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Introduction: Owing to their great quantity of hydrolyzable anthocyanins and tannins, the peel and seeds of pomegranate are edible 
and possess potent anti-oxidant and anti-inflammatory characteristics. This work aims to trace the pomegranate seed and peel ethanolic 
extracts’ anticancer activity against liver cancer cell line, namely HepG2 and related histopathological, immunohistochemical, genetic 
and oxidative stress profile.
Methods: In vitro study for both seed and peel extract showed the prevalence of phenols, polyphenols and acids, those have anti- 
proliferative potential against liver cancer cell line (HepG2) with 50% inhibitory concentration (IC50) of seed significantly reduced 
that of peel. Toxicity of test extracts was concentration dependent and accompanied with cell cycle arrest and cell death at theG0/G1 
and S phases but not at the G2/M phase. Cell arrest was supplemented with raised ROS, MDA and decreased SOD, GSH and Catalase.
Results and discussion: Apoptosis-related genes showed significant up-expression of pro-apoptotic gene (P53), Cy-C, Bax, and 
casp-3 and down expression of anti-apoptotic gene (Bcl-2). Also, Casp-3 and P53 proteins were substantially expressed under the 
effect of test extracts. Histopathological study demonstrated that the untreated cells (control group) were regular cells with nuclear 
pleomorphism and hyperchromatic nuclei, while seed and peel extracts-treated cells showed necrosis, mixed euchromatin and 
heterochromatin, intra-nuclear eosinophilic structures, burst cell membranes, and the shrunken apoptotic cells with nuclear membranes 
and irregular cells. Finally, PCNA gene detected by immunohistochemistry was down regulated significantly under the effect of seed 
extract treatment than in case of cell medication with peel extract.
Keywords: pomegranate, HepG2 cells, cell viability, apoptosis, oxidative stress, immunohistochemistry

Introduction
Cancer is a genetic disorder characterized by uncontrolled cell division. Multiple epigenetic/environmental factors have 
a crucial function in the cancer’s advancement, as shown by decades of research.1,2 Numerous parameters involving 
tobacco, winery intake, poor diet, and obesity enhanced the development of different types of cancer.3,4 Despite the 
different approaches in cancer therapy, the mortality rate is increasing.3,5 It is anticipated that there would be around 
20 million cancer cases by the year 2025; consequently, prevention is being emphasized as the best cancer controlling 
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method.5–7 Presently, it is anticipated that two-thirds of cancer-associated fatalities may be averted primarily via dietary 
measures.7,8 Many centuries ago, Hippocrates established the food’s significance for general health. The edible sub-
stances derived from natural plants known as phytochemicals and can act as cancer chemopreventive/chemotherapeutic 
agents, and nearly 47% of the accessible anticancer treatments in the market are natural product alternatives.9 Numerous 
scientific studies have demonstrated consuming an abundance of vegetables and fruits lowers the possibility of acquiring 
cancer,10–12 and more recently polyphenol, vitamin, and unsaturated fatty acid constituents have been studied.13,14 Nearly 
25,000 distinct phytochemicals with powerful anticancer effects have been recognized in fruits and vegetables.15 These 
phytochemicals are not toxic and usually affect numerous signaling cascades, nuclear factor kappa B (NF-kB), nuclear 
factor erythroid factor 2-related factor 2 and mitogen-activated protein kinase.16 Pomegranate (Punica granatum L.) 
seeds are edible and have potent anti-inflammatory and antioxidant features owing to their hydrolysable anthocyanins and 
tannins’ great content.17 As contrasted to the antioxidant action of β-carotene, ascorbic acid, and vitamin E, the 
pomegranate antioxidants have distinctive features owing to mixtures of a broad array of polyphenols that have various 
actions versus many types of free radicals – antioxidant activity.18 Multiple signaling cascades associated with inflamma-
tion, hyperproliferation, angiogenesis, cellular transformation, the onset of tumorigenesis, and the suppression of the last 
phases of metastasis and tumorigenesis have been demonstrated to be efficiently affected by pomegranate and its 
components.14,16 Components of pomegranate influence transcription factors, anti-apoptotic proteins, pro-apoptotic 
proteins, cell cycle regulator molecules, pro-inflammatory mediators, cell adhesion molecules, protein kinases, and 
growth factors in multiple types of cancer.19

The ongoing work’s aim was to trace the pomegranate seed and peel ethanolic extracts’ anticancer activity against 
liver cancer cell line, namely HepG2 and related histopathological, immunohistochemical, genetic and oxidative stress 
profile.

Materials and Methods
Pomegranate Peel and Seed Extraction
(Using the common techniques by soaking the dry weight in ethanol for 7 days then dried using rotary evaporator and 
used as crowed extract).

Peel and seed were weighed (300–400 g) washed and dried at 40°C till complete drying. The dried peel was grinded 
to fine powder. The dried peel and seeds were steeped in approximately 1500 mL of the extracting solvent (ethanol, 80% 
concentration). The extraction was completed at 80 °C for around 30 minutes before being filtered via cotton wool. 
Residue was extracted a second time with 1000 mL of the similar extracting solvent for about 5 minutes in a boiling 
water bath, stored overnight in the refrigerator, and filtered via a cotton wool plug in the funnel neck. The two extracts 
were vaporized until no more water could be distilled at 40 °C utilizing rotary evaporator equipment under vacuum. The 
extracted heavy material was measured and kept at 80°C for future studies.

The compounds from peel and seed were characterized using reverse phase-HPLC Agilent 1100 system equipped 
with a quaternary pump “G1311A”, a degasser “G1379A”, an ALS automatic sampler “G1329A”, a Colcom column 
compartment “G1316”, an ALS Therm “G1130B”, a diode array detector “DAD, G1315B” and a system controller that 
linked to Chem Station data handling systems “Agilent Technologies, Palo Alto, CA, USA”.

Assignment for the metabolites was performed through 1H 1D and 2D NMR spectra “1H-COSY, JRES, 1H-13C 
HSQC, and 1H-13C HMBC” analysis.

Cell Culture
The Tissue Culture Department of the International Center for Training and Advanced Research in Egypt (ICTAR-Egypt) 
kindly provided the HepG-2 liver cancer cell line. At 37 ° C, HepG2 cells were cultivated in RPMI-1640 medium 
comprising 10% foetal bovine serum (Gibco, Thermo Fisher Scientific, Waltham, MA, USA) (Jouan SA, Saint-Herblain, 
Pays de la Loire, France). In accordance with the production technique, the growing media was eliminated, and the cells 
were rinsed with PBS (Adwia Pharmaceuticals, El Sharkeya, Egypt). At 37°C, cells were treated for 5 minutes with 
0.05% (v/v) EDTA and 0.25% trypsin enzyme (GIBCO). Separated cells were subdivided based on necessity.
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Cell Viability (MTT Assay)
Cytotoxicity was done as per to the prior research20 in which human liver cancer cells (HepG2 cells) were cultivated in 
75 cm2 plates (SPL-Korea) as reported.20 Cells were seeded at 2×105 HepG2/mL in 96-well cell as 0.1 mL/well. Plates 
were incubated for 24 hrs at 37°C to attain confluence. Fresh medium comprising twofold serially diluted pomegranate 
seed and peel extracts was administered to the pre-cultured plate at 0.1 mL/mL. Following 24 hours, lifeless cells were 
eliminated utilizing phosphate-buffered saline (PBS, pH = 7.2 0.2) (Adwia, Egypt) and 50 µl of MTT stock solution 
(0.5 mg/mL) was injected to each well. After 4 hours of 37°C incubation, the supernatant was removed and 50 µl/well of 
dimethyl sulfoxide (DMSO) was applied to dissolve the precipitated formazan. Plates were incubated for 30 min at 37°C 
without light, and the absorbance was taken at 570 nm utilizing a microplate reader (ELx-800, Bio-Tek Instruments, Inc, 
Winooski, VT, USA). The formula below was employed to compute the proportion of viable cells.

Viability percentage (%) = Mean OD of test dilution x100/Mean OD of control wells.
The IC50 percentage was measured utilizing GraphPad Prism software (v. 6, GraphPad Software, La Jolla, CA, USA).

Cell Cycle Analysis
Cell cycle and apoptotic outline were done in line with Alshehri et al21 in which HepG-2 cells were pre-cultured in 
75 cm2 surface area (SA). After removing the excess, the growth medium, cell culture plates were received the 
pomegranate peel and seed extracts’ IC50 in RPMI-1640 medium. After 24hrs, the afflicted cells were taken and 
subdivided for genetic and cell cycle analyses. Cells were gathered for flowcytometry analysis, fixed with 70% (v/v) 
ethanol in PBS, stored at 4°C overnight, and resuspended in a dark environment in PBS comprising 40 g/mL PI 
(propidium iodide), 0.1% (v/v) Triton X-100, and 0.1 mg/mL RNase. Following 30 min at 37°C, the cells were analysed 
with a flow cytometer (Becton-Dickinson, San Jose, CA, USA) accompanied with a 488 nm argon ion laser (Becton- 
Dickinson, San Jose, CA, USA). As priorly defined, the cell cycle and sub G1 group were measured and studied.

Molecular Biology
Apoptosis-associated genes’ expression were detected through extraction of total RNA from control, and IC50 
pomegranate peel- and seed-medicated cells utilizing RNeasy Mini Kit (Qiagen, Germantown, MD, USA) as per 
producer’s guidelines. The isolated RNA quantity was validated utilizing a Beckman dual spectrophotometer (Beckman 
Instruments, Ramsey, MN, USA). The apoptosis-associated genes’ expression level; BAX (F: 5’-ATG GAC GGG TCC 
GGG GAG CA-3’and R: 5’-CCC AGT TGA AGT TGC CGT CA- 3’), P53 (F: 5’-TCA GAT CCT AGC GTC GAG 
CCC-3’ and R: 5’-GGG TGT GGA ATC AAC CCA CAG-3’), CASP3 (F 5- CTCGGTCTGGTACAGATGTCGA-3’ 
and R: (5- CATGGCTCAGAAGCACACAAAC-3), BCL2 (F: 5’-GTG AAC TGG GGG AGG ATT GT-3’and R: 5’- 
GGA GAA ATC AAA CAG AGG CC-3’), CYC (F: 5;-CCAATGAAGATCCCACATG −3; CYC R: 5;- 
CCAGGAAAGTAGGGGTTGAAGT −3 and housekeeping gene, ACTB (F 5’- AGCGAGCATCCCCCAAAGTT- 
3’and R: 5’-GGGCACGAAGGCTCATCATT-3) were estimated utilizing real-time PCR. In which 10 ng of the 
extracted total RNA from each specimen was utilized for cDNA synthesis employing great ability cDNA reverse 
transcriptase kit (Applied Biosystems-Thermo Fisher Scientific, USA). The collected cDNA was expansion utilizing 
Sybr Green I PCR master kit (Thermo Fisher Scientific Inc., Lithuania) and Step One apparatus (Applied Biosystems, 
Thermo Fisher Scientific Inc.) as described: 10 min at 95 ° C for enzyme stimulation, accompanied by 40 cycles of 15 
sec at 95 ° C, 20 sec at 55 ° C, and 30 seconds at 72 ° C for amplification. Variations in each target gene’s 
expression were normalised with respect to the mean critical threshold (CT) readings of the housekeeping gene β-actin 
utilizing the DCT method.

Hematoxylin and Eosin Stain
On clean slides, 50 µL of IC50 pomegranate peel and seed extracts-treated HepG2 cells were plated (3 for each medication). The 
slides were air-dried, fixed with methanol, and rehydrated in descending alcohol dosage (100%, 90%, 75%, and 50%). The slides 
were rinsed for 5 minutes in distilled water. The slides were waterlogged for 3 minutes in filtered hematoxylin (Hx) stain and 
rinsed twice with distilled water. The slides were waterlogged for 5 seconds in filtered eosin stain and then rinsed with distilled 
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water. The slides were soaked in xylene, mounted with Canada balsam, and then allowed to dry with cover slips in place. On each 
slide, 10 microscopic fields were photographed utilizing a 400× magnification. This was accomplished with a digital camera 
(Canon, Japan) attached to a light microscope. The images were uploaded to a computer system for examination. Fields were 
selected dependent on the existence of the most apoptotic cells. The photomicrographs were done for qualitative analysis for the 
morphological apoptotic measures’ existence.21

Gas Chromatography Mass Spectrometry (GC-MS) Analysis
The pomegranate peel and seed extracts’ chemical composition was determined utilizing a Trace GC1310-ISQ mass 
spectrometer (Thermo Scientific, Austin, TX, USA) equipped with a direct capillary column TG–5MS (30 m × 0.25 mm 
× 0.25 m film thickness). The column oven temperature was originally conducted at 50 °C before being elevated by 5°C/ 
min to 230 °C and held for 2 minutes. The column oven temperature was then increased by 30°C/min to 290 °C and 
preserved for 2 min. Temperatures for the MS transfer line and injector were preserved at 250 and 260°C, consecutively. 
At a steady flow rate of 1 mL/min, helium was utilised as the carrier gas. The solvent interval was 3 minutes, and diluted 
samples of 1 µL were automatically administered using an Autosampler AS1300 coupled to a GC in split mode to deliver 
diluted specimens. In full scan mode, EI mass spectra were obtained at ionisation voltages of 70 eV for the m/z range 40– 
1000. The temperature of the ion source was set at 200 °C. The constituents were identified by contrasting their retention 
durations and mass spectra with those of the NIST 11 and WILEY 09 mass spectral databases.

Western Blotting
Upon completion of the experiment, the cells were lysed in cold lysis buffer. The cells were then promptly kept at −20 °C 
for 1 h for additional lysis, gathered by cell scraper, sonicated 2×105 time, then spun at 4000 rpm for 10 min while 
cooled. Before proceeding with Western blotting, total protein levels were measured colorimetrically in the supernatant 
via the Bradford assay. Western blotting assay was performed as per,22,23 in which equal quantities (20 µg) of protein 
specimens were combined and heated with SDS Loading buffer for 10 min, allowed to cool on ice and subsequently was 
loaded onto SDS-polyacrylamide gel and separated by Cleaver electrophoresis unit (Cleaver, UK), transferred onto 
polyvinylidene fluoride (PVDF) membranes (BioRad) for 30 min. The membrane was blocked for 2 hours at room 
temperature with 5% nonfat dry milk in TBS-T to reduce non-specific protein interactions between the antibody and the 
membrane. The membrane was treated overnight at 4°C with Cell Signaling Technology’s P53 and Caspase 3 primary 
antibodies and Sigma’s -actin. The blots were then cleansed with TBS-T triplicates for 10 minutes each time. The 
membrane was then incubated with secondary antibodies conjugated to horse radish peroxidase (HRP) (Dako, USA) at 
room temperature for an additional hour, followed by three 10-minute washes with TBS-T. Following the produ-
cer’s instructions, the chemiluminescent Western ECL substrate device (Perkin Elmer, Waltham, MA) was applied to 
the blot. In the end, membranes were incubated for 1 minute with a mixture of ECL solution A and ECL solution B of 
equal proportion. The chemiluminescent signals were recorded using a CCD camera-based imager (Chemi Doc imager, 
Biorad, USA), and the band intensities were examined utilizing ImageLab (Biorad). On all gels, protein size markers 
were used to define the gel transfer zones for specific proteins and evaluate the transfer efficiency.

Statistical Analysis
Each experiment was conducted three times independently. Results were examined statistically with Graph Pad Prism 
v. 6.07 (Graph Pad Software, San Diego, CA, USA) utilizing the subsequent assays: t-test between two subgroups, 
regression analysis, one-way analysis of variance (ANOVA) between more than two subgroups, and Spearman 
correlation assay. All findings were provided as the mean ±SD. At P < 0.05, the difference was found statistically 
significant.

Results
Compounds generated from polyphenols, phenols, and acids in purified pomegranate seed and peel extracts were 
chemically recognized, and their MW, formulae, and RT were tabulated and illustrated (Table 1 and Table 2).
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Table 1 Identification of Seed-Extracted Compounds Using GCMS

RT Compound Name For Seed Extract Products Area % Formula MW

5.24 2,5-Dihydroxyacetophenone, bis(trimethylsilyl) ether 0.07 C14H24O3Si2 296

5.87 Melibiose 2.21 C12H22O11 342

6.17 7,3’,4’,5’-Tetramethoxyflavanone 0.16 C19H20O6 344

6.38 6-Oxabicyclo[3.1.0]hexan-3-one 2.43 C5H6O2 98

6.55 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one 2.69 C6H8O4 144

7.19 Indolizine 1.00 C8H7N 117

7.26 2-tert-Butyl-4-methyl-1,3-oxathiolan-5-one 1.38 C8H14O2S 174

7.88 2-Deoxyribose diisopropylmercaptal 2.93 C11H24O3S2 268

8.12 Diisopropylsilyl ethyl ether 0.33 C8H20OSi 160

8.34 Zileuton 0.63 C11H12N2O2S 236

8.57 1-Oxacyclopentadecan-2-one, 15-isopropenyl 0.64 C17H30O2 266

8.64 1,2-Dimethyl-4-oxocyclohex-2-enecarboxaldehyde 1.23 C9H12O2 152

9.42 Desulphosinigrin 1.87 C10H17NO6S 279

9.64 Melezitose 1.02 C18H32O16 504

10.37 Methyl 2-methyl-3-oxobutyldithiocarbamate 0.46 C7H13NOS2 191

10.99 2-Propyl-tetrahydro-pyran-3-ol 1.74 C8H16O2 144

11.05 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 3.09 C6H8O4 144

11.47 Cyclohexanecarboxylic acid, 2-hydroxy-, ethyl ester 4.44 C6H12N2S 172

13.24 Cystin 0.19 C6H12N2O4S2 240

14.92 5-Hydroxymethylfurfural 30.73 C6H6O3 126

26.79 Pentadecanoic acid, 14-methyl-, methyl ester 2.34 C17H34O2 242

28.08 Palmitic acid, ethyl ester 0.56 C18H36O2 284

28.67 Hexadecanoic acid 6.49 C16H32O2 256

29.64 (9E)-8-Methyl-9-tetradecenyl acetate 0.32 C17H32O2 268

29.98 7,10-Octadecadienoic acid, methyl ester 5.42 C19H34O2 294

30.1 10-Octadecenoic acid, methyl ester 8.85 C19H36O2 296

30.55 Octadecanoic acid, methyl ester 1.23 C19H38O2 298

30.88 Dasycarpidan-1-methanol, acetate (ester) 0.25 C20H26N2O2 326

31.74 9-Octadecenoic acid (Z)-(oleic acid) 10.44 C18H34O2 282

32.14 Stearate 4.61 C18H36O2 284

32.68 Safflower oil 0.14 C21H22O11 450

37.14 3’,4’,7-Trimethylquercetin 0.15 C18H16O7 344
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Table 2 Identification of Peel Extracted Compounds Using GCMS

RT Compound Name for Peel Extract Products Area % Formula MW

5.04 Acetic acid, ethoxy-, ethyl ester 0.44 C6H12O3 132

5.31 1-Methoxybicyclo[2,2,2]oct-5-en-2-yl methyl ketone 0.75 C11H16O2 180

5.44 11,13-Dimethyl-12-tetradecen-1-ol acetate 0.56 C18H34O2 282

5.55 3-Hydroxy-2,5,5,8a-tetramethyl-3,4,4a,5,6,7,8,8a- 

octahydronaphthalene-1-carboxylic acid, methyl ester

0.19 C16H26O3 266

5.91 Cytidine, N-acetyl 3.87 C11H15N3O6 285

6.12 (2Z)-6,6-Dimethoxy-3-methyl-2-hexenyl acetate 0.09 C11H20O4 216

6.38 Hexadecanoic acid 2.63 C16H32O2 256

6.55 Ethyl 2-hydroxycyclohexanecarboxylate 2.31 C9H16O3 172

7.18 2-tert-Butyl-4-methyl-1,3-oxathiolan-5-one 0.64 C8H14O2S 174

7.25 2-tert-Butyl-4-(1-hydroxy-2-cyclohexen-1-yl)-4-methyl- 

1,3-oxathiolan-5-one

0.89 C14H22O3S 270

7.54 2’-Hydroxy-2,5,6’-trimethoxychalcone 0.08 C18H18O5 314

7.64 2-Methylbicyclo[2.2.1]hept-2-yl acetate 0.1 C10H11D5O2 173

7.81 Dimethyl 2-hydroxy-2-methylbutane-1,4-dioate 2.69 C7H12O5 176

7.91 Diisopropyl(ethoxy)silane 2.96 C8H20OSi 160

8.33 Zileuton 0.74 C11H12N2O2S 236

8.56 E-10-Methyl-11-tetradecen-1-ol propionate 1.02 C18H34O2 282

8.94 (14E)-14-octadecenal 0.21 C18H34O 266

9.16 9-Octadecenamide, (Z)- 0.27 C18H35NO 281

9.39 6-O-Acetylhexopyranose 0.64 C8H14O7 222

9.63 Maltose 1.17 C12H22O11 342

10.39 (L)-Arginine 0.35 C6H14N4O2 174

10.95 1,3-Diazocane-2-thione 1.54 C6H12N2S 144

11.21 Tryptamine 0.18 C10H12N2 160

11.59 L-Valine, N-[2-(chloroimino)-3-methyl-1-oxobutyl]- 0.74 C10H17 

ClN2O3

248

11.85 4-Amino-1,5-pentandioic acid 0.64 C7H13NO4 175

14.9 5-Hydroxymethylfurfural 26.11 C6H6O3 126

23.93 17-Octadecynoic acid 0.42 C18H32O2 280

26.78 METHYL 14-METHYLPENTADECANOATE 1.21 C17H34O2 270

28.07 Palmitic acid, ethyl ester 0.78 C18H36O2 284

28.62 n-Hexadecanoic acid 7.35 C16H32O2 254

29.37 Methyl 10-octadecenoate 8.04 C19H34O2 294

(Continued)
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Cytotoxicity (MTT Assay)
Viability assay of liver cancer namely HepG2 performed against peel and seed pomegranate extracts showed 
a concentrate-dependent viability as viability % increased as long as the extracts concentrations decreased. ALso, 
there was a significant toxic effect of pomegranate seed compared with that of peel extract (P<0.05). The toxicity was 
glory regarding the inhibitory concentration (IC50) recording (7.8 and 1.95 µgm/mL) consecutively (Figures 1 and 2).
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Figure 1 Evaluation of HepG2 viability % post cell treatment with pomegranate seed and peel ethanolic extract relative to concentration.

Table 2 (Continued). 

RT Compound Name for Peel Extract Products Area % Formula MW

29.95 Linolelaidic acid, methyl ester 3.87 C19H34O2 294

30.06 Oleic acid, methyl ester 4.64 C19H36O2 296

30.53 Methyl 11-(3-pentyl-2-oxiranyl)undecanoate, cis- 1.16 C19H36O3 312

31.21 Ethyl iso-allocholate 0.2 C26H44O5 436

31.71 Trans-13-Octadecenoic acid 9.63 C18H34O2 282

32.11 Stearate 6.25 C18H36O2 284

33.13 Z-(13,14-Epoxy)tetradec-11-en-1-ol acetate 0.25 C16H28O3 268

37.45 Di-n-octyl phthalate 4.5 C24H38O4 390

Figure 2 Evaluation of Inhibitory concentration (IC50) of both pomegranate seed and peel ethanolic extract.
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Biochemistry Assay
Concerning the antioxidant profile post HepG2 cells treatment with pomegranate peel and seed extracts, it was noticed 
that ROS level detected a significant (P<0.05) rise contrasted with ROS values contrasted with its value in untreated cell 
control (506.3, 56812 and 323 Pg/mL) respectively, while there was an insignificant (P>0.05) difference of ROS values 
(506.3 and 568.12 Pg/mL) post cell treatment with both of peel and seeds. At the same time, malondialdehyde (MDA) 
showed a significant (P<0.05) elevation post HepG2 cell medication with pomegranate seed extract than in case of cells 
medication with peel extract and its value I untreated cell control (2.531, 1.817 and 1.575 nmol/mL), respectively. Also, 
MDA-detected post cells treatment with seed extract demonstrated an insignificant (P>0.05) rise than that detected in 
untreated cell control (1.817 and 1.575 nmol/mL). On the contrary glutathione reductase (GR/GSH) indicated 
a significant (P<0.05) decreased values in both pomegranate seed- and peel extracts-medicated HepG2 cells (1.18, 
1.868 and 3.93 µg/mL). Similarly, superoxide dismutase (SD) showed a similar profile of GSH/GR where there was 
a significant (P<0.05) depleted values of SOD post HepG2 cells treatment with pomegranate seed and peel extracts 
contrasted with its values in untreated cell, control (1.18, 1.868, and 3.93 ng/mL), respectively. Also, peel extract-treated 
cells showed a significantly depleted value of SOD contrasted with that of untreated cell control (1.868 and 3.93ng/mL) 
respectively. Finally, catalase activity showed a significantly (P<0.05) decrease activity post HepG2 cell medication with 
pomegranate peel and seed extracts (0.00731, 0.00952 and 0.0194 nmol/mL) respectively. Also, seed extract-treated 
HepG2 cells showed insignificant depleted catalase activity (P>0.05) contrasted with its value in peel-treated cells.

Flow Cytometry
Cell cycle profile of liver cancer cells treated with both pomegranate peel and seeds extracts demonstrated a mild 
substantial elevated (P<0.05) cell arrest/DNA accumulation at the G/G1 phase contrasted with its value in untreated cell 
control (55.24%, 57.41% and 47.55%) respectively, where there was a nonsignificant (P>0.05) difference in DNA 
accumulation % between pomegranate peel- and seed-treated cells (55.24%, 57.41%). On the contrary, there was 
a significant (P<0.05) DNA accumulation % throughout the S phase post HepG2 cell treatment with pomegranate 
peel- than seed-treated cells (39.15%, 27.52%), while both peel- and seed-treated HepG2 cells demonstrated nonsigni-
ficant (P>0.05) elevated DNA accumulation throughout the S phase contrasted with DNA accumulation in the untreated 
cell control (39.15%, 27.52% and 34.09%) but not in case of seed-treated HepG2 cells. Also, there was a significant 
(P<0.05) elevated DNA accumulation post HepG2 cell treatment with pomegranate seed than in case of application of 
peel extract, despite both showed an insignificant (p>0.05) change contrasted with DNA accumulation detected in case of 
untreated cell control (15.07, 5.61% and 18.36%) respectively. In the same way, there was a significant (P<0.05) raised 
overall apoptosis of pomegranate peel- and seed-medicated cells contrasted with total apoptosis detected in untreated cell 
control (24.75%, 33.69% and 2.16%) accompanied with a significant (P<0.05) difference of total apoptosis detected in 
case on cell treatment with both pomegranate peel and seed extracts (24.75%, 33.69% and 2.13%) respectively. Also, 
early and late apoptosis in peel- and seed-treated HEpG2 cells was a significantly (P<0.05) raised than that detected in 
unmedicated cell control (19.17%, 12.66% and 0.32%) consecutively. Early apoptosis of peel-treated cells was sig-
nificantly (P<0.05) raised than that in seed-treated cells (19.17% and 12.66%), while seed-treated cells demonstrated 
a significantly (P<0.05) raised late apoptosis than that in peel-treated cells (17.51% and 4.04%). Finally, pomegranate 
seed-treated cells demonstrated significant (P<0.05) elevated necrotic cell % than in peel-treated and untreated negative 
control cells (3.52%, 1.54% and 1.67%), respectively (Figure 3).

Molecular Biology
Regarding the apoptotic related genes, as shown in Figure 4, it was noticed that there was a significant (P<0.05) 
upregulation of Bax, P53 Casp-3 and cytochrome-c in seed- and peel-medicated cells contrasted with that detected in 
untreated cell control (7.944, 5.293, 2.976, 5.556 and 1), respectively. At the same time, there was a significant down 
expression of anti-apoptotic gene (Bcl-2) recording (0.328, 0.211 and 1).
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Figure 3 Apoptotic phases: evaluation of cell cycle profile and cell arrest phases and apoptosis profile post HepG2 cell treatment with the IC50 of pomegranate seed and 
peel ethanolic extract.

Figure 4 Assessment of pro-apoptotic and anti-apoptotic genes post HepG2 cells therapy with the IC50 values of pomegranate seed and peel extracts using rt-PCR.
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Histopathology
Histopathological changes in detected in liver cancer cells treated with both pomegranate seeds and peel extracts 
(Figure 5) showed that untreated cell control were regular cells with nuclear enlargement and hyperchromatic nuclei. 
While seed-treated cells were necrotic with combined heterochromatin and euchromatin (red arrows), Intranuclear 
eosinophilic structures (orange arrows), Ruptured cell membranes (green arrows), Shrunken apoptotic cells with irregular 
cell and nuclear membranes (black arrows) and peel-medicated cells were necrotic with mixed euchromatin and 
heterochromatin (red arrows) as shown in Figure 5.

Western Blot
Apoptosis (Figure 6) was detected in a different way compared with that of the traditional rt-PCR, and it was noticed that 
the optical density of expressed caspase-3 and P53 gene proteins was detected using Western blot method. It was noticed 
that HepG2c cells medicated with pomegranates seed extract enhanced the caspase-3 and P53 gene expressed proteins 
significantly (P<0.05) contrasted with its OD in case of HepG2 cell treatment with pomegranate peel. Also, the optical 
density of the two genes was significantly (P<0.05) elevated than the optical density detected in untreated cell control.

Immunohistochemistry
Immunohistochemistry analysis (Figure 7) was performed for detection of PCNA in HepG2cells treated with both 
pomegranate peel and seed extracts. Data revealed that the protein expression was down regulated in seed extract-treated 
cells significantly that that detected in peel extract-treated cells.

Discussion
Pomegranates (Punica granatum L.) have traditional health benefits, as it contains variable remarkable bioactive 
derivatives have a wide variety of medicinal therapeutic potentials.24 Various studies have proven that various pome-
granate pieces have antibacterial properties vs a broad spectrum of infections. The compounds with the greatest 
biological activity are ellagic acid and hydrolysable tannins, including punicalagin.25 Use of pomegranate peel extract 
was linked to anticancer effects, including reduction of tumor growth, invasion, and angiogenesis. The pharmacological 
action of pomegranate derivatives demonstrated an extensive array of clinical uses for cancer avoidance and the therapy 
of chronic inflammatory diseases.26 During the last few years, several scientific works on pomegranate constituents have 
been suggested to have antioxidant, anti-carcinogenic activities, which are effective against different types of cancer.27–29 

The present study indicated that both peel and seed extract have an anti-proliferative activity, and cell viability was 
extract type dependent, as viability increased as long as the concentration deceased. Also, the inhibitory concentration of 
both extracts varies as seed extract was significantly decreased compared with its value of peel extract, that was in 
accordance with.26,30 Also, Pomegranate as anticancer agent against different types of cancers24,31–34 showed anti- 
proliferative and anti-cancer actions versus colon, oral, prostate, and breast-cancer cell lines. Cancer-avoiding and 

Figure 5 (A) Photomicrograph demonstrated regular cells with nuclear pleomorphism and hyperchromatic nuclei. (B) A photomicrograph showed necrotic cells with 
combined euchromatin and heterochromatin (red arrows), Intranuclear eosinophilic structures (orange arrows), Ruptured cell membranes (green arrows), Shrunken 
apoptotic cells with nuclear membranes and irregular cell (black arrows) and (C) A photomicrograph demonstrating necrotic cells with combined euchromatin and 
heterochromatin (red arrows), Intranuclear eosinophilic structures (orange arrows), Ruptured cell membranes (green arrows), Shrunken apoptotic cells with nuclear 
membranes and irregular cell (black arrows) (H and E, Original magnification 100×, Oil).
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Figure 6 Evaluation of apoptotic genes using Western blot assay post HepG2cells treatment with pomegranate seed and peel extracts.

Figure 7 Evaluation of PCNA protein immunohistochemical expression in HepG2 cell post treatment showing downregulation of the staining (from A to C).
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cancer-treating properties of pomegranate have been identified, as well as its ability to protect diabetic rats from oxidative 
stress-induced damage. And according to our reported data, pomegranate peel and seed extracts indicated promising 
anticancer prospective versus liver cancer cell line (HepG2) that was in agreement with the report of several studies,24,35– 

40 recording that pomegranate have shown anticancer activities against different organ cancers. Anticancer properties 
were related to the presence of polyphenols, which demonstrated anticarcinogenic properties in vivo and in vitro. 
Pomegranate extract caused apoptosis and decreased proliferation in cancer cells; also, pomegranate juice caused 
considerable apoptosis in myeloid and lymphoid leukemia cell lines, in conjunction with cell cycle arrest.41 Despite 
the various types of cancers studied,41 found that pomegranate extracts inhibited the breast, colon, lung, and prostate 
cancer cells’ growth in vitro. In preclinical animal tests, pomegranate extract suppressed skin, colon, lung, and prostate 
tumor growth. In an initial Phase II clinical research, prostate cancer patients who received pomegranate juice had 
a significantly longer prostate specific antigen doubling time. In laboratory experiments, pomegranate seed oil has been 
demonstrated to suppress the growth of many kinds of tumour cells42 and to reduce skin carcinogenesis in mice and 
mouse mammary organ culture models of carcinogenesis.43 The activity of pomegranate juice suggests additive or 
synergistic impacts from the other phytochemicals included in pomegranate juice.17 Extracts of pomegranate peel have 
been shown to suppress cell growth in various cancer cell lines.42,44,45 Anti-carcinogenic features of various mixtures of 
the phytochemicals in pomegranate were evaluated before.46 Tang et al47 discovered that punicalagin inhibits the β- 
catenin signaling pathway, hence possessing chemopreventive and chemotherapeutic properties against human cervical 
cancer. Ellagic acid was contrasted to its antecedent punicalagin and the overall tannin content of pomegranate juice. All 
of them decreased the proportion of alive human colon and oral cancer cells, however pomegranate juice was the most 
powerful antioxidant sample examined. Concerning the apoptosis related protein expression we suggest the apoptosis 
may be via mitochondrial path way as pro apoptotic proteins (P53 and Caspase- 3) expression were noticed utilizing 
Western blot methods and the expression rate was extract dependent that was in agreement with48 reported that the 
apoptosis-related proteins’ expression (p53, Bcl-2, Cyt-c, Bax, and PARP) utilizing western-blot was significantly 
elevated in EA, PC, and PPPs-treated liver cancer cells (HepG2) and the alterations in apoptosis-associated protein 
expression in HepG2 cells recommends that EA and PC could cause HepG2 cells apoptosis and its apoptosis may be 
through the intracellular mitochondrial cascade. Antioxidants are compounds that react with and neutralize free radicals, 
avoiding them from resulting in tissue destruction. Antioxidants are often commonly referred to as “free radical 
scavengers”. Some of the antioxidants used to neutralize endogenous free radicals are created via the body. 
Nevertheless, the body obtains the remaining antioxidants from external (exogenous) sources, primarily from the diet. 
Typically, these exogenous antioxidants are referred to as dietary antioxidants. Vegetables, fruits, and grains are 
significant dietary sources of antioxidants. In addition, several antioxidants are accessible as nutritional 
supplements.49,50 The antioxidants beta-carotene, vitamins A, C, and E, and lycopene are examples of dietary antiox-
idants (alpha-tocopherol). Selenium is commonly believed to be a dietary antioxidant; however, its antioxidant benefits 
are likely due to the antioxidant action of proteins that contain this element as an important portion (eg Selenium 
containing proteins), and not to selenium itself.51 Also, and in agreement with the data of the present work concerning the 
apoptosis parameters including, cell cycle, gene profile and antioxidant profile, it was reported by52 that pomegranate 
peel extracted polyphenols (PPPs) affected the growth and apoptosis mechanisms of HepG2 cells and the HepG2 cells 
cycle was arrested at the S-phase via PPPs that was in agreement with our data as cells were arrested at the Go/G1 and 
S phases and % of arrest was extract dependent and the quantity of the early apoptotic cells and ROS level were clearly 
enhanced, the Cyt-c level and the action of Caspase-3/9 increased greatly and also did the proportion of Bax/Bcl-2 and 
the P53 protein expressions. PPPs inhibited the development of HepG2 cells by inhibiting the cell cycle and triggering 
the mitochondrial apoptotic cascade in a dose-dependent approach. And similar with our findings,48 demonstrated that 
Pomegranate peel polyphenols (PPPs) extracts exhibited anti-proliferation and apoptosis-inducing actions in human 
HepG2 hepatoma cells, especially PC and EA and their action mechanisms. And the outcome revealed that PC and EA 
induced dose-dependent S-phase and G0/G1-phase cell cycle arrest and death in HepG2 cells. Furthermore, apoptosis- 
associated protein action and reactive oxygen species quantities indicated that apoptosis-related protein activation and 
intracellular H2O2 production were enhanced. PC was more efficient than EA at inhibiting cell expansion and inducing 
apoptosis in HepG2 cells. In addition, their engagement in the mitochondrial apoptosis cascade is an essential apoptosis- 
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inducing mechanism. Concurrently,53 found that the majority of pomegranate peel polyphenols consist of PC (65.75%) of 
the total phenol.54 Consequently, there are normally two types of pomegranates: one is a natural extract of pomegranate 
peel polyphenols and the other is pomegranate juice. PC and EA induce apoptosis in hepatoma cells, and their 
mechanism affects cell morphology and viability, cell-cycle distribution, caspase-9 and caspase-3 actions, apoptosis, and 
intracellular reactive oxygen species (ROS) generation in HepG2 cells. In addition, both PC and EA were found to 
strongly limit the growth of HepG2 cells and cause apoptosis. PC and EA may eventually be associated with engagement 
in the mitochondrial apoptotic cascade. EA is the hydrolysis product of PC; its molecular structure is less complex.54 PC 
derivative predominantly inhibited the cell cycle during the S phase, whereas EA did so at the G0/G1 phase. At present, it 
was believed that phytochemicals contribute via many mechanisms by detecting distinct targets.55 Regarding the impact 
of pomegranate-derived phenolic compounds as PC and EA on cell cycle arrest at the S and G/G1 phases55 demonstrated 
that PC showed a retardation influence on HepG2-treated cells inducing cell cycle arrest at the S phase and EA-induced 
cell arrest at the G0/G1 phase as well, that was attributed to the hypothesis that the Phytochemical contribution in cell 
cycle arrest done via different cascades by recognizing various targets. The cell cycle’s regulation is hypothetically via 
the retention’s G1 phase. The G0 phase occurs when the cell temporarily exits the cell cycle and stops dividing.56

Conclusion
Finally, it can be concluded that both pomegranate seed and peel extracts showed cytotoxic effect on liver cancer cell 
line. Cell proliferation inhibitory concentration was much effective in case of seed extract tan in peel extract. Also, cell 
cycle arrest was significantly detected at the S and G0/G1 phases according to the other references, apoptotic genes were 
significantly expressed post HepG2 cell treatment with seed extract than peel. Antioxidant profile indicates the good 
performance of free radical scavenging action and lipid peroxidation. Also, histopathological changes were detected 
using H&E stain in addition to the expression of apoptotic gene proteins recognized by Western blot and PCNA.
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