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This study is designed to assess the preventive effects Punica granatum aril juice, aqueous
extracts of seeds and husk and their mixture on the hepatic injury and hepatocarcinogenesis
induced by 7,12-dimethylbenz(a)anthracene (DMBA) and carbon tetrachloride (CCl,)

30/09/2016 administration in male Wistar rats. DMBA/CCl,-administered rats were orally treated with

Punica granatum aril juice at 10 ml/kg b.w./day, seeds and husk aqueous extracts at 400
Keywords mg/kg b.w./day and their mixture for 16 weeks to rats. The treatments with Punica granatum
Pomegranate, aril juice, seeds and husk aqueous extracts successfully attenuate the deleterious effects of
Oxidative Stress, DMBA/CCI, on serum ALT, AST, ALP and GGT activities as well as serum total bilirubin,
Liver Injury, albumin and globulin levels. The elevated oxidative stress and the deteriorated antioxidant

Pre-Cancerous Oval Cells,

Rats.

defense system were markedly improved by treatments. The increased mRNA expressions of
hepatic NF-xB, TNF-a and COX-2 in liver of DMBA/CCl,-administered rats were
significantly decreased by treatments. In contrast, the lowered p53 and Bcl-2 were
significantly increased. The liver histological lesions, represented by inflammatory cell
infiltration, necrosis of hepatocytes and emergence of pre-cancerous oval cells, in
DMBA/CCl,-administered rats, were amended by treatments with Punica granatum aril juice,
seeds and husk extracts and their mixture. In conclusion, Punica granatum aril juice, aqueous
extracts of seeds and husk and their mixture successfully mitigate DMBA and CCl,-induced
liver deleterious changes and precancerous lesions via their anti-oxidant, anti-inflammatory
and anti-apoptotic actions.
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INTRODUCTION

Liver plays a major role in the detoxification and excretion of many endogenous and exogenous compounds [1]. Liver injury due
to systemic drugs, food preservatives, agrochemicals and addiction to alcohol or impairments of its functions may lead to many
complications in the health [2]. Hepatocellular carcinoma (HCC) is the fifth most common malignancy in men and the eighth in
women worldwide and remains as one of the most lethal malignancies worldwide [3,4]. It accounts for as many as 600,000 deaths
annually world-wide [5]. HCC is a complex disease associated with many risk factors and cofactors [6,7]. The etiology of HCC
includes chronic infection with hepatitis B and C viruses, cirrhosis, and exposure to dietary and environmental hepatocarcinogens [8].

One of the environmental carcinogenic polycyclic aromatic hydrocarbons is 7,12-dimethylbenz[a]anthracene (DMBA) [9].
DMBA is one of the most chemical substances that actually cause tumors in one or more body organs [10-13]. It has been used to
initiate animal model carcinogenesis in many organs as HCC [14], mammary carcinoma [15] and skin cancer [16]. Metabolism of
DMBA by the oxidases enzymes often results in the formation of oxyradicals which bind to nucleophillic sites on cellular
macromolecules thereby eliciting cancerous responses [17].

The carcinogenic actions of DMBA can be augmented by carbon tetrachloride (CCl,;) which was used in literatures as cytotoxic
agent and used by others as cancer promoter [18,19]. CCl, biotransformation in the liver involves production of the highly lethal
trichloromethyl free radical ("CCl;) and peroxy trichloromethyl ((OOCCI,) free radical through activation by drug metabolizing
enzymes located in the endoplasmic reticulum [20,21]. The exacerbated oxidative stress is considered to be a direct cause of many
pathological conditions such as liver damage and cancer [22-24] as well as inflammation and drug toxicity [25].Furthermore, it has
been demonstrated that oxidative stress plays an important role in hepatocarcinogenesis [26].

Pomegranate, Punica granatum (P. granatum), belonging to family punicaceae is rich in antioxidant of polyphenolic class which
includes tannins [27] and flavonoids [28]. P. granatum has been extensively used as a folk medicine by many cultures [29]. P.
granatum juice (PJ) has been proposed as chemopreventive, chemotherapeutic, antiatherosclerotic and anti-inflammatory [30,31]. As
well, P. granatum peel (husk) extract was utilized in Egyptian culture, as stated by Ismail et al. [32] in several common ailments such
as inflammation, intestinal worms, diarrhea, cough and infertility. Major constituents in P. granatum pericarp (peel) are phenolic
punicalagins, catechin, gallic acid, quercetin, rutin, flavonols, flavones, flavonones and anthocyanidins [33]. P. granatum fruit, juice
and peel possess marked antioxidant, proapoptotic and antitumor efficacies which may be attributed to their polyphenolic constituents
[34-37]. Various mediators of carcinogenesis are inhibited by the P. granatum active ingredients in vitro, for example, vascular
endothelial growth factor [38], insulin-like growth factors [39] and cytokine stimulated NF-xB [40]. The most researches have also
been directed towards using of total plant extracts mainly because of the synergistic effects of the mixture of plant metabolites and the
multiple points of intervention in tumor chemoprevention. Tzulker et al. reported that the homogenates prepared from the whole fruit
exhibited an approximately 20-fold higher antioxidant activity than the level found in the arils or seed sacs (fleshy or brightly colored
cover of seed) juice [41], and the phenolic profile differs greatly from the two resources [42].

Therefore, this study was designed to assess the anticarcinogenic effects of P. granatum aril juice, seeds and husk extracts and
their mixture on DMBA-initiated and CCl,-promoted hepatocarcinogenesis.

MATERIALS AND METHODS

Experimental animal

Sixty male albino rats of Wistar strain weighing approximately 100-130 gram were used in this study. After two weeks of
acclimatization period, the animals were subsequently divided to six groups ten in each group and housed in clean polypropylene
cages and maintained in an air-conditioned animal house at temperature (20°C) with natural alternating light and dark cycles. The
animals were supplemented with standard pellet diets and water ad libitum. All animal procedures are in accordance with rules and
regulations of Experimental Animals Ethics Committee of Zoology Department, Faculty of Science, Beni-Suef University, Egypt. All
efforts were done to decrease the suffering of animals.

Chemicals

Carcinogenic agent, 7,12-dimethylbenz(a)anthracene (DMBA) and mineral oil was purchased from Sigma Aldrich Company
3050 Spruce St. Saint-Louis, MO, United States of America. Carbone tetra-chloride (CCl,) was purchased from Laboratory Chemical
Trading Company for laboratory fine chemicals, Egypt. All other chemicals used in this experiment with high analytical grade.

Doses preparations and animals treatment

P. granatum fruits were purchased from the local market in Beni-Suef, Egypt. P. granatum fruits were washed with distilled
water and manually peeled and fresh P. granatum crude juice (PJ) was prepared from the arils or seed sacs (fleshy or brightly colored
cover of seed). Seeds and husk (rind; pericarp) were collected and dried in the shadow then powdered separately with a mechanical
grinder. The obtained powders of seeds and husk were extracted in boiled water for fifteen minutes then filtered in clean bottles as
infusion of P. granatum seeds extract (PSE) and P. granatum husk extract (PHE). P. granatum mixture of extracts and juice (PM) was
prepared by adding equal volumes of juice, P. granatum seeds extract and P. granatum husk extract. DMBA solution prepared as 50
mg/kg body weight (b.w.) in mineral oil [43] was orally gavaged to five groups (each of ten rats) as carcinogenesis initiator. One
group of them served as DMBA/CCl,control and the other four groups were separately treated with PJ, PSE, PHE and PM
preparations. The normal control group was administered mineral oil, saline and distilled water as vehicles of DMBA, CCl,and P.
granatum respectively.
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After three weeks of DMBA intake, the five DMBA-administered groups were injected CCl, solution subcutaneously as
carcinogenesis promoter at dose level of 3 ml/kg b.w./week [18] in the thoracic area for thirteen weeks. P. granatum juice (PJ) and
mixture of aqueous extracts and juice (PM) were orally gavaged at dose level of 10 ml/kg b.w. according to Adukondalu et al. [44]
and Patel et al. [45] daily for sixteen weeks after DMBA administration. As well, PSE and PHE were daily given at 400mg (infused
10 ml distilled water)/kg b.w. [46,47] for the same period.

Sampling

At the end of sixteenth week of DMBA administration and thirteenth week of CCl, injection, all groups were sacrificed. Blood
samples were collected from jugular arteries and clear non-haemolysed serum were immediately separated and frozen at -30°C. Liver
tissues were quickly removed then part of liver of each animal was fixed in neutral buffer formalin for histopathological studies. An
additional part of liver was kept in sterilized tubes and frozen at -70°C till used for molecular studies. Another 0.5 gm of the liver of
each rat was homogenized in 5 ml 0.9% sodium chloride solution. Homogenates were centrifuged at 3000 r.p.m. and separated
supernatants were frozen till used for oxidative stress and antioxidants defense system markers measurement.

Biochemical analysis

Serum ALT and AST activities were measured using reagent Kits purchased from Biosystems S.A (Spain) according to the
methods of Gella et al. [48] and Young [49] respectively. Alkaline phosphatase (ALP) and total proteins were determined using
reagent kits purchased from BIOMED Diagnostic (EGY-CHEM for lab technology), Egypt according to methods of Henry [50] and
Vassault et al. [51] in the same order. Gamma-glutamyltransferase (y-GT), total bilirubin and Albumin levels were measured using
reagent kits purchased from Spectrum Company for biotechnology, Egypt according to the methods of Szasz et al. [52], Balistreri et
al. [53] and Doumas et al. [54] respectively.

Oxidative stress and antioxidant defense parameters

GSH content was determined according to Beutler et al. [55] chemical method by using tissue homogenate supernatant instead of
blood samples and readjusted the volumes. GST activity in liver homogenate was measured according to Mannervik and Gutenberg
[56]. GPx activity was determined according to Matkovics et al. [57]. SOD was identified according to Marklund and Marklund [58]
method. Total antioxidants capacity was measured using assay kit purchased from ABCAM Campany (EI Emam Aly St., Heliopolis,
Cairo, Egypt) and according to Csillag et al. [59]. Lipid peroxidation was determined according to the method of Preuss et al. [60].
Nitric oxide (NO) was measured according to Montgomery and Dymock [61] method using reagent kit purchased from BioDiagnostic
Company 29 Tahreer St. Dokki, Giza, Egypt.

RNA isolation and gene's expression identification

Purification of RNA was carried up with Gene JET RNA Purification kits (Thermo Scientific Company, Thermo Fisher
Scientific Inc. NYSE:TMO). Determination of RNA was carried up with UV spectrophotometer at 260nm and 280nm, then
absorbance at 260nm was used for detection of total RNA quality and concentration. RNA concentration was calculated according to
Sambrook and Russell formula [62]:

RNA (pg/pl) = absorbance at 260 nm X dilution x 40pg/ml /1000

For each tested sample, the ratio between the spectrophotometric readings at 260 nm and 280 nm (OD260/0D280) was used to

provide an estimate of the purity of RNA, and the ratio in all samples ranged between 1.7 and 2.0.

Reverse transcription-polymerase chain reaction (RT-PCR)

Reverse transcription was carried up with thermo cycler PCR (Pioneer, MY Genie 32 Thermal Block) using single step (Verso 1-
Step RT-PCR ReddyMix kit) purchased from Thermo Scientific (Thermo Fisher Scientific Inc. NYSE:TMO). Primers of the tested
genes of NF-xB, TNF-a, COX-2, IL-4, p53 and Bcl-2 are purchased from Biosearch Technologies (USA). The Sequence of the
primers of Wister rats were represented in table 1.

Table 1: The sequences of forward and reverse primers of selected genes.

Gene Forward primer Reverse primer References

B-actin Shaker and Abdel-
(housekeeping 5" TCACCCTGAAGTACCCCATGGAG3 5 TTGGCCTTGGGGTTCAGGGGG3™ Halim [63]

gene)

EL-Swefy and

NF-«B 5 TACCATGCTGTTTGGTTCA3' 5 TCAAGCTACCAATGACTTTC Lo O

TNF-a 5'GCTGAGGTTGGACGGATAAA3 5 AAAATCCTGCCCTGTCACAC3®  Sreeja et al. [65]
COX-2 5 GCTTTCTCCAACCTCTCCTACTACA3 5 CATGGGAGTTGGGCAGTCA3"  Mohamed et al. [66]
IL-4 5'GGAACACCACGGAGAACG3' 5'GCACGGAGGTACATCACG3' Zhou et al. [67]

P53 5'CAGCGTGATGATGGTAAGGA3 5'GCGTTGCTCTGATGGTGA3 Asiri [68]

Bcl-2 5 GGGATGCCTTTGTGGAACTA3' 5'CTCACTTGTGGCCCAGGTAT3' '[Af‘sz']"k and Sheeladevi
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Reddy mix (2x 1-step PCR) contains reaction buffer which has been optimized to allow both reverse transcription and PCR
amplification to occurin the same reaction across a wide range of templates. RT enhancer was also included to remove contaminating
DNA, eliminating the need for DNAase treatment. It degrades double stranded DNA during transcription of RNA and is inactivated
after 2 minutes at 95°C while genes amplification started.

For 50 pl reaction volume, verso enzyme mix at 1 pl, 25 ul of 2x 1-step PCR reedy mix, 2.5 ul of RT enhancer, 1 pl of forward
primer (10 uM) and 1 ul of reverse primer (10 uM) followed by 2 pl template RNA were mixed in sterilized PCR tubes. Then, the
reaction mixture was completed with nuclease-free water. PCR tubes transferred to thermocycler PCR. The PCR program was
adjusted at 50°Cfor 15 minutes, only one cycle for DNA synthesis, 95°C for 2 minutes for verso and RT-enhancer inactivation. After
that 95°C for 20 seconds (denaturation) and 50-60°C (according to primer sequence) for 30 second annealing followed by extension at
72°C for one minute; this step repeated 30-35 cycles, then final extension at 72°C for 5 minutes only one cycle was adjusted.

The amplified genes were loaded and electrophoresed on agarose gel at 90 volts then gel transferred to gel documentation unit
and photos were taken. Photos of gene bands were analyzed with GelDocu Advanced program from Raya for the Scientific Services,
Giza, Egypt, and represented as numbers for statistical analysis.

Histopathological investigations

Animals were sacrificed under mild diethyl ether anesthesia and dissected. Liver was rapidly excised from each rat and then
perfused in saline solution. Pieces from the liver were taken and fixed in 10% neutral buffer formalin for twenty four hours. Fixed
organs were sent to Histopathology Department of National Cancer Institute (NIC), Cairo University, Egypt, for further processing,
blocking in wax, sectioning and staining with haematoxylin and eosin (H&E) according to the method of Bancroft and Gamble [70].

Statistical analysis

Results were expressed as mean + standard error (SE). PC-STAT was used for data analysis [71]. One-Way Analysis of Variance
(ANOVA) followed by LSD at 5% and LSD at 1% to compare between the different groups. Percentage of changes were calculated
by comparing DMBA/CCl -administered group with normal group and comparing DMBA/CCIl -administered groups treated with
various P. granatum infusions and juice with DMBA/CCI,-administered control group. Values of P>0.05 were considered statistically
non-significantly different, while values of P<0.05, P<0.01 and P<0.001 were significantly, highly significantly and very highly
significantly different respectively.

RESULTS

The obtained data showed a highly significant increase in activities of ALT, AST, ALP and yGT in DMBA/CCIl -administered
rats recording percent changes 0f63.64%, 64.72%, 75.68% and 220.37% respectively as compared with normal group. These
elevations were highly significantly decreased (P<0.01; LSD) as a result of treatment DMBA/CCIl,-administered rats with PJ, PSE,
PHE and PM. One way ANOVA indicated that the effect between group serum enzymes related to liver function was very highly
significant (P<0.001; F-probability) throughout the experiment (Table 2).

The total bilirubin and globulin concentrations were highly significantly increased (P<0.01; LSD) in DMBA/CCI,-administered
group as compared with normal rats; the recorded percentage changes were 95.89% and 68.07% respectively. In contrast, the
concentrations of total and protein albumin levels were decreased (P<0.01; LSD); the recorded percentage changes were -20.07 and -
63.50respectively. Accordingly, albumin/globulin ratio was vigorously depressed in DMBA/CCl,-administered rats recording
percentage change of -79.51%. The total bilirubin level was significantly (P<0.05; LSD) improved in DMBA/CCI -administered rats
treated with husk extract but it was not significantly affected in juice, seeds extract and mixture treated groups. The lowered total
protein level was increased significantly (P<0.05; LSD) as a result of treatment of DMBA/CCI,-administered rats with P. granatum
seeds extract and mixture. The depleted serum albumin concentration showed a highly significant increase (P<0.01; LSD) and
returned near to normal values in DMBA/CCI,-administered rats treated with P. granatum. Additionally, globulin level was highly
significantly decreased (P<0.01; LSD) in juice and husk extract treated groups while it was non-significantly decreased (P>0.05; LSD)
in seeds extract and mixture treated groups. Albumin/globulin ratio was highly significantly elevated in treated groups (P<0.01;
LSD).One way-ANOVA depicted that the effect between groups on serum total protein level was significant (P<0.05; F-probability)
while the effect between groups on total bilirubin, albumin and globulin levels as well as A/G ratio was very highly significant
(P<0.001; LSD) throughout the experiment (Table 3).

Liver GSH level and total antioxidant capacity (TAC) were highly significantly declined (P<0.01; LSD) in DMBAJ/CCI,-
administered group recording percentage changes of -57.21 and -45.44 respectively. Conversely, GSH level was highly significantly
elevated (P<0.01; LSD) in DMBA/CCIl-administered rats treated with the tested agents except for those treated with the mixture.
Moreover, TAC was highly significantly increased (P<0.01; LSD) in DMBA/CCI,-administered rats treated with P. granatum juice
and mixture while it was non-significantly increased (P>0.05; LSD) in DMBA/CCIl,-administered rats treated with seeds and husk
extracts. On the contrary, liver lipid peroxidation and NO level were highly significantly increased (P<0.01; LSD) in DMBA/CCl,-
administered rats recording percentage changes of 89.54 and 62.42% respectively as compared with normal control group. On the
other hand, lipid peroxidation in liver of DMBA/CCIl,-administered rats treated with PJ, PSE, PHE and PM was highly significantly
decreased (P<0.01; LSD) recording percentage changes of -47.99, -42.56, -54.51 and -50.06% respectively as compared with
DMBA/CCI, control rats. What's more, nitric oxide concentration was highly significantly decreased (P<0.01; LSD) in P. granatum
treated groups recording percentage changes of -54.07, -58.13 and -48.17% as a result of treatment with PJ, PHE and PM respectively
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while it was only significantly (P<0.05; LSD) decreased in PSE treated group with percentage changes -30.72% when compared with
DMBA/CCl,-administered control (Table 4).

Experiment outcomes also revealed a highly significant decrease (P<0.01; LSD) in the activity of antioxidant enzymes GPx, GST
and SOD in liver tissue of DMBAJ/CCl,-administered rats; the recorded percentage changes were -21.26, -70.60 and -32.38%
respectively. Treatment of DMBA/CCl,-administered rats with PJ produced ahighly significant increase of antioxidant parameters
(P<0.01; LSD); the recorded percentage changes were 37.01, 105.15 and 46.51% for GPx, GST and SOD in that order as compared
with corresponding DMBAJ/CCl,-administered control group. Furthermore, the daily treatment of DMBA/CCI,-administered rats with
PSE resulted in a highly significant increase (P<0.01; LSD) in GST and SOD activities recording percentage changes of 175.09 and
32.02% respectively. Additionally, PHE induced a highly significant increase in the activities of antioxidant enzymes with P<0.01 and
percentage changes of 36.50, 174.55 and 33.08% for GPx, GST and SOD respectively. As well, PM treatment caused a highly
significant increase in liver antioxidant enzymes (P<0.01; LSD) that reached percentage changes of 43.17, 144.04 and 55.99% for
GPx, GST and SOD respectively as compared with DMBA/CCI,-administered control (Table 5).

Table 2: Effects of P. granatum aril juice, seeds extract, husk extract and their mixture on serum enzymes ALT, AST, ALP
and yGT activities in DMBA/CCl -administered rats.

Parameters

ALT % AST % ALP % v-GT %
T (U/L) change (U/L) change (U/L) change (U/L) change
Distilled water 48.88 + 0.70° - 63.04+ 2.42° - 446.80 + 7.72° - 5.30+0.64° -
DMBA/CCI, 79.99+3.10° 6364  103.84 +3.96° 6472 784.97 £49.12° 7568  16.98+1.36% 220.37
DMBA/CCIl, and PJ 68.88 £ 2.53° -13.88  49.120+5.85°° -52.69 368.85+39.26° 5301 4.63+073° -72.73
DMBA/CCl,and PSE 50.99 + 3.21° -25.00  40.080 +4.72° -61.40 561.83+39.10° -2842 579+0.52° -65.90
DMBA/CCl,and PHE 58.88+3.06° -26.39  52.280+4.34°  -49.65 207.37 £19.26° -7358  5.01+0.24° -70.49
DMBA/CCl,and PM 61.10 £ 0.70° -2361  64.200+8.91° -38.17 247.76 + 29.8° 6843  4.28+051"° -74.79
F-probability P<0.001 P<0.001 P<0.001 P<0.001

LSD at 5% level 7.149 15.660 97.244 2.169

LSD at 1% level 9.628 21.092 130.961 2.921

- Data are expressed as mean +mean standard error. Number of detected samples in each group is six.

- Means, which share the same superscript symbol (s) are not significantly different.

- Percentage changes were calculated by comparing DMBA/CCl -administered control group with normal group (dist. water) and
DMBA/CCl,-administered treated groups with DMBA/CCl-administered control group.

Table 3: Effects of P. granatum aril juice, seeds extract, husk extract and their mixture on serum total bilirubin (Total bil.),
total protein, aloumin (A), globulin and (G) albumin/globulin (A/G) ratio in DMBA/CCL4-administered rats.

Parameters

Total bil. % I(‘)’tt;'n C;/;n A % G % (AIG) o
(mg/dl) change p(g /dl) ge (g/dl)  change (g/dl)  change ratio cha;ge
Treatment
Distilled water 0.73+0.19° - 5.03+0.08* - 3.37+0.12° - 1.66+0.10° - 2.050.12" -
DMBA/CCl, 1.43+0.06% 95.89 402 +0.36° -20.07 1.23+0.18° -6350 2.79+0.18° 68.07 0.42+0.23° -79.51
DMBA/CCI, and PJ 1.21+0.11® -1538 4.61+0.18%° 1019 2.72+0.35* 121.13 1.89+ 0.35° -32.25 1.93+0.59° 359.52
DMBA/CCI, and PSE 1.26+0.10® -11.88 5.1 +0.19% 2711 2.89+0.10° 134.95 2.22+0.29%® -2043 1.45+0.23° 245.23
DMBA/CCI, and PHE 1.07#0.07° -25.17 4.24+057° 547 3.13+0.38° 15447 1.11+0.19° -60.21 3.04+0.28% 623.80
DMBAJ/CCI, and PM 1.36+0.05  -4.89 5.46+0.20% 35.82 3.18+0.15° 15853 2.27+0.20%® -18.63 1.53+0.23° 264.28
F-probability P<0.001 P<0.05 P<0.001 P<0.001 P<0.001
LSD at 5% level 0.310 0.887 0.696 0.671 0.8770
LSD at 1% level 0.418 1.194 0.937 0.904 1.181 N
- Data are expressed as mean +mean standard error. Number of detected samples in each group is six. (@)
- Means, which share the same superscript symbol (s) are not significantly different. <
- Percentage changes were calculated by comparing DMBA/CCIl,-administered control group with normal group (dist. water) and O
DMBA/CCl,-administered treated groups with DMBA/CCl -administered control group. &
]
[a W)
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Table 4: Effects of P. granatum aril juice, seeds extract, husk extract and their mixture on liver GSH, TAC, MDA and NO
content in DMBA/CCI,-administered rats.

Parameters

GSH NO

(g R Cha/;ge nmole-;—r': Ctissue % (nmgl/lelljl%Om % mmelely %

mg tissue) g change A g change tissue change
Treatment i)
Distilled water 86.48 +5.19° - 12.50 + 1.19% - 34.33 +2.84% c 76.36 + 9.46° -
DMBA/CCI, 37.00+2.65%  -57.21 6.82 + 0.80° -45.44 65.07 + 2.522 89.54  126.20+20.43°  62.42
DMBA/CCI, and PJ 8412 +2.01*  127.35 10.01 +0.79™ 46.77 33.84+3.16%  -47.99 57.96+517°  -54.07
DMBA/CCl,and PSE 95.37 +3.54*  157.75 7.33+0.32¢ 7.47 37.37+1.98°  -4256 87.43+1255°  -30.72
DMBA/CCl,and PHE 66.93 + 4.69° 80.89 8.83 +0.34% 29.47 2960 +1.10° -5451 52.83+11.25° -58.13
DMBA/CCl,and PM 49.73 +4.33° 34.40 11.78 + 1.00® 72.72 3249 +322°  -50.06 65.40+12.77°  -48.17
F-probability P <0.001 P <0.001 P <0.001 P <0.01
LSD at 5% level 11.281 2.341 7.460 36.943
LSD at 1% level 15.193 3.152 10.046 49.752

-Data are expressed as mean £mean standard error. Number of detected samples in each group is six.

-Means, which share the same superscript symbol(s) are not significantly different.

-Percentage changes were calculated by comparing DMBA/CCI,-administered control group with normal group (dist.water) and
DMBA/CCl;-administered treated groups with DMBA/CCIl,-administered control group.

Table 5: Effects of P. granatum aril juice, seeds extract, husk extract and their mixture on liver GPx, GST and SOD activities
in DMBA/CCI,;-administered rats.

Parameters

GPx % GST % SOD %
(mU/100 mg tissue) ~ change  (U/100 mg tissue)  Change (U/qg tissue) Change
Treatment

Distilled water 52.39 + 0.43% - 180.21 + 6.10° - 15.27 £ 0.92® -
DMBA/CCl, 41.25 + 4.39° -21.26 52.97 + 2.98° -70.60 10.33+ 049° - 32.38
DMBA/CCI, and PJ 56.52 + 1.99% 37.01 108.67 + 8.18° 105.15 15.13 £ 0.27® 46.51
DMBA/CCl,and PSE 46.68 + 2.65™ 13.16 145.72 +11.42° 175.09 13.63 + 0.69" 32.02
DMBA/CCl,and PHE 56.31 + 3.05° 36.50 145.43 +10.68° 174.55 13.74 +0.10° 33.08
DMBA/CCl and PM 59.06 + 3.43% 43.17 129.27 + 17.05™ 144.04 16.11 + 0.58% 55.99
F-probability P <0.001 P <0.001 P <0.001
LSD at 5% level 8.471 30.023 2.039
LSD at 1% level 11.408 40.432 2.746

-Data are expressed as mean +mean standard error. Number of detected samples in each group is six.

-Means, which share the same superscript symbol(s) are not significantly different.

-Percentage changes were calculated by comparing DMBA/CCIl,-administered control group with normal group (dist. water) and
DMBA/CCl,-administered treated groups with DMBA/CCl,-administered control group.

Regarding mRNA genes expression, the results revealed that hepatic NF-kB, TNF-a and COX-2 expressions were significantly
increased while I1L-4expression was significantly decreased relative to a housekeeping gene B-actin expression (Figures 1-4) in the
DMBA/CCl,-administered group as compared with normal group. The treatments of DMBAJ/CCI -administered rats with PJ, PSE,
PHE and PM produced a significant decrease of the elevated NF-xB, TNF-o and COX-2 expressions while they did not significantly
affect IL-4 expression (Figures 1-4).The mRNA expressions of hepatic p53 and Bcl-2 were significantly depleted the DMBA/CCl,-
administered group as compared with normal group (Figures 5 and 6).The lowered mRNA expression p53 and Bcl-2 due to
DMBA/CCl,-administeration were significantly increased as a result of treatment of DMBA/CCl -administered group treated with PJ,
PSE, PHE and PM (Figures 5 and 6).
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Figure 1: Effects of PJ, PSE, PHE and PM on liver mRNA expression of NF-«kB relative to p-actin in DMBA/CCIl,-administered rats.
(a) Gel photograph depicting representative PCR products. (b) It corresponded to the densitometric analysis of PCR products.
Means, which share the same superscript symbol(s), are not signficantly different. Number of detected samples in each group is three.
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Figure 2: Effects of PJ, PSE, PHE and PM on liver mRNA expression of TNF-y relative to B-actin in DMBA/CCIl,-administered rats.
(a) Gel photograph depicting representative PCR products. (b) It corresponded to the densitometric analysis of PCR products.
Means, which share the same superscript symbol(s), are not signficantly different. Number of detected samples in each group is three.
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Figure 3: Effects of PJ, PSE, PHE and PM on liver mRNA expression of COX-2 relative to B-actin in DMBA/CCI-administered rats.
(a) Gel photograph depicting representative PCR products. (b) It corresponded to the densitometric analysis of PCR products.
Means, which share the same superscript symbol(s), are not signficantly different. Number of detected samples in each group is three.
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Figure 4: Effects of PJ, PSE, PHE and PM on liver mRNA expression of IL, relative to B-actin in DMBA/CCl,-administered rats. (a)
Gel photograph depicting representative PCR products. (b) It corresponded to the densitometric analysis of PCR products.

Means, which share the same superscript symbol(s), are not signficantly different. Number of detected samples in each group is three.

WWW.iajpr.com

Page6500



Vol 6, Issue 09, 2016. Osama M. Ahmed et al. ISSN NO: 2231-6876

@ 1 2 3 4 5 6

B-actin
(b)
O Distilled water (1) BDMBA/CCL4 (2)
O DMBA/CCL4 + PJ (3) EDMBA/CCL4 + PSE (4)
16 - ODMBA/CCL4 + PHE (5) ODMBA/CCL4 + PM (6)
g 14
[
E 12 b
4 T
= T
= 14
[
2 o0s 1
g
% 0.6
-
£ 04
02

Figure 5: Effects of PJ, PSE, PHE and PM on liver mRNA expression of P53 relative to B-actin in DMBA/CCl,-administered rats. (a)
Gel photograph depicting representative PCR products. (b) It corresponded to the densitometric analysis of PCR products.
Means, which share the same superscript symbol(s), are not signficantly different. Number of detected samples in each group is three.
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Figure 6: Effects of PJ, PSE, PHE and PM on liver mRNA expression of Bcl-2 relative to g-actin in DMBAJ/CCIl,-administered rats.
(a) Gel photograph depicting representative PCR products. (b) It corresponded to the densitometric analysis of PCR products.
Means, which share the same superscript symbol(s), are not signficantly different. Number of detected samples in each group is three.
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Liver tissue histological examination of DMBA/CCIl,-administered rats revealed massive destructive alteration which varied
from vacuolization, fatty changes of hepatocytes in hepatic lobules and hyperchromacia, karyomegally of their nuclei (Figures 8A
and8B) to multifocal hepatic necrosis associated with inflammatory cells infiltration in addition to dilated hyperemic central vein.
Precancerous lesions also appeared as oval cells. Treatment of DMBA/CCI,-administered rats with P. granatum aril juice produced
slight alterations represented by mild hydropic degeneration of hepatocytes in the peripheral zone (Figure 9). As well, DMBA/CCl,-
administered rats treated with P. granatum seeds extract exhibited slight vacuolation and hydropic degeneration of hepatocytes with
congestion of hepatic sinusoids as illustrated in figure 10. In addition, husk aqueous extract treatment produced mild hydropic
degeneration of hepatocytes and Kupffer cells activation (Figure 11). The mixture of aril juice and aqueous extracts of seeds and husk
revealed that no histopathological changes appeared in liver tissues as demonstrated in figure 12. Thus, the mixture of aril juice and
aqueous extracts seems to be the most potent in the amendment of liver lesions produced by DMBA and CCl,.

Figure 7: Photomicrograph of liver section of normal rat showing the normal histological structure of the central vein (cv)
and hepatocytes arranged in trabeculae (t). (H&E; X 400)
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Figures 8: Photomicrographs 8A and 8B of liver sections of DMBA/CCIl,-administered rats showing inflammatory cells
infiltration (if), necrosis of hepatic cells (nc) and oval cells (oc) of proliferated fibrous connective tissue. (H&E; X
400)
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Figure 10: Photomicrograph of liver section of DMBA/CCl4-administered rat treated with P. granatum seeds extract showing
slight vacuolation of hepatocytes (v). (H&E; X 400)

Figure 11: Photomicrograph of liver section of DMBA/CCIl4-administered rat treated with P. granatum husk extract showing
Kupffer cells activation (Kf). (H&E; X400)
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Figure 12: Photomicrograph of liver section of DMBA/CCI,-dministered rat treated with P. granatum mixture of juice and
extracts showing no histopathological changes and normal liver tissue. (H&E; X400)

DISCUSSION

Experimental animal model models in cancer research are developed to imitate human carcinogenesis. Suitable animal models
are essential to promote our understanding of the molecular, cellular and pathophysiological mechanisms of hepatocaringenesis and
for the development of new cancer preventive and therapeutic strategies. In this study, rat model of hepatocarcingensis induced by
DMBA as initiator [14] and CCl, as promotor of the process [18] is used to assess the preventive effects of pomegranate against
DMBA/CCl,-induced hepatotoxicity and carcinogenicity.

The present study revealed an increase in the activities of serum enzymes ALT, AST, ALP and GGT in DMBAJ/CCI,-
administered rats reflecting the harmful and destructive effects of DMBA and CCl, on liver tissue. It is worth mentioning from
previous publications that these enzymes are normally located in serum and they are elevated due to loss of structural integrity and
damage of hepatic tissue and leakage to blood stream [72]. So, they are used as diagnostic measures of liver damage [73,74]. These
results are in accordance with El Kholy et al. [75] and Dakrory et al. [76] who used DMBA to induce hepatotoxicity and liver
disorders models. These outcomes confirmed previous studies of Ozdemir et al. [77] that used 50 mg/kg b.w. of DMBA as single
doses in albino rats. The present results are also in accordance with Cheng et al. [78] who stated that CCl, causes acute hepatocyte
injuries, altered membrane integrity and as a result, enzymes leak outand elevate in blood. In addition, Khan et al. [79] found that
CCl, administration at dose of 3 ml/kg b.w. twice per week for four weeks induced hepatotoxicity in Sprague Dawley rats.

In the current study, the serum total bilirubin level and globulin levels were significantly increased while the serum total protein
and albumin levels as well as A/G were significantly decreased in DMBA/CCIl,-administered rats. The increase in serum total
bilirubin may be owing to blockage of bile ductules as a result of inflammation and fibrosis in the portal triads and/or due to
regurgitation of conjugated bilirubin from the necrotic hepatocytes to sinusoids [80]. As albumin is quantitatively the most important
protein in plasma synthesized by the liver and is a useful indicator of hepatic function. Thus, the decrease in serum albumin as well as
total protein levels reflects the impairment in liver function due to DMBA and CCl, administration.

The elevated serum ALT, AST, ALP and GGT activities in DMBA/CCl -administered rats, in the current study were
significantly decreased as a result of treatment with P. granatum juice, seeds extract, husk extract and their mixture. Serum total
bilirubin and globulin levels were also decreased while albumin and total protein levels were increased as a result of these treatments.
These previous changes may reflect the amendment of liver functions and integrity. The improvement in liver functions parameters in
P. granatum treated groups may provide an evidence of preventive effects P. granatum aril juice, seeds extract, husk extract and their
mixture against DMBA and CCl,. The preventive effects can be influenced by some mechanisms as preventing metabolic activation of
carcinogen, increasing the detoxification of the carcinogens and blocking the interaction of carcinogen with cellular macromolecules
[81]. The P. granatum aril juice and seeds and husk extracts may have powerful antioxidants compounds that scavenged and inhibited
the metabolic activated carcinogens or assisted the excretion of carcinogenic metabolites of DMBA. These results are in accordance
with Yehia et al. [82] and Osman et al. [83] using P. granatum juice and P. granatum husk extract respectively. The crude juice of P.
granatum arils appeared to have more potential as a health supplement rich in natural antioxidants, and improve protein synthesis.

These results are also in concurrent with those obtained by Luangpirom et al. [84] using ethanol-intoxicated mice. Moreover, the
hepatoprotective activity of P. granatum aqueous extract has been evaluated by Khalil [85], who reported that the acute elevation of
AST, ALT, lactate dehydrogenase and liver damage by acetaminophen were reduced in P. granatum mixture pretreated group.
Furthermore, Leelavinothan and Ramasamy [86] revealed that the treatment with ellagic acid (EA), a principal constituent in P.
granatum reduced the activities of the elevated liver enzymes. The study concluded that administrations of EA at 50 mg/kg b.w.

WWW.iajpr.com

Page6504‘


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozdemir%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17970285

Vol 6, Issue 09, 2016. Osama M. Ahmed et al. ISSN NO: 2231-6876

significantly decreased the activities of hepatic marker enzymes in serum compared with other doses of EA and this can be attributed
to the antioxidant properties of EA.

On the other hand, DMBA induces the production of reactive oxygen species (ROS) that resulted in lipid peroxidation, depletion
of cell antioxidant defense systems and DNA damage [87]. The antioxidant defense system, represented in this study by hepatic GSH
content and GPx, GST and SOD activities as well as TAC in DMBA/CCl,-administered animals were exhausted due to increased free
radical production. These results are in concordance with the study of Arulkumaran et al. [88] and Koul et al. [89] on male Balb/c
mice while they are in discordance with Amin [90] who found slight elevation in GSH level after DMBA administration to female
Wister rats.

The increase in lipid peroxidation (expressed by MDA production) and nitric oxide as a result of DMBA administration is
reported in many other studies [75,91]. Furthermore, Talas et al. [92] concluded that DMBA injection induces an increase of NO
levels in the rat liver. The peroxidation of unsaturated fatty acids in biological membranes leads to the decrease of membrane fluidity
and the disruption of membrane integrity and function [93]. As well, CCl, consecutive doses administration to rats augmented ROS
production and increases lipid peroxidation in hepatic cells and induces liver damage and necrosis [21]. The increased incidence of
oxidative stress and lipid peroxidation are implicated in carcinogenic processes [94] and free radicals are involved both in the
initiation as well as promotion stage of tumourigenesis [90]. These events and increased free radicals, MDA and NO exhibited
histopathological perturbations as vacuolization, multifocal hepatic necrosis associated with inflammatory cells infiltration and
precancerous lesions marked by oval cells proliferation in liver of DMBA and CCl, administered group.

On the other hands, results of the present study showed a decrease in MDA and nitric oxide of DMBA/CCl,-administered
animals treated with P. granatum aril juice and seeds and husk extracts as well as their mixture as compared with DMBA/CCI,-
administered control. The reduction of lipid peroxidation in biological systems could be attributed to the free radical scavenging by
antioxidant defense system [95]. Antioxidant properties of P. granatum aril juice and seeds and husk extracts may be mediated by
enhancement of antioxidant enzyme activities and by their intrinsic free radical scavenging properties [96]. P. granatum extracts
contains many antioxidant compounds such as ascorbic acid, vitamin E, polyphenols, tannins, pro-anthocyanidins and flavonoids
[97,98]. These results confirm previous studies that used different parts and concentrations of P. granatum. Study of Atilgan et al. [99]
concluded that administration of P. granatum juice significantly reduced the lipid peroxide levels in the serum of rats. Basu et al.
[100] findings revealed a significant lowering of lipid peroxidation with a 4-week P. granatum polyphenol supplementation (POMNX)
(2 capsules/day) in diabetic patients. The present data also revealed an increase in the antioxidant parameters in DMBA/CCI,-
administered rats treated with P. granatum aril juice, seeds extract, husk extract and their mixture. These results are in accordance
with many previous publications which proved the antioxidant activities of P. granatum fruit, fruit juice, peel extracts and seed
extracts [35,101,102]. Furthermore, Al-Olayan et al. [103] declared that the supplementation of rats with P. granatum juice pre- and
concurrent with CCl, injection caused a significant increase in GSH content not only when compared with CCl, group but also with
the control group. Increased antioxidant and decreased oxidative stress markers of DMBA/CCIl,-administered groups treated with P.
granatum aril juice and seeds and husk aqueous extracts were associated with the amelioration of deleterious histopatholigical
perturbations in liver tissue. Slight alteration appeared in liver tissues of treated groups and no alterations appeared in mixture group
which authenticate the synergistic effect of the total fruit extract.

In trial to assess the effects of the P. granatum seeds and husk extracts and aril juice as well as their mixture on the inflammatory
status of DMBAJ/CCIl,-administered rats, the expression of hepatic COX-2, proinflammatory mediators, NF-kB and TNF-a, as well as
anti-inflammatory cytokine, IL-4, were investigated.

P. granatum seeds and husk extracts and aril juice markedly suppressed mRNA expression of NF-kB in DMBA/CCl,-
administered rats to some extent which are in agreement with results of Afaq et al. [104], Ahmed et al. [105] and Schubert et al. [106]
on normal human cells, including epidermal keratinocytes, chondrocytes, and vascular endothelial cells respectively. The decrease in
MRNA expression of NF-kB in treated groups than that in DMBA/CCls-administered group may lead to decline of pro-inflammatory
and other mediators . The over expression of TNF-a in the liver cells of DMBA/CCI, group can activate NF-xB as indicated by West et
al. [107]. Consequently, the activation of NF-«B leads to the transcription of hundreds of genes which have kB binding sites; the most
of these genes are concerned with the regulation of inflammation, immune responses and cell survival [108]. On the other hand, COX-
2 expression decreased in P. granatum juice and fruit extracts treated groups reflecting the therapeutic effects of P. granatum. This
result is in accordance with Jaganathan et al. [109] who mentioned that P. granatum aril juice inhibits NF-kB activation and
expression of COX-2 in HT-29 cells. In contrast, COX-2 increased in DMBA/CCl -administered group and there are a correlation
between enhanced COX-2 expressions and increase in cell proliferation as shown by Meei et al. [110]. In contrast to hepatic COX-2
and TNF-a, the expression of IL-4 was significantly decreased in DMBA/CCI -administered rats but it was not significantly altered as
a result of treatment of DMBA/CCIl,-administered rats with PJ, PSE, PHE and PM. As stated by Bogdan et al. [111], IL-4 is a
biological mediator that plays anti-inflammatory roles so it inhibits the production and release of pro-inflammatory mediators [111].
So down-regulation of IL-4 in DMBA/CCIl,-administered rats may lead to the increased production and release of pro-inflammatory
mediators, such as TNF-a.

In order to assess the effect on apoptosis in the present study, the mRNA expression of hepatic p53 and Bcl-2 were detected by
RT-PCR technique.

The p53 and Bcl-2 expression, in the current study, was increased in DMBA/CCl,-administered groups treated with P. granatum
and revealed the chemoprevention power of P. granatum aril juice and seeds and husk aqueous extracts as well as their mixture. The
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transcriptional promoter p53 can regulate the transcription and expression of a variety of target genes required for cell cycle arrest and
apoptosis, including Bcl-2 [112]. The elevation in mRNA expression of tumor suppressor p53 which normally prevents cell
proliferation is stimulating apoptosis while the decline of p53 expression in DMBA/CCIl,;-administered group can promote
tumorigenesis. Bcl-2 which encodes a 26-kDa protein and blocks programmed cell death without affecting cellular proliferation [113]
increased in some treated groups and prevented apoptosis and tissue destructive effects due to DMBA and CCl, administration

CONCLUSION

P. granatum aril juice and aqueous seeds and husks extracts as well as their mixture have a preventive effects against
hepatotoxicity and hepatocarcinogenesis induced by DMBA and CCl, thereby P. granatum formula may hardly participate in cancer
prevention and treatment in the next years.
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