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Abstract

Lycopene was considered as a mgjor carotenoid in the human diet for only the last few
centuries. Recently lycopene has been found to possess chemoprotective effect against
gastrointestinal tract, urinary bladder, prostate and breast cancers. In the present study, the
protective effect of lycopene, the naturd extract from tomato pomace against diethyl nitrosamine
(DEN)-induced hepatocdlular carcinoma (HCC) formation in rats was investigated. Four
groups of male abino rats a the age of 6 weeks were studied: 1) control (C), 2) DEN, i.p.
injected 5 times with doses of 200 mg/kg b.w., one dose every two days. 3) Lycopene, orally
given 0.12 mg/rat/day. 4) Lycopene + DEN, the treatment with lycopene started 7 days before
DEN injection and continued till the end of the experimental period. Rats in group 2 and 4 were
treated with Phenobarbital (PB) at a dose of 500 ppm in the drinking water as a tumor promoter.
PB treatment started with the first injection of DEN and continued till the end of the
experimental period. The results indicated that DEN caused HCC nodules as evidenced by a
remarkable significant increase in  -L-fucosidase and meadloprotenasss (MMPS) enzyme activity
in both serum and cytosol. Increased activity of these enzymes is a marker for both
preneoplastic and carcinoma lesions. Administration of lycopene prior to DEN injection
protected rats from DEN-induced HCC as evidenced by a significant descent in  -L-fucosidase
and MMPs enzymes activity in both serum and cytosol. The histologica investigation of liver
tissue confirmed these results. DEN group showed proliferated hyperplagtic and anaplastic
hepatocdlular nodules surrounded with thin layer of fibroblastic cdls, desmoplasia and
inflammatory cdls infiltrations, focal hepatic haemorrhages and necrosis. Meanwhile, lycopene
+ DEN group showed no histopathological changes. These results indicate that Iycopene
effectively inhibits DEN-induced hepatocarcinogenesisin rets.

I ntroduction:

Diethylnitrosamine (DEN) bdongs to
the rdatively smal group of carcinogens
that has been thoroughly investigated. It
induced hepatocdlular carcinomas, which
is one of the most common endpoints in
cancer tests (Finnberg et al., 1999). DEN is
considered to be a genotoxic carcinogen
(Lewis et al., 1997). Since it is poditive in
tests for genotoxicity and can induce many
types of DNA damage and dterations that
lead to mutations by dkylation and other
mechanisms (Nakee et al., 1997). Phenob-
arbitd (PB) is a non-genotoxic carcinogen and
has often been usad as a tumor promoter
(Osanai et al., 1997).

The presence of nitrosamines in foods is
considered a risk factor because of their

implication in causing gastrointestinal cancers
of the pharynx, oesophagus, stomech, liver,
pancreas and ool orectum (Chhabraet al., 1996,
Jen and Yuan, 1994 and Magee, 1996). Since
nitrosamines are suspected carcinogens in
humans because the intestind bacteria
flora can transform nitrites and nitrates in
the food into powerful carcinogenic
nitrosamines (Ames and Gold, 1990), the
mechanisms of their toxic action have been
the focus of attention for several years (Lin
and Ho, 1994 and Y ang and Smith, 1996).
Hepatocdlular carcinoma (HCC) is
one of the magor malignant tumors in
humans and causes more than 250,000
deaths annudly worldwide (Kuo & al.,
1998). It is closdy associated with hepatic
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fibrosis or drrhosis. Fibrosis arises from
overproduction of extracdlular matrix as a
result of activation of hepatic nonparen-
chyma cdls including kupffer cdls and
stellate cdls (Pinzani et al., 1998). Activ-
ation of hepatic stellate cdls in the fibrotic
liver causes morphological changes in
myofibroblast like cdls, which is accomp-
anied by synthesis of large quantities of
extracdlular matrix (Freidman, 1993).
Prognosis of cirrhosis is very poor because
the diagnosis is generally late, when the
disease is so advanced that any effective
trestment is precluded. Therefore, early
detection is important in the management of
this type of cancer (Pateron et al., 1994 and
Tangkijvanich et al., 1999).

Recently, serum activity of aphalL-
fucosidase enzyme has been used as a
marker for early deection of HCC in
cirrhotics (Giardina et al., 1998). AlphaL-
fucosidase enzyme (Ec 3.2.1.51) is a lyso-
soma enzyme present in al mammalian
cdls. Deugnier (1984) showed that serum
dphal-fucosdase adivity was sgnificantly
inoreased in patients suffering from HCC when
compared to hedthy subjedts.

Matrix madlopratanases (MMPs) are a
family of enzymes dassified as zinc-dependent
protanesss that odlletivdy can deyade the
vaious structurd components of the extrace
lluar matrix, ther spedfic protedytic targes
have since expanded to many other extracdlular
pratans. These enzymes are invalved in proce-
s such as wound heding and dso in tumor
invason and metadasis (Coussans and Web,
1996 and Wood and Archer, 2001).

Lycopene has been a mgjor carotenoid
in the human dig for only the last few
centuries. Tomatoes and tomato products
account for the majority of lycopene inges-
tion (Clinton, 1998). Lycopene is a carote-
noid present in human blood and tissues
(Stahl and Sies., 1996). Rather high leves
of lycopene was found in liver, adrends,
and tests, whereas other tissues such as lung
and kidney contained less (Stahl et al., 1992
and Tanumihardjo et al., 1990). Absorption
and distribution of lycopene into different
tissues of rats was studied after gpplication
of radioactivdy labded lycopene (Mathews
-Roth et al., 1990). Liver was the major
organ for lycopene accumulation. Recent

interest in lycopene is due to the findings of
an inverse associaion between dietary
lycopene and risk for some types of cancer
induding those of ora cavity, pharynx,
esophagus, stomach, rectum (Franceschi et
al., 1994), liver (Matushima-Nishiwaki et
al., 1995), colon (Franceschi et al., 1994
and Narisawa et al., 1998), urinary bladder
(Helzlsouer et al., 1989 and Okgjima et al.,
1998), prostate (Giovannucci et al., 1995)
and breast (Zhang et al., 1997).

The biologica activities of lycopene
indude antioxidant activity, singlet oxygen
quenching and peroxyl radical scavenging
(Stahl and Sies, 1996). Although lycopene
has no provitamin A activity, it exhibits
other biological properties such as suppres-
sion of cdl proliferation of human cancer
cdls (Levy et al., 1995) and induction of gap
Junction communication (Zhang et al., 1991).

The objective of this study was to
evauate the protective dfect of lycopene the
natural extract from tomato pomace against
hepatocd lular carcinoma induced by DEN,
a potent hepatocarcinogen.

M aterial and M ethods:

Experimental animals:

Male Sprague Dawley rats, 5 weeks
of age were obtained from the animal house
of the Nationa Research Centre, Dokki,
Egypt. They were kept for 12 weeks under
good ventilation and illumination condit-
ions and dlowed standard casein diet and
water ad libitum. Rats were acclimatized
for one week before experimental use.

Treatment:
DEN

DEN (C4 H10 NO2) was purchased
from Sigma Chemical Co. (St Louis, MO.
USA). It was in the form of solution
packaged in a 100 ml serum bottle with
butyl rubber stopper and duminum tear
sted. The bottle content was dissolved in
100 ml sdine to meke a 1% solution.
Tumor initiation was achieved by 5 times
injection with DEN at a dose of 200mg/kg
b.w., one dose every two days according to
Ito et al. (1998).
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PB:

PB was purchased from Pfizer Pharm.
Ind. Co., Cairo, Egypt. Tumor promotion
was induced by adding PB a a dose of 500
ppm in the drinking water according to
(Finnberg et al., 1999).

Extraction and purification of lycopene:
Lycopene was extracted from tomato
processing wastes or pomace obtained from
tomato sauce processing line in the factory of
Kaha Extradion with dighyiether, concentr-
aion and purification of lycopene were
performed using the method described by
Kew and Berry (1970). The purity of lycop-
ene reached 95% as assessed by high per-
formance liquid chromatography (HPLC).

Experimental design:

The experimenta animals were
divided into four groups, each of ten rats as
follows:

1. Control group of rats only given
standard casein diet.

2. Group of rats i.p. injected 5 times with
DEN at doses of 200 mg/kg b.w., one
dose every two days.

3. Group of rats oraly given 0.12 mg of
lycopene daily according to Narisawa et
al. (1996) till the end of the
experimental period.

4. Group of rats oraly given 0.12 mg of
lycopene daily starting 7 days before
DEN injection and still continued till
the end of the experimental period.

Rats in group 2 and 4 were treated
with PB (500 ppm in the drinking water)
garting with the first injection of DEN and
continued till the end of the experimentd
period. At the end of the trestment time, blood
samples were colleted after 12 h. from faging
rat groups using the orbitd snus tedmique then
centrifuged @ 3000 r.p.m. for 10 minutes. The
dear supanaant serum was frozen a 20°C for
the subsaquent andysis.

Extraction of cytosd from liver tissue

Liver was dissstted out, then 05 g liver
tissue was homogenated in 10 ml of didilled
water a 4°C. The homogenate was
centrifuged for 20 minutes a 4°C at 12000
r.p.m. The supernatant was taken and
recentrifuged for 30 min at 15000 r.p.m. &

4 °C. Coallected sera and cytosol were used
for the determination of -L-Fucosidase ad

MMPs enzymes.

Biochemical methods:
-L-Fucosidase enzyme:

Activity levels of  -L-fucosidase
enzyme in serum and cytosol were assayed
by the modification of the method accor-
ding to Zidke et al.(1972). 10 L of serum
were added to 50 L of the substrate
mixture, p-nitropheny L- -Fucopyranoside
dissolved in phosphate buffer (PHS) and
incubated for 1 hour at 37°C. The reaction
was stopped by adding 3.5 ml of stop buffer
pH 10.5 (115 mM sodium carbonate, 15
mM glycine and 7.5 mM sodium chloride).
Blanks were prepared in the same way but the
incubetion step was omitted. Absorbance of p-
nitrophenol was reed a 400 nm. The
change in absorbance of the liberated p-
nitrophenol was directly proportional to
the activity of -L-fucosidase enzyme.

MM Ps enzyme:

Gdatin zymography: The gdatinolytic
activity of MMPs was evaluated according
to the method described by (Nagata et al.,
1976). Serum and cytosol (40 g of totd
protein per lang) underwent dectrophoresis
10% polyacrylamide gds containing 10%
sodium dodecyl sulfate (SDS) and gelatin
type B (1 mg/ml) under non- reducing and
without boiling. After eectrophoresis, the
SDS was removed from the gds by
washing with 2.5% Triton X-100 at room
temperature, and the gels were incubated
overnight at 37°C with gentle shaking in
Tris 50 mM pH 7.5, containing CaCl,
10mM and ZnCl, 1mM in order to activate
metalloproteinases  substrate  digestion.
After staining with coomassie blue and
destaining, the fina gd had a uniformly
blue background except in regions to which
MMPs and collagenase (standard) have
migrated and activated the development of
lysis bands.

Densitometric Scans. Band intensity was
quartified by means of densitometric
scanning using a system incorporating a
vedio camera and a computer andysis
package, the results were calculated as ¢
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collagenase for MMPs/40 ¢ tota protein
from serum and cytosol.

Histological study:

Spadmas from  live weae  fixed
immediatdy in 10% neutrd buffered formdin,
Ochydrated in diffeet grades o doohdl,
deared in xyld, arbedded in pardfin wax,
sttioned a& 46 thidk and staned with
Haameatoxylin and Easn (Banaroft e al., 1996)
and examined microsoopicaly.

Statistical analysis:

The results wee satisticdly
evaluated using Student’s “t” test (Snedecor
and Cochran, 1989).

Results:

Table(1):Serum and  cytosol -L-
fucosidase enzyme activity in
different groups of animals (
mol PNP/hr/L).

those recorded in rats injected with DEN,
there were non-significant changes between
(Lycopene + DEN) and control groups in
both serum and cytosol. Meanwhile there
were significant  differences  between
(Lycopene + DEN) group as compared with
the DEN group in both serum and cytosal.
Results in Table (2) showed meas-
urement of MMPs activity levels in serum
and cytosol in male abino rats, to investi-
gate the preneoplagtic lesions growth in
liver induced by DEN. The MMPs activity
was resolved into its active form (92 KDa)
of bands that appeared in the gel Fig (1&2)
for cytosol and serum, respectivey. The
results indicated that injection with DEN
caused a marked significant devation in
MMPs enzyme activity in cytosol and
highly significant difference in serum as
compared with the control group. The
percentages of increase from control in
DEN group were 145 and 135.4% in serum

and cytosol respectively.

Experimental Serum Cytosal
groups
Control 226 019 263 023
(100%) (100%)
DEN 282 0027 319 0.097
(124.8 %) (121.3%)
Lycopene 219 014 252 013
(97.0 %) (95.8%)
Lycopene + 233 017 274 019
DEN (103.1 %) (104.2 %)

-Each value represents the mean of 10 rats SE.

Table (2): Serum and cytoso MMPs
enzyme activity in different

groups of animals.

-* Sgnificart differencefrom cortrol a P<0.05
and** highly sigrificart difference at P<0.0L

- a : Sgnificant difference between DEN and
lycopene +DEN groups.

The activity levds of -L-fucosidase
enzyme in the serum and cytosol of rats
receiving DEN andor lycopene are
presented in Table (1). Injection of DEN to
rats induced significant increase in  -L-
fucosidase enzyme activity in both serum
and cytosol as compared with the control
group, the percentage of increase from
control equal to 124.8 and 121.3% in serum
and cytosol respectively.

The intubation of lycopene induced
dightly non-significant decrease in the
enzyme levds comparing to the control
group in both serum and cytosol. Adminis-
tration of lycopene prior to DEN injection
resulting in less pronounced changes than

Experimental Serum Cytosal
groups

Control 10.75 0.8 5.17 0.39
(100%) (100%)

DEN 1559 127 | 70 05°
(145 %) (135.4%)

Lycopene 1226 119 | 603 074
(114 %) (116.6%)

Lycopene + 12.49 1.08 5.48 0.47
DEN (116.2 %) (105.9%)

-MMPsexpressedas g collagerese/40 gtota protein

-Each value representsthe mean of 10rats SE

- * Sgnficat difference from cortrol & P<0.05 and **
highly sgrificart difference & P< 0.0L

- a Significant difference between DEN and
lycopene + DEN groups.

Administration of lycopene caused
non-significant changes in the enzyme
activity comparing to the control group in
both serum and cytosol. Ingestion of
lycopene  preDEN injection reveded
significant amdioration effects, there were
significant differences beween DEN and
lycopene + DEN groups in both serum and
cytosol. Meanwhile, the changes between
control and lycopene + DEN groups were
non-significant in both serum and cytosol.
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Histopathological results:

Microscopical examination of liver
from control rats showing no histologica
changes (Fig. 3). On the othe hand, examined
liver from rats trested with (DEN) reveded
severe and ddeerious changes, those
changes confined as multiple hyperplastic
and anaplastic hepatocdlular  nodules
surrounded with thin layer of fibroplastic
cdls, absence of the central veins. The
nodules made up of cdls that resemble liver
cdls, but were anaplastic, habhazardly
arranged and vary in their size and staining
features (some clear cdls with fainty
cytoplasm and other cels deeply stained)
(Figs. 4 and 5). Mitosis and enlarged nuclei

Fig. (3): Liver of control, non-treated rats
showing no histdogical changes.
(H &E stain X 200)

Fig. (5): Liver of rats treated with (DEN)
showing mixed cdl foci (clear cdll
hepatocytes and  basophilic odl  hepar
tocytes), natice the haebhazardly arranged
hepatocytes.

(H & E stain X 200)

were also seen in the examined cases . The
portal tract showed irregularsied sized bile
ductuoles, lined with cuboida epitheium,
which resembles epithelium of intrahepatic
bile ducts, Less differentiated cdls appear
in solid masses with large nucleé and
mitotic figures aso seen. In some cases,
prdiferation of connective tissue (desmoplasia)
ad inflammetory odls infiltrat-ions were
al so observed (Figs. 6 and 7).

Hepatic haemorrhages associated with
necrosis were noticed in the examined
sections (Fig. 8). Liver of rats treated with
lycopene showed normal  histological
structure (Fig. 9). Liver of rats treated with
combined lycopene + DEN also showed no
hi stopathol ogical changes (Figs. 10 and 11).

Fig. (4): Liver o ratstrested with (DEN) showing
prdiferated hyperplasic hepatocdlular
and andplagic nodule (no central ven
and the hepatocytes vary in ther sz and
gainingaffinity) .  (H & E gain X 200)

Fig. (6) : Liver o rats treated with (DEN)
showing prdiferated irregular szd
bile ductudes as wdl as desmoplasa
and inflammatary codls infiltration
(arrows)

(H & Egain X 100)
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Fig. (7): Liver of rats treatead with (DEN)
showing proliferated bile ducts, the
cells undifferentiated and form solid
masses (arrow) as wdl as
desmoplasia associated with
inflammatory cdls infiltration (arrow
head). (H & E X 200)

Fig. (9): Liver of rats treated with (L ycopene)

showing normal histological structure.
(H & E stain X 100).

Fig. (11): Liver of ratstreated with combined
(Lycopene+ DEN) showing no histopa-
thological changes.

, , H & E stain X 200).
Discussion
It iswdl known that DEN is a potent
hepatocarinogen. Chuang et al. (2000)
found that DEN induced HCC formation

Fig. (8) : Liver o rats treated with (DEN) showing
focal  hepatic haemoarrhages and necrods
(arrow). (H & E gain X 200)

Fig. (10): Liver of rats treated with
(Lyoopene +DEN) showing no histapath-
dagical changes.

(H & E X 100)

in the mouse. The tumor initiation was ac-
hieved by a single i.p. injection of DEN
(200 mg/kg b.w.). Nitroseamines are very
common in processed foods such as
bacon, dried and canned vegetables, beer
and in cigar smoke. Humans are exposed
to nitrosamines in severd ways, and are
especially effective by the orad route
(Tricker and preussmann, 1991). Rao and
Agarwa (1999) reported the significant
role of lycopene rich foods in prevention
of chronic diseases and cancers in cdl
culture, animal experiments and clinics.

In the present study, DEN treated
group showed a marked significant
increase  in -L-fucosidase  enzyme
activity levels in both serum and cytosol
as compared with the control group.
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This finding was in agreement with
the result of El-Houseini et al. (2001) who
reported that in patients with HCC, -L-
fucosidase enzyme levds were signify-
cantly higher and corrdated to the size of
the tumor and the histopathologic grades.
The increase in  -L-fucosidase may be
atributed to increased synthesis of
proteins by tumor with a consequent
increase in fucose turnover (Deugnier,
1984). This finding is very important
because it is well known that DEN confers
hepatocarcinogenic action by its metabolic
conversion to a reactive ethylating agent,
which can alkylate cellular DNA (Bartsch
et al., 1989). DEN-activating P450
isozyme, markedly increased and may
play a role in inflammation related tumor
initiation. Inflammation adso activates
many proliferation factors and cytokines,
which are involved in tumor promotion
(Moshage, 1997).

The present study also reveded that
group of rats administered lycopene prior to
DEN injection showed a slight non-signif-
icant increase and significant devation in -
L -fucosidase enzyme activity levels in both
serum and cytosol as compared with the
control and DEN groups, respectively. In
vitro studies have shown a tumor supper-
ssive activity of lycopene Huang et al.
(1997) dated that lycopene as antioxidant
suppressed a severe hepdic inflanmatory
reection induoed by high dose of DEN in therat.
The mechaniam for canoar preventing adtion of
lyoopene obsaved in animd modds may
involve antioxidant adivity, stimulation of
gap junction intercellular communicat-
ion, induction of detoxifying ezymes
and inhibition of odlular prdiferaion (Cooper
gal., 1999).

The presat resdts showed dex
dgificat devaion in MMPs enzyme adivity
in bath saum and ctosdl of DEN group as
compared with the contral group. This was in
agreamat with Nekgima & al. (1993) who
reported devated levd of MMPs in saum and
plasma of animds bearing expaimentd tumors.
Moreover, Mosss @ al. (1998) reported thet
devaed produdtion of MMPs ewyme by
cancer cdls and tumor stroma correlates
with the mdignat or meaddic phenotype
Overprodudion of MMPs by a tumor

communicating with the vascular and lymphetic
gytems might resut in inoceesed levds of
MMPs activity in other body fluids, such as
blood or urine

On the other hand, MMPs play an
important role in the tissue remodding of
the live, thee eawymes reguae the
proliferation and migration of hepatocytes
(Watanabe et al., 2003). The early stage of
angiogenesis is characterized by proteolytic
degradation of basement membrane that
involves active serines proteases and
MMPs, a family of proteases with specif-
icity for matrix molecules. It consists of
collagenases, which cleaves collagen types
I, 1l and Ill. These collagen fragments are
further degraded by the gdatinases, 72 KDa
gelatinasse A (MMP-2) or 92 KDa
gdatinase B (MMP-9) and by stromelysins
(Nagase, 1996). The stage of tumor progre-
sson is positivedy corrdated with the
expresson of MMP family members.
Changes in MMP leves can markedly
affect the invasive behavior of tumor cdls
and ther ability to metastasize in
experimental anima modds (Coussens et
al., 2003).

In the obtaned reallts thee was
sgnificant desoat in MMPs enzyme adivity in
both saum and cytosol of |ycopene + DEN
group as compared with the DEN group.
This finding was explained by Giovannucci
(1999) and Mucci et al. (2001) who
reported that lycopene may protect lipids,
nucleic acids and proteins from oxidative
damage that could otherwise lead to cancer.
It is also possible that lycopene enhances
cdlular  differentiation,  inhibits  cdl
proliferation, maintains intercdlular com-
munication, interacts with growth factors,
or influences carcinogenesis through other
mechanisms. Moreover, lycopene could
influence the cancer cascade by regulating
gene functions, modulating hormone status,
carcinogen metabolism, immune status and
angiogenesis (Folkman, 1995, Kobayashi et
al., 1996 and Agarwal and Rao, 2000).

The histological investigation of liver
sections in rats injected with DEN reveded
severe and deeterious changes varied from
the presence of mutiple hypeaplagic and
angplagtic nodules surrounded with thin layer of
fibroblagtic odls, desmoplasa and inflamm:
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aay odls irfiltrations, to focd hepatic heemo-
rtheges ad necods These findngs were in
coincdidence with the obsarvations of Chuang
al. (2000) who found that DEN-inducad hepatic
nodues in ras fulfilled the higdogicd criteria
of HCC.

Moreover, Finnberg et al. (1999)
reported that DEN treated rats developed
enzyme dtered foci (EAF) in rat liver and
the longer the period of treatment the larger
the size of the EAF. They found that many
lesions in rats recelving DEN for 10-12
weeks had probably reached the point when
conversion to a tumor was imminent. Ded
et al. (1989) stated aso that DEN may
induce cytotoxidty and gpoptosis. A progre-
ssSve inceese in replication of hepatocytes has
been obsaved in response to increesing doses
of DEN. It is a potent hepatocard nogen,
principdly in the first step of neoplastic
transformation (Cortinovis et al., 1991).
Lijinsky (1987) stated that initiation is the
first damage suffered by the cdl, if such
damage is permanent it could lead to
cancer. DEN has a great capacity for
causing permanent genotoxic damage to
cdls, soit isan efficient cancer initiator.

On the other hand, DEN inducing cdll
death or a stop in the cdl cyde in
surrounding hepatocytes and by inducing
adaptation to such effect, i.e, down
regulation of P53 expression. The low
levels of DEN may not down-regulate P53
expression. At high doses, it might become
a dominating mechanism for accumulating
mutations (Williams et al., 1996).

Histologicd examination of liver
sections of rats trested with lycopene
confirmed the protective effect of lycopene in
relation to liver structure. Concerning liver of
rats treated with combined (Lycopene + DEN)
showed no histopathologica changes. This
finding was coincided with the finding of
Matushima-Nishiwaki et al. (1995). They
recorded the effedtive rde of lyoopene in
protecting againgt microcystin-LR-induced liver
tumars in mouse hepatocytes. They suggested
thet lyogpene may inhibit tumor promotion by
auppressing the hypaphosphorylaion  of
adlulear prateins.

Furthermore, He et al. (1997) found
that the intubation of rats with a carotenoid-
rich extract from tomato paste decreased

the preneoplastic foci induced by aflatoxin
during the initiation period, suggesting a
beneficial role of lycopene in the early
stages of hepatocarcinogenesis. Astorg et
al. (1997) also found a decrease in the size
of preneoplstic foci in rats liver as well as
in the fraction of liver volume occupied
after lycopene supplementation, but not
after -carotene,  cantaxanthin ~ and
astaxanthin supplementation. This finding
in the lycopene + DEN group may be
atributed to the ability of lycopene to cause
areversible inhibition of cdl transformation
initiated by carcinogens. This activity was
correlated with the ability of lycopene to
upregulate gap junction communication by
increasing the gene expression of connexin
43 (Zhang et al., 1992), a componat of the
0P jundion dructure Loss of gap junctiond
communicaion may be impartat far malig-
nant transformation, and its restoration may
reverse the malignant process.

In condusion, the presat data indicated
the inhibitory effect of lycopene the natura
extract from tomato pomace on DEN induced
hepatocarcinogenesis in rats which is likdy to
be rdated to the detoxification of the
carcinogen through inhibition or by induction
of enzymes. Alternativdy, lycopene may have
a role in intefering with carcinogen DEN-
binding to didit its antitumorigenic response
Othaewise, lycopene could play a role in
repairing genetic lesons or by renforcng
immune surveillance mechanisms.
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