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ABSTRACT

Antioxidants from fruits and vegetables have been extensively studied for their free radical scavenging activities to
prevent the occurrence of chronic degenerative diseases. Pomegranate fruit extract possesses antioxidant capacity,
superior to many fruits. The fruit extract has been investigated for its anticancer activity on in-vitro cancer cell
models, preclinical laboratory animals and early phase clinical trials.The fruit extract has shown more anti-cancer
prospect as compared to any of its individual constituents. The pharmacokinetics and mechanism of action of the
extract have not been fully established. This may be due to its multiple components that work in tandem to produce
its pharmacological activity. This review discusses on some literature that demonstrate the chemotherapeutic
potential of pomegranate against some cancers.
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INTRODUCTION

Punica granatum (PG) commonly called pomegranate is a fruit bepdaciduous shrub considered a native of Iran.
It has featured virtually in all major religionsdahas been used for centuries as a folk medicinthéomanagement
and treatment of diverse ailments (4).The fruit basn mentioned twice in the Holy Quran as an elawipGod’'s
good creations (1).The benefits of pomegranateada¢ed to the phytochemicals it contains whichpoeluced as a
self defence mechanism for the plant (1, 3).Thetrabsndant phytochemicals embedded in pomegranattha
phenolic compounds which have excellent antioxidactivity. They include flavonoids, anthocyaninsdatime
hydrolysable tannins; ellagitannins.

Scientifically, pomegranates have been demonstratechossess antioxidant, anti-inflammatory, antom
antidiarrhoeal, antimicrobial (antibacterial, antigal and antiviral), anti-atherosclerotic effe@song others (4).
All the anatomical parts of the plant have beerdistli and demonstrated to possess various pharnggcallo

properties. In this research, the tremendous pateof pomegranate as a chemotherapeutic agentdwbal
reviewed.
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PHARMACOLOGY OF POMEGRANATE EXTRACTS

Looking at the trend of researches done on pomatgathe outcome ah-vitro studies does not exactly give a
reproducible result om-vivo animal models and human trials. This has neceésditae need for research into the
pharmacokinetics and pharmacodynamics of pomegrandracts.

Pharmacokinetics

The high antioxidant capacity of pomegranate igdr attributed to the polyphenol ellagitanninsr{jgalagins and
punicalins) it contains (6). Thus, emphasis woulddn the pharmacokinetics of ellagitannins.Ellagitas are
hydrolysable tannins, which on hydrolysis yieldaglt acid and other small phenolics. A study hasvshthat, after
oral consumption of pomegranate extract or juibe, phenolic components are available in increaamgunts
during digestion, whereas the anthocyanins areelargnetabolised to some non-coloured forms, oxilise
degraded into other chemicals. The major polyphehagitannin was found to be neither hydrolysed aegraded
in the stomach. But they were slowly hydrolysednglahe intestine to release ellagic acid, whichthien
metabolised by the intestinal microbiota to uratith(7).

In a case study, 31.9 ng/mL of ellagic acid andrittabolites were detected in the plasma of arvidhaal subject
one hour after the ingestion of 180mL pomegranB®®)(juice. Plasma was cleared 4 hours after consomp
suggesting that ellagic acid from food is absortretiumans (8). In a follow-up study, the rapid ajpsion and
plasma clearance of ellagitannins was confirmedyels as the persistent excretion of urolithin nhetites in the
urine up until 48 hours after PG juice ingestiol, (@hich present significant antioxidant and anflammatory
propertiesin vitro (10, 11). Ellagitannin metabolites, urolithins wdoaind in high amount accumulated in colon,
prostate and other intestinal tissues after abisorpthe metabolism of ellagitannin evaluated its ishowed that it
was biotransformed by the rat microflora to 6H-dibe-6-one (urolithin B) derivatives. The study wtexpanded
to 60 healthy human subjects revealed the abseneiher ellagitannin (punicalagin) or ellagic a¢idplasma or
urine (7). Thus, it can be inferred from abovet th& ellagitannins are either directly absorbed the plasma to
exert their biological effect or indirectly as theictive metabolites after microflora biotransfotima. When
absorbed, ellagitannins are also rapidly clearenhfthe plasma.

Phar macodynamics (M echanism of Action)

Local effects of PG can be hypothesised from ituawlation in prostate, colon and other intestisdues (12).
The mechanism of action of PG on different cangpes is not very clear. This may be due to theedsffit
bioactive present in the extract that work syneigally or supra-additively. Nevertheless, scidotifhvestigations
have demonstrated their effect on cell cycle, agpgiesis, DNA repair, oxidation and inflammatiornyasion and
motility, apoptosis and some vital enzymes thatimicated in carcinogenesis.

These effects would be reviewed on the followingoeas;

BREAST CANCER
Breast cancer is the most common cancer and thendeleading cause of cancer death and morbidity ngmo
women in the western world (12).

A PG juice extract or a combination of its compdsdateolin + ellagic acid + punicic acid have beemonstrated

to increase cancer cell adhesion and decreaserczgicenigration of the breast cancer cell lines MBIB-231and
MCF-7 without affecting the non-neoplastic celldiMCF-10A. The treatments also inhibit chemotaxishe
cancer cell lines to SDRk] a chemokine that attracts breast cancer cellshéobone. The treatments also
significantly reduced pro-inflammatory cytokinesamokines, thereby having the potential to decrease
inflammation and its impact on cancer progressi®).(

Toi et al. (13)hasevaluated the anti-angiogenic potential @f By measuring vascular endothelial growth factor
(VEGF), IL-4, and migration inhibitory factor (MIFn the conditioned media of oestrogen sensitiveC@vr) or
oestrogen resistant (MDA-MB-231) human breast cawedls, and immortalized normal human breast efigh
cells (MCF-10A). VEGF was strongly decreased in MIIFA and MCF-7, however, MIF was increased in MDA-
MB-231, showing significant potential for the inhdry effects of angiogenesis by PG fractions ofnlan umbilical
vein endothelial cells (HUVEC) (13).
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PG has shown dose-dependent inhibition effect orkBHeependent reporter gene expression which iscésed
with proliferation, invasion, and motility in aggsve breast cancer phenotypes. This effect isnbefoi decrease
RhoC and RhoA protein expression, suggests a mlghiese extracts in lowering the metastatic patkrmf
aggressive breast cancer species (14).

Previous studies have suggested several mechar@nthese effects, such as modulation of cell digita
molecules in the cell cycle machinery. PGextra&)(idhibited the proliferation of mouse mammary @amncell line
(WA4), derived from mouse MMTV-Wnt-1 mammary tumsun a time and concentration-dependent manner
through an arrest of cell cycle progression in@®®¥G1 phase (15).

In addition, PG extracts and punicic acid, an orfedang chain polyunsaturated fatty acid derivazhfrPG, have
been shown to induce apoptosis in both an oestragamsitive breast cancer cell line (MDA-MB-23I)daan
oestrogen sensitive cell line developed from MDA-2B1 cells (MDA-ERalpha7) through lipid peroxidatiand
the PKC (Protein kinase C) signalling pathway. Thésp cause disruption to the cellular mitochoridriambrane
(16).

Aromatase is the enzyme responsible for a keyistéipe biosynthesis of estrogens and catalyse$otineation of
estrone and estradiol, which is inhibited by PG)(Ohe of the possible mechanisms in which PG ohibit breast
cancer is its inhibitory effect on aromatase andéfa-hydroxysteroid dehydrogenase enzymeg-KHSDs), as well
as its anti-estrogenic activity (18). Furthermoedagitannins (ET) and urolithin B (UB), which afeund in
relatively high quantities in PG, have been shoavmbst effectively inhibit aromatase activity idie cell assay
(16).

PG has been shown to inhibit breast cancer cel§IMCF-7 and MB-MDA-231 by hindering angiogenesisyour
growth, invasiveness, proliferation, and inductiodrapoptosis (13, 19-21). Pomegranate seed linokerid isomers
were found to modulate oestrogen receptor actimity concentration dependent manner (22).

In order to study breast tumorigenesis beyond zidtidion, shirode et al tested pomegranate extadiICF-7 cell
lines. Cell growth was inhibited by inducing celicte arrest in G2/M followed by the induction ofcgtosis. In
contrast, antioxidants N-acetylcysteine and Trothd not affect cell growth at doses containing gglant
antioxidant capacity as PE, suggesting that grointiibition by PE cannot solely be attributed to High
antioxidant potential. DNA microarray analysis relesl that PE downregulated genes associated withsisyi
chromosome organization, RNA processing, DNA repian and DNA repair, and upregulated genes inwbive
regulation of apoptosis and cell proliferation.

Both microarray and quantitative RT-PCR indicatbdttPE downregulated important genes involved inADN
double strand break (DSB) repair by homologous mégination (HR), such as MRE11, RAD50, NBS1, RAD51,
BRCA1, BRCA2, and BRCC3. Downregulation of HR gewesrelated with increased levels of their predicte
microRNAs (miRNAs), miR-183 (predicted target RAD%hd miR-24 (predicted target BRCAL), suggesthmaf t
PE may regulate miRNAs involved in DNA repair preses. Further, PE treatment increased the frequehcy
DSBs.These data suggest that PE downregulates HBhvdensitizes cells to DSBs, growth inhibition and
apoptosis. Because HR represents a novel targeafmer therapy, down regulation of HR by PE magXmoited
for sensitization of tumours to anticancer drug®) (2

PROSTATE CANCER

Cellular model ih-vitro), the animal modelig-vivo) and clinical trials (phase 1l) have been conddiatéth various
extracts of pomegranates on prostate cancer.Pormagraommercial extract (POM) 0-12ug/ml reduced the
production of testosterone, DHT, DHEA, androsteaediand pregnolone in PCa cell lines (22RV1 and &R)dn
vitro. In an in vivo study (PTEN knockout mousePM (0.17g/L in drinking water) treatment showededuction

in serum steroid after 20weeks. There was also@ease in AKR1C3 and AR levels in both cell linesthaps as a
negative feedback effect in response to steramustition (24).

In another study on the androgen-independenticell DU 145, there was a significant increase fildf to 22%
in G2/M cells (p < 0.05) when treated with (88mL) pomegranate cold-pressed oil (25). Pomegeapalyphenols
inhibited gene expression involved in androgentsysizing enzymes and AR (Androgen receptor). Ty be of
particular importance in androgen-independent ptestancer cells and the subset of human prosiateers where
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AR is up-regulated (5). Pomegranate polyphenolagighnnin-rich extract and whole juice extractibited gene
expression of HSD3B2 (B-hydroxysteroid dehydrogenase-2), AKR1C3 (Aldo-ketluctase family 1 member C3)
and SRD5AL1 (steroid &-reductase-1), which are key androgen-synthesigiteymes in LNCaP, LNCaP-AR, and
DU-145 human prostate cancer cells (26).

Four pure chemicals, ellagic acid, caffeic acidedlin, and punicic acid, obtained from pomegrarfaté were

presented as potential inhibitors iofvitro invasion of human PC-3 prostate cancer cells irassay employing
Matrigel artificial membranes (27). The relationstietween pomegranate-induced apoptosis in humastgbe
cancer cells (LAPC4) and the IGF/IGFBP system hasen investigated (28). Recently, the PG inhibindrcell

growth, followed by apoptosis of highly aggresdivenan prostate carcinoma PC3 cells through moduisiin the
cyclin kinase inhibitor-cyclin-dependent kinase maery have been shown by Makkal.

These events were associated with alterationseietrels of Bax and Bcl-2, shifting the Bax: Bcteio in favour

of apoptosis (29). Induction of Bax and Bak (prgatptic), down-regulation of Bcl-X (L) and Bcl-2 (&n

apoptotic), induction of WAF1/p21 and KIP1/p27, ectkase in cyclins D1, D2, and E, and a decreasek8,

cdk4, and cdk6 expression have been shown to dncprostate cancer PC3 cells, following PG treatim(&0).

Studies have shown that PG inhibits prostate carelegrowth, induces apoptosis in PC-3 cells (higtggressive
prostate carcinoma cells), suppresses invasiorCe8 ells and decreases proliferation of DU-145stai® cancer
cellsin-vitro (30).

In a phase Il clinical trial, Pantuol#t al. (31) recruited patients with rising PSA and gakent 8 ounces of
pomegranate juice daily until disease progres#®8A doubling time significantly increased with treant from a
mean of 15 mo at baseline to 54 mo post treatnieatq.001). A major drawback of this study was theeaize of a
proper placebo control; however, statistically ffigant prolongation of PSA doubling time suggestepotential of
pomegranate for prevention of human PCa (31). ifiitial clinical trial bears evidence in supportPE because it
suggests that pomegranate consumption may retaadpRigression, which may not only prolong the stavbut
also improve the quality of life of patients.

Pomegranate juice reduced the levels of secretethflammatory cytokines/chemokines known to proentmour
growth (IL-6, -12p40, -g and RANTES) suggesting that the inhibitory effeicpomegranate on prostate cancer cell
metastasis is in part mediated through reducirigrimhation (1).

Gonzélez-Sarriaet al.(32) assessed whether ellagitanins or their metabatllagic acid and urolithins reach the
human prostate upon consumption of pomegranateeantlated the effect on the expression of prolifena
biomarkers. Sixty-three patients with BPH or prtstaancer were divided into the controls and coressnof
walnuts (35 g/day) or pomegranate juice (200 mLyday 3 days before surgery. The main metabolitected was
written-A-glucuronide together with the traces oblithin-B-glucuronide and dimethyl ellagic acidh@se studies
were repeated and the findings corroborated irrallphrodent study. The fact that metabolites wanesent in only

a small number of prostates was probably due &rafee of the compounds. No apparent changes exgiression

of CDKN1A, MKi-67 or c-Myc were found after consutign of the walnuts or pomegranate juice (32). The
prevention of pro-carcinogen activation mediatetbulgh the inhibition of CYP enzyme activity may ylan
important role in pomegranate juice’s effect on dwmpromotion, and progression (33, 34, 35).

Seventy men were randomized to two tablets, POMxplacebo, daily up to four weeks before radical
prostatectomy. Tissue was analysed for intrapriostewlithin A, a pomegranate metabolite, benigd amalignant
8-OHdG (an oxidative stress biomarker), and cap&&r kinase, NkB, and Ki67. The primary endpoint was
differences in 8-OHdG, and the study was poweretktect 35% reduction. POMx was associated with ké%er
benign tissue 8-OHdG (P = 0.095), which was ndtssteally significant (36).

COLON CANCER

Ellagitannins, derived from PG juice, and their atetlites, urolithins exhibit dose and time-dependistreases in
cell proliferation and clonogenic efficiency of HB cells through cell cycle arrest in the GO/G1 &%R®IM stages
of the cell cycle followed by induction of apopte®$87).Ellagitannins (ETs) and its hydrolysed picidellagic acid

(EA), have been reported to induce apoptosis inammolon cancer Caco-2 cells through down-reguiatid

cyclins A and B1, upregulation of cyclin E, cellaby arrest in the S phase, induction of apoptogisintrinsic
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pathways (FAS-independent, caspase-8 independeat)gh bcl-XL down-regulation with mitochondrialease of
cytochrome c into the cytosol as well as activatbmitiator caspase-9 and effector caspase-3 (38)

Inflammation plays a key role in the development aaflon cancer. The anti-inflammatory properties of
pomegranate, linked to its cancer protective effeste been attributed to the urolithins, in pattcwrolithin-A,
and ellagic acid, found at relatively high concatitms in the colon. In one study, the colonic diiiasts were
exposed to urolithins and ellagic acid, at conaittns achievable after the consumption of pomegearwith or
without inflammatory cytokines, and the effects fdmwoblast migration and monocyte adhesion wereheined
(39).

There was significant down-regulation of inflammstonarkers such as PGE2, PAI-1, and IL-8, as welbther

key regulators of cell migration and adhesion. éfitlest migration and monocyte adhesion was intdlsteggesting
that consumption of ellagitanin-containing foods lpatential beneficial effects on gut inflammatdigeases (39).
Treatment of HT-29 colon cancer cells has beercaidd by PG juice through decreasing COX-2 expoasand

inhibiting inflammatory cell signalling processekish may cause cancer initiation and progressio. (4

In onein vivo experiment, rats were daily gavaged with 0.5 n2%f pomegranate seed oil rich in punicic acid, for
10 days, before TNBS treatment. Oral administratibpomegranate seed oil prevented TNBS-induceitisahd
lowered ROS-induced tissue damage in rats. Thefioaleanti-inflammatory effects of pomegranate degere
attributed to punicic acid-mediated down regulatioh neutrophil activation and lipid peroxidation 1{4
Pomegranate peel extract (6 mg/d) administeredi¢e over a period of 4 weeks counteracted the faginduced
expression of inflammatory markers, both in theooand the visceral adipose tissue (42).

Sprague-Dawley rats (n = 10 per group) receivedggyanate juice (2504.74 mg Gallic acid equivalénts/ a
polyphenol free control beverage ad-libitum for W@&eks and were injected with azoxymethane (AOM)
subcutaneously (15mg/kg) at weeks 2 and 3. Consampfpomegranate juice suppressed the number exfatt
crypt foci (ACF) and dysplastic ACF by 29 and 53.9%= 0.05 and 0.04), respectively, and signifialtwered
proliferation of mucous cells. Pomegranate juicgniicantly down-regulated pro-inflammatory enzymeitric
oxide synthase and cyclooxygenase-2 messenger RNENA) and protein expression. In addition, it siggzed
nuclear factoxB and VCAM-1 mRNA and protein expression in AOMéted rats.

Pomegranate also inhibited phosphorylation of PA&I and mTOR expression and increased the expnessio
miR-126. The specific target and functions of miE6were investigated in HT-29 colon cancer cekbdinin vitro,

the involvement of miR-126 was confirmed using #mtagomiR for miR-126, where the pomegranate redetise

effects of the antagomiR on the expression of n2B; ¥ CAM-1 and PI3K p8p.

In summary, therapeutic potentials of pomegramatoion tumorigenesis were due in part to targetmg-126-
regulated pathways, which contributes in the uryilegl anti-inflammatory mechanisms (43). There haerba
correlation between inducible nitric oxide (iINOSynthase and COX-2 expression in human colorectal
adenocarcinoma. In fact, a possible link betwearmaded stages of this disease and higher exprestibi©S and
COX-2 has been shown by Habibollaéi al. (44, 45).The standardized ellagitanin extracts iobth from
pomegranate and berries have been shown to intbit signalling (46), emphasizing further the inkuloy
potential of ellagitanin-rich foods against col@ar@nogenesis.

CONCLUSION

Pomegranate fruit is a powerful exogenous sourantibxidant that has been studied for severalmhaeological

effects. It has been extensively studied for itsitamor property. Conventional chemotherapeutic négeare
expensive and have serious side effects. This éesssitated the need for exploring natural prodastalternative
chemotherapeutics or adjuvants to conventionatantier drugs. Studies have demonstrated a greattjadtfor

pomegranate fruit extract as an anticancer agerthi$ review, the chemotherapeutic potential ef fituit extract
against breast cancer, prostate cancer and colmercaere considered. Researches on the effebedfuit extract
on prostate cancer have reached advanced climiatd. tHowever, studies on other cancer types aggihg and
require more scientific efforts. The constituentsh® fruit extract when isolated and tested derrates inferior

therapeutic potential as compared to the wholeaektiThe multicomponent nature of the fruit exttaas made its
pharmacokinetics and pharmacology to remain unclear
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