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Fig 1. Quantitative analysis of large-sized GST-P* foci and expression of p22phox+ cells in the GST-P*
foci and non-GST-P* foci in the liver of rats fed with basal diet and high fat diet after DEN initiation. (A,
B) The number (A) and area (B) of large-sized GST-P* foci in each group. (C, D) Quantitative data (%) of
p22phox* cells in large-sized GST-P* foci (C) and non-GST-P* foci (D). (E) Representative images of
large-sized GST-P* foci (a,c) and p22phox™ cells (b,d) in CTL (a,b) and HFD (c,d) groups. Bar=200 um (a,
b), 100 um (b, d). Columns represent mean and standard deviation. CTL, control group; HFD, high fat diet
group. *: p<0.05 (Student's t test or Aspin-Welch test).
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Fig 2. Quantitative analysis of variable-sized GST-P* foci and single GST-P+ hepatocyte in the liver of rats
fed with basal diet and high fat diet after DEN initiation. The number of medium- (A) or small-sized
GST-P™ foci (B) and single GST-P™ hepatocyte (C) in each group are shown. Columns represent mean and
standard deviation. CTL, control group; HFD, high fat diet group. *: p<0.05 (Student's t test or
Aspin-Welch test).
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Fig 3. Quantitative analysis of variable-sized GST-P* foci in the liver of rats fed basal diet after DEN
initiation or fed high fat diet after DEN initiation followed by DRZ treatment with or without co-treatment
with APO. (A-D) The number (A) and area (B) of large-sized GST-P* foci, more than 200 um in diameter,
number of medium-sized GST-P* foci, 50 to 200 um in diameter (C), and small-sized GST-P* foci, less
than 50 um in diameter (D). (E) Representative images of GST-P* foci in CTL (a) and HFD (b),
HFD+DRZ (c), and HFD+DRZ+APO (d) groups. Bar=200 um. Columns represent mean and standard
deviation. Abbreviations: CTL, control; HFD, high fat diet; DRZ, dimetridazole; APO, apocynin. *, p<0.05

(Tukey’s or Steel-Dwass multiple comparison test).
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Fig 4. Quantitative analysis of Ki-67" cells in GST-P* foci in the liver of rats after DEN initiation or DEN
initiation followed by DMR treatment with or without co-treatment with APO. (A, B) Quantitative data
(%) of Ki-67" cells in large-sized (A) or medium-sized (B) GST-P* foci.
large-sized GST-P* foci (a, ¢) and Ki-67" cells (b, d) in CTL (a, b) and HFD (b, d) groups. Bar=200 um.
Columns represent mean and standard deviation. Abbreviations: CTL, control; HFD, high fat diet; DRZ,

(C) Representative images of

dimetridazole; APO, apocynin. *, p<0.05 (Tukey’s or Steel-Dwass multiple comparison test).
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Fig 5. Quantitative analysis of p22phox* cells in GST-P* foci in the liver of rats after DEN initiation or
DEN initiation followed by DMR treatment with or without co-treatment with APO. (A, B) Quantitative
data (%) of p22phox" cells in large-sized (A) or medium-sized (B) GST-P* foci. (C) Representative images
of large-sized GST-P* foci (a, ¢) and p22phox™ cells (b, d) in CTL (a, b) and HFD (b, d) groups. Bar=200
um. Columns represent mean and standard deviation. Abbreviations: CTL, control; HFD, high fat diet;

DRZ, dimetridazole; APO, apocynin. *, p<0.05 (Tukey’s or Steel-Dwass multiple comparison test).



(A) (B)

y-H2AX" cell in large-sized y-H2A.X* cells in medium-sized

12 . GST-P* foci 8 - GST-P* foci

9 - 6
_— oy %
g £
S .

ol L1 [ m_—_ " oty i

CTL HFD DRZ DRZ+APO CTL HFD DMR DMR+APO

v
i A »
1 3. ' f‘ ‘
e "_.‘ n.- s . : 2 ‘ -
: : 3 ; " 2 ‘ " A y
AL %) v’
a . PSR \ e
g A A
4 >
A :
/s ; 4
v 2
. v
£ A
c : . d

Fig 6. Quantitative analysis of y-H2A. X" cells in GST-P* foci in the liver of rats after DEN initiation or
DEN initiation followed by DMR treatment with or without co-treatment with APO. (A, B) Quantitative
data (%) of p22phox* cells in large-sized (A) or medium-sized (B) GST-P* foci. (C) Representative images
of medium-sized GST-P* foci (a, ¢) andy-H2A. X" cells (b, d) in CTL (a, b) and HFD (b, d) groups. A
small-sized focus is also observed (a, b). Bar=100 um. Columns represent mean and standard deviation.
Abbreviations: CTL, control; HFD, high fat diet; DRZ, dimetridazole; APO, apocynin. *, p<0.05 (Tukey’s

or Steel-Dwass multiple comparison test).



Table 1. Antibodies for immunohistochemistry

Clonality
Antigen Host species  (Clone) Dilution Antigen retrieval Manufacture
GST-p Rabbit Polyclonal 1:1000  none Medical & Biological
Laboratories (Nagoya, Japan)
Ki-67 Mouse Monoclonal ~ 1:50 Autoclaving at 121°C  Dako (Glostrup, Denmark)
(MIB-5) for 10 min in citrate
buffer, pH6.0
p22phox Rabbit Polyclonal 1:200 Autoclaving at 121°C  Bioss Inc. (Woburn, MA,
for 10 min in antigen =~ USA)
retrieval solution
(Dako), pH9.0
p67phox Rabbit Polyclonal 1:200 Autoclaving at 121°C  Merck KGaA.(darmstadt,
for 10 min in antigen ~ Germany)
retrieval solution
(Dako), pH9.0
Histone Rabbit Monoclonal ~ 1:3000  Autoclaving at 121°C  Abcam (Cambridge, UK)
H2A.X (EP854(2)Y) for 10 min in citrate
(phospho buffer, pH6.0

5139)




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

Accession no. Gene Forward primer (5' —3") Reverse primer (5' —3")

NM 001100984  P67phox GAAAGCATGAAGGATGCCTGG ATAGCACCAAGATCACATCTCC

NM 024160 P22phox  TGTTGCAGGAGTGCTCATCTGTCT AGGACAGCCCGGACGTAGTAATTT
NM 001105816  Poldip2 ~ GCTGCTGGCTCTGCTAAGGT AACTACTGCCCCCAGGAGATG

NM 013196 Ppara CCCCACTTGAAGCAGATGACC CCCTAAGTACTGGTAGTCCGC

NM 001145366  Pparg GACCACTCCCATTCCTTTGA CATTGGGTCAGCTTGTGA

NM 017340 Aoxl GCGCAAGGAGCGGGCCTCC CTCGACGGCGCCGGGTATTC

NM 001007144  Plin2 CCGAGCGTGGTGACGAGGG GAGGTCACGGTCCTCACTCCC

NM 012589 110 GAGGATACCACTCCCAACAGACC AAGTGCATCATCGTTGTTCATAC

NM 001108509  Pnmpla2 CGGTGGATGAAGGAGCAGACA TGGCACAGACGGCAGAGACT

NM 001183664 Dgal CACGAATCATTGAGCGTCTCTTA  GCCAATAGAAGAAGATGAGCCATATC
NM 175837 Cyp4al CGGGCGATCAGATCCAAA GAGCAAACCATATCCGATCCA
NM 017332 Fasn GCGGGCGTGGTAATGCT CTGTTCGCAAATACGCTCCAT
NM 139192 Sedl CACACGCCGACCCTCACAACT TCCGCCCTTCTCTTTGACAGCC
NM 001134637  Plin5 GGATGTCCGGTGATCAGAC GTGCACGTGGCCCTGACCAG
NM 012520 Catalase ~ ATTGCCGTCCGATTCTCC CCAGTTACCATCTTCAGTGTAG
NM 017051 Mn-SOD  GACCTGCCTTACGACTATG TACTTCTCCTCGGTGACG
NM 030826 Gpxl GCTGCTCATTGAGAATGTCG GAATCTCTTCATTCTTGCCATT
NM 012675 Tnf-alpha ATACACTGGCCCGAGGCAAC CCACATCTCGGATCATGCTTTC
NM 012541 Cypla2  AAGCGCCGGTTGCATTG TGCAGGAGGATGGCTAAGAAG
NM 031543 Cyp2el TGACTTTGGCCGACCTGTTC TGAGGATCAGGAGCCCATATCT
NM_012583 Hprt GTCAAGCAGTACAGCCCCAAA CAACACTTCGAGAGGTCCTTTTC

Abbreviations: Poldip2, Polymerase (DNA-directed), delta interacting protein 2; Ppara, Peroxisome proliferator
activated receptor alpha; Pparg, peroxisome proliferator activated receptor alpha; Aox1, Alternative oxidasel; Plin2,
Perilipin2; 1110, Interleukin-10; Pnpla2, Patatin-Like Phospholipase Domain Containing 2; Dgal, diacylglycerol
O-acyltransferase; Cypdal, Cytochrome P450, family 4, subfamily a, polypeptide 1; Fasn, Fatty acid synthase; Scdl,
Stearoyl-Coenzyme A desaturase 1; Plin3, Perilipin 5; Mn-SOD, Manganese superoxide dismutase; Gpx1, Glutathione
peroxidase 1 ; Tnf-alpha, tumor necrosis factor alpha; Cypla2, Cytochrome P450, family 1, subfamily a, polypeptide 2;
Cyp2el, Cytochrome P450, family 2, subfamily e, polypeptide 1; Hprt, Hypoxanthine phosphoribosyltransferase.



Table 3. Final body weight, organ weight, food intake, water intake, and histopathological
firings in rats fed with basal diet and high fat diet after DEN initiation®

Group CTL HFD

No. of animals 14 13

Final body weight (g) 282.0+13.9 300.34+8.12
Absolute intraabdominal adipose tissue weight (g) 1.96+0.21 2.91+£0.23%
Relative intraabdominal adipose tissue weight (%BW)  0.70+0.06 0.97+0.07*
Absolute liver weight (g) 8.29+0.50 8.44+0.37
Relative liver weight (%BW) 2.95+0.09 2.83+0.082
Food intake (g/rat/day) 13.7+2.3 11.4+0.7
Water intake (g/rat/day) 20.3£2.8 16.5+1.5
Steatosis, hepatocellular (Score) 1.3+£0.5 2.2+0.7¢
Neutrophil, sinusoidal, liver (No./filed) 1.3+0.6 0.7+0.2
p67phox™ cell, sinusoidal, liver (No./field) 3.5+1.4 3.4+1.8

Abbreviations: CTL, control; HFD, high fat diet; BW, body weight; DEN,
N-diethylnitrosamine.

§: All animals were subjected to two-thirds partial hepatectomy at week 3 after DEN initiation.
Data are shown as the mean =+ standard deviation.

& p<0.05 vs CTL (Student's t test or Aspin-Welch test).



Table 4. Blood biochemistry in rats fed with control basal diet and high fat diet after DEN initiation®

Group CTL HFD

No. of animals 14 13

AST (U/L) 90 +12 78 £ 42
ALT (U/L) 55+12 50+5

ALP (U/L) 1305+ 187 1461 = 1032
GGTP (U/L) 0.89+0.28 0.77+0.21
GLU (mg/dL) 127+ 17 135+ 7

TP (g/dL) 7.4+ 0.3 72+02
ALUB (g/dL) 5.2+ 0.1 5.2+0.1
GLOB (g/dL) 2.2+£0.3 2.1+£0.1
A/G (ratio) 2.4+ 0.3 2.5+£0.2
T.CHOL (mg/dL) 75+ 6 80+ 8

TG (mg/dL) 116 £26 226 + 612
T.BIL (mg/dL) 0.06 +0.01 0.11+£0.022

Abbreviations: CTL, control; HFD, high fat diet; DEN, N-diethylnitrosamine; AST, aspartate
aminotransaminase; ALT, alanine aminotransaminase; ALP, alkaline phosphatase; GGTP, y-glutamyl
transpeptidase; GLU, glucose; TP, total protein; ALUB, albumin; GLOB, globulin; A/G, albumin/globulin;
T.CHOL, total cholesterol; TG, triglyceride; T.BIL, total bilirubin.

§: All animals were subjected to two-thirds partial hepatectomy at week 3 after DEN initiation.

Data are shown as the mean = standard deviation.

a: p<0.05 versus CTL (Student's t test or Aspin-Welch test).



Table 5. Final body weight, liver weight, food intake, and water intake in rats treated with or without DRZ or
APO after DEN initiation®

Group CTL HFD HFD+DRZ HFD+DRZ+APO
No. of animals 11 13 12 12
Final body weight (g) 278.0£7.3 285.74£24.3 267.4+14.7 259.6+17.2°
Absolute adipose tissue weight (g) 2.25+0.39 2.82+0.47% 2.44+0.49 2.4440.50
Relative adipose tissue weight (%BW) 0.81£0.14 0.99+0.142 0.91+0.16 0.93+0.16
Absolute liver weight (g) 9.48+0.64 9.00+0.63 8.59+0.622 8.74+0.79
Relative liver weight (Y%oBW) 3.41+£0.20 3.16+0.152 3.21+0.13 3.37+0.27°
Absolute testis weight (g) 2.99+0.11 3.00£0.28 1.33£0.13%> 1.29+0.172b
Relative testis weight (%BW) 1.08+0.03 1.05+0.04 0.50-+0.042> 0.50+0.072>
Absolute epididymis weight (g) 0.81:0.07 0.80+0.08 0.45+0.05%> 0.46+0.03%°
Relative epididymis weight (%BW) 0.29+0.03 0.2840.02 0.17+0.01%b 0.18+0.01%°
Colon length (cm) 18.1£1.7 16.4+1.22 16.3£1.12 15.742.0%
Food intake (g/rat/day) 12.94+0.5 10.5+0.47 10.4+0.52 10.7+1.38
Water intake (g/rat/day) 23.2+2.6 20.5+1.2 17.8+1.32 17.1£1.6*
Steatosis, hepatocellular (Score) 1.3£0.5 2.8+0.72 1.9+0.9° 2.120.8°
Neutrophil, sinusoidal, liver (No./filed) 1.8+0.5 1.6+0.4 1.8+0.7 1.940.6
p67phox+ cell, sinusoidal, liver (No./field)  15.4%3.0 17.5+4.2 16.9+3.3 17.8+£5.3
Colitis, large intestine (Score) 2.6+0.9 2.4+0.6 2.3+0.3 2.7+0.8
Degeneration/atrophy, tubular, testis
(Score) 0.0+0.0 0.0+0.0 2.5+0.7%P 2.6+0.5%0
Reduced sperm, luminal, epididymis

0.0+0.0 0.0+0.0 2.0+0.0%° 2.0£0.0%°

(Score)

Abbreviations: CTL, control; HFD, high fat diet; DRZ, dimetridazole; APO, apocynin; BW, body weight; DEN,
N-diethylnitrosamine.
§ : All animals were subjected to two-thirds partial hepatectomy at week 1 after starting DRZ promotion.
Data are shown as the mean = standard deviation.
a: p<0.05 vs CTL (Tukey's or the Steel-Dwass test).
b: p<0.05 vs HFD (Tukey's or the Steel-Dwass test).



Table 6. Blood biochemistry in rats treated with or without DRZ or APO after DEN initiation’

Group CTL HFD HFD+DRZ HFD+DRZ+APO
No. of animals 10 13 12 11

AST (U/L) 84=+5 92+9a 71£4% 725

ALT (U/L) 48+6 57+9a 48+4P 49+5b

ALP (U/L) 1230151 1379+428 1213+136 12324116
GGTP (U/L) 1.3£0.2 1.2+0.8 1.2+0.3 1.2+0.4
GLU (mg/dL) 139420 142429 146422 1743420
TP (g/dL) 7.24+0.20 7.28+0.282 7.24+0.27° 7.14+0.32°
ALUB (g/dL) 5.01+0.08 5.04+0.25 5.08+0.17 4.98+0.25
GLOB (g/dL) 2.24+0.14 2.24+0.19 2.16+0.14 2.16+0.18
A/G (ratio) 2.25+0.12 2.26+0.24 2.36+0.14 2.31+0.22
T.CHOL (mg/dL) 70.6+4 78.4+10 84.3+9% 83.1%£12
TG (mg/dL) 154+30 261+56* 218472 - 2994920
T.BIL (mg/dL) 0.043+0.01 0.102+0.032 0.058+0.02° 0.068+0.01*

Abbreviations: CTL, control; HFD, high fat diet; DEN, N-diethylnitrosamine; AST, aspartate
aminotransaminase; ALT, alanine aminotransaminase; ALP, alkaline phosphatase; GGTP, y-glutamy!
transpeptidase; GLU, glucose; TP, total protein; ALUB, albumin; GLOB, globulin; A/G,
albumin/globulin; T.CHOL, total cholesterol; TG, triglyceride; T.BIL, total bilirubin.

§ : All animals were subjected to two-thirds partial hepatectomy at week 1 after starting DRZ
promotion.

Data are shown as the mean + standard deviation.
a: p<0.05 vs CTL (Tukey's or the Steel-Dwass test).
b: p<0.05 vs HFD (Tukey's or the Steel-Dwass test).

c: p<0.05 vs HFD+DRZ (Tukey's or the Steel-Dwass test).



Table 7. Hepatic gene expression in rats treated with or without DRZ or APO after DEN

initiation®

Group CTL HFD HFD+DRZ  HFD+DRZ+APO
No. of animals 6 6 6 6

P67phox 1.04+0.30 1.34+0.15 0.91£0.29 1.28+0.44
P22phox 1.04+0.33 1.17+0.24 0.72+0.27 1.1320.32
Poldip2 1.06+0.45 1.61£0.232 1.04+0.13° 1.060.19°
Ppara 1.02+0.21 1.16+0.25 1.25+0.30 1.32+0.33
Pparg 1.05+0.35 2.04+0.25% 2.15+0.528 2.15+0.522
Aox 1.01+0.17 1.39+0.21% 1.16+0.26 1.40+0.212
Plin2 1.01£0.12 2.11£0.382 1.41£0.40P 2.57+0.47%
o 1.32£1.23 1.26+0.95 0.80+0.61 0.65+0.22
Pnpla2 1.02+0.21 1.03£0.21 0.97+0.16 0.96+0.11
Dgal 1.04+0.32 1.24+0.19 1.03+0.08 1.15+0.12
Cypdal 1.01£0.15 1.20+£0.32 0.92+0.24 1.3240.32
Fasn 1.03+£0.29 0.32+0.192 0.17+0.122 0.35+0.122
Scdl 1.05+0.34 0.28+0.182 0.22+0.132 0.45+0.40%
Plin5 1.01£0.17 2.05+0.172 1.37+0.38° 1.70£0.292
Catalase 1.01+0.15 1.14+0.28 1.10+0.29 1.21+0.22
Mn-SOD 1.01£0.12 1.15+£0.23 0.95+0.16 1.03+0.19
Gpxl 1.01+0.14 1.52+0.342 1.32+0.33 1.32+0.15%
Tnf-alpha 1.04+0.33 1.20+0.49 0.94:+0.41 1.30£0.31%
Cypla2 1.04+0.33 1.17£0.31 1.2320.28 1.26+0.45
Cyp2el 1.02+0.23 1.49+0.30 1.2940.28 1.3540.40

Abbreviations: CTL, control; HFD, high fat diet; DRZ, dimetridazole; APO, apocynin; BW, body
weight; DEN, N-diethylnitrosamine.

§: All animals were subjected to two-thirds partial hepatectomy at week 1 after starting DRZ
promotion.

Data are shown as the mean + standard deviation.

2 p<0.05 vs CTL.  (Tukey's or the Steel-Dwass test).

b p<0.05 vs HFD (Tukey's or the Steel-Dwass test).

¢ p<0.05 vs HFD+DRZ (Tukey's or the Steel-Dwass test).

*: The number of samples is 5
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ABSTRACT — We aimed to clarify the hepatocarcinogen-specific disruption of cell cycle checkpoint
functions and its time course after repeated administration of hepatocarcinogens. Thus, rats were repeated-
ly administered with hepatocarcinogens (methapyrilene, carbadox and thioacetamide), a marginal hepato-
carcinogen (leucomalachite green), hepatocarcinogenic promoters (oxfendazole and B-naphthoflavone) or
non-carcinogenic hepatotoxicants (promethazine and acetaminophen) for 7, 28 or 90 days, and the tempo-
ral changes in cell proliferation, expression of G,/S and spindle checkpoint-related molecules, and apop-
tosis were examined using immunohistochemistry and/or real-time RT-PCR analysis. Hepatocarcinogens
facilitating cell proliferation at day 28 of administration also facilitated cell proliferation and apoptosis at
day 90. Hepatocarcinogen- or hepatocarcinogenic promoter-specific cellular responses were not detect-
ed by immunohistochemical single molecule analysis even after 90 days. Expression of Cdknla, Mad?2l],
Chekl and RbI2 mRNA also lacked specificity to hepatocarcinogens or hepatocarcinogenic promoters.
In contrast, all hepatocarcinogens and the marginally hepatocarcinogenic leucomalachite green induced
Mdm?2 upregulation or increase in the number of phosphorylated MDM2* cells from day 28, irrespective
of the lack of cell proliferation facilitation by some compounds. However, different 7p53 expression lev-
els suggest different mechanisms of induction or activation of MDM2 among hepatocarcinogens. On the
other hand, hepatocarcinogenic methapyrilene and carbadox downregulated the number of both ubiqui-
tin D+ cells and proliferating cells remaining in M phase at day 28 and/or day 90, irrespective of the lack
of cell proliferation facilitation in the latter. These results suggest that hepatocarcinogens disrupt spindle
checkpoint function after 28 or 90 days of administration, which may be induced ahead of cell prolifera-
tion facilitation.

Key words: Cell proliferation, Hepatocarcinogen, Hepatocarcinogenic promoter, Spindle checkpoint,
Ubiquitin D, Apoptosis

INTRODUCTION

Carcinogenicity assays using rodents are one of the
most important endpoints for evaluating the carcinogen-
ic potential of chemicals. However, regular carcinogenic-
ity bioassays, in which rodents are exposed to chemi-
cals for 1.5-2 years, are typically time-consuming and
expensive, involving the use of many animals. Although
the two-stage carcinogenesis models (Tamano, 2010)

and genetically modified animals produced by transgen-
ic or gene-targeting technologies (Eastin, 1998) are used
as alternative methods for carcinogenicity tests, they are
also costly and time-consuming, and have limited target
organs. Toxicogenomic approaches for prediction of the
carcinogenic potential in each target organ may be prom-
ising; however, they are also expensive and require inte-
grative methodologies between different laboratories
sharing expression databases (Jonker et al., 2009; Uehara
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et al., 2011). Therefore, development of rapid and inex-
pensive assays for evaluating or predicting the carcino-
genic potential of chemicals is needed for efficient detec-
" tion of careinogens.

We have recently found that carcinogens facilitating
cell proliferation in carcinogenic target cells.in a 28-day
toxicity study in rats could also induce aberrant expres-
sion of cell cycle-related molecules reflecting activation
of G/S and G,/M checkpoint functions, causing cell cycle
arrest and apoptosis in many target organs (Taniai et al.,
2012a, 2012b; Yafune ef al., 2013a, 2013b). Additionally,
we found that such carcinogens typically induce aberrant
expression of ubiquitin D (UBD) at G, and M phases in
carcinogenic target cells by double immunohistochemical
analysis, indicating disruption of spindle checkpoint at
M phase (Taniai ef al., 2012b). These results suggest that
carcinogens facilitating target cell proliferation induce
aberrant cell cycle control including dysfunction of M
phase players, indicating the early cellular events respon-
sible for the carcinogenesis. Furthermore, we have also
recently found that such hepatocarcinogens specifical-
. ly downregulated RbI2, upregulated AMdm2 and increased
the number of phosphorylated-MDM2 (p-MDM2)* cells,
reflecting disruption of G,/S checkpoint function, as well
as aberrant UBD expression at G, phase, after 28 days in
a time-course study of 3, 7 and 28 days of administration
(Kimura et al., 2015). These results suggest that it may
take 28 days to direct liver cells to hepatocarcinogen-spe-
cific disruption of cell cycle regulation. However, some
hepatocarcinogens that do not induce cell proliferation,
such as piperonyl butoxide, do not show disruption of cell
cycle regulation (Taniai et al., 2012b). It is of interest to
investigate the time course of cell cycle regulation after a
longer duration of repeated administration of such carcin-
ogens. Moreover, whether carcinogenic promoters induce
disruption of cell cycle regulation after repeated adminis-
tration has not been addressed.

The present study was aimed to clarify the involvement
of these cell cycle-related proteins after 90 days of repeat-
ed administration of hepatocarcinogens or hepatocarci-
" nogenic promoters that do or do not facilitate cell prolif-
eration after 28 days of administration. For this purpose,
rats were repeatedly ‘administered with hepatocarcino-
gens, hepatocarcinogenic promoters or non-carcinogenic
hepatotoxicants for up to 90 days, followed by examina-
tion by immunohistochemistry and real-time reverse tran-
scription polymerase chain reaction (RT-PCR) of the tem-
poral changes in expression of G,/S, G./M and spindle
checkpoint-related molecules, as well as cell proliferation
activity and apoptosis.

Vol. 40 No. 6

MATERIALS AND METHODS

Chemicals

Oxfendazole (OX; CAS No. 53716-50-0, purity
> 98.0%) was purchased from Tokyo Chemical Industry
Co. Ltd. (Tokyo, Japan). Acetaminophen (APAP; CAS
No. 103-90-2, purity > 98.0%) and methapyrilene (MP;
CAS No. 135-23-9) were purchased from Sigma-Aldrich
Corporation (St. Louis, MO, USA). B-Naphthoflavone
(BNF; CAS No. 6051-87-2, purity = 98%), carbadox
(CRB; CAS No. 6804-07-5, purity > 99%), leucomal-
achite green (LMG; CAS No. 129-73-7, purity > 98%,),
thioacetamide (TAA; CAS No. 62-55-5, purity > 98%),
promethazine (PMZ; CAS No. 58-33-3, purity > 98%)
and methyl cellulose 400 were purchased from Wako
Pure Chemicals Industries (Osaka, Japan).

Animal experiments
Five-week-old male F344/NSlc rats were purchased
from Japan SLC, Inc. (Shizuoka, Japan), and acclima-

-tized to a powdered basal diet (CRF-1; Oriental Yeast

Co., Tokyo, Japan) and tap water ad libitum for one week.
Rats were housed in plastic cages in a barrier animal
room under standard conditions (room temperature, 23 +
3°C; relative humidity, 50 £ 20%; 12-hr light/dark cycle).

Animals were administered with hepatocarcinogens
(MP, TAA, CRB or LMQG), hepatocarcinogenic promoters
(BNF or OX) or non-carcinogenic hepatotoxicants (APAP
or PMZ). Animals were repeatedly administered with test
chemicals for 7 days and 28 days (MP, CRB, LMG, BNF,
OX and PMZ), and for 90 days (MP, TAA, CRB, LMG,
BNF, OX, APAP and PMZ). After cessation of repeated
administration, cell proliferation activity, expression of
cell cycle-related molecules and apoptosis were examined
in the liver using immunohistochemistry and/or real-time
RT-PCR.

MP, TAA and CRB were selected as hepatocarcinogens
(Becker, 1983; King, 1976; NTP, 2000). LMG was select-
ed as a hepatocarcinogen that is known to exert marginal

“hepatocarcinogenicity after a two-year feed study (NTP,

2005). BNF and OX were selected as hepatocarcinogen-
ic promoters (Mitsumori et al., 1997; Shoda et al., 2000),
and APAP and PMZ were selected as non-carcinogenic
hepatotoxicants (NTP, 1993a, 1993b). OX did not induce
hepatic tumors in a long-term administration study using
rats or mice (WHO, 1991), and BNF is regarded as non-
carcinogenic, because it was not mutagenic and did not
have tumor initiation activity in rat liver (Hayashi et al.,
2012; McKillop and Case, 1991).

In the administration experiment for 7 or 28 days, ani-
mals were divided into seven groups based on the ini-



