBTH Y, BEZD
FABEE OB FOFRADY 27 L1252 &
PERE STV S (Sheedfar etal., 2013), NOX 23E8
HETo{LFEYEREGDEEL LT, peroxisome
. receptor-activated receptor o (PPARa)? agonist TH 5
Wy-14643 23, 7 v 73—l BT 5 NOX JrTEtED
ROSEAIZ X 0 Pl OIS 2 5HE S5 2 &4
RENTHBAR (Rusyn .et al., 2000) . PPARo agonist
D\%®4EP$%E?§§§%@}3%7§§}ui@%&:jﬁ RA)
NOX OBEEIIFHTH D,
| OMEEEET. BISNAETE RO IR E T LR S
v MEZBMRERAET CER L. FRSAWE
C & % malachite green (MG)IZ X 2 FF R 43 AMRHEVE A

IR 5 NOX HEAIO ARG HET Lz, 20
HE . NOX HA (KO T Tib 5 p22phox o Bl
TOADARERENBIE S, FRIEEREER
DA DITRR SN DRERIPE DT, REE T,
AR L mIRRAEIRHGEE D 2 BRI OHERIZ L D i
AT « BF ZBeBEFE 2N A 71 & T RHTR 08
MEORRE ETA. & bIKBEETF A L O
lZED K%?/I/@%fﬁ{b%*ﬁeﬁ L7z, Dextran sulfate
sodium (DSS) D#AEEIC & B KIBEET it
b DHRFEMEIGIR B & Z I HD < RIBDS A DFFERF
eV IR < FIF & T B (Clapper et al., 2007), B g
FAEHEEE~ 7 A DDS #EIC X W KIBREFHH L
BT, KIBRIC X APV RRI S H T4
RO & 2 O JER L OB L OB R
BHHLNTWS (Cabele etal, 2011), PE- T, Fx
DHED TV BAEHART « IF ZBEBR N AT T MRS
RETNEMAMT ST & T NAFLD 22 b X b [ZH#EfT
LIEfFREBETAVEBETE L EEREL T, 2
DETFNLEZFALT, HBEWE LS UCTREEA - IF
BEMH dimetridazole (DRZ) DHFIRICE X % 8%
W DWTHRET LT,

B. BFEJ5¥
EUL//ES

FEBR1 L 21CHITTEBLE,

EB 1 6 BEOBEMEF344 7 v b (AAZ 2L
—. &) AV, BISFFET VRO L B
BEFENATTIVEREIT 72, RBREBIERICA =3
T — & —T#& % N-diethylnitrosamine (DEN; 200
mg/kg) & MEMENEE L, BT, SiE R
(D12451, Natural Diet 1-8%) ZE#\Z456F L (HFD
BE) . STRREE (CTL AP WCIXEHEAROLE 527,
TG 2 OBk LEER 3 B2 2/3 S0 LD
BREIT-o 7,

EBR 2 EB 1 L FEEC 6 BEOREM F344 T v b
2RV, BEFET V2R L ZEBEPATT
AT, HiBES 2 D DREEW BRI & 5 I EEHR
EHBNC, KBRET VE—BEICER L, i
ARt 2 52 2RRERICIN 2, BIEEEE 525 3
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BEERT 7=, 3BHON, BB L % 52 DEE
Wiz (HFD B), 7V OB IX 2 8% 26 DRZ %
Bigh (5000 ppm) (HFD+DRZ B ; Fig Tid DRZ B &
FR) B DX DRZ & NOX FREHI(Apocynin; APO,
?w%wm&wﬁﬁﬁﬁ%ﬁaﬁ(m®ﬂmamm
Bt ; Fig TIXI DRZ+APO BE &L £R) 2T HENERE
L7co BWEIEICie, BB 3 8 A I 2/3 o it
BIBR%E1T > 72, DSS (1.5%) #HRERBLE SEBEND
5 BREISKBE L, BEOKBAEL —BIECHRL
7=o DRZ 1. TAUE TOBMERE - %5 LRI
BOTH. BRROIPEEN L AREGOHMNE b
T=bTZ enBEIN TS
(https://www.fsc.go.jp/ikenbosyu/pel
douyaku_dimetridazole 270225.pdf), DRZ @ 2 A&
(mm\wmmm)%ﬁwt%ﬁaﬁui@\wm
ppm TIFE LUWMKERD 387 b 2%, 5000 ppm
EEHALZ, APO (X CiHEDHIREHES:
5% % L 7= Chirino et al., 2008) ,

RBHE ., BYOKE, BHRLS I OKES
ERRE L7,

BB TR, A Y 7T L ORRE T TR
ﬁ%ﬁ@%ﬁMﬂ@%ﬁw%EW%ﬂﬁiﬁﬁk
ik, KIG, BHE., BEEEZERL, EEHEY
Fof, BMEELD LIENERLEHR L, 0
W L0 MEEZ B L ClKAEFEREICM L, M
WACPIOREEE L LT, TASTEUBT I/
GV RZ725—8 (AST), 77=07 I hT
A7 27— (ALT), TVHIVFRT7 7 Z—F
(ALP),y Z W5 Ik T A7 25— (GGTP).
7 va—2Z (GLU), BEB(TP), 7 /L7 I »(ALBU),
a7y (GLOB), TAT v,/ 7ary i,
(A/G), ¥ = VAT @ —/(T.CHOL), *FHERRHI(H Y
7T K;TG) BLORE UL EY (TBIL) %
JCA-BM1250 (JEOL Ltd., BA) ZHWTHIE L7z,
B2 R BN « SRR IR R T 4%
SREFALT AT FCEE LEg, AT 7448
WE2ITo Tz, —HOEITEE T REMAET Ao
L. IRAEFETREEE L72%., REE T-80°Cleff
FL, A

IR FERMER L OB R LR R eI 2
fiEAT
HBEFRRRITED BRI~ M D> - oy
vREEEL, AFEMETICTRE L, BRE
T200/%TT v & MIBATF 10 REOERN O
AT RL, 1 HENEY 0FERD T, B
MBI bR a T b O FIETITo 72 (18
W 2BE, 3HEE, 4EE), IbIX. Ty MNF
HIEMER I % 7R § glutathione-S-transferase
placental form (GST-P) 3 ONEZ HERHEFEIEME~ — B —
T&H % Ki-67, NOX & AR D F Th 5 cytocrome
b-245 light chain (p22phox)33 & O p67phox I TN
DNA g%~ — % —"T% % Histone H2A.X (phospho
S139yy-H2A X) DS b F Bl L 588 E
L7z (R 1D, SEMBFRREaIc >V T, KD
FIETIT o7z, BT 7 4 AR LTSI % |
MRV A% 3 F—BAE & LT 0.3%BR bk
FEELAX J — VKT 30 A L%, FuURR
ECAER AT, SEVWVCTEFE UV ~mETT 2y $
7L, —HEE BT 4°C TR SE T, K
T, ZIRGUARLCARE O KR Vectastain Elite ABC kit
(Vector Laboratories, USA) # >, 3,3°-T7 3 /X
VOV E D RAIEEHR, v bV Y TR
et i Lz, B 0.2mm M EDOKRE O GST-P
Bl 0%k & miR. € L CIFIRORERE % 51
LB EEY Y OB LBOEEELEE Lk (Hara
etal, 2014) , 288 2 Tid, REL DG HEMRRE I % |
FEL (0.05~02 mm) DBMERIREOHEIZOWTH
BE L. /B (0.05mm ELTF) ORBMEMARE & H—
BRI D W T AL ERE S 7= 0 ofE B v v b
L7z, B 1 Tk, K% GST-P BitMiaRm o
p22phox iR, 3EBR 2 CII KA & R DB

 MEANOD Ki-67, p22phox # LTV y-H2A X IS HERIRE D

BRR (%) ZK7, p6iphox BEMEDEFMMAE
T U H NTBAT GST-P B LS OfFERIC
DOWTHHERE FRRIC A T b LT,

BETFRBMT T, 7% MTBAEETH 6 4
T o& %G L L real-time RT-PCR 112 CEEREN L
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7= (Table 2), REEOHEIINTIEERLET TH S
Hprt & FIVWTER Lz,

AREHEAT

EET —HIZOWTCEHER L UEEREZ KD
7z EB1 TR, FREICE D EHMIEOREET
VY, Student'sttest ¥ 721 Aspin-Welch test |2 & 1 &
D% BE LTz, 82 T, Bartlett E TH5
WA Lch, —tEBSBANTE{T 7. AR
ZEDF80 LN HE 1 Tukey’s multiple comparison
test 17> 7z, Bartlett i THEHB TR STHE.
Steel-Dwass multiple comparison test % 3EH L 72,

(fhvEe i~ DRL )
BERBRILEANC L5 RAKERTHTHY &
7o, BET S TR T TRBIRA & ORI &
DEBRL, BMICE LD ERITRRCMA T, &
7o, BT, FEICYZ-> Tk, ERBIKRKED
FURSIE S L OKEE A EH AT (NIH) 2HHEE
LTV B BMREICBT 241 N4 ViZEo Tz,

C. s

= A

ARBHRE T, FEOURICER L TEBEOKER
—IBHEC LI, WP OBEL . £ O% AT
WEIE L7, BB i, CTL BEIZLER L HFD
BECHBEICHEM LU (CTL B0 106%) (Table 3),
FEEER X OHUKETIE, CTL BT B L, HFD ##
CHOBER AT L (ZAEH CTLBED 83 3 L8
81%), lEEREE Tk, BIENEEBKOHEST B LT
FEXIEEAS CTL BEICHeE: L HFD BECABICHM L
7= (FNFACTL D 148 B LN 139%), FFIGEE
“CIE, CTL BRiCHE: L, HFD B CTHXIEEXFRIC

B L7z (CTL BD 96%), FFIROERNERIZEE

TR IEENI A2 o T,

MEALEAORE TIZ, CTL BT L HFD ##
T AST IXTEEICBED L (CTLE#D 87%) . ALT B X
NGGTP b FEE TRV OORMERZ R LTz (%
NFN CTL BD 91 B X 0 87%) (Table 4), ALP, TG

B I OVTBIL (3. CTL B H#s L HFD BECHEICH
M7= (R FH CTL B0 112,195 B LUV 183%),
T.Chol 72 b NZE HE#IEE (TP, ALUB. GLOB
BLUAG) ICHEREENI R T,

FREME AR CIX, FFRICB T 5 iR
{EDA a7, CTL BEIZHE U HFD BECHE I
U7 (CTL #® 169%) (Table3), FHIRHN O
Bk KON p67phox BEMHEARIRENZ DWW T, MEERHIC

BREE#I e olz, KEO GST-P BiEMIE D

BB IOEREE,. CTL #ICHE U HFD B CTHEIC

B, ZHIZEEE LT GST-P BHEMIRE N O
p22phox BEHEAFHERR S S CTL BEICkhEZ L HFD B C
HEWCHEM LU (Figl), GST-P MRS D
p22phox GMEATHIIRE\CH B e BT e o7, P
B3 JUVNELD GST-P B L gl K O B — i
AERE%LE CTL B bR U HFD B CHIMMER 2R
HOD, HFEBREMT -7 (Fig2),

EBR2
ARERHAR . FFEBo9IERE X O DSS Rk 512
R LTaEoRER BB Uiz, CTLEEE

- HFD #i3Whvh . € O®RIEFICEE Uiz,

HFD+DRZ #£3 & ("HFD+DRZ+APO # T XA EH1
MBIRRO bz, HEAEETIE, HFD # T CTL
FRCR T A28M3hTcB £ 9 (CTLE D 103%) |
HFD+DRZ & Tid HFD BRIZ LB LA 2R L,
HFD+DRZ+APO B TIIAEICEA Lz (ZhTh
HFD B0 94 B3 L 1T*91%) (Table 5), EEHETIT,
CTL B\ bl L, HFD B, HFD+DRZ BER L O
HFD+DRZ+APO B & b e B &I L7z (Fh2h
CTL B 81, 81 8110 83%), #/AETIL, CTL B
\ZHE L. HFD B CRAMEM %7~ L. HFD+DRZ B
1 £ U HFD+DRZ+APO BECHEWHA Lz (21
ZFh CTL #D 88, 77 B LT 74%),

IR E R CIX, BEENAEIERR DM X U
EEN CTLHICHE U HFD B CHEEICHEM L7223,
HFD+DRZE3 & O'HFD+DRZAAPO B TIZE B R E
LIRS b o7 (EMEE TZIEI CTL B
? 125, 108 3 L 1" 108%) (Table 5), FFI&E =TI,
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CTL BEIZHES L, HFD # CHIAEENFRICEAS L

(CTL D 93%) , HFD+DRZ B TS EE N B EIC
WA U7z (CTL B2 91%) , HFD+DRZ+APO # T,
HFD B ol LS EE S EEICHEM L7 (HDL
BED 107%), HEELS X OWEE B ki3, CTLBEB X
UNHDF BEICHEl L. HFD+DRZ B L O
HFD+DRZ+APO B & HICHEx I L O EELH
BICEAD Ll (BEROEMERE TENELN CTL 30
44 38 XU 43%  HEBE LR OISR ERTZNZHN CTL
BED 56 3 XL 1V57%),

MIRAECFEIRE TiX, AST BELVALT X, CTL
BEICHE U HFD B CHEREMA A b (F0 2
FUCTLEED 110 B XL U 119%) (Table6), ZiLHD
IE H 1%, HFD+DRZ ##35 . OV HFD+DRZ+APO B & b
\Z HFD BEIC R LA EIWCHED L (AST TENREFN
HIFD B0 77 5 & 08 86%; ALT T2 4 HFD BED
84 B LT 86%), AST TIXCTL BEICHE L CHEER
(D LT (R CTL BEO 85 35 LT 86%)
GLU I HFD+DRZ+APO #1238V T CTL BHIZHBE L
A EIHI Lz (CTL B0 125%) , T.CHOL %, HFD
BECHEMER %R L, HFDADRZ BB I
HFD+DRZ+APO £ Cid CTL BEIC Hl LA E I HEN
L7 (ZNZFR CTLE#® 111, 119 BX O 118%),
TG X, HFD #35 & OV HFD+DRZ+APO #£ Tl CTL
FEICHE LA RICH L, HFD+DRZ 8 C b 3N
MR L7 (ENZH CTL BED 169, 194 B L WY
142%), T.BIL i, CTL BEIC bt L HFD BECHEIC
BEmL7 (CTL B 237%), HFD o LTk
HFD+DRZ B3 & O'HFD+DRZ+APO B T B >
L72 (Z3 N HFD D 57 8L UV 56%), ALP I
DUNVTIE, CTL BRIZERER U HFD B CHEINMEM % 7R~

THOD (CTLEED 112%) . F DO TIZEME .

W R BEENI R oT,

FREAARR FRRE I, IR 2 FFMAERER,
{LD 227 1%, CTL BEIC Ml L HFD B CHEICH
L7z (CTL #D 215%) (Table 5), HFD+DRZ #£33
& OVHFD+DRZAAPO BECid, HFD BEICHE LA R
W2 L7= (HDF B0 68 38 LN 75%) , FIRN DL
FERS & Ut p67phox BBHEMRIEIC >V i, A BERTIC

BEREI Mo T, DSSAEIZ X 0 KL HEE,
FEEE A BB L ORI TR I BT A RIEMR OB
B, BEREB L UERBMROBIER TREND K
IBRDBBO bz, TOREICHO»RBEROET
o T, FERICB\WTHE, HFD+DRZ BB L
HFD+DRZ+APO B THMIE MR L UERR A B
L. R EECEHERBE OB R AL, Wit
WBWTZOREICRICETFED bR o T,

KA (B 02mm Ll E) @ GST-P BHEHRED
BB L OEREIL. CTL BEIC i L HFD BETHEEN L .
HRICBWTHEEREENRD b (Fig3), EEIX
HFD ##1Zxt LTIt HFD+DRZ B3 L Y
HFD+DRZ+APO B TH B Lz, Bz 2\ T,
HFD+DRZ #£35 J. T HFD+DRZ+APO #£ T HFD Bl
Hei LB MER % 7R L7z, A (B 0.05~0.2 mm)
? GST-P G Ml 0$0E, CTL BEZH#R L HFD
#. HFD+DRZ #£35 & O HFD+DRZ+APO B CHE I
HM L, HFD+DRZ B Tik, HFD BRI LTI BT
HEITHMN L 7=, HFD+DRZ+APO £ Ti. HFD+DRZ
BB LB Em 2R Lz, /M (R 0.05 mm
LATF) @ GST-P B 3 L O — GST-P (G AT
MR O%IX, CTL B L HFD BERICE B RZEZ 20
2723, HFD+DRZ £ Cld, CTL #ds £ U HFD Bl
% L CHBEICHEM U, HED+DRZ+APO B T3, B
— GST-P B HEAT MRS A CTL BRI bl LA B 88
ZaRLIER, MNREOBHERE, H—Biiaik &
t HFD+DRZ BEICHE LA EmZ R L (T—%
RET), ‘

RELD GST-P BRI SEA  Ki-67 PRI SR 1
CTL BB L HFD B THEICHEM Lz (Figd),
HFD #£iZxt LTk HFD+DRZ B L Y
HFD+DRZ+APO B CTHEIWZEHA LT, H1EID GST-P
B MEMIIR B D Ki-67 BRPERTHERR ST, HFD B,
HFD+DRZ B3 & O HFD+DRZ+APO B C CTL Bl
L, Wb EEIZHEM LU, HFD+DRZ BT
VAl 2 BRI HLER LR EE M DR EE NS VRN B
o7z, KELD GST-P BiEME BN @ p22phox BT
HIRREAS, CTL BHIC bEZ L HFD B CHIIMER % 7R
L7= (Fig5), HFD+DMR % Cit. HFD BEICHEL
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TR ER 2R LTz, FELD GST-P BB MIREE PN T,
p22phox SHERFHIIREIC A RERICA B AR R id 720
27z, KELO GST-P BHEMILE O y-H2A X BiH
RO B BERICE BB T e o T (Fig6), F8
> GST-P [BHEMBG BN i, CTL BEIC Lhik L HFD
#¥. HFD+DRZ #£5 K O HFD+DRZ+APO B THEIN %
s~ L. HFD+DRZ B CHBIZHEM L 7,
BT R BN TIX, Poldip2, Pparg, Aoxl . Plin2,
Plin§s B LT Gpxl OFBIL CTL BB L, HFD

BECHEICHEM L7z (T Eh CTL BED 152%, 194%.,

138%., 209%. 203%. 150%) (Table7), Poldip2 ix
HFD BEIZEL# L, HFD+DRZ BB LY
HFD+DRZ+APO B CH BB L7z (127 HDF
BED 65%. 66%) , Paprg i CTL BEIC ik L HFD+DRZ
F£5 L OV HFD+DRZAAPO HETHAEEICHE ML TW
7= (W Huh CTL BED 205%) . Aox] % CTL BElZ bk
# LC. HFD+DRZ+APO BECHZICHIM LT i

" (CTL #£0> 139%), Plin2 %, HFD+DRZ & C HFD
BEIC B LE B L=2 (HDF B0 67%)

HFD+DRZ+APO E£Ti% CTL #33 L 1O HFD+DRZ B
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