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Abstract
Aim: Correlation of cytochrome P450 (CYPs) with preneoplastic changes in the
early stage of hepatocarcinogenesis is still unclear.  To detect the expression of
carcinogen-metabolizing related microsomal P450 enzymes, namely the CYP1A1,
CYP1A2, CYP2B1/2, CYP2E1, and CYP3A, we performed the medium-term bioas-
say of Ito’s model in Sprague-Dawley rats.  Methods: The amount and activity of
CYP were assessed by biochemical and immunohistochemical methods in week 8.
The correlation between CYP expression and microsomal oxidative stress was
investigated by comparing the generation of microsomal lipid peroxidation in the
presence or absence of specific CYP inhibitor.   Results: In the DEN-2-AAF and 2-
AAF alone groups, the expression of CYP1A1 and CYP2E1 were up-regulated and
the expression of CYP2B1/2 and CYP1A2 were quite the contrary.  Strong staining
of CYP2E1 and CYP2B1/2 was found around the centrolobular vein and weak
staining in the altered hepatic foci revealed by immunohistochemical procedure.
There was no significant change in the activity of CYP3A among the 4 groups.
Altered hepatic tissue bore more microsomal NADPH (nicotinamide adenine
dimucleotide phosphate,reduced form)-dependent lipid peroxidation than normal
tissue.  And the difference among the 4 groups disappeared when CYP2E1 was
inhibited.  More microsomal lipid peroxidation was generated when incubated
with CYP1A inhibitor α-naphthoflavone.  Conclusion: CYP altered their expres-
sion levels and these alterations can play important roles in the alteration of cell
redox status of preneoplastic tissue in the early stage of hepatocarcinogenesis.
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Introduction
Cytochrome P450 (CYP)  plays a pivotal role in oxidative

metabolism of lipophilic drugs and xenobiotics (some of them
are carcinogens), which will then be transformed into more
polar water soluble molecule[1].  During these processes, ac-
tivation or detoxicitation takes place.  A prominent phenom-
enon during hepatocarcinogenesis is an alternation of the
expression of drug metabolism enzymes[2].  CYP can be influ-
enced by a number of exogenous and endogenous factors and
its induction is of the utmost interest in carcinogenesis[3,4].

The underlying mechanisms by which CYP enzymes in-
volved in the process of hepatocarcinogenesis have not been
elucidated clearly or in detail.  Some probable mechanisms
have been suggested including the metabolism of exogenous

chemicals involved in the generation of reactive oxygen spe-
cies and oxidative DNA damage, which are associated with
apoptosis and cell cycle arrest[5].  Moreover, alteration of
the activities of CYP in rats could be an important factor in
determining resistance or susceptibility to xenobiotics in the
early stage of hepatocarcinogenesis[6].

Preneoplastic and neoplastic lesions induced by various
different treatment regimens have a decrease in expression
of phase I enzymes and an increase in expression of phase II
enzymes in common[7].  The decrease in expression of CYP in
preneoplastic lesions could alter the synthesis and/or inac-
tivate endogenous and/or exogenous substance, which act
as tumor promoters or comitogens, thus resulting in the selec-
tive growth of a subset of hepatic hyperplastic lesions [7,8].
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CYP1A family might be marker enzymes that indicat the
carcinogenic potential of xenobiotics.  Most polyhaloge-
nated aromatic hydrocarbons that have proven to be car-
cinogen have a common induction of CYP1A1.  A previ-
ously published study demonstrated that the level of N-
nitrosodimethylamine demethylase activities (mainly
catalysed by CYP2E1) and CYP2E1 protein content were
lower in hepatomas than in the corresponding host liver[9].
However, the change of CYP2E1 expression in the early
stage of hepatocarcinogenesis and the probable role in the
process of hepatocarcinogenesis was unclear.

Oxidative stress interacts with all 3 stages of the cancer
process.  Higher levels of reactive oxygen species (ROS)
have been found in neoplastic nodules of rat liver than in
the surrounding normal tissue.  ROS can be generated from
several intracellular locations including microsomal path-
way and the mitochondrial electron transport chain.   Mi-
crosomal generated ROS is one of the most significant
causes of liver injury[10].   The existence of NADPH-depen-
dent production of ROS by animal liver microsomes has
been linked to CYP.  The uncoupling of electron transfer
and oxygen reduction from monooxygenation by CYP2B1
and CYP2E1 could result in the release of O2

− and H2O2.  A
recent study has demonstrated that this step is also in-
volved in CYP1A1, CYP3A, and CYP4A isoforms[11].  Within
these isozymes, CYP2E1 is a major inducible hepatic mi-
crosomal CYP involved in the hydroxylation of fatty acids,
and can initiate the autopropagative process of lipid
peroxidantion if they are not countered efficiently by
antioxidants.  In the present paper, a reconstituted
mircrosomal lipid peroxidation system consisting of rat liver
microsomal NADPH-cytochrome P450 reductase and cyto-
chrome P450 incorporated into phospholipids vesicles was
developed to investigate the possible role of the specific
CYP to generate microsomal lipid peroxidation that resulted
in the different cell redox status among the 4 groups.

The medium-term bioassay, which was developed by
Ito et al in 1989 to detect the carcinogenic potential and
their postinitiation modifying effects[12], is of relatively short
duration, but results in sufficient lesions to allow statisti-
cal comparisons[13].  To investigate the induction and
inhibiton of CYP in the early stage of hepatocarcinogenesis
induced by DEN and 2-AAF, we performed the medium-
term bioassay.  In the present study, we investigated the
major carcinogenesis related to CYP isozymes, namely
CYP1A1, CYP1A2, CYP2B1/2, CYP3A, CYP2E1, and indi-
cated their respective role in the formation of hyperplastic
foci.

Materials and methods

Chemicals  Diethylnitrosamine (DEN), 2-acetylaminofluo-
rene (2-AAF), α-naphthoflavone, 8-methoxypsoralen were
purchased from Sigma Chemical Co.  Ethoxyresorufin and
resorufin were obtained from Molecular Probes.  Erythromy-
cin was purchased from Shanghai Sangon Co Ltd.  All the
antibodies, except those mentioned (later), were purchased
from Chemicon International Institute.  Enhancing chemilu-
minescence (ECL) was obtained form Amersham Life Sci-
ences (Amersham, United Kingdom).

Animal experiment  Sixty male pathogen-free Sprague–
Dawley rats (70–80 g) were obtained at 6 weeks of age from
the Shanghai Laboratory Animal Center, Chinese Academy
of Sciences (Shanghai, China), and housed in plastic cages
with wood chips for bedding in a temperature and humidity-
controlled animal facility center with a daily photoperiod of
12 h of light and 12 h of darkness.  Forty rats which had no
abnormal findings after a 1-week acclimatization period, were
randomly divided into 4 groups referred to as group A, B, C,
and D, each consisting of 10 animals.  Group D (control) was
maintained on a basal diet without carcinogen treatment;
group A received a single ip injection of DEN (200 mg/kg) in
0.9% NaCl, and 2 weeks later were placed on a diet contain-
ing 2-AAF (100 ppm) for 6 weeks.  Group B received a single
ip injection of DEN (200 mg/kg) dissolved in 0.9% NaCl and
was then maintained on the basal diet for 8 weeks; group C
were placed on a diet containing 2-AAF (100 ppm) from week
2 to week 8 without DEN initiation.   All groups received
partial hepatectomy (two-thirds of the total liver) in the third
week.  At week 8 all the rats were anesthetized with diethyl
ether; liver perfusion was performed with ice-cold perfusion
buffer [1.15% KCl, 1 mmol/L-1 EDTA, 0.25 mmol/L
phenylmethylsulfonyl fluoride (PMSF)] at room temperature.
Separate portions were fixed in 10% phosphate-buffered
formalin, partially frozen in liquid nitrogen and stored at liq-
uid nitrogen for molecular assessment.  Microsomes were
prepared by differential centrifugations as described previ-
ously and stored at -80 °C until use.

Biochemical assay
Ethoxy O-dealkylase activity assay  The metabolism

of ethoxyresorufin is associated with CYP1A1 and CYP1A2,
with CYP1A1 metabolizing ethoxyresorufin to a much greater
extent than CYP1A2 when both CYP are present.  The
dealkylation of ethoxyresorufin by microsomes was quanti-
fied by measurements of increased resorufin fluorescence
over time using a Polar star* fluorescence microplate reader
(BMG labtechnologies Pty Ltd, Melbourne, Australia).  Mi-
crosome protein (50–150 µg) was added to 0.1 mol/L potas-
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sium phosphate buffer pH 7.6, along with 2 µmol/L
ethoxyresorufin in the total reaction volume of 2.0 mL.  This
microsome substrate solution was incubated at 37 oC for 3
min prior to initiation of the reaction with 0.5 mmol/L NADPH.
The reaction continued for the next 5 min, the formation of
resorufin was measured at the excitation wavelength of 535
nm and emission wavelength of 590 nm.  The standard curve
was performed with the known amounts of resorufin.

p-Nitrophenol hydroxylase (PNPH) assay  PNPH was
assayed as described previously.  The reaction mixtures con-
tained a 0.1 mol/L potassium phosphate buffer, pH 6.8, 1.0
mmol/L ascorbic adid, 0.1 mmol/L p-nitrophenol, 100 µL 25%
microsome protein and 1mmol/L NADPH in a total volume of
1.0 mL.  The reaction was initiated by adding NADPH after
incubation at 37 oC for 3 min.  After a 10-min incubation at
37 oC, the reaction was stopped by adding 0.5 mL 0.6 mol/L
HClO4.  The 4-nitrocatechol formed was determined spec-
trally at 510 nm in 1.0 mL of the supernatant at 546 nm after
the addition of 0.1 mL 10 mol/L NaOH.

Erythromycin N-demethylase activity assay   The mi-
crosomal erythromycin N-demethylase activity was per-
formed as previouly described.  The reaction mixture included
0.6 mL 50 mmol/L potassium phosphate buffer (pH 7.25),
0.1 mL 150 mmol/L magnesium chloride, 0.1 mL 10 mmol/L
erythromycin and 0.1mL microsomal suspension.  After add-
ing NADPH to initiate the reaction, the reaction mixture was
incubated at 37 oC for 10 min.  The reaction was then termi-
nated by 0.5 mL ice-cold 12.5% (w/v) trichloroacetic acid.
After centrifuge, the same volume of NASH reagent (NASH
reagent containing 150 g ammonium acetate, 3.0 mL glacial
acetic acid and 2.0 mL acetylacetone per liter of aqueous
solution)was added to supernatant. The formaldehyde
formed was determined spectrally at 412 nm after heating at
50 oC for 30 min.

Western Blot  Microsomal fractions of the liver samples
were separated by SDS-PAGE and electrophoretically trans-
ferred to polyvinylidene fluoride (PVDF) membranes, incu-
bation with rabbit anti-rat CYP1A1, CYP1A2, CYP2B1/2,
CYP2E1 (1:1000) at 4 oC overnight, followed by peroxidase-
conjugated goat anti-rabbit IgG (1:4000) at room temperature
for 1 h.  Binding was visualized with an enchanced
chemiluminescence.

Immunohistochemistry
glutathione S-transferase placental (GST-P) immu-

nohistochemistry  Immunhistochemical staining using rab-
bit anti-GST-P IgG (ready to use; Medical Biological Labora-
tories Co, Nagoya, Japan), was performed by avidin-biotin
complex method.  Quantitation of GST-P-positive foci was
performed using 2-dimension evaluation only.  The areas of

GST-P-positive foci greater than 0.2 mm in diameter and the
total areas of the liver sections were measured using Leica
QFAB Image Processing (Leica Imaging Systems Ltd,
Cambridge, England) and analysis system to give values per
cm2 of liver section.

Immunohistochemistry of proliferating cell nuclear
antigen (PCNA)  PCNA was detected from formalin-fixed
paraffin-embedded tissue sections.  Immunohistochemical
staining using monoclonal mouse anti-PCNA IgG (1:100 di-
luted in 0.01 mmol/L PBS, pH 7.2) and biotinylated rabbit
anti-mouse immunoglobulins (1:300 diluted in 0.01mmol/L
PBS, pH 7.2) was performed by avidin-biotin complex method.
Antigen retrieval was performed by boiling for 10 min in a
microwave oven (600W).    The number of nuclei and PCNA-
positive nuclei were counted under a light microscope.  Ten
random fields (approximately 2000 nuclei) per section were
assessed under 40×objective lens.

Liver microsomal NADPH-dependent lipid oxidation:
thiobarbitric acid reactive substances (TBARS) assay
Fe3+/ADP-induced: liver microsomes (300 µg of protein per
mL) were preincubated in 150 mmol/L Tris/HCl buffer, pH 7.4.
After 10 min incubation at 37 oC, lipid peroxidation was initi-
ated by the addition of 2 µmol/L FeCl3/200 µmol/L ADP
(previously complexed), and 200 µmol/L NADPH.  The total
volume was 0.5 mL, and all additions expressed earlier were
final concentration in the incubation system.  Incubations
were carried out at 37 oC.  Lipid peroxidation was monitored
by the formation of TBARS reactions.

Not Fe3+/ADP-induced: the microsomal protein (200 µg
in 50 mmol/L phosphate buffer saline, pH 7.4) was incubated
in the presence of 0.23 mmol/L NADPH at 37 oC for 10 min
before analysis of thiobarbitric acid (TBA) reactive
substances.  For pharmacological inhibition studies, microso-
mal protein was pre-incubated for 10–30 min at room tem-
perature in the presence of either diethyldithiocarbamate
(CYP2E1 inhibitor, 50 µmol/L) or α-naphthoflavone (CYP1A
inhibitor, 10 µmol/L), 8-methoxypsoralen (CYP1A and
CYP2A6 inhibitor, 1 µmol/L).    α-Naphthoflavone is 10 times
more potent as an inhibitor of CYP1A2 than CYP1A1.  8-
Methoxypsoralen has a similar inhibition of CYP1A1 and
CYP1A2.  The microsomal NADPH-dependent lipid peroxida-
tion was performed as described earlier.

Glutathione assay  Glutathione level in the homogenates
was assayed with a microplate reader using the GSH test kit.
The GSH test kit was obtained from the Nanjing Jiancheng
Bioengineering Institute (Nanjing, China).

Statistical methods  Data were expressed as mean±SEM.
After homogenetic analysis, homogeneous data were ana-
lyzed with one-way analysis of variance and a post hoc test
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of least significant difference.  Heterogeneous data were
analyzed using the t-test.  P<0.05 was considered significant.

Results
Body and liver weights  The toxicity and abnormal prolif-

eration induced by DEN and 2-AAF was evident in data for
body or relative liver weights.  The body weights of both
groups A and B decreased significantly compared with that
of group D.  There were no significant alteration in absolute
liver weight in all 4 groups.  But the relative liver weights
(relative to body weights) significantly (P<0.05, n=5) in-
creased in DEN+2-AAF, DEN, and 2-AAF group (Table 1).

Carcinogenic potential assay: GST-P and PCNA immu-
nohistochemistry  Carcinogenic potential assay was per-
formed by comparing the numbers and areas of GST-P-posi-
tive foci.  The numbers and areas of GST-P-positive foci
significantly increased in group A as compared with that of
groups B and D (Figure 1A, Table 2).  With the present carci-
nogenic protocol, treatment of rats with single injection of
DEN alone did not induce altered hepatic foci but treatment
with DEN plus 2-AAF induced many altered hepatic foci in
the liver.

PCNA was used as an indicator of cell proliferation.
Immunohistochemistry detection of PCNA is a common
method used to grade proliferative activity in a given tissue.
The number of PCNA-positive cells in groups A and C were
remarkably (P<0.05, n=5) more than that of control group
(Table 2, Figure 1B).

Western blot analysis of Cytochrome P450 isozymes  In
the present experiments, we used liver samples without iso-
lation of hyperplastic nodules for the analyses of CYP
enzymes, because each hyperplastic nodule was too small
to isolate.  Western blot analysis revealed a slight increase
of CYP2E1, significant decrease of CYP1A2 and CYP2B1/2
in both groups A and C.  There was no detectable difference
of CYP2E1, CYP1A2,  and CYP2B1/2 between the DEN-PH

group and the control group.  CYP1A1 was almost undetect-
able in the control group, but the induction of CYP1A1 in
group C was greater than DEN+2-AAF group and DEN group
(Figure 2).

Measurement of ethoxy-O-dealkylase activity, p-
nitrophenol hydroxylase (PNPH) activity, and erythromy-
cin N-demethylase activity assay  The results of these ex-
periments showed that treatment of DEN-PH-2-AAF statis-
tically (P<0.01, n=5) increased the liver microsomal PNPH
activity approximately 40% more than that of control group;
treatment of 2-AAF-PH-2-AAF increased PNPH activity by

Table 1.  Body and liver weights.  n=5. Mean±SEM. bP<0.05 vs
control group.

     Group    Body weight/g                    Liver weight
                                 Absolute/g          Relative/%

DEN+2-AAF 360±25b 13.5±1.3 3.78±0.49b

DEN 379±35b 13.0±1.6 3.44±0.43b

2-AAF 412±44 13.3±1.3 3.22±0.20
Control 452±52 13.0±0.7 2.87±0.25

Table 2.  Carcinogenic potential assay. Total areas of GST-P-posi-
tive foci and the number of PCNA positive nuclei per 1000 cells.
cP<0.01 vs control group. eP<0.05, fP<0.01 vs group DEN group.

    Group                         GST-P foci area/            PCNA (+) nuclei
                                          mm2·cm-2                       (1000 cells)

DEN+2-AAF 17.13c 135±30c,f

DEN 1.16  68±45
2-AAF 1.08 115±28c,e

Control Not detectable  32±13

Figure 1.  Immunohistochemical staining of GST-P and PCNA in
the tissue of group A. (A) GST-P (×15); (B) PCNA (×30).
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DEN had no influence on the PNPH activity.  These results
were in accordance with our Western blot analysis and
immunohistochemisty results (Table 3).

Treatment with 2-AAF dramatically increased the ethoxy-
O-dealkylase activity approximatley 7 times than that of con-
trol group.  However, treatment with DEN-PH-2-AAF only
increased the ethoxy-O-dealkylase activity 1.6 times more
(Table 3).

There were no differences of the liver microsomal eryth-
romycin N-demethylase activity among the 4 experiment
groups (Table 3).

Immunohistochemistry of CYP2E1 and CYP2B1/2   In
the normal liver tissue, immunohistochemical staining of
CYP2E1 showed moderate or weak staining around the
centrolobular vein (Figure 3C, 3D).  In the DEN-2-AAF group

Figure 2.  Western blot analysis of CYP1A1, CYP1A2, CYP2E1,
CYP2B1/2. Lane A: group DEN+2-AAF; lane B, group DEN; lane C,
group 2-AAF; lane D, group control.  Microsomal protein 80 µg
consisting of 3 samples of different rats was loaded into each band.

Figure 3.  Immunohistochemistry staining of CYP2E1 and CYP2B1/2. (A) CYP2E1, group A (×15); (B) CYP2E1, group A. Preneoplastic foci
is indicated by the arrow (×30); (C) CYP2E1, group D (×15); (D) CYP2E1, group D (×30); (E) CYP2B1/2, group D (×15); (F) CYP2B1/2,
group D (×30); (G) CYP2B1/2, group A (×30); (H) CYP2B1/2, group A. Preneoplastic foci is indicated by the arrow (×15).

Table 3.  Biochemical assay of hepatic microsomal CYP enzymes. Metabolism of p-nitrophenol is associated with CYP2E1. Metabolism of
ethoxyresorufin is associated with CYP1A1 and CYP1A2, with CYP1A1 metabolizing ethoxyresorufin to a much greater extent than
CYP1A2 when both CYP are present. n=5. Mean±SEM. bP<0.05, cP<0.01 vs control group. eP<0.05 vs group 2-AAF group. hP<0.05 vs group
DEN group.

       Group                                         PNPH activity/                      Ethoxyresorufin O-dealkylase           Erythromycin N-demethylase
                                                           mmol·g-1·min-1                                activity/nmol·g-1·min-1                       activity/pmol·g-1·min-1

DEN+2-AAF 2.88±0.61ce   61335±10334c 1.56±0.35
DEN 2.22±0.26 126771±18071c 1.42±0.30
2-AAF 2.75±0.27bh 174533±54160c 1.54±0.16
Control 2.12±0.26   23667±4616 1.46±0.15

approximately 30%, but the treatment of a single injection of
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and 2-AAF alone group, the positive staining area was ex-
tended and the staining was stronger than that of the con-
trol group (Figure 3A).  The staining of CYP2E1 was also not
seen in the hepatocytes within the altered hepatic foci (Figure
3B).

In the normal liver tissue, immunohistochemical staining
of CYP2B1/2 showed a strong centrolobular staining pattern;
no staining of CYP2B1/2 was found in the periportal area
(Figure 3G, 3H).  In the liver treated with DEN-2-AAF,
centrolobular staining of CYP2B1/2 was relatively weak and
the number of positive hepatocytes was less than that in the
normal tissue (Figure 3E).  There was no staining of CYP2B1/2
in the altered hepatic foci hepatocytes, except some positive
staining hepatocytes scattered among the negative hepato-
cytes (Figure 3F).

Liver microsomal lipid peroxidation and glutathione level
Treatment with DEN/PH/2-AAF significantly (P<0.01, n=5)
increased the ability of liver microsome to generate the lipid
peroxidation whether in the presence or absence of Fe3+/
ADP.  Treatment with 2-AAF or a single injection of DEN
could also increase the generation of lipid peroxidation with-
out the presence of Fe3+/ADP.  However, in the presence of
Fe3+/ADP, no remarkable alteration existed between the
groups DEN, 2-AAF, and control group, probably because
Fe3+/ADP presence could increase the normal liver microso-
mal lipid peroxidation and obliterate the difference.  In the
presence of CYP2E1 inhibitor diethyl-dithiocarbamate, the
generation of lipid peroxidation decreased remarkably (P<
0.01, n=5) in all 4 groups.  The difference between the groups
was obliterated.  All 4 groups bore the higher lipid peroxida-
tion in the presence of CYP1A inhibitor α-naphthoflavone
and Fe3+/ADP, than in the absence of α-naphthoflavone
(Figure 4).   This can indicate the specific role of CYP2E1 and
CYP1A2 in the generation of microsomal lipid peroxidation.

Glutathione depletion in the DEN-2-AAF group was evi-
dent in the data of the glutathione level in the liver homog-
enization (Table 4).

Discussion
With the present carcinogenic protocol, treatment of rats

with single injection DEN or 2-AAF alone for 6 weeks only
induced sporadic, little-altered hepatic foci or GST-P posi-
tive cells, but treatment of DEN as initiator and 2-AAF as
promoter induced many altered hepatic foci in the liver.  It
has been demonstrated that neoplastic or preneoplastic
changes of the liver results in a decrease in the amount of
total P450 and the altered expression of CYP isozymes in the
liver[14].  Some isozymes can be overexpressed, at the same

Table 4.  Glutathione level in the homogenate.  n=5.  Mean±SEM.
bP<0.05, cP<0.01 vs control group.

             Group                                   GSH/mg·g-1 protein

DEN+2-AAF 46.03±2.90c

DEN 53.25±2.33b

2-AAF 55.12±2.21b

Control 65.82±5.02

Figure 4.  Effect of P450 enzyme inhibitor on microsomal NADPH-
dependent lipid peroxidation in 4 groups with Fe2+ induction (A) or
no Fe2+ induction (B). Before the reaction, microsome was incubated
with or without specific P450 inhibitor for 10–30 min.  Diethyldithio-
carbamate is a CYP2E1 inhibitor; naphthoflavone is a CYP1A in-
hibitor (mainly CYP1A2); 8-methoxypsoralen is a CYP1A (with a
similar effect on CYP1A1 and CYP1A2) and CYP2A6 inhibitor.
The l ip id  peroxidat ion was  measured by the  format ion of
thiobarbituric acid reactive substances (TBARS). TBARS are re-
ported in terms of malondialdehyde (MDA). bP<0.05, cP<0.01 vs
DEN; eP<0.05, fP<0.01 vs 2-AAF; hP<0.05, iP<0.01 vs control.
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time, other isozymes are downregulated expressed. The
present work confirmed the alteration expression of CYP1A1,
CYP1A2, CYP2B1/2 and CYP2E1.   As we expected, CYP1A2
was down-regulated in groups A and C.  As the previous
report demonstrated[15], the expression of CYP1A2 was re-
duced preferentially in the liver bearing hyperplastic nodules.
CYP1A1 which was undetectable in control rat liver, appeared
in the groups A, B, and C.   It was not expected that treatment
with DEN alone significantly increased ethoxy-O-dealkylase
activity, as DEN has no capacity for inducing CYP1A1 in
vitro.  This unexpected change was similar to those observed
previously in the treatment of rats with DEN alone[15].  The
mechanism of the unexpected appearance of CYP1A1 in the
liver treated with DEN alone remains unclear and requires
further study.  It has been proposed that a link exists be-
tween the capacity of agents and their ability to promote
hepatocarcinogenesis[16].  The altered hepatic foci that shows
reduction of expression of CYP2B1/2 might have more po-
tential to grow into hyperplastic nodules [17].  In the present
study, CYP2B1/2 was down-regulated in groups A and C.
However, CYP2B1/2 was down-regulated expression in the
cells within the altered hepatic foci the same as the previous
report .

 CYP2E1 is a major microsomal source of hydrogen per-
oxide and NADPH-dependent lipid peroxidation[18].  In the
present study, CYP2E1 inhibitor inhibited most microsomal
lipid peroxidation production in all 4 groups and obliterated
the difference among the groups.  Thus, the increasing lipid
microsomal peroxidation might be induced by overexpression
of CYP2E1.  This result was in accordance with the major role
of CYP2E1 in the generation of microsomal hydrogen
peroxide.  Immunohistochemical assay indicated that CYP2E1
mainly expressed around the centrolobular vein and most of
hepatocytes in the altered hepatic foci were negative.  Thus,
the hepatocytes within the altered hepatic foci might bear
less peroxidation injury than that in the surrounding area.
This could contribute to the formation of a resistant
phenotype.  Studies in vitro have indicated that CYP2E1
overexpression has left cells vulnerable to death from GSH
depletion[19]; the different susceptibilities to ROS between
hepatocytes within the altered hepatic foci and surrounding
tissue can be partially explained by the depletion of
glutathione, which was confirmed by the present assay of
glutathione in the liver.

The previous study demonstrated that xenobiotic AHR
(Aryl Hydrocarbon Receptor) ligands were mechanistically
involved in toxicological processes of oxidative stress, gener-
ally resulting in increasing ROS production in microsomes[20].
The specific role of CYP1A1 and CYP1A2 that contributed

to the generation of microsomal lipid peroxidation seemed to
be contrary.  CYP1A1 appeared to be an important contribu-
tor to a microsomal oxidative stress response.  However,
CYP1A2 decreased the microsomal hydrogen peroxidation
generated by CYP2E1 and CYP1A1 by acting as an electron
acceptor to prevent the uncoupled electron transferring from
NADPH to O2

[21].  The present results indicate that CYP1A
inhibitor α-naphthoflavone promotes the generation of lipid
peroxidation in the presence of Fe3+/ADP and did not effect
the generation of lipid peroxidation in the absence of Fe3+/
ADP.  Because α-naphthoflavone is a more potent inhibitor
of CYP1A2 than CYP1A1, and CYP1A2 was an antioxidant
enzyme, we proposed that more lipid peroxidation produc-
tion in groups A and C could result not only from over-
expression of CYP2E1 and CYP1A1, but also from decreased
expression of CYP1A2.

Changes in CYP isozymes expression can directly pro-
duce interindividual differences in susceptibility to carcino-
genic compounds; toxicities are modulated by these enzymes.
N-nitrosodiethylaminie (DEN) is a widely occurring carcino-
genic nitrosamine that requires oxygenation of the α-carbon
catalyzed by CYP (mainly by CYP2E1) for its DNA-damaging
activity[22].  The first necessary step for 2-AAF activation is
N-hydroxylation mediated by CYP1A to form the proximate
carcinogen N-OH-AAF[23].  In normal rat livers, the relevant
isozyme mediated N-hydroxylation of 2-AAF is CYP1A2, but
in the liver in which CYP1A1 was induced, we speculated
that this step was mediated primarily by CYP1A1, because
CYP1A1 N-hydroxylated 2-AAF 6 times more rapidly than
CYP1A2.  Therefore, in the present study, DEN+2-AAF, DEN,
and 2-AAF group, in which CYP1A1 was induced, might
have more susceptibility to 2-AAF.  Although we are unable
to explain the high induction of CYP1A1 in the rat liver of the
DEN-PH group, the induction of CYP1A1 after a single injec-
tion of DEN might result in more 2-AAF being transformed
to N-OH-AAF.  Based on this proposal, it can be concluded
that alteration of expression of CYP1A1/2 contributed to the
hepatocytes within the preneoplastic foci acquisition of re-
sistance to 2-AAF.

In conclusion, the expression of CYP was altered in the
early stage of hepatocarcinogenesis and these alterations
have an affect on the alteration of cell redox status and the
metabolism of carcinogen.
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