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Abstract: The hepatoprotective effect of broccoli and red cabbage extracts against hepatocellur carcinomainduced by
N- Nitrosodiethyamine (NDEA) in male rats were studied. Four groups of rats were used; group (1) was used as a
negative control (normal), while rats of the other groups were given NDEA as a single interperoitenial dose with
subcutaneous injection of carbon tetrachloride (CCl4) once weekly for six weeks to induce hepatocellular carcinoma.
Group (2) was left as a positive control, while groups (3) and (4) were pretreated with broccoli and red cabbage
10%extract, for 12 weeks, respectively. At the end of the experiment, blood samples were taken for biochemical
analysis and liver tissues were histopathologically examined. The obtained results revealed that rats with hepatocel lur
carcinoma (HCC) had significant increase in serum levels of AST, ALT, ALP, total protein, albumin, total and direct
bilirubin and malondialdehyide (MDA), as well as significant decrease in reduced glutathione (GSH), glutathione
peroxidase (GPX), superoxide dismutase (SOD) and catalase (CAT) enzymes, compared to the normal control group.
Liver sections of rats with HCC showed fatty infiltration of hepatocytes, cytomegaly with karyomegaly as well as
vesicular active nuclei and presence of more than one nucleolus in some hepatocytes. Oral administraion of broccoli
and red cabbage extracts caused significart reduction in serum levels of AST, ALT, ALP, total protein, albumin, total
and direct bilirubin as well as MDA and produced significart increase in GSH, GPX, SOD and CAT, compared to the
positive group. Liver of these rats revealed only slight hydropic degeneration of hepatocytes, while other sections
showed apparent normal hepatocytes. This study concluded that broccoli and red cabbage have a protective effect
against hepatocellular carcinoma in rats, therefore this study recommendsincreased dietary intake of broccoli and red
cabbage may be beneficial for patientswith liver cancer as a preventative measures.
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1. Introduction: Numerous compounds in the human diet have
Hepatocellular carcinoma (HCC) is the most chemoprotective  properties against chemical
common form of liver cancer in adults, which carcinogens (Wattenberg 1990). Intake of adietrichin
accounts for about 75% of primary liver cancers It is fruits and vegetables is associated with a lowering
the 5n most common cancer in worldwide and risk of certain types of cancer (Steinmetz and Potter,
represents 83% of all cases (Ferlay et a., 2001). In 1991). Green leafy vegetables of all varieties and
Egypt, HCC is frequent accounting for 13% of all cruciferous plants such as cabbage, Brussels sprouts,
cancer types (Inas, 2005). Liver cancers have cauliflower and broccoli are rich in anti-carcinogens
different growth patterns; the first type begins as a (Block et al., 1992, Wargovich, 1999). Cruciferous
single tumor that grows larger in hepatic tissue. The vegetables contain a number of bioactive components
second type is spread through the liver amost from such as folate, vitamin C, tocopherols, carotenoids,
the beginning and is not confined to a single tumor. flavonoids and polyphenols (Price et a., 1998;
Thisis seen most oftenin peoplewith liver cirrhosis. In Kurilich et al., 1999).
the third type, the cancer develops as nodules in Broccoli is a plant of family Brassicaceae
several parts of the liver (Strauss, 1995). (formerly Cruciferae) which has large green flower
Risk factors for HCC include hepatitis B virus heads (Murray and Lara, 2005). Recently, Elizabeth
(HBV), hepatitis C virus (HCV) and aflatoxins are and Marcela, (2009) suggested that broccoli can
assumed to play an important role in the high decrease the risk for incidence of cancer. It contains
incidence of HCC in Egypt. HBV vaccination of many bioactive, including vitamins C and E, quercetin
children and high-risk population must be the priority and kaempferol glycosides.

in reducing the incidence of HCC. Measures to reduce Red Cabbage (Brassica oleracea var. capitata f.

food spoilage by fungi and the associated dietary rubra) is a type of cabbage, also known as Red Kraut
exposure to aflatoxins are a desirable public health or Blue Kraut after preparation (Micheelis et 4.,
goal (Wild and Hall, 2000).
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2008). The breakdown products of glucosinolates,
which present in it such as isothiocyanates are
considered responsible for the chemopreventive
properties of red cabbage (Lynn et a., 2006).

The aim of the present study was to investigate the
hepatoprotective effect of broccoli and red cabbage
extracts against hepatocellur carcinomainduced by N -
Nitrosodiethylamine in malerats.

2. Materials and methods:

2.1 Material:
2.1.1 Ratsand Diet:

Male abino rats of Sprague Dawley strain weighing
175+5g were used. Their age between 14-16 weeks
old and were purchased from the Laboratory Animal
Colony, Ministry of Health and Population, Helwan,
Egypt. Basal diet constituents were obtained from El -
Gomhorya Company, Cairo, Egypt.

2.1. 2Chemicals:

N-Nitrosodiethyamine (NDEA) was purchased from
Sigma Chemica  Company, USA. Carbon
tetrachloride (Cd.) was obtained from EI-Gomhorya
Company, Cairo, Egypt. Biochemical kits for serum
analysis were purchased from the Gamma Trade
Company for Pharmaceutical and Chemicals, Dokki,

Egypt.

2. 1.3 Plants:

Broccoli and red cabbage were purchased from the
loca market, Cairo, Egypt. The plants were
authenticated in the Botany Department, Faculty of
Agriculture, Cairo University.

2. 2Methods:
2.2.1 Preparation of plant extracts:-

Broccoli and red cabbage vegetables were cleaned,
air dried and grinded into a fine powder. The
powdered plants were extracted with 90% ethyl
alcohol using Soxhlet apparatus and concentrated at
low temperature(50C) using a Rotary evaporator
apparatus (manufactured in Basil, Switzerland)
according to the method described by Mohamed,
(2002). Each dried ethanol extract was dissolved
separately in a mixture of carboxy methylcellulose
and few drops of Tween 80 as a suspending agent to
obtain 10% concentration liquid extract.

2. 2.2 Preparation of basal diet:

The basal diet (AIN-93M) was prepared according
to Reeves et al., (1993). Diet was formulated to meet
the recommended nutrients levels for rats.

2. 2.3 Experimental Design:

Forty male abino rats were fed on the basal diet and
water was provided ad libitum. Animals were
maintained under standard conditions of humidity (50-
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60%), temperature (20-25°C) and light (12-h light: 12-

h dark cycle) for one week before starting the

experimental for acclimatization. Rats were divided

into four groups of ten animals each as follows:

Group (1): Served as a control negative (normal rats)
and fed on basal diet for 12 weeks.

Group (2): Kept asacontrol positive (with HCC) and
fed on basal diet for 12 weeks.

Group (3): Fed on the basal diet and given orally
10% broccoli extract using stomach tube
for 12 weeks.

Group (4): Fed on the basa diet and given red
cabbage 10% extract oraly by stomach
tube for 12 weeks.

In first six weeks of experimental period, animals of
groups (2), (3) and (4) were given a single
intraperitoneal dose of NDEA (200 mg/kg b.wt.)
followed by carbon tetrachloride (CCl4) tetrachloride
(CCl4) given subcutaneously once weekly in a dose
of 200 mg/kg b.wt. during the other 6 weeks for
induction of HCC as described by Sundaresan and
Subramanian (2003). At the end of the experimental
period, blood samples were collected from the portal
vein into dry clean centrifuge tubes for serum
separation. Serum samples were frozen at -10°C until
chemical analysis. Liver of sacrificed rats were kept
in 10% formalin solution till processed for
histopathological examination.

2.2.4 Biochemical analysis:
2. 2.4.1 Determination of liver functions

Serum asprtate aminotransferase (AST) and alanine
aminotransferase (ALT) activities were determined
according to the method described by Kaplan, (1984).
Serum  alkaline  phosphatase  (ALP)  was
calorimetrically determined according to the method
described by Roy (1970). Serum total protein
concentration was caorimetrically  determined
according to the method described by Koller, (1984).
Serum concentrations of abumin, total and direct
bilirubin were determined as described by Kaplan,
(1984).

2.2.4.2 Determination of malondialdehyde and
reduced glutathione:

Serum malondialdehyde (MDA) was determined by
the method of Draper and Hadly, (1990). Reduced
glutathione concentration (GSH) in was measured by
the method described by Beutler and Kelly, (1963).

2.2.4.3Deter mination of antioxidant enzymes:

The serum levels of glutathione peroxidase (GPX),
superoxide dismutase (SOD) and catalase (CAT) were
determined by autoanalyzer (Roche-Hitachi, Japan)
according to the methods described by Hissin and Hilf,
(1976); Kakkar et al., (1984); Sinha, (1972),
respectively.

2. 2.5 Histopathological examination:
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Liver of the scarified rats were taken and
immersed in 10% formalin solution. The fixed
specimens were then trimmed, washed and
dehydrated in ascending grades of acohol.
Specimens were then cleared in xylol, embedded in
paraffin, sectioned at 4-6 microns thickness, and
stained with Heamtoxylin and Eosin stain for
examination of the liver as described by Carleton,
(1979).

2.2.6 Statistical analysis

The obtained results were expressed as Mean *
SE. Data were evaluated statistically with
computerized SPSS package program (SPSS 9.00
software for Windows) using one-way analysis of
variance (ANOVA). Significant differences among
means were estimated at p<0.05 according to
Snedecor and Cochran, (1986).

3. Results:

Data in Table (1) show that rats with HCC
(positive control group) had significant (p<0.05)
increase in serum level of AST (195.00+9.72 U/L),
compared to normal rats (104.00+5.91 UL). Ord
administration of broccoli and red cabbage extract
caused significant reduction (p<0.05) in serum level
of AST (143.00+6.55 and 137.00+5.64 U/L,
respectively) as compared to the positive control
group (195.00+9.72 U/L). There were no significant
changes in AST serum level between rats given
broccoli or red cabbage extracts.

Table (1): Effect of oral administration of broccoli
and red cabbage extracts on serum concentrations of
AST, ALT and ALP of hepatocellular carcinoma
rats.

(n=10rats)
Liver enzymes (Mean +SE)

Groups AST ALT ALP

(U/L) (U/L) (U/L)
Negative control € d d
104.00£5.91 | 74.70+1.37 | 188.97+£1.48
Positive control a a a
(HCC) 195.00+9.72 | 150.00+3.33 | 286.09+4.80
Broccoli extract cd cd d
(10%) 143.00+6. 55 | 84.40+3.35| 193.34+2.62
Red cabbage extract d bc c
(10%) 137.00+5.64 | 95.00+3.87 | 211.79+1.31

Means with different superscripts letters are significant
at p<0.05.

Results of hepatocellular carcinoma rats revealed
that rats with HCC (positive group) had significant
increase (p<0.05) in serum level of ALT (150.00+
3.33 U/L), compared to the negative control group
(74.70+£1.37 U/L). Ora administration of broccoli and
red cabbage extracts to rats inflicted with HCC
induced significant (p<0.05) reduction of levels in
serum  ALT (84.40+3.35 and 95.00+3.87,
respectively) as compared to the control positive
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group. There were non-significant changes in serum
levels of ALT between rats given oraly either
broccoli or red cabbage extract.

Tabulated results showed that serum level of ALP
significantly (p<0.05) increased in positive control
rats (286.04+ 4.80 U/L) as compared to the negative
control rats (188.97+1.48 U/L) as expected. Rats
given oraly broccoli and red cabbage extracts
showed significant reduction (p<0.05) in serum level
of ALP (193.34+2.62 and 211.79+1.31U/L,
respectively), compared to the positive control
group.

Resultsin Table (2) showed that rats with HCC had
significant (p<0.05) increase in serum level of total
protein and albumin (8.04+0.26 and 7.88+0.43 g/dL,
respectively), compared to the normal rats (6.80 +
0.26 and 4.88+0.10 d/dL, respectively). Ora
administration of broccoli and red cabbage extracts
caused significant (p<0.05) decrease in serum level
of total protein and abumin as compared to the
positive control group.

Table (2): Effect of oral administration of broccoli
and red cabbage extracts on serum concentrations of
total protein and albumin of hepatocellular carcinoma
rats.

(r=10rats)
Parameter (Mean +SE)
Groups Total protein | Total abumin
(g/dL) (g/dL)

. b d
Negative control 6.80:026 | 4.88+0.10
Positive control (HCC) 8.04+0 22 7.88+0 42
Broccoli extract (10%) 6.49+0 32 5.25+0 idl

b b
Red cabbage extract 10%) | ¢ea,017 | 5645019

Means with different superscripts letters are significant
at p<0.05.

Rats with HCC showed significant (p<0.05)
increases in serum levels of total and direct bilirubin
(0.71+0.01 and 0.94+0.02 mg/dL, respectively) as
compared to negative control group (0.45+0.0 1 and
0.59+0.01mg/dL, respectively). Broccoli and red
cabbage extracts significantly (p<0.05) decreased the
serum levels of total and direct bilirubin, compared
to the positive control group as shown in Table (3).
Results in Table (4) showed that rats with HCC had
significant (p<0.05) increase in MDA (2.81+0.02
pmol/dL), however, GSH levels was decrease
(25.42+0.25 pmol/dL), compared to the normal rats.
Oral administration of broccoli and red cabbage
extracts produced a significant (p<0.05) reductionsin
MDA  (1.65+0.01 and 1.81+0.02 pmol/dL,
respectively) and an increase in GSH levels
(36.80+0.21 and 34.60+0.15 pmol/dL, respectively),
compared to the positive control group.
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Table (3): Effect of oral administration of broccoli

and red cabbage extracts on serum concentrations of
total and direct bilirubin of hepatocellular carcinoma
rats.

(n=10rats)
Parameter (Mean +SE)
Groups Total bilirubin Direct bilirubin
(mg/dL) (mg/dL)
d c
Negative control 0.45+0.01 0.59+0.01
Positive control (HCC) 0.71+0 Oi 0.9440 0621
. o cd c
Broccoli extract (10%) 0.47+0.01 0.61+0.02
d
Red cabbage extract (10%) 0.46+0.01 0.61 J_rglm
Means with different superscripts letters are

significant at p<0.05.

Table (4): Effect of oral administration of broccoli
and red cabbage extracts on serum concentrations of
malondialdehyide and reduced glutathione of
hepatocellular carcinomarats.

(n=10 rats)
Parameter (Mean +SE)
G MDA GSH

roups (nmol/dL) (umol/dL)
f a
Negative control 1.23+0.03 40.21+0.12
-, a e
Positive control (HCC) 2814002 25.42+0.25
Broccoli extract (10%) 16540 0(11 36.80+0 22
c d
Red cabbage extract (10%) 1.81+0.02 34.60+0.15

Means with different superscripts letters are
significant at p<0.05

Antioxidant enzymes levels in serum of rats was
significantly reduced in HCC rats compared to
negative untreated group as shown in Table (5).
Rats given orally broccoli and red cabbage extract
showed significant (p<0.05) increases in serum
levels of antioxidant enzymes as compared to the
positive control group.

Histopathological examination of the liver of
normal rats revealed normal histological structure
of hepatic lobule as shown in Figure (1). Livers of
rats with HCC showed fatty infiltration of
hepatocytes, cytomegaly with karyomegaly as well
as vesicular active nuclei and presence of more
than one nucleolus as shown in Figure (2). Oral
administration of broccoli extract at 10% to HCC
rats revealed only slight hydropic degeneration of
hepatocytes as shown in Figure (3). Other liver
sections of the same group showed apparent
normal heptocytes. Liver sections of rats with HCC
given oraly red cabbage extract at 10% revealed
slight hydropic degeneration of some hepatocytes
as shown in Figure (6), while other liver sections
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from the same group showed apparent normal
heptocytes.

Table (5): Effect of oral administration of broccoli
and red cabbage extracts on serum concentrations of
antioxidant enzymesof hepatocelluar carcinomarats.

(n=10 rats)
Paramet
Groups GPX SOD CAT
(mmol/dL) (U/dL) (mmol/dL)
Negative control a a a
18.70+0.13 | 95.75+0.22 | 67.00+0.56
f f f
Positive control (HCC) | 8.25+ 0.14 | 55.45+0.19 | 42.15+0.60
c b c
Broccoli extract (10%) | 13.95+0.02 | 86.66+0.16 | 63.60+0.56
e e e
Red cabbage extract 9.25+0.02 | 68.61+0.10 | 51.65+0.24
10%)
Means with different superscripts letters are

significant at p<0.05.

§ s 4

Figure (1): liver of control rat, showing the normal
histological structure of hepatic lobular. (H and E x
200).

Figure (2): liver of positive group, showing fatty
infiltration of hepatocytes, cytomegaly with
karyomegale, viscular active nuclei and more than
one nucleolus. (H and E x 200).

Figure (3): liver of rats with HCC treated with
broccoli  extract  showing dlight  hydropic
degeneration of heptocytes. (H and E x 200).
Figure (4): liver of rats with HCC rats treated with
red cabbage extract showing dlight hydropic
degeneration of heptocytes. (H and E x 200).

4. Discussion:

The present study aimed to investigate the
hepatoprotective effect of broccoli and red
cabbage extracts at 10% against hepatocellular
carcinoma induced by NDEA in rats. The
biomarkers used in this study provide the measures
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of carcinogen exposure in rats as an area of high
risk for development of hepatocellular carcinoma
Results of this study showed that rats with HCC
had significant increase in serum levels of AST,
ALT, ALP, total protein, total and direct bilirubin
as well as MDA. However, there were significant
reductions in GSH, GPX, SOD and CAT,
compared to the normal rats. The increase in these
parameters in rats with HCC might be attributed to
the injured structural integrity of the liver as they
are released into the circulation after cellular
damage induced by CCI4 and NDEA. These
results agreed with those obtained by Pevicharova
etd., (1997) who found that activitiesof AST, ALT
and ALP wereincreased significantly following N-
nitroso compounds treatment in rats. Moreover,
Vozarovaet al., (2002) mentioned that the elevated
activities of AST, ALT and ALP enzymes were
signs of impaired liver function in response to
NDEA administraion. Bansa et a. (2005)
atributed the elevation of liver enzymes to their
release from the cytoplasm into the blood
circulation after rupture of the plasma membrane
and cellular damage. Mittal et al., (2006) reported
that NDEA administration caused a substantid
liver damage as evidenced by the increases in the
activities of AST and ALT enzymes in the treated
rats.

Data in this study showed an increased in serum
MDA concentration which may be related to the
increased in free radicals. This finding was consistent
with the observation that the free radicals reduced the
activity of the endogenous antioxidant enzyme SOD
(Conner and Grisham, 1996). It is known that free
radical scavenging enzyme such as SOD protects the
biological systems from oxidative stress. The current
study showed a significant decrease in the activity of
SOD in groups of rats administrated with NDEA
(positive control). This reduction could be attributed
to an enhanced production of free radicals during
NDEA metabolism. Zwart et al., (1999) reported that
lipid peroxidation produced severa toxic byproducts
such as MDA which can attack cellular targets
including DNA, inducing mutagenecity and
carcinogenicity. Administration of NDEA depleted
the level of glutathione (GSH) in this study. Such
depletion agreed with that reported by Kweon et al.,
(2003); Bansal et al., (2005); Sivaramakrishnan et al.,
(2007) and Pradeep et d., (2007) in their study. Since
glutathione is required to maintain the normal reduced
state of cells and to counteract all the deleterious
effects of oxidative stress. Thus GSH is involved in
many cellular processes including the detoxification
of endogenous and exogenous compounds. NDEA is
electrophilic carcinogens that interact with the large
nucleophilic pool of GSH thereby reducing the
macromolecule and carcinogen interaction (Ketterer
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and Meyer, 1989). The depletion of liver GSH in
NDEA-treated rats may be responsible for the
increased in lipid peroxidation. A significant decrease
in the activities of GSH dependent enzymes, GPX and
CAT in NDEA-treated rats may be due to decreased
expression of these antioxidants during hepatocellular
damage. Furthermore, the decreased levels of cellular
GSH caused a reductionin their activitiesas GSH is a
vital co-factor for these enzymes. The obtained results
were in accordance with that reports by Kweon et al.,
(2003) who demonstrated that NDEA induced
hepatocellular injury by a substantial fall in hepatic
GSH, GPX and CAT activity, which then improved
by administration of antioxidants. Boitier et al.,
(1995) reported that in hepatocellular carcinoma there
is a disturbance between oxidant and antioxidant
balance, which istilted towards oxidant side.

Previous researches indicated that NEDA induced
hepatocarcinogenesis in Wistar rats. It significantly
elevated thiobarbituric acid reactive substancesin the
circulation of rats. Carcinoma indicated the higher
levels of lipid peroxidation, which was accompanied
by significantly decreased levels of antioxidants
(reduced  glutathione, glutathione peroxidase,
superoxide dismutase and catalase) enzymes, as
compared to the controls. Lipid peroxidation has
been implicated as a maor cause in cancer
development (Sundaresan and Subramanian, 2003).
A study by Dakshayani et a., (2005) demonstrated
that the oxidative stress may be the reason for the
elevated lipid peroxidation level inthe liver of NDEA
treated animals. These results were confirmed by
Bansal et a., (2005) who reported that liver is the
main site of NDEA metabolism, the production of
ROS in liver may be responsible for its carcinogenic
effects. In addition, Mittal et al., (2006) concluded
that nitrosamines caused the generation of reactive
ROS resulting in oxidative stress which alter the
antioxidant defense system in the tissues.

With regard to the effect of NDEA on liver
structure in rats, our results were agreed with
Lijinsky, (1992) who showed that NDEA caused a
wide range of tumorsin al animal species and induce
cancer in a variety of rodent organs, especialy the
liver. Devi et a., (2000) reveded that disarrangement
of normal hepatic cells with centrilobular necrosis
vacuolization of cytoplasm and fatty degeneration
were observed in carbon tetrachloride intoxicated
mice. This suggested that prolonged cell damage by
chronic inflammation is critica in  cancer
development. Over production of nitric oxide has
been implicated in the tissue damage caused by
inflammation, contributing the tumor promotion
(Nishikawa et a., 1998). Moreover, Singh et al.,
(2004) reported that oxidative stress caused by
reactive oxygen species generated after administration
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of NDEA has been reported in membrane lipid
peroxidation, and has been associated with various
stages of tumor formation process.

This study revealed oral administration of broccoli

and red cabbage extracts caused significant decrease
in serum levels of AST, ALT, ALP, total protein,
total albumin, total and direct bilirubin and MDA.
However, there were significant increases in the
levels of GPX, SOD and CAT as well as improved
liver structure, compared to the positive group.
Consequently, administration of broccoli or red
cabbage extracts could prevent or decreased the
incidences of hepatocarcinogenesisin rats induced by
NDEA. These results agreed with Wargovich,
(1999) who reported that cruciferous vegetables
namely cabbage, Brussels sprouts, cauliflower and
broccoli are rich in anti-carcinogens. A possible
mechanism of reduced activities of the tested
enzymes and hepatoprotective effect of broccoli and
red cabbage extract may be related to their
antioxidant effect of the phenolic and flavonoids
compounds.  Previous study reported  that
polyphenols can inhibit nitrosation and flavonoides
have hepatoprotective activities (Orhan et al., 2007).
Since flavonoids are a group of potentialy
chemoprotective compounds and have similar
structures that consist of 2 phenolic benzene rings
linked to a heterocyclic pyre or pyrone (Aherne and
O'Brien, 2002). It has many biological effects that
play arolein cancer prevention, including free radical
scavenging, antimutagenic and antiproliferative
properties, regulation of cell signaling and cell cycle,
and inhibition of angiogenesis (Moon et al., 2006).
In vitro and vivo experimental studies suggested that
flavonoids influence signal transduction pathways
(Frigo et al., 2002), and inhibit proliferation in
human cancer cell lines (Manthey and Guthrie,
2002).

Cruciferous vegetables contain several chemical
compounds that may modulate the carcinogenic
process. These compounds act as antioxidants or as
inhibitors and/or inducers of phase | and phase Il
enzymes (Fong et al., 1990; Bradlow et al., 1991).
Phytonutrients in Crucifers vegetables work at a
much deeper level and actually signa genes to
increase production of enzymes involved in the
detoxification. Lampe and Peterson, (2002) revealed
that anti-carcinogenic actions of cruciferous
vegetables are attributed to their content of
glucosinolates (GLS). Fowke et al., (2003) reported
that cruciferous vegetables contain sulforophane,
which has anticancer properties. The anticancer
effects of cruciferous vegetables may attribute to
organic sulfur compounds (diallyl disulfide) and
isothiocyanates, which had the ability to modulate
expression/activity of antioxidative and phase 2 drug-
metabolizing enzymes and scavenging free radicals
http://www.americanscience.org
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(Antosiewicz et a., 2008).

The cancer-preventive effect of broccoli may be
due to its content of sulforaphane (Zhang et a.,
1992). The chemoprotective effect of sulforaphane
may to be due its ability to behave as an inducer of
phase Il detoxification enzymes (Prestera and
Talaay, 1995). Sulforaphane was aso shown to
inhibit the CYP2EI isoenzyme of the cytochrome
P450, thus emerging as an inhibitor of phase |
enzymes (Barcelo et al., 1996). Nishikawa et d.,
(2009) aso concluded that isothiocyanates
sulforaphane presented in broccoli has inhibitory
effects on tumor cell growth in vitro and in vivo. In
addition to broccoli was reported to provide moderate
antioxidant capacity, likely attributed to tocopherols
and flavonoids (Plumb et al., 1997). However, Cindy
and John, (2003) revealed that selenium-enriched
broccoli activates certain pro-apoptotic genes linked
to p53, NF«xB and stress signal pathways in response
to “danger signals’ such astumorigenesis.

The protective effect of red cabbage against HCC
that reported in this study agreed with the finding of
Fekadu et a., (2003) who mentioned that that the
chemoprotective properties of red cabbage involve
inhibition of the formation as well as development of
preneoplastic lesions in liver. One of the most
important mechanisms of chemoprotection is
induction of phase Il enzymes, which detoxify DNA -
reactive metabolites and thereby inhibit the formation
of initiated cells (De Fora and Ramel, 1990).
Anocther possible mechanism of protection is the
inhibition of enzymes which are involved in the
activation of heterocyclic aromatic amines (Rauscher
et a., 1998). The effect of red cabbage may be
atributed to the prevalence of anthocyanins in its
extract. In addition, Wu and Prior, (2005) reported
that several highly conjugated anthocyanins were
identified in red cabbage with potential antioxidant
activities. However, Hagiwara et a., (2002) indicated
that color extracted from red cabbage shown to
inhibit adenoma and carcinoma formation in rats
initiated with and subsequently fed a diet containing
the heterocyclic amine. Kassie et al., (2003) aso
reported that administration of red cabbage extract to
rats resulted in chemoprevention of liver and colon
cancers induced by heterocyclic amine. On the other
hand, Lynn et a., (2006) showed that breakdown
products of glucosinolates such as isothiocyanates in
red cabbage are responsible for the chemopreventive
properties of cruciferous vegetables.

5. Conclusion:

This study concluded that broccoli and red cabbage
have a protective effect against hepatocellular
carcinoma in rats, therefore this study recommends
increased dietary intake of broccoli and red cabbage
may be beneficial for patients with liver cancer as a
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preventative measures.
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