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Abstract

AIM: To investigate the inhibitory effect of dietary and
medicinal formula Ganfujian granule on diethylnitrosamine
(DEN)-induced hepatocarcinoma in rats.

METHODS: Male SD rats had free access to water containing
0.1 g/L DEN for 16 weeks, during which the rats fed with
standard diet or administration of Ganfujian granule (30.4 g/Kg
in diet). At weeks 4, 8, 12 and 16 of hepatocarcinogenesis
5 rats of each group were sacrificed, and at week 20 another
30 rats were sacrificed from each group. The end point for
survival observation was at week 28.Immunochemistry
methods were used to examine the effect of Ganfujian
granule on the process of hepatocarcinogenesis including
proliferation of hepatocytes and cell cycle modulation.

RESULTS: Ganfujian granule could reduce and delay the
incidence of hepatocarcinoma in rats and prolong the survival
of animals. In addition, Ganfujian granule had a marked
inhibitory effect on high expression of cyclin dependent kinase
(CDK4) during the whole process of hepatocarcinogenesis
and cyclin D1 at week 16 and the number of proliferating
cell nuclear antigen (PCNA) positive cells in different stages
of hepatocarcinogenesis.

CONCLUSION: Ganfujian granule can reduce and delay
the incidence of hepatocarcinoma in rats by exerting direct
or indirect effects on cell cycle and inhibiting uncontrolled
proliferation of hepatocytes.
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INTRODUCTION

Liver cancer is one of the common malignanciesin the world,
especialy in Asiaand Africa. Despite many advancesin the
treatment of this disease in recent decades, its long-term
therapeutic outcome remains poor and prognosisis devastating.
Prevention seemsto bethe best strategy in lowering the present
prevalence of the disease. Much work has been done in the
prevention of liver cancer, including monitoring of high risk
populations (residentsin areas of high incidence, cirrhosis of

various causes and patientswith chronic hepatitis)i*?, extensive
immunization to prevent HBV infection®, and use of interferon
to aleviate HCV infection, both providing hope of lowering
or delaying the complication of hepatic cirrhosisor progression
to liver cancer in chronic hepatitis patients®. More and more
efforts have been made in search of natural materials and
foods as a means of chemical prevention of liver cancer!®.
Characterized by low toxicity and effectiveness, traditional
Chinese herbs have aroused more interest in the prevention of
tumord®. Ganfujian granule is an oral granule consisting of
dietary and medicinal Chinese herbsfor preventing liver cancer,
developed by our laboratory based on the basic traditional
Chinese medicine (TCM) theories of “invigorating spleen and
soothing liver” asthe key principle in combination with our
clinical experience in preventing and treating liver cancer.
Our previous experiments have demonstrated that Ganfujian
granule can effectively prevent the formation of liver
preneoplastic lesions™. In the present study we attempted
to observe the effect of Ganfujian granule on DEN induced
liver cancer in rats and to explore the potential preventive
mechanism from the perspective of modulation of proliferation
of hepatocytes.

MATERIALS AND METHODS

Materials

Male SD rats (160-180 g in body mass) were obtained from
the Animal Center of the Second Military Medica University
of Shanghai. DEN and 2-bromo-3' -deoxyuridine (BrdU)
marker were from Sigma, CDK4 sheep monoclonal antibody
and cyclin D1 monoclonal antibody were from Santa Cruz,
PCNA and BrdU test kit from DAKO.

Methods

Animal model The rats had free access to food and water
throughout the study. The basal diet was a standard diet. The
Ganfujian granule-containing diets were prepared by mixing
3.04% Ganfujian granule with the standard diet (the Ganfujian
granule amount for the rats was converted from the kg body
mass daily for adults). After a5 d acclimatization period, 165
rats were assigned into group | (carcinogen-exposed control)
and group Il (Ganfujian granule treatment). Fresh sterile water
was used to prepare DEN solution of 100 ng/mL concentration,
to which the rats had free access. Theratsin group | were fed
with basal diet and those in group 11 with Ganfujian granule
containing diet. At wk 16 DEN water was discontinued and
the food for the animals in group 11 was changed into basal
diet. Five rats from each group were sacrificed at wk 4, 8, 12
and 16 of DEN hepatocarcinogenesis. Livers of the ratswere
resected, cut into 3 mm slicesand fixed. Another 30 ratsfrom
each group were sacrificed at wk 20 to observe incidence
rate of liver cancer. The remaining animals were raised
continuoudly to observe surviva. The end point of observation
was at wk 28.

Immunohistochemical staining The liver tissues were fixed
in 40g/L buffered formal dehyde and processed for embedding
in paraffin, cut into 4 mm thick slices, deparaffinized with
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xylene and washed with alcohol, and then processed for
immunohistochemistry by using a streptavidin-biotin-
peroxidase complex methods. Cyclin D1 rat monoclonal
antibody, CDK4 rabbit polyclonal antibody and PCNA rat
monoclonal antibody were used as primary antibodies. As
controls, known positive tissue sections were used, and for
negative controls exposure to the primary antibody was omitted.

To determine labeling index (L1), 5 rats from each group
at wk 20 received intraperitoneal injections of 2-bromo-3’ -
deoxyuriding( BrdU ) 35 mg/kg body mass 1 h before death, BrdU
incorporation into nuclel wasdetermined immunohistochemically
witha* BrdU test kit' .

Analysis and quantification of staining results

Staining of cyclin D1 and CDK4 foci in liver tissue section
was analyzed and quantified using an image analyzer (HPIAS-
1000 highly clear color pathological graph analysis system).
With the gray scale unified, five different fields were selected
for each section to conduct automatic measurement by selecting
the mean gray scale as the index of measurement, x400. The
system uses 256 as the maximal gray of white and O as the
minimal gray of black. The smaller the mean gray scale, the
higher the positive reaction. The brownish yellow particles
and dark blue particles covering the nuclei represented the
positive signal of PCNA and BrdU respectively. The number
of positive liver cells was counted. Ten un-overlapped high
power fields (x40) of the same transmigration were used for
counting the positive and negative cells (100 cells).

Statistical analysis

Data relative to tumor incidence were analyzed by Fisher’ s
exact test. Survival functions were analyzed by the log-rank
analysis. The differences between groups were analyzed by
Student’ st test, and the two-tailed statistical significance was
determined. The statistical calculations were carried out by
SPSS and NOSA software packages.

RESULTS

General effects of ganfujian granule

The liver surface of ratsin the group | grew coarse gradually
between 4-8 wk of DEN hepatocarcinogenesis, on which small
granules of local focus were seen. Light microscopy showed
that liver cells became degenerative and locally necrotic.
Cirrhosis was evidently seen in 40% at wk 12, and at wk 16,
cirrhosis was seen in all the rats (100%). More and larger
noduleswere seen ontheliver surface, the liver became smaller,
and deranged pseudolobuli of different sizes were seen
histologically. Early cancer change was seen in 20% rats. At
wk 20, all the 30 rats (100%) developed hepatocarcinoma.
Liver impairment of group Il was milder than that of group |
at various stages of hepatocarcinogenesis. No cirrhosis was
seen at wk 12, 60% developed cirrhosis at wk 16, but no
cancerous change was observed, and at wk 20, 24 of the 30
rats (80%) developed liver cancer. Fisher’ sexact test analysis
showed that the incidence rate of liver cancer between the
two groups was significant (P<0.05). Using 28 wk asthe end
point of observation, the longest survival of ratsin group |
was 20 wk, and 28 wk in group I1. Log-rank test showed that
survival of ratsin group Il was longer than ratsin group I,
and risk of death in group | was lower than that in group 11
(P<0.05, Figure 1).

Changes in expression of PCNA and BrdU

The number of PCNA positive hepatocytesincreased gradually
with progression of hepatocarcinogenesis at the early stage,
and showed a tendency of sharp increase after 12 wk. Two-

tailed t test showed that the number of PCNA positive
hepatocytes of group 11 was lower than that of group |, and the
difference between two groups was evident between 12 and
20 wk (P<0.05), (Table 1). The number of BrdU positively
labeled hepatocytes was also smaller in group Il at wk 20 of
hepatocarcinogenesis (28.80+0.65 vs 45.71+1.90, P<0.05).

Table 1 Effect of Ganfujian granule on positive expression of
PCNA during hepatocarcinogenesis (n=5, meantSD)

Group 4 wk 8 wk 12 wk 16 wk 20 wk

15.224#3.28 21.50+3.04 21.06+0.32 31.10+7.06 41.77+1.01
10.8843.22 12.20+1.87 6.38+0.18* 10.11#0.78* 16.1440.43°

Control
Treatment

3P<0.05 vs control.

Effects of Ganfujian granule on expression tendency of cell-
cycle modulators

Thegray scale of positively stained cyclin D1 of hepatocytes
in rats treated with DEN decreased continuously, that is,
positive expression of cyclin D1 showed an increasing
tendency, reaching the pesk at wk 16-20 of hepatocarcinogeness.
Positive expression of CDK4 reached the peak at wk 8,
decreased gradually afterwards, and rose again gradually
at wk 20. Linear regression correlation analysis showed that
there was no significant correlation between two modulators
(P>0.05). Positive expression of CDK4 in group Il was
significantly lower than that in group | during different
stages of hepatocarcinogenesis (P<0.05) and the expression
of cyclin D1 was significantly lower at wk 12 and 20 (P<0.05),
(Figure 2).
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Figure 2 Expression of cyclin D1 and CDK4 during
hepatocarcinogenesis in two groups of rat’s liver.

DISCUSSION

Carcinogenesis is a multi-stage process characterized by
continuous change in specific heredity and phenotype. The
whole process of carcinogenesisisaccompanied by subsequent
activation of a group of protooncogenes and inactivation of
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cancer suppressor genes, leading to continuous accumulation
of uncontrolled proliferation of cells®. Therefore, the liver
backgrounds such as nodular cirrhosis and viral hepatitis,
and abnormal expression of related genes and proteins play
crucia rolesin the process of carcinogenesis. In our model of
using DEN asthe chemical carcinogen, therat liver underwent
different stages of inflammatory change, cirrhod's, carcinogenes's
and progression. Theincidencerate of liver cancer was 100%.
Almogt dl theseliver cancersdevel oped onthe basisof cirrhosis.
This process might imitate the pathogenesis of human liver
cancer to some extent!®'%, Therefore, our model provides
necessary evidence for dynamic observation of the whole
process of hepatocarcinogenetic evolution from cancer
initiation to malignant transformation based on the change of
cell proliferation modulations.

Ganfujian granule is composed of dietary and medicinal
Chinese herbsincluding Chinese yam (Rhizoma Dioscorea€),
hawthorn fruit (Fructus Crataegi) and Chinese date (Fructus
Ziziphi Jujubae). It is atoxic for long-term use. As a basic
formula, it has achieved good therapeutic effectsin clinical
treatment of liver diseases. In the present study, we observed
itseffect on DEN induced liver cancer in ratsand found that in
group | 100% of these rats presented with nodular cirrhosis at
wk 16, of which 20% were accompanied by early cancer
change at wk 20, al rats developed liver cancer. The longest
survival of ratswas 20 wk. In group |1, cirrhosiswasfound in
60% rats at wk 16, liver cancer was found in 80% at wk 20.
The longest survival of rats was 28 wk. Statistical results
showed that Ganfujian granule reduced and delayed the
occurrence of liver cancer in rats and prolonged survival of
these animals.

Abnormal proliferation of cellsis the main feature of
carcinogenesis, and therefore exploration of drugs that can
affect malignant proliferation of liver cellsis of primary
importance in chemical prevention of liver cancer. PCNA, a
polypeptide chain derived and purified from the cell nucleus,
isdirectly involved in DNA replication. It has been found that
the content and positive expression of PCNA were acommon
index for proliferation of hepatocytesat late G1 stage and early
Sstagel™. AsBrdU may seep into cellsduring DNA synthesis,
it can be used to reflect the number of S stage cells. Both PCNA
and BrdU are good indexes reflecting proliferation of cells.
The positive expression of two proteins was mainly found in
the pre-cancerous proliferation focus and cancerous liver tissue
during DEN induced hepatocarcinogenesis®. Their high
expression suggested that the ability of cell proliferation
became stronger, and thiswas closdly related to malignant cell
proliferation and carcinogenesis'2%, In the early stage of our
experimental model, PCNA positive hepatocytes increased
gradually and thisincreasing tendency became more evident
between 12 and 20 wk (the period during which cirrhosis-liver
cancer formed). The inhibitory effect of Ganfujian granule on
PCNA positive cells was most prominent during this period.
In addition, Ganfujian granule al so reduced the number of BrdU
positively labeled cells at wk 20, suggesting that Ganfujian
granule had the action to suppress malignant proliferation of
hepatocytes in experimental liver cancer.

The events of cell cycle are normally controlled by the
clock within the cell, which isreflected by periodic activation
of cyclin D/CDK complex. Irregular regulation may lead to
abnormal cleavage of cellsand isclosely related to malignant
transformation of cell§'2%9. In our experiment, we found that
positive expression of cyclin D1 tended to increase gradually
during DEN induced hepatocarcinogenesis, reaching the peak

at the end stage of carcinogenesis. On the other hand, positive
expression of CDK4 was active during the early stage of
carcinogenesis, became weaker during the middle stage, and
rose gradually in thelate stage. In group 11, positive expression
of CDK4 at various stages of carcinogenesis and that of cyclin
D1 at wk 16 were significantly lower than those in group I.
Thesefindingsindicate that DEN induced hepatocarcinogenesis
was accompanied by continuous accumulation of cell cycle
positive modulators such as cyclin D and CDK, leading to
disturbance of cdl cydeand uncontrolled proliferation. Ganfujian
granule can suppress over-expression of these modulators,
regulate the process of cell cycleand capture over-proliferation
of hepatocytes that escape the G1-S check-point so as to
suppress uncontrolled proliferation and hepatocarcinogenesis.

Based on the results from our experiment, it is concluded
that the dietary and medicinal formula Ganfujian granuleis
ableto reduceand delay the occurrence of liver cancer by affecting
the abnormal expression of multiple proteins related to cell
proliferation cycle at different stages of hepatocarcinogenesis.
Asaliver cancer chemical preventive agent, clinical application
of Gangfujian granule is promising.
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