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HEPATOPROTECTIVE EFFECTS OF POMEGRANATE
AND APPLE JUICES AGAINST N-
NITROSODIETHYLAMINE- INDUCED
HEPATOCELLULAR CARCINOMA IN MALE RATS

Dr. Amr A. Rezq Dr. Aml F. Elgazar

Nutrition and Food Sciences Department, Faculty of Home Economics,
Helwan University, Cairo, Egypt

Abstract :

Liver cancer represents a complex and fatal malignancy derived primarily
due to oxidative stress and inflammation; it is the second most prevalent
cause of death in underdeveloped and developing countries. The main
objective of the present study was to investigate the hepatoprotective
effect of pomegranate juice (PJ) and apple juice (AJ) against N-
nitrosodiethylamine (NDEA)-induced hepatocellular carcinoma in male
rats. Sixty adult male Sprague Dawley rats weighing 200 + 5 g were used
and randomized into 6 groups. Results showed that PJ and AJ
antagonized NDEA-induced elevations of serum biochemical indices
AST, ALT and ALP, and inhibited tumor biomarkers (alpha fetoprotein),
TNF-a and NF-x B and normalized the serum levels of total bilirubin,
protein and albumin. The higher dose of PJ and AJ partly alleviated
hepatic preneoplastic lesions induced by NDEA. The mechanistic studies
revealed that PJ and AJ decreased the elevated in malondialdehyde,
increased the content reduced glutathione and restored activities of SOD,
GPx, and CAT antioxidant enzymes in hepatic tissue. In conclusion, PJ
and AJ have a protective effect against NDEA-induced hepatocellular
carcinoma.

Key words: Pomegranate; Apple; Hepatocellular carcinoma; Liver
enzymes; Cancer biomarkers; Lipid peroxidation; Antioxidant enzymes.

Introduction :

Cancer remains the main cause of death worldwide, despite advances and
the development in several medical scientific researches (Anand et al.,
2008). Liver cancer, predominantly hepatocellular carcinoma (HCC),
represents a complex and fatal malignancy derived primarily as results of
oxidative stress and inflammation. It is the second most common cause of
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death in developing and underdeveloped countries (Jemal et al., 2011).
Environmental carcinogens are important risk factors leading to the
formation of hepatocarcinoma. N-nitrosodiethylamine (NDEA) is found
in many processed foods (cheese, steamed and fried fish, and meats) and
in alcoholic beverages, tobacco products, cosmetics and agricultural
chemicals. NDEA has been commonly used to induce hepatocellular
carcinoma in experimental animals (Ansil et al., 2014). The traditional
therapy of hepatocarcinoma includes chemotherapy, radiation, surgical
resection, ablation and liver implantation. However, this therapy gives a
little hope for restoration of health because of poor diagnosis and serious
side effects of chemical anticancer drugs (Jeong et al., 2013). Therefore,
the search for most effective and less toxic anticancer agents from natural
products is necessary to prevent the process of hepatocarcinogenesis.

Regular consumption of fresh fruits and/or vegetable play an important
role in the protection and/or prevention of reactive oxygen species (ROS)-
associated toxicity and may reduce chronic diseases related to oxidative
stress in human body (George et al., 2013). Polyphenol-rich fruits such as
pomegranate, apple, kiwi, banana and strawberry have antineoplastic
effects in laboratory animal models (Thomas et al., 2014) and can be used
as potential weapons in the fight against many cancers. Pomegranate fruit
Is a rich source of many phytochemicals such as anthocyanins, flavonoids
and ellagitannins which showed potent hepatoprotective and antioxidant
(Bishayee et al., 2011), anti-inflammatory (Bishayee et al., 2013) and
antitumor (Jaganathan et al., 2014) properties. Pomegranate seeds have
been reported to be promising for the treatment of certain diseases
including cardiovascular disease, diabetes and some types of cancer
(Viladomiu et al., 2013). Apples are widely consumed fruits and a rich
source of many phytochemicals such as carotenoids, flavonoids,
triterpenoids and polyphenols. Previous studies have been linked the
consumption of apple with reduced risk of some cancers, cardiovascular
disease, asthma, and diabetes (Boyer and Liu, 2004). Apple skins are rich
in luteolin flavonoid which was reported to possess antioxidant, anti-
inflammatory and anticancer activity (Lin et al., 2008). Phenolic
compounds that abundant in apple have a variety of biological effects and
may contribute to beneficial effects against cardiovascular diseases,
diabetes, and cancer (Hyson, 2011 and Szaefer et al., 2014).
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The present study was carried out to investigate the hepatoprotective
effects of pomegranate and apple juices against hepatocellular carcinoma
induced by N-nitrosodiethylamine in rats.

Materials and Methods:
Materials:
Fruits :

Fully ripe fresh pomegranate (Punica granatum L., Family Punicaceae)
and apple (Malus domestica, L. Family, Rosaceae) were purchased from
a local fruit market, Cairo, Egypt. One kilogram (1000 g) of pomegranate
seeds and whole apple fruit including skin were homogenized with 1000
ml distilled water for 10 min, filtered through a double layer of gauze to
obtain fruit juices and kept in a refrigerator till use.

Chemicals and kits:

N-nitrosodiethylamine (Synonym: Diethylnitrosamine (DNA), Product
number: N0258, molecular formula: C4HoN,O, NDEA) is a yellow liquid
dispensed in 1ml ampoules. It was purchased from Sigma-Aldrich
Chemical Company (St. Louis, MO, USA). Carbon tetrachloride (CCl4)
was purchased from EI-Gomhoryia Company, Egypt in the form of
colorless solution. Enzyme linked immunosorbent assay (ELISA) kits for
the determination of alpha fetoprotein (AFP), tumor necrosis factor alpha
(TNF-a) and nuclear factor-kappa B (NF-x B) were procured from Glory
Science Co., Taiwan. The other biochemical kits were obtained from
Biodiagnostics Company, Dokki, Egypt.

Rats:

Sixty adult male Sprague Dawley rats weighing 200 = 5 g b.wt and 12-13
weeks old were used in this study. Animals were obtained from the
Laboratory Animal House, Agricultural Research Center, Egypt. Rats
were housed in a well ventilated laboratory room under standard
conditions of 24 °C temperature, 50-52% relative humidity and 12 hr
light/12 hr dark cycles. Basal diet and water were provided ad libitum to
rats.

Methods :

Preparation of basal diet:
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The dietary supply of protein, fat, carbohydrates, vitamins and minerals
was in accordance with the recommended dietary allowances for rats
according to Reeves et al. (1993). It consists of casein 20%, soybean oil
5%, Choline chloride 0.20%, vitamin mixture 1.0%, mineral mixture
4.0%, fibers 5%, L-Cystine 0.18%, sucrose 10% and the reminder was
corn starch.

Induction of hepatocellular carcinoma:

The preneoplastic lesions of hepatocellular carcinoma were induced by
single intraperitoneal (IP) injection of N-nitrosodiethylamine (NDEA) in
a dose of 100 mg/kg of body weight dissolved in dimethyl sulfoxide
(DMSO) in the 3™ week of experiment period. This was followed by
weekly subcutaneous injections (3 injections/week) of CCl, diluted with
liquid paraffin (1:1, V: V) with 2ml/kg of body weight during the 4"
week till the 6™ week of the experiment period as described by
Sundraresan and Subramanian (2003).

Design of the experiment:

Sixty adult Sprague Dawley rats were used in this study and randomly
distributed into 6 groups, of 10 rats each. Group 1 was normal (negative)
control, while the other 5 groups were treated with single intraperitoneal
dose (100 mg/kg) of NDEA injected to rats in the 3™ week, followed by
weekly subcutaneous injections (3 injections/week) of CCI4 from the 4"
week till the 6™ week of experiment period for induction of
hepatocellular carcinoma. Group 2 was kept as positive control group and
groups 3 and 4 were orally pretreated with pomegranate juice at 2 doses
100 and 200 ml/kg b.wt, respectively, and groups 5 and 6 were orally
pretreated with apple juice at doses 100 and 200 ml/kg b.wt, respectively,
for 8 weeks.

At the end of experiment period, the rats were euthanized by prolonged
exposure to ether and blood samples were collected, left to clot a room
temperature and centrifuged at 4000 rpm for 15 min. Serum samples were
collected and kept frozen at -70 C till biochemical analyses. Rats were
sacrificed and a portion of livers was used for preparing tissue
homogenates to be used for biochemical analyses. The other part of livers
was preserved in 10% formalin solution till processed for the
histopathological examination.

- vy -

Yol —(¥) sl Jeidesa = g¥) sl — L) alaal



—_— el Al Eigang by ddaa

Biochemical analyses:

Serum aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) were carried out by the methods described by Bergmeyer et al.
(1978) and alkaline phosphatase (ALP) by Roy (1970). Serum total
protein (TP) was chemically estimated according to the methods of
Okokon et al. (2013). Serum albumin (Alb) and globulins (Glb) were
determined according to the method of Fernandez et al. (1966). Serum
total bilirubin (TBr) levels were estimated as described by Stiehl (1982).
Levels of serum alpha fetoprotein (as a traditional tumor marker) were
determined as described by Gibbs et al. (1987). Serum tumor necrosis
factor- alpha (as a proinflammatory cytokine) levels were quantified as
described by Pennica et al. (1985) and nuclear factor-kappa beta (as a
transcription factor) levels were quantified as described by Adams (2009)
using ELISA kits (Glory Science Company, Taiwan.) according to
instructions of the producer.

Lipid peroxidation and antioxidant enzymes of liver tissues assay:

One gram of frozen liver tissue was washed with ice-cooled 0.9% NacCl
solution and homogenized in 100 ml of ice-cooled 1.5% potassium
chloride solution and 50 mmol potassium phosphate buffer solutions (pH
7.4) to yield 1% homogenate (W/V). Liver homogenates were centrifuged
at 4000 rpm for 10 min at 4°C. The supernatants were used for estimation
of lipid peroxidation (LPO) as described by Ohkawa et al. (1979). The
technique is based on the reaction of thiobarbituric acid with
malondialdehyde (MDA) in acidic media at 95°C for 45 min to form
thiobarbituric acid reactive substance (TBARS) and expressed as MDA
content. Reduced glutathione (GSH) content in liver homogenate was
determined colorimetrically by the method described by Sedlak and
Lindsay, (1968). The tissue levels of MDA, GSH, GPx, SOD and CAT
were chemically assayed using commercial assay Kkits. Activities of
antioxidant enzymes glutathione peroxidase were determined according
to the method of Paglia and Valentaine (1976), superoxide dismutase and
catalase were colorimetrically determined by applying the method of
Spitz and Oberley, (1989) and Sinha, (1972), respectively.

Histopathological Examination:
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Livers of all rats were taken and fixed in 10% neutral formalin solution.
The fixed specimens were then trimmed, washed and dehydrated in
ascending grades of alcohol. Specimens were then embedded in paraffin,
sectioned at 4-6 microns thickness, stained with Hematoxylen and Eosin
and then examined microscopically as described by Bancroft and Gamble
(2002).

Statistical analysis:

Data were presented as means + standard errors (SE). The statistical
analysis was performed using computerized statistical package of social
sciences (SPSS) program (SPSS. 16.00 software for Windows) with one-
way analysis of variance (ANOVA) followed by Duncan's multiple range
tests (Senedecor and Cochran, 1981).

Results:

As shown in Table 1, single intraperitoneal injection of NDEA
(100mg/kg b.wt) followed by CCL,4 injection (subcutaneous) in rats
significantly elevated serum levels of liver enzymes (AST, ATL and
ALP) compared with that of normal control rats. Oral administration of
pomegranate juice (PJ) and apple juice (AJ), each at 100 and 200 mi/kg,
to NDEA and CCL,-intoxicated rats significantly lowered the high serum
levels of AST, ALT and ALP enzymes compared to that of the positive
control group (intoxicated rats).

Table (1): Serum levels of AST, ATL and ALP in rats injected with
NDEA and CCl,

Groups Parameters as Mean = SE
AST (U/L) || ALT (U/L) ALP (U/L)

Group (1):
Negative control 43.50 +2.11%]/38.00 + 1.10° || 97.50 + 1.24°
Group (2):

Positive control 133.00 + 4.12%|128.50 +4.30%(/118.50 + 3.45°

95.00 + 2.16°|| 90.20 + 2.23° || 100.00 + 3.16°

92.60 +2.32°|| 87.90 + 2.31° || 101.00 + 3.11°
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AJ (100 ml/kg b.wt)
Group (6):

AJ (200 ml/kg b.wt)

Meanst SE with different superscript letters in the same column are
significant at P < 0.05.

Results in Table 2 illustrated that intoxicated rats with NDEA and CCL,
had significant decreases in serum TP, Alb and Glb and an increase in
TBr levels when compared with the normal control group. PJ and AJ
when given orally to the intoxicated rats significantly increased serum
levels of TP, Alb, Glb and decreased serum levels of TBr compared to
that of the positive control group (intoxicated rats).

As shown in Table 3, Injected rats with NDEA and CCL, alone had
significant increased of serum tumor biomarkers AFP, TNF-o and NF-« 3
levels, compared with that of the normal control group. Oral
administration of PJ and AJ to Injected rats with NDEA and CCL,
significantly decreased the elevated serum AFP, TNF-a and NF-x p
levels compared to that of the positive control group.

Table 4 illustrates that treated rats with NDEA and CCL, alone had
significant high MDA and low GSH concentrations in liver tissues
compared with that of the normal control group. Oral administration of PJ
and AJ to intoxicated rats significantly lowered hepatic MDA
concentration and increased GSH concentration as compared to the
positive control group.

Activities of GPx, SOD, and CAT antioxidant enzymes in NDEA-treated
rats were significantly suppressed as compared with the normal control
group. Oral administration of PJ and AJ to intoxicated rats significantly
increased the activity of inhibited hepatic SOD, GPx and CAT enzymes
as compared to the positive control group (Table 5).

Table (2): Serum levels of TP, Alb,Glb and TBIl in rats injected
with NDEA and CCl,

Parameters as Mean + SE
TP (g/dL) | Alb (g/dL) |Glb (g/dL) |TBr (mg/dL)
7.90+0.02% | 4.10+0.11% | 3.40+0.20® | 0.38+0.01°
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Negative control

Group (2):
Positive control

3.33+0.02¢

2.25+0.12¢

1.60+0.02¢

3.15+0.03°

Group (3):

PJ (100 ml/kg b.wt)

5.55+0.03°

3.80+0.13°

2.40£0.04°

2.70+0.03°

Group (4):

PJ (200 ml/kg b.wt)

6.43+0.04°

3.95+0.14°

2.65+0.01°

2.42+0.01°

4.80+0.04°

3.10£0.11°

3.00+0.02°

1.29+0.02°

5.30£0.02°

3.25+0.13°

3.10+0.01°

1.56+0.01°

Means +SE with different superscript letters in the same column are
significant at P <0.05.

Table (3):

injected with NDEA and CCl,

Serum levels of AFP, TNF-a and NF-x B in rats

Parameters as Mean + SE

AFP (ng/ml)

TNF-a (ng/ ml)

NF-k B (ng/ml)

Negative control

3.66 + 0.02¢

1.66 +0.01¢

106.50 + 3.11¢

Group (2):
Positive control

9.92 +0.03°

4.65 + 0.03

125.00 + 2.66°

Group (3):
PJ (100 ml/kg)

5.95 + 0.02°

2.65 +0.01°

109.40+ 2.38°

Group (4):
PJ (200 ml/kg)

4.16 + 0.05°

2.15+£0.02°

108.60 + 3.42°

Group (5):
AJ (100 ml/kg)

6.22 +0.02°

3.16 + 0.02°

115.40 + 2.01°

Group (6):
AJ (200 ml/kg)

6.15 + 0.01°

3.32 +0.01°

114.50 + 3.21°

Means £SE with different superscript letters in the same column are
significant at P < 0.05.
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Table (4): Liver tissues of MDA and GSH contents in rats injected
with NDEA and CCl,

Parameters as Mean = SE
MDA GSH
(umol/gm protein) (umol/gm protein)

Negative control 48.50 + 0.40¢ 11.60 +0.31°
Group (2):
Positive control 78. 35 + 0.50° 5.22 +0.15°
Group (3):
PJ (100 ml/kg b.wt) 56.62 + 0.30° 9.22 +0.51°
Group (4):
PJ (200 mi/kg b.wt) 55.37 + 0.30° 9.89 + 0.42°

66.50 + 0.40° 7.12 +0.25°

65.20 + 0.50° 7.75£0.22°

Means = SE with different superscript letters in the same column are
significant at P < 0.05

Table (5): Hepatic GPx, SOD and CAT activities in rats injected
with NDEA and CCl,

Parameters as Mean + SE
GPx SOD CAT
(nmol/min/mg |(U/mg protein) (nmol/min/mg
protein) protein)

Negative control 66.00 + 3.11° 0.99 +0.03* 0.180 + 0.03*
Group (2):

Positive control 48.00 + 2.15¢ 0.32 +0.01¢ 0.142 +0.01¢

Group (3):
PJ (100 ml/kg b.wt) | 60.13+3.23° | 0.72+0.02° 0.170 + 0.02°

Group (4)
PJ (200 ml/kg b.wt) | 61.16+3.15° | 0.84+0.01° 0.177 +0.03"

Group (5):
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52.23 +3.13° 0.70 £ 0.03° 0.161 +0.02°

0.73+£0.02° 0.165 + 0.03°

Means + SE with different superscript letters in the same column are
significant at P < 0.05

Unit of GPx = nmol of GSH utilized/min/mg protein.

Unit of CAT = nmol of H202 utilized/min/mg protein.

53.12 +£2.12°

The histopathological examination of liver sections of normal control rats
showed normal histological structure of hepatic lobule with normal
hepatocytes, portal vein and sinusoids (Fig.1). Liver sections of injected
rats with NEDA and CCL, showed compact hepatocellular carcinoma
and fat droplets in hepatocytes as demonstrated in Fig. 2, while some of
other hepatic sections exhibited large polymorphic nuclei of hepatocytes
with sporadic necrosis of hepatocytes as shown in Fig. 3, as well as large
fat droplets and marked necrosis of the cells were seen (Fig.4). Liver
sections of rats administered orally the large dose of pomegranate juice
showed alleviation of preneoplastic lesions induced by NEDA and
presence of mild necrosis of hepatocytes around the central vein (Fig.5).
Liver sections of rats given orally the large dose apple juice revealed
amelioration of preneoplastic lesions induced by NEDA and presence of
marked necrosis and fibrosis of hepatocytes (Fig. 6).

Fig. 2. Photomicrograph of liver
section of a rat injected with NDEA
and CCL4 showing compact

Fig. 1. Photomicrograph of liver
section of a normal control rat
showing normal histological structure

of hepatic lobule with normal central
vein, hepatocytes and sinusoids. (H &
E X 200).

- rryY -

hepatocarcinoma (long arrow) with
fat droplets in hepatocytes (short
arrows). (H & E X 400).
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Fig. 3. Photomicrograph of liver
section of a rat injected with NDEA
and CCL4 showing large polymorphic
nuclei of hepatocytes (arrows) with
marked necrosis of hepatocytes (H &
E X 400).

Fig. 5: Photomicrograph of liver
section of a rat administered with the
large dose (200 mg/kg) of pomegranate
juice  showing  alleviation  of
preneoplastic lesions induced by
NEDA and presence of mild necrosis
of hepatocytes around the central vein
(arrows) (H &E X 200).

Discussion :

Fig. 4. Photomicrograph of liver
section of a rat injected with NDEA
and CCL4 showing marked necrosis
of hepatocytes and presence of large
fat droplets (H & E X 400).

Fig. 6: Photomicrograph of liver
section of a rat administered with the
large dose (200 mg/kg) of apple juice
showing amelioration of preneoplastic
lesions induced by NEDA and
presence of marked necrosis and
fibrosis of hepatocytes (H & E
X200).

Cancer and other degenerative diseases are inversely associated with the
regular consumption of fruits and vegetables. Fruits and vegetables with
antineoplastic activity have recently gained much attention. The
biological value of these plant materials depends on the presence of
bioactive constituents, especially those with hepatoprotective, antioxidant
and anti-inflammatory properties (Thomas et al., 2014). However, the
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mechanisms underlying the anticancer activity of plant materials are still
in need for further investigations.

N-nitrosodiethylamine is a potent carcinogen widely existing in the
environment (Subramanian et al., 2007). Carbon tetrachloride (CCL,) is a
selective hepatotoxic chemical agent commonly used for induction of
liver damage in experimental animals. CCL, produces reactive free
radicals (tricloromethyl radical, CCI3) which initiate cell damage via
either covalent binding to cell membrane proteins or by induction of lipid
peroxidation (Li et al., 2013). Lipid peroxidation is associated with
hepatic cell damage leading to liver cirrhosis and fibrosis (Parola et al.,
1992).

The results of this study revealed that intoxication of rats by NDEA and
CCL, induced preneoplastic lesions of hepatocarcinoma, elevated serum
AST, ALT and ALP, total bilirubin, tumor markers AFP, TNF-o and NF-
K B levels and lowered serum total protein, albumin and globulin levels.
There were also increased in hepatic lipid peroxidation and decreased
activities of tissue antioxidant enzymes. These serum biochemical
alterations were parallel to preneoplastic lesions seen upon examination
of liver sections. These results were similar to the previous reports by
Jeong et al., (2013) and Zhao et al., (2014). In addition, previous authors
reported that intoxication of rats with NDEA and CCL, induces
hepatocellular carcinoma associated with serum and tissue biochemical
alterations nearly similar to those founded in the presented study. In
contrast, Pomegranate juice (PJ) administered orally to NDEA- and
CCLg-intoxicated rats induced good anticancer activity against
hepatocarcinoma. This activity of PJ was evident by normalization of
liver enzymes, total protein and bilirubin and serum biomarkers of
hepatocarcinoma (AFP, TNF-a, and NF-k B) to nearly levels of normal
control group. The anticancer activity of PJ agreed with that reports by
Cayir et al., (2011) and Bishayee et al., (2013) who concluded that
pomegranate can be used for the prevention of hepatocarcinogenesis as it
inhibited the inflammatory cascade in NDEA-injected rats via modulation
of nuclear factor-kappa B (NF-k p)-regulated inflammatory pathway. Also
they attributed the anticancer activity of PJ to presence of bioactive
antioxidant phytochemicals in the juice (Celik et al., 2009 and Sadeghi et
al., 2009) and its ability to inhibit lipid peroxidation (Cayir et al., 2011).
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The alterations in serum biomarkers of hepatocarcinoma induced by PJ in
this study were parallel to amelioration of histopathological preneoplastic
lesions seen in liver of NDEA-intoxicated rats, denoting an anticancer
activity. Moreover, ellagic acid, a component of pomegranate seeds juice
was found to suppress androgen-dependent prostate cancer via induction
of apoptosis of cancer cells (Naiki-lto et al.,, 2014). However,
pomegranate peel extract was reported to be effective against
azoxymethane-induced colon cancer in rats (Waly et al., 2012).

In this work, studying the protective mechanisms of PJ revealed that its
anticancer activity might be due to inhibition of hepatic lipid peroxidation
and enhancement of antioxidant capacity. These mechanisms were
evident by the increase in hepatic GSH and the decrease in MDA
concentrations (both biomarkers of lipid peroxidation) and enhancement
of activities of antioxidant enzymes in liver tissues. In this concern, Celik
et al., (2009) and Sadeghi et al., (2009) attributed the protective activity
of PJ against hepatocarcinoma in rats to its antioxidant phytochemicals.
Cayir et al., (2011) suggested that the protective effect of pomegranate oil
against hepatotoxicity and nephrotoxicity in rats might due to its
inhibition of lipid peroxidation. Moreover, Bishayee et al., (2013)
attributed the anticancer effect of pomegranate to the anti-inflammatory
activity of its bioactive constituents via modulation of NF-x B-regulated
inflammatory pathway.

Concerning apple juice (AJ), the current results denoted that AJ had an
anticancer activity against NDEA and CCL,4- induced hepatocarcinoma in
rats. However, the anticancer effect of AJ was less potent than that of PJ
as evident from biochemical results and histopathological examination.
The anticancer effect of AJ agreed with that reported by Liu et al., (2001)
who mentioned that Fuji apple extracts inhibited Hep G2 cell
proliferation by 39% and red delicious extracts inhibited cell proliferation
by 57% in vitro. Boyer and Liu (2004) reported that consumption of
apple reduced risk of some cancers and Lin et al., (2008) reported that
apple skin is rich in luteolin flavonoid which was reported to possess
antioxidant and anti-inflammatory effects and is linked to the anticancer
activity against lung, liver and breast cancers. In addition, Hyson, (2011)
demonstrated that diets high in fruits especially, apples are associated
with reduced lung, liver, stomach, and colon cancers. Recently, Szaefer
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et al., (2014) mentioned that phenolic compounds are abundant in apple
and have a variety of biological effects including anticancer activity.
Studying the mechanisms of anticancer activity of AJ in this work
denoted that its antihepatocellular carcinoma in rats might be to its
reduction in lipid peroxidation, (as indicated by decreased concentration
of MDA in liver tissues); antioxidant (as indicated by increased activity
of hepatic antioxidant enzymes) and anti-inflammatory (via modulation
of NF-x B-regulated inflammatory pathway) effects. Inhibition of lipid
peroxidation by apple was previously recorded by Ogino et al., (2007)
and antioxidant activity of apple was reported by Avci et al., (2007) and
Lin et al., (2008). The anti-inflammatory effect of apple juice was
confirmed by previous findings of Szaefer et al., (2014) in rats.

Conclusion :

In conclusion, oral administration of pomegranate and apple juices to
NDEA- and CCL,- intoxicated rats produces a potent protective effect
against hepatocarcinoma. The mechanisms underlying this effect may be
due to the inhibition of lipid peroxidation, enhancement of hepatic
antioxidant defense capacity as well as its anti-inflammatory activity via
modulation of NF-k p-regulated inflammatory pathway. Therefore,
regular intake of pomegranate and apple in form of fresh fruit and/ or
fresh juices may be beneficial for patients suffering from
hepatocarcinoma. Moreover, isolation of phytochemicals of pomegranate
and apple is necessary to search for safe natural agents to be
manufactured for the prevention of hepatocarcinoma.
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