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Abstract - The pomegranate treBunica granatunpossesses a vast ethnomedical history and repsesen
phytochemical reservoir of heuristic medicinal \&ald’he pomegranate tree can be divided into several
anatomical compartments like seed, peel, juiceydlp leaf, bark, roots, etc. each of which hasrestng
pharmacologic activities. The chemical compositanfruits differs depending on the cultivar, grogin
region, climate, maturity, cultural practice andrage. Significant variations in organic acids, bl
compounds, sugars, water-soluble vitamins and m@ise@omposition of pomegranates have been reported
over the years. Pomegranates contain high levelsa afiverse range of phytochemicals including
polyphenols, sugars, fatty acids (conjugated and-cumjugated), aromatic compounds, amino acids,
tocopherols, sterols, terpenoids, alkaloids, etise Bynergistic action of the pomegranate constituen
appears to be superior to that of single constitudn the past decade, numerous studies on thexalant,
anti-carcinogenic, and anti-inflammatory propertiegls pomegranate constituents have been published,
focusing on treatment and prevention of cancerdicaascular disease, dental conditions, bacterial
infections and antibiotic resistance, and ultratiohdiation-induced skin damage. This article les a
critical review of various phytochemical constittersolated from pomegranate juice, seeds and ;pemails
their associated medicinal properties dealing widmtioxidant, anticancer, anti-inflammatory,
antibacterial/antimicrobial properties, as welbasrief summary on other activities.
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Introduction
Punica is a small genus of fruit-bearing deciduous about 30% of the fruit weight; and the peels whilso
shrub or small trees. Its better-known species he t include the interior network membranes. The fruése

PomegranatePunica granatuni.). P. granatumis a member
of the Punicaceae family which shares its botanfaatily
only with Punica protopunica the latter restricted in
occurrence to Socotra, an island of the Yemeni tcdas
protopunicadiffers in having pink unlike the red flowers Bf
granatumand smaller, less sweet fruit. Over 1000 cultivafrs
P. granatumexist M, originating from the Middle East,
extending throughout the Mediterranean, east war@hina
and India, and on to the American Southwest, Qalifoand
Mexico. The fruit is delimited by a leathery perga
contained within are numerous arils, each a sirgged
surrounded by a translucent juice containing sdun &crid-
tasting membranes extend into the interior of thé from the
pericarp, providing a latticework for suspending #rils. The
fruit itself gives rise to three parts: the seatmut 3% of the
weight of the fruit, and themselves contain 20% thié juice,

globally consumed fresh, in processed forms asejujigm,
wine and oil and in extract supplements.

The pomegranate is a symbol of life, longevity,
health, femininity, fecundity, knowledge, morality,
immortality and spirituality, if not Divinity?. In the ancient
Egyptian culture the pomegranate fruit was regardeda
symbol of prosperity and ambition, making it common
practice to decorate sarcophagi with depictionthefplant. In
Ayurvedic medicine the pomegranate is considered “a
pharmacy unto itself,” the bark and roots belietedhave
anthelmintic and vermifuge propertigs the peels a powerful
astringent and cure for diarrhea and oral aphtiuag the juice
a “refrigerant’™ and “blood tonic™. Authors from Indid®,
Tunisia!”), and
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Guatemald®, reported that the dried pomegranate peels ar@he diverse classes of chemical constituents regofitom

decocted in water and employed both internally extdrnally
for
germicides, especially for aphthae, diarrhea andersl

Pomegranate Juice include:

numerous problems demanding astringents and/oBugars: Glucose, Fructose, Sucrose (Figure 1).

Organic Acids: Citric acid, Malic acid, TartaricidcFumaric

Mixtures of pomegranate seed, juice and peel pitsduc acid, Succinic acid, Ascorbic acid (Figure 2)

Paradoxically have been reported to not only preadortion
% but also conceptiof®*?. In Unani medicine, a Middle

Eastern traditional medical system that later tamk in India
[13]

Cyclitol carboxylic/Hydroxybenzoic acids: QuinicidcGallic
acid, Ellagic acid (Figure 3)
Hydroxycinnamic acids: Caffeic acid, Chlorogeniddag-

pomegranate flowers serve as a remedy for diabeteSoumaric acid (Figure 4)

mellitus **. Modern uses of pomegranate derived productslavan-3-ols/Flavonoids and their glycosides: Caitec

now include treatment of acquired

immune deficiencyEpicatechin,

Epigallocatechin-3-gallate, QuercetiRutin

syndrome(AIDS) *® in additon to use for cosmetic (Figure 5)

beautificatio®® " and enhancemel!, hormone replacement
therapy™™®, resolution of allergic symptonts’, cardiovascular
protection ?*?2 oral hygienel®®, ophthalmic ointment*,

Anthocyanins: Cyanidin-3-O-glucoside, Cyanidine-8{50-
glucoside, Delphinidin-3-O-glucoside, Delphinidire3di-O-
glucoside, Pelargonidin-3-O-glucoside, PelargonRif-di-O-

weight loss soaf®, and as an adjunct therapy to increaseglucoside (Figure 6).

Eéozz;\]vailability of radioactive dyes during diagriosimaging
The current explosion of interest in pomegranata as
medicinal and nutritional product is evidenced bMedLine
search from 2000 to present, revealing over 150 sw@ntific
papers pertaining to its health effects. Betwees0l#nd 1999
only 25 such publications appear on MedLine. Obher past
few decades scientific investigations have laidealible basis

Amino acids: Proline, Valine, Methionine, Glutamand
Aspartic Acid (Figure 7).

Indoleamines: Tryptamine, Serotonin, Melatonin (F&8).
Tocopherolsu-tocopherol (Figure 9).

Ellagitannins: Punicallin, Punicalagin, Corilagi@asuarinin,
Gallagyldilacton

Compounds isolated from pomegranate seeds:

for some of the traditional ethnomedical uses o€ th Pomegranate seed oil Comprises 12—-20% of tota'weﬁjht

pomegranat&®!. These studies, most completed in the past ZThe oil

years, may be divided into several general areaseXxample,
pomegranate mediated antioxidant activity can msicered a
means of lowering the threshold for inflammation.
Antioxidant activity, as well as suppression oflanfimation,
may contribute to chemotherapeutic and chemoprarent
utility against cancer. The other potential therdjoe
properties of pomegranate are wide-ranging andudtl
treatment and prevention cardiovascular diseasabetbs,
dental conditions, erectile dysfunction, protectidrom
ultraviolet (UV) radiation, infant brain ischemialzheimer’s
disease, male infertility, arthritis, obesity, etc.

Chemical Constituents
A compilation of the major chemical constituents

from pomegranate juice, seed and peel found fronows
reports in literature are in this review articldpragy with
chemical structures for selected compounds. Somehef
listed chemical compounds from each individual paere
obtained from the other parts of Pomegranate iryingr
degree of occurrence.

Compounds isolated from pomegranate juice:
Juice was reported to be comprised of 85.4% wdi@16%
total sugars, 1.4% pectin, 0.2-1.0% polyphenolshe®t
reported minor compounds include fatty acids, amamuol
organic acids, indoleamines, sterols, triterpenoasl o
tocopherol. Anthocyanins, potent antioxidant flagiols,
provide pomegranate juice with its brilliant colomhich
increases in intensity during ripenifd, and declines after

pressing®®3 Minerals in the juice and seed include Fe,

relatively prevalent, but not in so high concerdnas as in
watermelon, and Ca, Ce, Cl, Co, Cr, Cs, Cu, K, Mg, Mo,
Na, Rb, Sc, Se, Sn, Sr, and Fh

consists of approximately 80% conjugate
doctadecatrienoic fatty acids, with a high conteftcis 9,
trans 11, cis 13 acid (i.e. punicic acid), synthediin situ
from nonconjugated octadecadienoic fatty acid, |éimoacid
B33 jtself about 7% of Pomegranate seed oil. The fatid
component of Pomegranate seed oil comprises ovir 86
the oil, of which 99% is triacylglycerols. Minor egponents of
the oil include sterols, steroids, tocopherols, amdkey
component of mammalian myelin sheaths, cerebroSile
Seed matrix includes lignirf&¥, fusion products of cell wall
components and hydroxybenzoic/cinnamic acids, asofhes,
and potently antioxidant lignin derivatives.

The major chemical components identified from Poraegte
Seeds are:

Hydroxybenzoic acids: Ellagic acid, 3,3-Di-O-melilagic
acid, 3,3".4'-Tri-O-methylellagic acid

Conjugated fatty acids: Punicic acid (cis-9, trads-cis-13
octadecatrienoic acid) (Figure 10).

Non-Conjugated fatty acids: Linoleic acid, Oleic idac
Palmitic acid, Stearic acid (Figure 10).

Sterols: Stigmasterolp-Sitosterol, Daucosterol, Camesterol,
Cholesterol, 1#-Estradiol, Estrone, Testosterone, Estriol
(Figure 11).

Tocopherolsy-tocopherol (Figure 9).

Triterpenes: Ursolic acid, Oleanolic acid (Figug.1
Isoflavones: Genistein, Daidzein (Figure 13).

Phenyl aliphatic glycosides/Lignins: Coniferyl-9{@-D-
apiofuranosyl(1>6)-O--D-glucopyranoside, Sinapyl-9-G-{
D-apiofuranosyl(36)-O-D-glucopyranoside, Phenylethyl
rutinoside, Icariside D1



Chaturvedula et. al Int. J. Res. Chem. Environ. ¥dbksue 1 July 2011(1-18)

Compoundsisolated from pomegranate peel

of pomegranate juice compared to its individualypbEnols

Both flavonoids and tannins are more abundantén th provides evidence of the synergy of multiple commtsuin

peels of wild-crafted compared to cultivated fruit&.
Complex polysaccharides from the peels have beadiest

and partially characterizé®f!. The presence of alkaloids (e.g.,

pelletierine) in the peel is equivocal, positive Dyagendorff
assay, but negative by Mayer as¥8y

The main chemical constituents isolated from Poaeape
Skin/Pericarp/Peel are:

Hydroxybenzoic acids: Gallic acid, Ellagic acidd&ie 3).
Hydroxycinnamic acids: Caffeic acid, Chlorogeniddacp-
Coumaric acid

Cyclitol carboxylic acids: Qunic acid (Figure 3).
Flavon-3-ols/Flavonoids and their glycosides:
Epicatechin, Epigallocatechin-3-gallate,
Kaempferol, Luteolin, Rutin, Kaempferol-3-O-glycdsi
Kaempferol-3-O-rhamnoglycoside, Naringin (Figurg.14
Anthocyanins: Cyanidin, Pelarginidin, Delphinidifigure 6).
Ellagitannins: Punicallin, Punicalagin, Corilagi@asuarinin,
Gallagyldilacton, Pedunculagin, Tellimagrandin, @Gatn A,
Granatin B.

Alkaloids: Pelleteriene (Figure 15).

Chitec

Biological Activity of the Chemical Constituents
from Pomegranate

While detailed knowledge of relationships of the found that the

chemical contents of pomegranates and their pharogic
endpoints has yet to be obtained, a very signifigaogress
has been made over the past 10 years toward a mooh

comprehensive understanding of some of the impbrta
pharmacologic components of pomegranate. Pomegranat,

juice, seeds and peels are a source of many nistripert the

pomegranate whole fruit can also be used for variou

medicinal purposes. The sweet types of pomegramagesaid
to be mildly laxative, while the less sweet types believed
to be good in inflammation of stomach and in heaih. The
fruit’s medical significance dates back to anciemes and is
even noted in Egyptian mythology and 4t Extracts of the
juice, bark, leaves, immature fruit, and fruit rinthave all
been noted to have some medical significance, mafstbly
antioxidant activity, antibacterial properties, sise diabetes,
heart disease and cancer. Although pomegranatette-wi
ranging therapeutic benefits may be attributables¢weral
mechanisms, most research has focused on its afaiux
anticarcinogenic,  antibacterial/antimicrobial — and nti-a
inflammatory properties.

Antioxidant activity

comparison to its individual polyphenols. Borges agt™**!
compared the antioxidant activity of thirty six comn
European fruit juices to ascertain their antioxidaapacity
and polyphenolic composition. Three of the "pure"
pomegranate juices had the highest ellagitannirtecorand
reported to have the highest antioxidant capacByatistical
analysis of both the antioxidant assay and the HBhi{ine
antioxidant data demonstrated that the ellagitanmiere the
major antioxidants in the pomegranate juices. Rigelniu et
al ™ reported the presence of 33 flavonoids that haenb
detected from pomegranate fruit juice, pericarp &olhge,
which are widely used in the health food and medaici
industries. They summarize the recent progressthin

Quercetin, constitution, content, detection methods and pheoiogical

studies of flavonoids in the fruit, leaf and petal P.
granatum Fazeli et all*® reported in their study that the
antioxidant capacities of probioticated and nonfttated
aril juices of sweet (SWV) and sour (SV) pomegranat
cultivars were determined by ferric reducing antiext
power (FRAP) and 1,1-di-phenyl 2-picrylhydrazyl ags
Experimental results indicated that the total ceurmf
Lactobacillus caseGG increased by about 3 log in SWV and
2 log in SV juices after incubation for 48 h. Pmtiation
improved the antioxidant activity of SWV juice frord.4% to
91.82% and SV juice from 82.64% to 97.8%. Alsavds
reducing power of the probioticated
pomegranate juices was also much stronger than the
nonprobioticated juices. Gil et 4f’ reported that pomegranate
juice possessed a 3-fold higher antioxidant agtithian that of
ed wine or green tea and 2-, 6-, and 8-fold hideeels than
hose detected in grape/cranberry, grapefruit, anange

juices, respectively. The determination of the @ratant

capacity of pomegranate components and their der@gis
being given greater importance by researchers &odet
involved in the agro-food industry for use as natadditives
to replace synthetic antioxidants, whose use iseagingly
restricted due to the secondary effects they magywre. The
antioxidant activity of pomegranate components lhesn the
subject to many studiéé’, most conductedn vitro and in
vivo. All these activities may be related to the diegpbenolic
compounds present in pomegranate, including thmess of
punicalagin, tannin derivatives, and anthocyanitedphinidin,
cyanidin and pelargonidin 3- glucosides and 3,3udigsides).
These compounds are known for their propertiecavenge
free radicals and to inhibit lipid oxidation in rat 7.
However, Tzulker et al? suggested that punicalagin
originating from the peels is one of the major pleyemicals
contributing to the total antioxidant capacity afnpegranate

The primary bioactive constituents of pomegranatejuice, whilst anthocyanins play only a minor role this

juice are the polyphenols and their potent antiamtd
characteristics were described in detail by Aviranal *?.
Punicalagin

activity. The effect of variety of pomegranate mudts from
Iran, Georgia, Turkey and Israeli on antioxidantivéty also

is a major antioxidant polyphenol from target of study of some authof€®Z. All authors reported

pomegranate juicE® and is widely reported for its potential considerable variation in some of the chemical casitipn

activity. Antioxidant activities were testeth vitro with

profile (lipids, phenols, organic acids, vitamirsgjgars) and

pomegranate juice, punicalagin, ellagic acid andalto antioxidant properties of pomegranate samples, pexiéent

pomegranate tannin (polyphenol
pomegranate juice). Results of several experimielatstified
that whole pomegranate juice is having more ardiaxi
activity than any of its individual constituentshd superiority

extracts from wholegn the antioxidant method performed. Borochov-

Neori et al.’% also described the importance of harvesting
season on the phenolic content as well as on ttiexatant
activity. Different samples of pomegranates hae#
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different orchards presented drastic differenceth@ancontent
of anthocyanins and total phenols as well. Theozidant

phytotherapeutic gel had greater efficiency in ltimg
microbial adherence to glass than the miconazokki@in

activity measured by two methods (BPPH and ABTS} wa oral gel). This suggests that this phytotherapeagient might

better correlated with the total phenolic compoupdssent in
the samples than with the content of anthocyani®uich

results revealed that other phenolic compounds rbay
responsible for the important antioxidant activitgf

pomegranate samples that differed significantlyrfrorchard
to orchard®?,

To study the antioxidant effects of extracts frdre t
peel, leaf, seed and flower (petal, stamen andptacke) of
pomegranate, their ethanolic extracts were addesbybean
oil determining the peroxide value (POV) and
malondialdehyde (MDA) with the schall heating oweathod;
the ability of scavenging free-radicals was measurg 1,1-
diphenyl-2-picrylhydrazyl free-radical (DPPH) elmaition
method. Experimental results indicated that thel peas the
strongest one, and the petal, the stamen and tieptexle
were of about a same level, but the leaf was wethlgar them.
The polyphenol content was significantly correlatito the
antioxidant effect and antibacterial activity, whindicated
that polyphenols were the main active compounds
pomegranaté®”. The in vitro antioxidant activities of the
whole fruits and leaves of pomegranate was stuldjedhang
et al®™!, which presented the radical scavenging activities
water soluble extracts of leaves, fruit peel, semu juice of

pomegranate were measured by the 1,
picrylhydrazyl (DPPH) and 2, 2'-azinobis 3-ethyl-
benzothiazoline-6-Sulfonate (ABTS) methods. In hbot

methods, both leaf and peel exhibited very stromipzidant
activity and high polyphenol content when compaedeeds
and juice and they had the sameggl@lues of 0.14 mg/mL in
the DPPH method, juice of pomegranate had highdicah
scavenging activity than seeds but lower polypheagitent.
The antioxidative capacities among three
pomegranate, apple and orange were also compardtieby
authors. The pomegranate juice is obviously highan the
apple juice and the orange juice in two kinds ekefradical
elimination activity, and apple juice showed thevdst in both
DPPH and ABTS radical scavenging activities.

Antimicrobial/antibacterial activity
The antibacterial and antimicrobial propertiesPof

granatumhave been studied extensively by various sciantist "

all over the World. Extracts from the plant havetdéound to
work against methicillin-sensitiveStaphylococcus aureus
(MSSA), methicillin-resistant (MRSA) Staphylococcus
aureus Escherichia coli 0157:H7, Salmonella typhi and
somestreptococcistrains®®®Y. Thus, alternative medications

ofemedies for

be used to control the adherence of different noigganisms

in the oral cavity®®®. The hydroalcoholic extract frorf.
granatumwas found to be very effective against dental péaq
microorganisms in aim vivo study, decreasing the number of
colony forming units per milliliter by 84% versuset control
group’s 11% decrease (distilled water), which iaths that
this may be a possible alternative for the treatnedérdental
plaque bacterid?. It was reported that both fermented and
nonfermented pomegranate juices exhibited a patahtvide-
spectrum antibacterial effect, with the highestvigt against
Pseudomonas aerugino$¥!. Work focused on the kinetic
evaluation of physicochemical changes during thag#l
fermentation of the peel portion of the tannin ripkant
materials likeP. granatumhas been reported which indicated
a major decrease in the chemical composition ofigi
sugars (about 88%) after 96 hours cultivatfth Su et af®*
reported that a combination of pomegranate juicel an
pomegranate polyphenols appear to be promisingralatu
preventing or reducing human norovirus
infections. They also reported that these polyplerare
effective against food-borne viral infectivity. the absence of
culturable human noroviruses, feline calicivirusC{#F9),
murine norovirus (MNV/1), and MS2 (ssRNA) bactehage

1-diphenyl-2were used as foodborne viral surrogates. Such @ioaton

was capable of causing reduction of foodborne wuatogates
FCV-F9, MNV-1 and MS2. Endo et & suggested that
punicalagin isolated from pomegranate peels posdestsong
activity againsCandida albicansandCandida parapsilosias
well as the combination of punicalagin and flucalaz
showed a synergistic interaction in a very effectiway.
Haidari et al., 2008® reported that the punicalagin present in

juices ofthe pomegranate extract had virucidal capability eibited

influenza virus RNA proliferation independent oneth
virucidal effect. It was also reported that pomegte purified
polyphenol extract inhibited influenza virus whidauses
epidemics and pandemics in human population. Bikaret
al., 2009 " reported that the commercial extract of
pomegranate byproduct provided by POM Wonderfuls(Lo
Angeles, CA) and punicalagins inhibited the growdh
pathogenic clostridia an8taphylococcuaureus Duman et al

®indicated the importance of the physicochemicapprbies
of pomegranate on the antimicrobial activity wakated to
their phenolic and anthocyanin content of fruits.

Kannat et af®® reported that the pomegranate peel
extract (PE) showed excellent antioxidant activitigile the

that incorporaté®. granatumhave potential usefulness against seed extract (PS) did not have any significantvigti The

bacterial infections. An important potential apption for the
anti-microbial properties oP. granatumis in its use as a
topical microbicide for HIV preventionin vitro research
indicates that an anti-HIV1 microbicide could pdialty be
made from P. granatum ®¥. The antibacterial and
antimicrobial attributes dP. granatummay have applicability
to the dental fieldP. granatumphytotherapeuticals was tested
against the streptococci strainStaphylococcus mutans
Streptococcus mitimnd Candida albicans It was effective
against the isolated bacteria species, and wheedtegainst
an assembly of different microorganisms, Fhegranatum

ICso value of PE for 2,2-diphenyl-1-picrylhydrazyl radi
scavenging was 4.8g/ mL while that of butylated hydroxy
toluene was 21.21g/ mL, indicating that it was a stronger
antioxidant. PE showed good antimicrobial activitgainst
Staphylococcus aurewsnd Bacillus cereushaving minimum
inhibitory concentration of 0.01%. They also repdrthat
addition of PE to popular chicken meat productsaechd its
shelf life by 2-3 week during storage at chilledhditions. PE
was also effective in controlling oxidative rantydin these
chicken products. Machado et & reported that the ethyl
acetate extract ¢f. granatunifruits which afforded the
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ellagitannin punicalagin was found to be active iagta
methicillin-resistanStaphylococcus aurewsrains. Anin vivo

study was done to test the effects of the combimedacts
from Centella asiatica commonly known as Asiatic
Pennywort, andP. granatumon periodontal healing following
scaling and root planning in adult periodontitidigats. The
results indicated that the local delivery wiEh asiaticaandP.

granatum extracts, plus scaling and root
significantly reduced the clinical signs of chropieriodontitis

inhibit NO production as well as INOS expressionRAW
264.7 cells. Granatin B showed the strongest iINBB@OX-
2 inhibitory effects, and exhibited these effects the
inhibition of paw swelling and PGE2 level in careagan-
induced mice. Based on these results, it was pempdisat
granatin B could be used as a standard markerhforanti-
inflammatory effect of pomegranate. Rasheed et!al

planning, reported the effect of polyphenol rich pomegranéigt

extract on the activation of mitogen-activated pimtkinases

[0l sagdic et & reported that the ethanol extract was more(MAPKs) and the NFkB in PMACI stimulated KU8I2 c=ll

effective as an antimicrobial agent than other esatvextracts
of pomegranate seed samples. In their study, paneatg
seeds were extracted by methanol, ethanol and wedes
tested for antioxidant and antiradical
antimicrobial activities against total fifteen nmdorganisms
including thirteen bacteria and two yeasts. Thghést
phenolic content was found in the methanol extractd the
lowest in agueous extracts of pomegranate seedshaifsl

From their results, it was found that the polypHerah
pomegranate fruit extract decreased PMACI stimdlate
inflammatory gene expression and production of largl IL-

potential d an 8 in KU8I2 cells. The inhibitory effect of the eatit on the

pro-inflammatory cytokines was MAPK subgroups cetion
N-terminal kinase (JNK- and extracellular-regulateidase
(ERK) dependent. The crude extract also inhibitdtdkB by
inhibiting IkB-degradation in human basophil ceBased on

The values of Ig in methanol extracts of the pomegranatetheir results obtained, the authors suggestedpbigphenol-

seeds and hulls were founded as 39.40 and 7.Qiatsely.
Their results further indicated that the potentise of the
extracts of the pomegranate seeds and hulls whictvaste of
pomegranate juice
preservative agents due to antioxidant and antohiaf
activities.

Anti-inflammatory and Anti-cancer activity

industry as an alternative todfoo

rich pomegranate fruit extract exerts its inhibjt@ffect on
IL-6 and IL-8 expression via modulation of the aation and
DNA binding activity of NF-kB.

Albrecht et al”® studied the effects of pomegranate
oil, seed oil, fermented juice polyphenols and qmEp
polyphenols on human prostate cancer cell growthvia and
found that it demonstrated significant antitumortivéty

Various parts of the pomegranate plant have bee@gainst human prostate cancer. Lansky ét%ateported that

shown to exert antiproliferative effects on a numbktumor

utilizing pomegranate fruit extract the cell growthas

cells . The polyphenols from the fermented juice of inhibited and followed by apoptosis of extremelygaggsive

pomegranate have shown their anticancer effecthiuoman
breast cellsin vitro. Mehta et all™® indicated that the

human prostate carcinoma PC-3 cells. Several arstogies
have elucidated pomegranate’'s potential anticancer

pomegranate seed oil is more active Compared to thg]EChanismS. Two studies in mice implantEd WlthFﬂTBtate

polyphenols from juice. Amin et & reported in their review
article that pomegranate fruit, pomegranate jypcenegranate
seed and seed oil act in prostate, breast, skionchng, oral
and leukaemia cancers, through antioxidant, antipration
(growth inhibition, cell cycle disruption and apogis),
antiangiogenisis and anti-inflammatory mechanisfraction.
Ellagic acid, one of the constituents of pomegraijaice and
seed oils are reported as acting against canceskif,
pancreas, breast, prostate, colon, intestine, besys,
bladder, oral, leukaemia, liver and neuroblastontiae
mechanisms of action are similar to those descrified
pomegranate. Ellagic acid acts synergistically vaisplatin,
vinorelbine, quercetin, resveratrol, cyclosporineGAgingerol
and selenomethionine. The same authors gave infamma
about ongoing clinical trials with natural composnd
including pomegranate, in several parts of the orl
Sturgeon et al”™® described theén vitro cell culture studies,
animal studies and provided the available data lloa
property of pomegranate and its constituents tegrebreast
cancer and the possible mechanisms involved. Lesl &%
demonstrated that the usage of pomegranate extfacts
inhibiting NO production by RAW 264.7 macrophagdisdn
addition, it was also found that pomegranate sicguitly
decreased carrageenan induced mice paw oedemavieras
hours (5 h at the maximum). Further, the authopsasged
punicalagin, punicalin, strictinin A, and granath using a
column chromatography combined with in vitro bi@ass
guided fractionation found that these compoundswbie to

cancer PC-3 cell line demonstrated pomegranaté dsdract
(PFE; edible parts of the fruit, excluding the peéehibits cell
growth and induces apoptosis via modulation of ginst
regulating apoptosis®®. These studies provide evidence
suggesting that consuming pomegranate may delastgieo
cancer progressiof”. Also, fermented pomegranate juice
polyphenols were tested in combination with pepcar
polyphenols on the proliferation of DU 145 humarmgtate
cancer cell linesin vitro. Toi et al ® has found that
pomegranate seed oil and fermented juice polypkerold to
inhibit breast cancer cell proliferation, invasi@md promotes
apoptosis of breast cancer cells. Kim etl’dl reports that
fermented pomegranate juice polyphenols consigtshtbwed
twice the anti-proliferative effect as fresh ponaatate juice
polyphenols. Research on lung cancer looked aetfeet of
pomegranate fruit extract as a source of treatff@ntThe
results suggested that pomegranate fruit extraot loa a
chemo preventative agent against lung cancer. Rtaderich
polyphenols can be extracted from fresh and feretkjutice.

These polyphenols were tested for their ability induce
differentiation in human HL-60 promyelocytic leukientells.
Extracts from the fermented juice and pericarpsnuted
differentiation the best when compared to freshguand had
similar inhibitory effects on proliferation of theell line &2,
Pomegranate tannin extract and punicalagin weradoio
suppress the COX-2 protein expression and inhibited
phosphorylation and binding of the p65 subunit i-2D
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colon cancer cells indicating that these chemicaldd play a
major role in modifying the inflammatory cell sidimg in
colon cancer cell&.

Clinical research into the effects of the antioxida
polyphenol-rich pomegranate juice on chronic oldive
pulmonary disease (COPD) found no differences betvibe
control group and that receiving pomegranate juiCae
conclusion of this study was that
supplementation (400ml pomegranate juice daily)edddo

[be]nefit to the current therapy standards in paigith COPD
85

reduction in TBARS compared to baseline serum fevhd
addition, a 39-percent decrease in uptake of oadlizDL by
human monocyte-derived macrophages (an early dewelot
in foam cell formation and atherogenesis) was ofeskrin
diabetic patients after PJ consumptih

Researchers confirmed that despite the sugars
naturally present in pomegranate juice, consumpdighnot

pomegranate juiceadversely affect diabetic parameters but had aifsignt

effect on atherogenesis via reduced oxidative sté% The
neuroprotective properties of pomegranate polyplsen@re
evaluated in an animal model of Alzheimer's disease

The selected chemical constituents isolated fromTransgenic mice with Alzheimer’s like pathologyated with

juice, peel, and seeds that have been found to hatie
inflammatory/anti-cancer properties and their attivesults
from the reported literature of Lansky et®land many other
authors®**®were shown in Table 1.

Other biological activities

PJ had 50-percent less accumulation of soluble Gidwleta
and less hippocampal amyloid deposition than mice
consuming sugar water, suggesting PJ may be neeapive.
Animals also exhibited improved learning of wateazm tasks
and swam faster than control animif!. Research in rats
demonstrates that pomegranate juice consumptiomoirap

Research findings indicated that apart from the€pididymal sperm concentration, spermatogenic detisity,

potential benefits for antioxidant, anti-inflammato
anticancer, etc., pomegranate may confer a mudtinfdother
health promoting effects in the body. However,
conclusive studies are needed to confirm thesectsffe
because, there are very few references presehg iscientific
literature to substantiate these findings.

Pomegranate fruit extract, has been found to beuece of a
protection for skin. A study by Syed et ” suggests that
pomegranate fruit extract (PFE) is effective forediorating
UVA-mediated damages by modulating cellular pattsvayd
preventing potential skin cancers.
performed to see if pomegranate can treat or ptediabetes
and heart disease. Esmaillzadeh et "' found that
pomegranate juice significantly reduced total chi@el, low-
density lipoproteins (LDL), the ratio of LDL/ higtensity
lipoproteins (HDL), and the ratio of total cholesteto HDL.
These findings show that consumption of pomegrajpate
may modify heart disease risk factors in patientdh w
hyperlipidemia. Sumner et af®*" tested the effects of
pomegranate juice in its efforts to help patienithworonary
heart disease concluded that daily consumption
pomegranate juice may improve stress-induced myadar
ischemia in patients who have coronary heart dis¢@siD).
When ingested, pomegranate juice could help patigrith
carotid artery stenosis, decrease carotid intimdime
thickness, and their systolic blood presstffé. A small
clinical trial demonstrated PJ inhibits serum AGi aeduces
systolic blood pressure in hypertensive patienten T
hypertensive subjects (seven men and three wonges, &2-

diameter of seminiferous tubules, and sperm myatiland
decreases the number of abnormal sperm comparezhtool

more@nimals. An improvement in antioxidant enzyme attivn

both rat plasma and sperm was also n8f&d A recent well-
controlled trial of pomegranate juice for the treant of mild-
to-moderate erectile dysfunction in men was madEdrgst et
al ™% pomegranate juice’s therapeutic effect on erectile
dysfunction (ED) was studied in a randomized, dexiilind,
placebo-controlled, 10-week crossover trial in EhmAll the
subjects with other medical conditions that mightcibute to

Studies have n beeED were excluded and subjects were asked to refram

taking ED medication for the duration of the studife trial
consisted of two four-week treatment periods sdpdray a
two-week washout. First four weeks each subject giasn
pomegranate juice containing 1.5 mmol polyphenalibydor
placebo beverage, followed by washout and crosstvéne
other group. Results indicated a trend toward im@neents in
ED, but statistical significance was not achievedlai **”
investigated the antidiarrheal activity of aqueansl alcohol
extracts of the pomegranate fruit rind in 3 experial

ofnodels using albino rats. The extracts exhibiteghiitant

activity in rats when compared to loperamide hyttodde, a
standard antidiarrheal drug. Cerd’a ef'& investigated the
effects of pomegranate extract (6% punicalagirfemale rats
following exposure to a diet containing 20% of theract for
37 d. The exposure to pomegranate extract restifttedn

intake of 4800 mg punicalagin/kg/d. A significargtcdease in
feed consumption and body weight of the animalsnduthe

early part of the study was noted. Kaur et*&l evaluated

77) were administered 50 mL/ day pomegranate juicedntioxidant and hepatoprotective activity of poneegte

containing 1.5 mmol total polyphenols for about tweeks.
Results indicated that two of seven patients wise diabetic
and two were hyperlipidemic. About 70% experieneed6-
percent average decrease in serum ACE activityaasohall,
but significant, five-percent decrease in systolitood

pressure. Consuming PJ for three months did noifsigntly

affect triglyceride, HDL cholesterol, HbA1C, gluegsor

insulin values, but did lower serum C-peptide vallny 23
percent compared to baseline in diabetic patiemtsign of
improved insulin sensitivity. Consumption of PJrsfigantly

reduced oxidative stress in the diabetic patierts evident by
a 56-percent reduction in lipid peroxides and gp28:ent

flowers. The efficacy of extract was testedvivo and it was
found to exhibit a potent protective activity inuée oxidative
tissue injury animal model: ferric nitrilotriaceta({Fe-NTA)
induced hepatotoxicity in mice. These results iat#c
pomegranate flowers to possess potent antioxidamt a
hepatoprotective property, the former being propabl
responsible for the latter
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pomegranate’s antimicrobial properties, it may aid
reventing infection by dental pathogens, pathagEncoli
157:H7, and antibiotic-resistant organisms SuctM&SA.
Pomegranate’s effect on bacterial pathogens hag loe¢n
testedin vitro, however, necessitating human trials to refute or
substantiate any clinical effect. The possibilityhatt
pomegranate extracts may also have an effect eralesther
disease processes, such as Alzheimer’'s diseas@adstritis,
neonatal brain injury, male infertility, and obgsitinderscores
the need for more clinical research. Currently, arous
clinical trials are in progress exploring the thmratic
potential of pomegranate extracts. However, umntily overy
recently, the importance of the oily phase of thedshas been
largely overlooked. Recent studies have also béguwuggest
possible synergistic interactions between aqueaus lgid
phases of the fruit, and between different chersidaleach
phase. Though, undoubtedly, much more is still omkmthan
known about the pomegranate’s chemistry and medlicin
potential, the beginnings of a possible use for filuét in
cancer chemopreventio®? and chemotherapy, largely
deriving from the anti-inflammatory properties obtb the
aqueous and lipid phases, is in the earliest stafjdseing
appreciated*®. Clinical trials with pomegranate materials,
though, particularly with regard to inflammationdanancer,
are still sorely lacking. Much of the work compléten
omegranate over the past 7 years has focusedtioxidant
activity of the tree’s various components. The tieteship of

) gz ji45] d th this activity to heal_th and disease has_ not betabkshed, so
IS consumed ", Fatope et a" reported that pomegranate ;g ¢ extrapolation of such findings to medical
seed oil was not toxic to brlng shrimp Iarve_le,\lva_s [rip?g]ed recommendations is premature. In short, the studiperted
to have severe allergic reactions from eating thie 44 ", o far while possibly provocative, leave many gafsough
and esophageal problems from chronic consumption

o .
o I , h , th d t furth tud
roughly ground pomegranate sedtf€**®l Toxicity of the neonclusive,  NOWSver, hey co stggest 1rher 3

polyphenol antioxidant punicalagin, abundant in pgranate including clinical trials of properly designed ph@aceutical

L luated in rat d g ol tesadlicated products. Toward such an end, it is hoped thatlitbeture
JUICe, was evaluated In rats and experimenta cate reported till date will provide some valuable cldesongoing
that no toxic effects or significant differencesrev@bserved

_ . explorations of this most fascinating botanicalcipg A new
in the treatment group compared to controls, whichs P g

. o ; : medical monograph on the subject Rf granatum™?, and
confirmed via histopathological analysis of ratamg. also an editorial on the subject of pomegranate—

i pharmaceutical interactior$” are published recently with
Conclusion o ~more information. It is likely that much more wibllow, as
_After extensive literature reports on the medicinalthe medical community and public continue to exhibi
properties of pomegranate it is easy to understafiy  renewed interest in the pomegranate as a therapssutice.
researchers, such as Robert Lon&t‘]ﬂ, have referred to the Based on the literature precedence, most of theoritapt
pomegranate as “nature’s power fruit”. It is ricm i research about Pomegranate and its biological igcthave
antioxidants, has antibacterial properties, hasnb&®ind peen performed during the past decade. It may behwo
useful in treating dental and dermatological cdodg, and  |ooking deep into chemical constituents of différgarts of

improves  cardiovascular health apart from variouben  pomegranate and their activity profiles either vidially or
medical applications. These benefits along withaitticancer iy combination.

capabilities have compelled researchers to fulgstigate the
therapeutic uses of pomegranate. References
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Figure 3: Cyclitolcar boxylic/Hydroxybenzoic acids from Pomegranate juice

13



Chaturvedula et. al Int. J. Res. Chem. Environ. ¥dbksue 1 July 2011(1-18)

0
0 0
HO OH
N OH HO
OH \ OH
HO
HO HO
Caffeic acid Chlorogenic acid p-Coumaric acid
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Figure5: Flavan-3-ols/Flavonoids and their glycosidesfrom Pomegranate juice
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Figure 6: Anthocyaninsfrom Pomegranate juice and peel
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Figure 7: Amino acids from Pomegranate Juice
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Figure 9: Tocopherolsfrom Pomegranate juice and seeds
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Figure 10: Conjugated and non-conjugated fatty acids from Pomegranate seeds
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Figure 11: Sterolsfrom Pomegranate seeds
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Figure 12: Terpenesfrom Pomegranate seeds
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Figure 13: I solflavonesfrom Pomegranate seeds
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Figure 14: Flavonoids and their glycosides from Pomegranate peels
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