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Abstract— This study investigated the hypothesis that carcinogen-induced elevation of oxyradical
during the hepatocarcinogenesis in rat. The hepatic preneoplastic lesions in the Spraque-Dawley
rats were induced by the carcinogen treatment such as diethylnitrosamine(DEN) and acetylaminof-
luorene(AAF) in combination with partial hepatectomy(PH). The liver sample was taken at 2, 6,
10 and 16 months after carcinogen treatments followed by PH. Carcinogen treatments initially
increased the indices of oxidative damage(activities of xanthine oxidase and production rates of
superoxide anion, microsomal hydrogen peroxide, hydroxyl radical) in the liver compared to PH
groups. However, cytosolic hydrogen peroxide did not change significantly throughout the full
time period. Of hydrogen peroxide scavenger, the catalase was remained lower than PH groups,
whereas the peroxidase was increased after carcinogen treatments. Morphologically, the immunohi-
stochemical analysis with glutathione-S-transferase of a placenta form(GSTP) antibody was used
to detect the induction of preneoplastic nodules. During the hepatocarcinogenesis, both production
rate of hydroxyl radical and activity of glutathione-S-transferase(GST) markedly increased with
the appearance of the preneoplastic nodule. These results indicated that the hydroxyl radical of
reactive oxygen species seemed to have a major influence on the hepatocarcinogenesis and the
effect of time after removal of the carcinogen also appeared to be highly critical in the hepatocarci-
nogenesis.

Keywords [ ] Reactive oxygen species, hydroxyl radical, glutathione-S-transferase, hepatocarcinoge-
nesis, partial hepatectomy, immunohistochemical analysis, preneoplastic nodule.
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Fig. 1—The activity of xanthine oxidase in the liver
during the hepatocarcinogenesis induced by
diethylnitrosamine(DEN) plus acetylaminofluo-
rene(AAF) in rat. Each point is meanzt SE.
Male Spraque-Dawley rats of 200g approxima-
tely were treated with DEN intraperitoneally
at a necrogenic dose(200 mg/kg). After two
weeks, the rats received AAF by p.o, daily at
a dose of 1mg/head in corn oil for further
two weeks. Continously, the rats were subjec-
ted to two-thirds partial hepatectomy(PH) un-
der the pentothal anesthesia. M means months
after partial hepatectomy. n in the parenthesis
indicates each experimental number. Thin line
shows PH group and thick line represents tes-
ting group, respectively. a: p<0.001 vs. 2 mon-
ths of PH, b: p<0.001 vs. 6 months of PH.
c: p<0.001 vs. 16 months of PH.
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Fig. 2—The production rate of superoxide in the liver
during the hepatocarcinogenesis induced by
DEN plus AAF in rat. Experimental conditions
were the same as those described in Fig. 1.
a: p<0.001 vs. 2 months of PH, b: p<0.001
vs. 6 months of PH, ¢: p<0.001 vs. 10 months
of PH, d: p<0.001 vs. 16 months of PH.

ol wlsted F7H(p<0.02)Eel 670 L7tR] Z713A)
Ark EZ Aokl ol 1071Y Tl 275
vlsle] #2323 p<0.0D) =yl 1674420 2
N5 eEoz 35FAdckFig 3).

2ierets X EQF ZIXX|E peroxidase EAJH 3|
—70% leézﬂs‘ﬂ"% AR el A
et velda] eglen), b
Fol 270 Fell e 1A e) tlael wvs)
o zﬂ*s] =921 H(p<0.001), 6704 (p<0.001), 10
NEF(p<0.001) 2 16705 (p<0.05) o= # A 3]
aZAe] epzlom, 167 ¥l FBFAE et
W on dixgel vlstedm fo)ap7k dodch(p<o.
05) (Table I).

ety 5
1o
=

449

ZIERZ catalase EA#M3—
0% 7PAAERtE AR T A4S 2704, 10
M g 1670 Sl A2 284 f2t gldl
o, 67§ D Folle 28] 2R L 5ol w)Bhe} #A3)

™ r-?—

Mo

Fig. 3—The production rate of hydrogen peroxide in
the liver during the hepatccarcinogenesis in-
duced hy DEN plus AAF in rat. Each point
shows meant S.E of three to six rats. Thick
line with asterisk shows cytosolic hydrogen
peroxide in testing group, thin line with
square represents cytosolic hydrogen peroxide
in PH group, respectively. Thick line means
microosomal hydrogen peroxide in testing
group, thin line indicates microsomal hydrogen
peroxide in PH group, respectively. Experime-
ntal conditions were the same as those descri-
bed in Fig. 1. a: p<0.01 vs. 2 months of testing
group, b: p<0.02 vs. 2 months of correspon-
ding PH group.
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Table I—-The activities of hydrogen peroxide scavengers in the liver during the hepatocarcinogenesis in rat

Months 9 5 10 16
Scavenger
Peroxidase Test 9.12+ 1.09 3.03+ 0.43" 2.80+ 0.28 4.20+ 0.59>¢
(U/protein mg) PH 280+ 045 2.58+ Q.78 266+ 0.60 2.1810.24
Catalase Test 6.17+ 1.028 414+ 0.314 7.99+ 0.34¢ 9.13+ 0.90
(U/protein mg) PH 22.35£5.20 52.46+ 8.38"% 3218+ 7.84 2197+ 5.66

Each value shows mean® SE of three to six animals. Expreimental conditions were the same as those described
in Fig. 1. a: p<0.001 vs. 2 months of testing group, b: p<0.05 vs. 16 months of PH. A: p<0.001 vs. 6 months
of PH, B: p<0.05 vs. 2 months of PH, C: p<0.05 vs. 10 months of PH.
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Fig. 4—The hydroxylation rate of salicylate in the
liver during the hepatocarcinogenesis induced
by DEN plus AAF in rat. Experimental condi-
tions were the same as those described in Fig.
1. a: p<0.05 vs. 2months of PH, b: p<0.01
vs. 6 months of PH, ¢: p<0.01 vs. 16 months
of PH, d: p<0.01 vs. 6 months of testing group,
e: p<0.001 vs. 2 months of testing group.
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Fig. 5—The activity of glutathione-S-transferase in the
liver during the hepatocarcinogenesis induced
by DEN plus AAF in rat. Experimental condi-
tions were the same as those described in Fig.
1. a: p<0.001 vs. 16 months of testing group,
b: p<0.01 vs. 16 months of testing group, c
p<0.01 vs. 16 months months of PH, d: p<0.05
vs. 10 months of testing group.
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Fig. 6—Immunohistochemical staining of GSTP posi-
tive foci with peroxidase-antiperoxidase comp-
lex, visualized by diaminobenzidine oxidation.
1) Enlarged positive foci of GST forming hy-
perplastic nodule: Magnification X200(6 mon-
ths after PH). 2) Dense foci of GST forming
hyperplastic nodule: Magnification X40(16
months after PH).
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