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ABSTRACT

The role of pomegranate on folk medicine has been largely established and in recent years a notable increase of scientific support has
occurred. However, what is real? Evidence suggests that phenolic phytochemicals of pomegranate fruit, mainly anthocyanins and
ellagitannins, could exert multiple therapeutic properties on health management as playing an essential role in oxidative stress balance,
preventing important cardiovascular diseases, and fighting as chemoprotective agent against several kinds of cancer. In addition,
pomegranate antioxidant bioactives also could possess a role as neuroprotectors in some neurological disorders just as broad antimicrobial
activities among other beneficial implications. Regarding promising prospects of pomegranate phenolics, this review summarizes the
available scientific information related to health promotion features of pomegranate-derived products and underlines the influence of
multiple constituents on the observed biological actions, pointing out pomegranate juice as an interesting source to obtain health benefits.
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INTRODUCTION

In recent years, much about potential health benefits of
pomegranate has been published, leading to a substantive
increase of the popularity as well as consumption of such
fruit. This fact has contributed greatly to the development
of both pomegranate juice extraction industry and dietary
supplements containing pomegranate extracts. But, are
pomegranate beneficial properties really supported? Does
pomegranate consumption guarantee health promotion?

The pomegranate, Punica granatum L., is a fruit tree
already well-known by ancient civilizations lauded because
of its medicinal properties for a wide-range of ailments.
Pomegranates fruits are usually earmarked for arils fresh
consumption, juice, jam, dried arils, and also for developing
nutraceutical ingredients as seed oil and polyphenols
extracts.

Nowadays consumers are becoming more aware of the
diet contribution to their health and, therefore, willing to
buy food rich in bioactive compounds (Niva 2007). In this
framework, pomegranate has shown considerable evidence
of therapeutic effects (Cravotto et al. 2010) and actually,
consumption of pomegranate derivatives with a high con-
tent in bioactive phytochemicals is increasing. These poten-
tial health benefits of pomegranate products cover a wide

array of maladies and include both prevention and treatment.

The aim of this review was to evaluate and summarize
the available scientific information related to health promo-
tion properties of pomegranate fruit derivatives focused on
its phytochemical composition, underlining those attributed
to antioxidant phenolic bioactives.

POMEGRANATE BIOACTIVE COMPOSITION

From a nutritional point of view, edible part of pomegranate,
either arils or their juice, contains mainly high sugar content,
dietary fiber (including pectins), and variable quantity of
organic acids. In addition, pomegranate has been reported
as an interesting source of potassium besides that is rich in
some essential vitamins as folate and vitamin K (USDA
2010). Nonetheless, the most important added value of
pomegranate is its large content in phenolic compounds,
which are present in the edible part as well as in the rest of
the fruit and, in fact, is precisely in the husk where they are
found in higher concentration (Gil et al. 2000). Moreover,
phenolic bioactives have been reported to be the major
antioxidants of pomegranate and, hence, they have been
established as main responsible of pomegranate healthy
applications (Gil et al. 2000; Sharma and Maity 2010).
However, it is a point worth mentioning the increasing role
of bioactive seed oil in establishing the pharmacological
mechanisms of pomegranate.
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Phenolic compounds are plant secondary metabolites
commonly found in vegetables and fruits with attributed
pharmacological properties (Parr and Bolwell 2000).
Among different kind of phenolic compounds, pomegranate
contains anthocyanins, ellagic acid and ellagitannins, gallic
acid and gallotannins, flavanols, and proanthocyanidins.
The class (and specific chemical structure) of each phenolic
has shown to contribute significantly to its unique biolo-
gical properties (Seeram 2008a). Amounts of these com-
pounds vary depending on the fruit part and thereby varying
in pomegranate derivatives as industrialization process does
it (Gil et al. 2000; Alighourchi et al. 2008).

Anthocyanins are a group of natural pigments respon-
sible for the red-blue colour of many fruits, including
pomegranate, that may play a role in the defence mecha-
nisms of plants (De Pascual-Teresa and Sanchez-Ballesta
2008). Likewise, anthocyanins therapeutic properties are
wide-ranging and have been attributed to potential human
health benefits of berries (Seeram 2008a).

Pomegranate presents an anthocyanins profile charac-
terized by six anthocyanins: cyanidin 3,5-di- and 3-O-glu-
coside, delphinidin 3,5-di- and 3-O-glucoside, pelargonidin
3,5-di- and 3-O-glucoside) (Gil ef al. 1995). Nevertheless, it
is important to note that both total anthocyanins amount and
predominant individual anthocyanins are largely affected by
the cultivar group; for instance, ‘Wonderful’ variety is
related to cyanidin 3,5-diglucoside instead of cyanidin 3-
glucoside, the main anthocyanin for Spanish ‘Mollar de
Elche’ cultivars (Gil et al. 2000; Pérez-Vicente et al. 2004).

Ellagitannins are extensively found in pomegranate
husk, mainly ellagitannin punicalagin among others (Gil et
al. 2000). Punicalagin isomers are ellagitannins in which
gallagic and ellagic acids are linked to a glucose molecule
[2,3-(S)-hexahydroxydiphenoyl-4,6-(S,S)-gallagyl-D-glu-
cose] and are extracted into juice during processing. Thus,
the extraction process determines the amounts achievable in
juice, displaying important differences between whole-fruit
juices and arils-made ones (Gil et al. 2000).

These compounds, when exposed to pH variations, are
hydrolyzed and the hexahydroxydiphenic acid spontane-
ously rearranges into the water-insoluble ellagic acid.
Likewise, this hydrolysis also renders punicalin, a gallagyl
residue bounded to glucose (Clifford and Scalbert 2000).
Punicalin is other bioactive compound of pomegranate that
has generated interest with regard to human health (Kasim-
setty et al. 2010).

Pomegranate ellagitannins have been reported to pos-
sess several biological properties. In fact, they are con-
sidered as the major antioxidant in vitro of pomegranate
juice and their gut microbiota metabolites, urolithins, have
displayed a broad array of chemopreventive properties
(Clifford and Scalbert 2000; Gonzalez-Sarrias et al. 2009b;
Larrosa et al. 2010a).

On the other hand, pomegranate also contains other
several hydrolysable tannins found in lesser quantities that
also possess potential therapeutic applications, like gallic
acid, gallagyldilactone, gallagic acid, and pedunculagin
(Kasimsetty et al. 2010).

In pomegranate fruit other phenolic phytochemicals
have been described. Catequin and gallocatechin have been
identified as the major flavan-3-ol among others (De Pas-
cual-Teresa et al. 2000). Likewise, prodelphinidins, a kind
of condensed tannins derived from the polymerization of
gallocatechin, have also been found in pomegranate peel
(Plumb ef al. 2002). In addition, recently 35 flavanol-antho-
cyanin adducts have been detected in pressure extracted
pomegranate juice (Sentandreu ef al. 2010).

Regarding potent antioxidant quercetin, it has also been
recorded next to other flavonols, although quantities were
not significant (Artik 1998).

POMEGRANATE AND HEALTH IMPLICATIONS

Pomegranate-derived products have displayed extensive
pharmacological actions on the treatment and prevention of
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several ailments due to the potential therapeutic properties
of their bioactive constituents.

Although different parts of pomegranate tree as bark,
flowers, leaves, and roots have exhibited medicinal proper-
ties (Aviram et al. 2008), the present review focuses on the
therapeutic benefits of pomegranate juice and fruit extract
since they are the most widespread pomegranate products
along with its consume as fresh fruit.

Pomegranate and oxidative stress

An unregulated production of reactive oxygen species
(ROS), highly oxidant molecules intrinsic from normal
metabolism, causes oxidative stress, which is characterized
by oxidation of lipids, proteins and nucleic acids. Damage
to biomolecules impairs their functions and leads to a dys-
regulation of cellular mechanisms (Valko ef al. 2007). Thus,
it is important to keep the oxidative balance to avoid health
alterations and it is in this point where pomegranate phyto-
chemicals may act enhancing the effectiveness of the anti-
oxidant defence system.

Pomegranate polyphenols have been suggested like
antioxidant compounds and it has been confirmed on biolo-
gical system. Research in animals and humans has demons-
trated pomegranate derivatives increase plasma antioxidant
capacity and decrease oxidative stress, as lipid peroxidation
as formation of protein carbonyl (Chidambara Murthy ef al.
2002; Mertens-Talcott et al. 2006; Faria ef al. 2007; Guo et
al. 2008). The consumption, both fresh fruit and ellagitan-
nins-rich extract, have displayed to raise the antioxidant
capacity in plasma of healthy volunteers after a ten days-
prolonged intake and an acute dose, respectively (Mertens-
Talcott et al. 2006; Hajimahmoodi et al. 2009). Even if
these results were assured by two different methods (FRAP
and ORAC) and carried out with a thorough experimental
design, we should take care of them since they are showing
only an unspecified oxidative stress biomarker. Indeed, in
order to determine oxidative stress, studying various spe-
cific biomarkers seems more logical as they will provide
more solid details about the real status. In this way, there
are some trials where pomegranate juice consumption in-
creased serum antioxidant status as well as it modified other
specific antioxidant biomarkers (Aviram ef al. 2004; Rosen-
blat et al. 2010a); therefore, supporting the former works
with direct measures of antioxidant biomarker. Regardless
of being an indirect approach, antioxidant capacity mea-
surements are useful as potential bioactivity indicators of
pomegranate and other polyphenolic-rich products. More-
over, in vitro antioxidant capacity measurements are cor-
related to antioxidant effects in vivo (Rosenblat et al.
2010a), at the same time that is interesting to compare
pomegranate with other fruits and vegetables.

On the other hand, an improved antioxidant function
was shown in a research conduced in elderly population that
consumed pomegranate juice daily for a month. Regarding
oxidative status, aging process is characterized by an in-
crease in oxidative damage levels; nonetheless, oxidative
damage linked to proteins and lipids after the continuous
intake of pomegranate juice by elderly subjects was reduced,
whereas plasma glutathione peroxidase and catalase anti-
oxidant enzymes were significantly increased (Guo et al.
2008). These anti-aging effects were also appreciated in
aged rats, where a protection against blood mononuclear
cell DNA damage was observed too (Xu et al. 2005).

The protective effect of pomegranate against hepatic
oxidative stress after prolonged pomegranate derivatives
ingestion has also been pointed out in two different animal
models (Chidambara Murthy et al. 2002; Faria et al. 2007).
Hepatoprotection was assured in a normal oxidative stress
status as well as in a CCl4-induced oxidative stress acute
episode. One of these experiences was performed inducing
severe oxidative injury in liver by a single-dose of CCl4
after feeding rats with a pomegranate peel methanolic
extract for two weeks. Catalase, peroxidase, and superoxide
dismutase (SOD) values were comparable with control
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values in contrast to those rats without pomegranate extract
pretreatment, where ROS-combating enzymes were not pre-
served, being significantly decreased. Similarly, lipid per-
oxidation was lower in pretreated with pomegranate extract
rats than in non-pretreated ones. In addition, the hepato-
protective effects of pomegranate extract pretreatment were
verified by histopathological methods (Chidambara Murthy
et al. 2002). On the other hand, Faria et al. (2007), feeding
healthy mice with pomegranate juice, for a prolonged time,
associated a decrease of carbonyl groups and 8-hydroxy-2'-
deoxiguanosine (8-OHdG), cellular damage biomarkers of
proteins and DNA, respectively, with a protective effect
against oxidative stress. At the same time, a reduction of
antioxidant enzymes as SOD, catalase, and glutathione per-
oxidase and of glutathione-S-transferase and glutathione
synthetase transcription was observed. Initially, these fin-
dings could be controversial as several works have indi-
cated how dietary antioxidants intake may act by raising the
levels of antioxidant enzymes (Chidambara Murthy et al.
2002). However, these authors considered diminishing
endogenous defences is a way of metabolic saving, since
antioxidant enzymes are no longer required when a general
decline in oxidative stress happens. Thus, it seems that both
studies assessed the hepatoprotective effects of pome-
granate against oxidative injury, even though the opposite
behaviour of oxidative biomarkers as they are different
metabolic situations.

A point worth mentioning is how pomegranate antioxi-
dants really act against oxidative stress. The protective
effects of pomegranate bioactive compounds on oxidative
stress have been traditionally attributed to their ability as
free radicals quenchers, diminishing the levels of ROS and,
hence, lipid peroxidation and protein damage (Chidambara
Murthy et al. 2002). Antioxidant properties of phenolic
compounds are usually attributed to the capacity of electron
or hydrogen donation from the hydroxyl moieties to free
radicals such as superoxide anion, hydrogen peroxide, etc.
(Rice-Evans ef al. 1996). Nevertheless, pomegranate health
features should not be related to an antioxidant activity of
polyphenols per se, as free radicals scavengers, rather than
the role of polyphenols metabolites in vivo, as signalling
molecules able to exert modulatory actions in cell pathways.
First of all, original pomegranate phytochemicals are usu-
ally absorbed and metabolized in other bioavailable com-
pounds that can vary their biological properties, even losing
their free-radical scavenging activity, as it occurs to the
main ellagitannins metabolites registered in plasma, uro-
lithins (Cerda er al. 2004). However, this lack of direct
antioxidant activity does not prevent these metabolites from
exerting health benefits. Concerning this, in vivo meta-
bolites, and not those phenolics present originally in fruits,
seem to be the real responsible compounds for the protec-
tive effects linked to pomegranate phytochemicals con-
sumption, and not necessarily due to a radical scavenging
ability. As it has been observed, pomegranate may act by
up-regulating the expression of genes encoding antioxidant
enzymes and, therefore, raising the levels of proteins related
to the endogenous defences (Rosenblat et al. 2006b; De

Nigris et al. 2007a; Guo et al. 2008; Rosenblat et al. 2010b).

Indeed, it is possible that the modulation of the transcription
and expression of defensive enzymes occurs because of the
interaction between dietary antioxidant and antioxidant
response elements in gene promoter regions of genes en-
coding these enzymes, as it has been reported for other
polyphenols (Myhrstad et al. 2002). Despite of this, under-
lying mechanisms of how pomegranate polyphenols act
against oxidative injury are still unclear.

Pomegranate and cardiovascular diseases

Cardiovascular diseases (CVD) continue leading the ran-
king among causes of morbidity and mortality in developed
countries (WHO 2008). Oxidative stress is the major con-
tributor to CVD, and inflammation its main manifestation
(Levonen et al. 2008). Reduction on the prevalence of CVD
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by fruit and vegetable consumption has been well estab-
lished in several epidemiological studies (Banerjee and
Maulik 2002; Bazzano 2006). In the same way, pome-
granate intake has shown a high potential in the manage-
ment of CVD.

The effects of pomegranate-derived products on preven-
tion and attenuation of atherosclerosis have been largely
tested, showing multiple anti-atherogenic effects (Aviram et
al. 2004; Rosenblat et al. 2006b; De Nigris et al. 2007a; De
Nigris et al. 2007b; Aviram et al. 2008). Atherosclerosis is
one of the CVD with a major incidence, and involves in-
flammatory and oxidative processes that entail to endothe-
lial dysfunction by affecting nitric oxide (NO) bioavail-
ability among others (Lavi et al. 2008). Consequently, both
oxidative stress and inflammation have been suggested like
the main targets of atherosclerosis treatment by dietary
phytochemicals (Basu and Penugonda 2009). Thus, it is
hardly surprising that most of the trials are about eluci-
dating the role of pomegranate in atherosclerotic injury,
focused on the endothelial function and the NO bioche-
mistry as these are implicated in this pathology.

Pomegranate phenolics have demonstrated their ability
to protect blood vessels of inflammation. Both pomegranate
juice and pomegranate fruit extract have demonstrated to be
able to decrease vascular inflammation markers, thrombos-
pondin-1 (TSP-1) and cytokine transforming growth factor-
B1 (TGFB1). Moreover, endothelial NO synthase (eNOS)
expression as well as NO levels were increased in both sup-
plements regimens (De Nigris et al. 2007a). The up-regu-
lation of eNOS and NO augment can stop the pernicious
influence of oxidative damage on endothelial tissue, thereby
decreasing endothelial dysfunction (Vaskonen et al. 2002;
Napoli et al. 2006). These results were achieved in obese
Zucker rats fed with an atherogenic diet, a model of meta-
bolic syndrome, thus, showing the anti-atherosclerotic bene-
fits of pomegranate consumption in so severe metabolic
condition and suggesting potential clinical applications.

Likewise, pomegranate juice was tested for its role in
the protection of NO and whether it could modify some of
the biological activities of NO (Ignarro et al. 2006). In vitro
assays indicated that pomegranate juice can protect against
superoxide anion-mediated NO degradation, even much
more than potent antioxidant juices like grape or blueberry
ones. On the other hand, the well-established anti-prolife-
rative action of NO (Ignarro ef al. 2001) was enhanced in
cell culture by pomegranate juice. Actually, the anti-prolife-
rative effect of pomegranate juice on vascular smooth
muscle cell growth was ascertained by NO-dependent me-
chanisms both protecting NO against oxidative destruction
and enhancing its biological actions (Ignarro ef al. 2006).

A study carried out with hypercholesterolemic mice, fed
with high-fat diet, also exhibited the protective effects on
atherosclerosis of a prolonged (6-months) pomegranate
derivatives supplementation (De Nigris ef al. 2007b). Both
a regular pomegranate juice and an ellagitannins-rich pome-
granate fruit extract were tested, without notable differences
between their performances. They both elicited therapeutic
beneficial effects by increasing the levels of eNOS and NO,
with along a drop in the content of isoprostanes and redox-
sensitive gene expression. These findings were consistent
with those already reported for obese Zucker rats (De Nigris
et al. 2007a). In fact, a reduction in atherosclerotic lesions
was also registered, suggesting that atherogenic damage
could also be reversed by chronic administration of pome-
granate extract (De Nigris et al. 2007b).

The role of oxidative stress in atherosclerosis is also
mediated by macrophage and LDL oxidation since an im-
paired oxidative metabolism entails lipid peroxidation of
macrophages and LDL, increasing the levels of oxidized
low-density lipoproteins (Ox-LDL) as well as the capacity
of macrophages for engulfing this Ox-LDL. The Ox-LDL
uptake raising leads to the formation of lipid-laden foam
cells, with the subsequent development of plaques and
atherosclerotic lesions (Fuhrman et al. 1997; Aviram and
Rosenblat 2004). Significant reductions in atherosclerotic
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lesion size were noted upon consumption of pomegranate
by-products for 3 months by apolipoprotein E-deficient
mice (which develop atherosclerotic injury similar to that
displays in humans). The cardioprotective effects of pome-
granate by-products on atherosclerotic lesion were attrib-
uted to macrophage oxidative stress attenuation with along
a decrease in the extent of Ox-LDL uptake by macrophages
at their lipids were oxidized in a lesser degree (Rosenblat et
al. 2006b). Indeed, in the case of pomegranate juice, the
antioxidant effects on macrophages have been pointed out
recently to be mediated via macrophage paraoxonase 2
(PON2) up-regulation, but not by increasing serum para-
oxonase 1 (PON1) (Rosenblat e al. 2010b), despite both
enzymes were shown to protect against lipid-laden foam
cell formation and atherosclerosis onset (Rosenblat and
Aviram 2009). Nevertheless, the inhibitory effects on
macrophage cholesterol and triglyceride metabolism have
not been related to paraoxonases activity, if not to the direct
effects of pomegranate juice unique constituents on these
cells (Rosenblat ef al. 2010b). Likewise, pomegranate juice
effects on atherosclerosis have been related not only to
macrophages protection but also to a decrement in the basal
levels of serum lipid peroxides (Aviram et al. 2004; Aviram
et al. 2008), whereas this effect has not been occurred after
pomegranate peel extract consumption (Aviram et al. 2008).

In addition, these same positive results have been ob-
served in diabetic patients, who did not aggravate their con-
dition despite the high sugars content of pomegranate juice
(~ 15%), but they even improved serum diabetic parameters
as well as decreased both serum and macrophages oxidative
stress after juice supplementation for 3 months (Rosenblat
et al. 2006a).

Otherwise, an increase in carotid intima-media thick-
ness (CIMT) results in hypertension, as it used to happen in
atherosclerotic patients. One of the most common hyperten-
sive effects is an augment in blood pressure which leads to
many related complications; hence, avoiding developing
this pathology is crucial. Pomegranate has been effective on
reducing significantly systolic blood pressure and CIMT in
carotid artery stenosis patients who consumed pomegranate
juice for one year (Aviram et al. 2004), thus exhibiting anti-
hypertensive properties. However, in subjects with mode-
rate coronary hearth disease risk these effects were not ob-
served after 18 months of consumption (Davidson et al
2009). Concerning this data, we may point out that pome-
granate seem to be useful in hypertension treatment but not
in prevention.

In another trial carried out in hypertensive patients a
decrement in systolic blood pressure was also noted with
along a reduction in serum angiotensin converting enzyme
(ACE) activity, which indicates pomegranate juice effects
on attenuating the progression of atherosclerosis (Aviram
and Dornfeld 2001).

So far, the anti-atherogenic benefits of pomegranate
intake had been associated with a long-term consumption;
however, these beneficial properties have also been linked
recently to a short-term consumption. After a period of time
of one week having pomegranate juice, it has been possible
to enhance the oxidative status and decrease the lipid per-
oxidation, rather than an acute dosage (Rosenblat et al.
2010a). Indeed, beneficial anti-atherogenic activity of pome-
granate derivatives has resulted to be dose-dependent (Avi-
ram and Dornfeld 2001; Rosenblat ez al. 2006b).

An approach on elucidating the responsible com-
pound(s) of this anti-atherosclerotic activity by testing dif-
ferent pomegranate fruit parts has been reported. Aviram et
al. (2008) pointed out that pomegranate juice and pome-
granate arils extract, they both rich in anthocyanins, show a
major influence in the drop of serum oxidative stress in
contrast to pomegranate peel extracts, rich in hydrolysable
tannins, which display a higher beneficial effect on the
extent of Ox-LDL uptake by macrophages and on their
oxidative status. On the whole, pomegranate juice showed
better anti-atherogenic properties than pomegranate peel
extracts. Likewise, pomegranate juice was more potent than
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pomegranate peel purified phenolics like anti-atherogenic
product.

Concerning the preceding data, more than one com-
pound should be implicated in the anti-atherosclerotic ef-
fects of pomegranate. A recently reported study on sup-
plementation of berry juices and teas in hamsters has pro-
posed that a diversity of phenolic compounds, rather than a
few specific components, could induce the anti-atherogenic
activity of these healthy products (Rouanet et al. 2010). In
the same way, anti-atherosclerotic benefits of pomegranate
should be due to the concerted action of a combination of
phytochemicals and other pomegranate nutrients, rather
than the sole effects of a unique compound. Moreover, both
anthocyanins and ellagitannins, main pomegranate phe-
nolics, have demonstrated possessing large cardiovascular
health-promoting effects as it has been previously reviewed
(de Pascual-Teresa et al. 2010; Larrosa et al. 2010a). The
superior anti-proliferative and anti-atherogenic activity of
pomegranate juice above pomegranate extracts and purified
phenolics have already been reported (Seeram et al. 2005;
Aviram et al. 2008). Likewise, phenolics-complexed sugars
of pomegranate also ameliorated the atherosclerotic injury,
just as a dietary fiber-rich extract of pomegranate flowers,
that even led the highest fall in atherosclerotic lesion area
when it was compared to polyphenols-rich pomegranate ex-
tracts (Aviram et al. 2008). Therefore, these data seems to
indicate a synergistic or additive effect of pomegranate
compounds, not only polyphenols but also complexed
sugars and dietary fiber, on anti-atherogenic activity of
pomegranate.

On the other hand, pomegranate phenolics do not seem
to modify serum cholesterol (both LDL- and HDL-choles-
terol) levels, as well as other serum biochemical parameters
(glucose, triacylglycerol, sodium, and potassium), in in vivo
trials (Aviram et al. 2004; De Nigris et al. 2005; Sumner et
al. 2005; de Nigris ef al. 2007a; Aviram et al. 2008; Rosen-
blat et al. 2010a), in accordance with other polyphenolic-
rich beverages (Rosenblat ef al. 2010a; Rouanet et al. 2010),
except for studies performed either in hyperlipidemic or
hypercholesterolemic patients or animals, where LDL-cho-
lesterol values were lowered (Esmaillzadeh er al. 2004;
Huang et al. 2005; Bagri et al. 2009).

Cardiovascular health benefits of pomegranate have not
been limited to atherosclerosis. pomegranate juice has also
shown cardioprotective effects on coronary diseases (Sum-
ner et al. 2005; Jadeja et al. 2010). Daily consumption of
pomegranate juice for 3 months by ischemic coronary heart
disease (CHD) patients may decrease myocardial ischemia
(Sumner et al. 2005). Likewise, rats with isoproterenol-
induced cardiac necrosis supplemented with pomegranate
juice for 1 month showed a lesser infarct size and lipid
peroxidation as well as a protective effect on endogenous
antioxidant defence, when compared to non-supplemented
control; these effects were attributed to the potential of
pomegranate juice phytochemicals, for overcoming isopro-
terenol-induced oxidative stress and related biochemical
and structural distortions (Jadeja et al. 2010).

Concerning this vast number of research, there is
enough in vivo evidence about the protective effects on
CVD of pomegranate derivatives, especially pomegranate
juices, and this should be taken into account for clinical
purposes.

Pomegranate and cancer

Treatment options for advanced stage cancers have several
limitations in counteracting the pathology and remain
inadequate; thus, formulating effective strategies for the
prevention of cancer is part from the increasing efforts to
reduce cancer burden. One of these preventive strategies is
through the diet, increasing the consumption of foods rich
in chemoprotective compounds. Pomegranate, due to its
phytochemical composition, has demonstrated to possess
potential effects on multiple cancer such as colon, prostate,
and breast, using cell lines and animal models assays.
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Colon cancer represents one of the most frequent
cancers in high-income countries and also constitutes a
leading cause of cancer death (WHO 2008). Epidemiolo-
gical evidence indicates that a diet rich in phytochemicals
from fruit and vegetables sources reduces the risk of colon
cancer (Riboli and Norat 2003), that allows to food-related
bioactives come in direct contact with cancerous cells.
Hence, antioxidant pomegranate juice and its constituents
have been broadly studied for their antiproliferative and
apoptotic activities in human cell cultures of colon cancer
since they could exert their chemoprotective properties on
the colon epithelium through a direct contact. Ellagitannin-
derived compounds (punicalagins and ellagic acid) showed
antiproliferative activity against all colon tumour cell lines
tested (HT-29, HCT116, SW480, SW620), but in a lesser
degree than pomegranate juice, which displayed the most
prominent effect (Seeram et al. 2005). The superior bioacti-
vity of pomegranate juice compared to its purified poly-
phenols was attributed to synergies in the way of action of
multiple compounds presented in pomegranate juice.
Nevertheless, nowadays the additive effects of other ella-
gitannins-related constituents contained in juice should be
taken into account as they have also displayed antiprolifera-
tive effects even superior to those shown by ellagic acid and
punicalagins (Kasimsetty er al. 2010). Likewise, pome-
granate juice and its purified ellagic acid-related polyphe-
nols induced apoptosis in colon cancer HT-29 cells, where-
as ellagic acid and punicalagin, but not pomegranate juice,
also induced apoptosis in HCT116 (Seeram et al. 2005).
Similarly, ellagic acid and punicalagin (as ellagic acid pre-
cursor), induced apoptosis in human colon adenocarcinoma
Caco-2 cells but interestingly not in normal colon CCD-
112CoN cells (Larrosa et al. 2006b). Caco-2 cells under-
went apoptosis via mitochondrial pathway as consequence
of cytochrome c release into cytosol, down-regulation of the
bcl-XL protein expression (antiapoptotic protein) and pro-
caspases 9 and 3 activation. Cell cycle analysis revealed
both punicalagin and ellagic acid provoked down-regulation
of cyclins A and B1 and up-regulation of cyclin E, which
led to cell-cycle arrest in S phase. Recently, ellagic acid and
its in vivo colonic metabolites, urolithin-A and —B, have
been studied in Caco-2 cells by this same research group as
an attempt to link gene expression and functional analysis
results with the antiproliferative response of the cells ex-
posed to dietary polyphenols and their colonic metabolites
(Gonzalez-Sarrias ef al. 2009b). Novel gene expression pro-
files and deregulation of cellular functions related to cell
cycle and proliferation have been identified, suggesting that
both ellagic acid and urolithins-A and -B may exert a
modulating role in the progression of colorectal cancer at
achievable concentrations in the intestinal lumen. At the
same time, it has been shown that both, ellagic acid and
urolithins-A and -B, modulate phase I and phase II detoxi-
fying enzymes in Caco-2 cells, which may play an im-
portant role in the chemoprotective action of pomegranate
phenolics against colon cancer (Gonzdlez-Sarrias et al.
2009a). However, critical effects of the matrix in which
these compounds are dissolved have been noted: food
matrix interferences result even in neutralizing the likely
anti-carcinogenic effects of phase I and phase II detoxifying
enzymes.

On the other hand, ellagitannins-derived colonic meta-
bolites have also shown to inhibit Wnt signalling pathways
(Sharma et al. 2010), which play a pivotal role in 90% of
colon cancer (Klaus and Birchmeier 2008).

Therefore, investigations suggest that pomegranate ella-
gitannins reduce the proliferation of colon cancer in vivo by
arresting the cell cycle and inducing apoptosis, as well as
modulating xenobiotic metabolism and Wnt signalling,
which is in accordance with the multitargeted role of ellagi-
tannins in carcinogenesis (Heber 2008).

Prostate cancer is currently one of the most common
malignancies and a leading cause of cancer-related mor-
tality among men (WHO 2008). The implications of dietary
patterns in prostate cancer development have been well-
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defined and, hence, chemoprevention through nutritional
agents has been recognized as a plausible approach directed
to prevent or delay the initiation of the disease (Syed ef al.
2007). Thus, the former considerations, in accordance with
the occurrence of urolithins in the human prostate gland
upon consumption of pomegranate juice (Gonzalez-Sarrias
et al. 2010), have positioned pomegranate as an ideal
chemopreventive agent against prostate carcinoma in
humans.

Antiproliferative and proapoptotic activities of pome-
granate derivatives have been evaluated in vitro in various
cell lines of human prostate cancer. Treatment of highly
aggressive cancer PC3 cells with pomegranate fruit extract
caused inhibition of cell growth and induction of apoptosis
(Malik et al. 2005). Indeed, antiproliferative properties of
pomegranate ellagitannins metabolites ellagic acid and uro-
lithins on androgen-dependent (LNCaP) and -independent
prostate carcinoma cell lines (LNCaP-AR, DU145, and
22Rvl1) have also been confirmed (Seeram et al. 2007). In
addition, the antiproliferative effect resulted in a dose-
dependent manner in all cell lines tested. It is also a point
worth mentioning the fact that a combination of both
different compounds and discrete fractions of pomegranate
fruit have reflected possible synergies against cell prolifera-
tion (Lansky ef al. 2005a, 2005b).

Likewise, the effects of pomegranate extract on prostate
adenocarcinoma have also been assessed in severe com-
bined immunodeficient mice injected subcutaneously with
human cancerous cells 22Rv1 and it was observed how
pomegranate extract inhibited xenograft growth with conco-
mitant reduction in secretion of prostate-specific antigen
(PSA) in the serum (Malik et al. 2005).

In the same way, a phase II clinical trial in men with re-
current prostate cancer and rising PSA levels was conducted
(Pantuck et al. 2006). Patients were supplemented with 8
ounces (~240 mL) of pomegranate juice daily until disease
progression and results showed a significant prolongation of
PSA doubling time. Consequently, prospects regarding
chemopreventive properties of pomegranate juice and its
constituents on prostate adenocarcinoma were substantially
raised.

On the other hand, underlying mechanisms of pome-
granate chemoprotection on prostate carcinoma have not
been clarified yet. So far, some attempts have been carried
out and both angiogenesis inhibition and drug metabolism
modulation via cytochrome P450 1 just as the involvement
of cell cycle regulation-mediated apoptosis as mechanism
cell growth inhibition have been proposed (Malik et al.
2005; Sartippour et al. 2008; Kasimsetty et al. 2009). In
fact, some of these approaches as cell cycle arrest may be
behind chemopreventive properties of pomegranate juice in
colon cancer. Nevertheless, these in vitro results pointing
out the role of pomegranate in the suppression of cell
growth by modulating proliferation markers have not been
confirmed in a recent report in humans (Gonzalez-Sarrias et
al. 2010), probably due to that both concentrations and time
of exposure in cell assays were unrepresentative of the
human normal physiological situation. Moreover, this trial
has exposed the very high inter-individual existing variabil-
ity with regard to the occurrence of ellagitannins-derived
metabolites in prostate gland. Thus, despite preliminary
promising cancer chemoprevention through pomegranate
juice and/or its derived compounds consumption, more
human clinical trials focused on ability of subjects as
urolithins-producers or -non producers should be performed
to achieve a deep body of evidence in order to confirm the
chemopreventive potential of pomegranate bioactives on
prostate cancer.

As in the aforementioned cancer types, mostly of stu-
dies focused on anti-carcinogenic properties of pome-
granate and its constituents on breast cancer have been per-
formed in vitro, with the subsequent lacks in their extrapo-
lation to humans. In spite of this, chemoprevention through
pomegranate could be considered in the management of
breast cancer, a cancer with a highest prevalence in deve-



Functional Plant Science and Biotechnology 5 (Special Issue 2), 33-42 ©2011 Global Science Books

loped countries. Several constituents of pomegranate as
juice, fermented juice, and seed oil have shown antipro-
liferative activity against both estrogen-dependent (MCF-7)
and —independent (MB-MDA-231) cancerous cells (Kim et
al. 2002). In fact, special interest has been focused on
pomegranate seed oil as antiproliferative agent owing to its
high concentration in punicic acid. However, regardless
single purified compounds efficacy, combination of phyto-
chemical compounds has shown significant higher growth
inhibition (Jeune et al. 2005).

Proposal mechanisms for suggested breast carcinoma
chemoprotection of pomegranate may happen by arresting
cell cycle progression, regulating gene expression of pro-
liferation markers, and provoking apoptosis (Jeune ef al.
2005; Khan et al. 2009; Dai et al. 2010). In addition, action
on estrogen-responsive breast cancers seems more feasible
since punicic acid and urolithins have exhibited estrogenic
and antiestrogenic activities and have been termed selective
estrogen receptor modulators (SERMs) in vitro (Larrosa et
al. 2006a; Tran et al. 2010), which are under intense re-
search for their potential to treat estrogen-related conditions
such as osteoporosis and menopause symptoms.

Pomegranate-derived products have also displayed anti-
carcinogenic properties against lung and skin cancers just as
leukemic cell lines (Khan and Mukhtar 2007; Ampasavate
et al. 2010; Glauert et al. 2010). Action mechanisms to
inhibit proliferation and to induce apoptosis are based in
those former exposed for colon and prostate cancers.

In general, the anti-oncogenic potential of pomegranate
has been related to ellagitannins and its in vivo metabolites
and even seed oil almost exclusively. In contrast, antho-
cyanins have hitherto not received adequate attention albeit
they have shown to delay carcinogenesis in several animal
models and to contribute greatly to berry fruits attributed
chemoprevention (Seeram 2008b). Therefore, anthocyanins
as well as other pomegranate polyphenols should be taken
into consideration in an attempt to identify the real impact
of pomegranate on cancer prevention.

Pomegranate and neurological disorders

Unlike many other pathologies, protective effects of pome-
granate on neurological disorders have been scarcely stu-
died. There are only a few works reporting the incidence of
pomegranate derived products on nervous system and they
have not been carried out in humans, with the subsequent
lack of information. Nonetheless, a few studies have been
performed on animal models suggesting the promising
potential of pomegranate bioactives in the prevention and
treatment of some neurological disorders.

Like that, neuroprotective effects of pomegranate phy-
tochemicals on Alzheimer’s disease have been tested (Hart-
man et al. 2006). Transgenic mice with an Alzheimer’s dis-
ease-like pathology were supplied with pomegranate juice
during their old age delaying the onset of cognitive impair-
ment and enhancing the learning, as well as reducing sig-
nificantly the accumulation of soluble amyloid-p and amy-
loid deposition in the hippocampus, a close related to dis-
ease progression process. Moreover, formation and deposi-
tion of amyloid-p has been associated with oxidative stress
(Barnham et al. 2004) so antioxidative-related properties of
pomegranate chemopreventive agents could be involved.

Concerning neonatal hypoxic-ischemic brain injury, a
significant cause of infant illness and death linked to a ROS
increment (Gulcan ef al. 2005; Huang and Castillo 2008),
pomegranate juice has also shown interesting results as
neuroprotective agent in mice (Loren ef al. 2005). Neonatal
brain protection against a hypoxic-ischemic insult was ob-
served after maternal dietary supplementation with pome-
granate juice. Data displayed a significant decreased brain
tissue loss in neonates among different regions assessed,
with a slight dose-dependent effect, as well as a decrement
in caspase-3 activation. Thus, this work demonstrated how
maternal pomegranate juice intake can provide neuroprotec-
tion to neonates and how this neuroprotection is effective
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even 7 days after birth. Later, this lasting neuroprotection
transferred from mother to neonates have been attributed to
whole-fruit pomegranate polyphenols (West et al. 2007).

The role of an ethanolic extract of pomegranate seeds
on central nervous system (CNS) in mice after a single dose
has also been studied employing different behaviour animal
models (Kumar ef al. 2008). Pomegranate extract exhibited
anxiolytic, antidepressant, and antinociceptive activity just
as a dose-dependent response, while no significant dif-
ferences between aged and young mice were showed. It is
important to note the wide effects of pomegranate on CNS
and how pomegranate phytochemicals might modulate the
neurotransmitter activity depending on the stimulus re-
ceived: anxiolytic activity of pomegranate extracts was
related by authors to an action on y-aminobutyric acid
(GABA)-mediated transmission via a possible binding of
phenolic bioactives to GABA,-benzodiazepines complex;
on the contrary, antidepressive-like effects were similar to
CNS stimulant drugs which are related to a glutamate in-
crement. Thus, pomegranate constituents may modify the
levels of two of the most important neurotransmitter at
CNS: GABA and glutamate.

Another pomegranate ethanolic extract, in this case
from bark, caused inhibition in acetylcholinesterase in the
nervous tissue of the snail Lymnaea acuminata (Tripathi et
al. 2004). Acetylcholinesterase is the enzyme responsible of
the degradation of acetylcholine, a neurotransmitter linked
mainly to peripheral nervous system (PNS) and muscular
motor functions, at the same time that also possesses a role
in the CNS (Huh and Fuhrer 2002). Thus, pomegranate bio-
actives may affect not only to CNS neurotransmitters if not
also to PNS neurotransmitters.

Pomegranate benefits in neurological disorders might
be severely conditioned by phytochemicals bioavailability
in nervous system. CNS is protected by blood-brain barrier
(BBB), an endothelium formed by brain microvessel endo-
thelial cells with complex tight junctions and specific trans-
porters which selectively restrict traffic of molecules from
the blood to the brain regions, exerting strict control over
passage of metabolites and contributing to brain composi-
tion regulation (Abbott and Romero 1996). However,
although xenobiotic transport across BBB is limited, many
kind of flavonoids have shown to be able to cross this
barrier and, thus, to be present into brain tissues where they
may exert their biological properties (Youdim et al. 2004;
Spencer 2010). Consequently, taking into account the phe-
nolic profile of pomegranate, it seems reasonable to attrib-
ute the neuroprotective effects of pomegranate, at least in
part, to polyphenols.

In the aforementioned report, focused on hypoxic-
ischemic brain injury (Loren et al. 2005), pomegranate
neuroprotective effects were observed in neonates whereas
supplementation was effectuated in mothers, thereby sug-
gesting that phenolic responsible compounds (West et al.
2007), or their metabolic effects, are effective at least one
week after the last intake and they are able to cross tight
cell barriers, as BBB and placental one. Anthocyanins and
ellagitannins derivatives, mainly pomegranate phenolic bio-
actives, have displayed differences with regard to their
brain bioavailability: while a growing number of studies has
detected anthocyanins in several brain regions (Andres-
Lacueva et al. 2005; Kalt et al. 2008). No ellagic acid or its
in vivo metabolites have been found, at least to our know-
ledge, in these areas.

Recently, anthocyanins as well as their in vivo colonic
metabolites have shown to reach the brain and to be ac-
cumulated in these tissues beyond the BBB, where they
confer protection (Kalt ez al. 2008; Del Bo et al. 2010).
Dietary interventions have demonstrated that consumption
of anthocyanins-rich both foods or extracts may exert bene-
ficial properties in neurological functions by retarding age-
related declines (Joseph ez al. 1999), preventing behavioural
deficits (enhancing memory) in Alzheimer’s disease (Joseph
et al. 2003), and improving spatial learning (Andres-Lacu-
eva et al. 2005), at the same time that these novel neuro-
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protective agents may ameliorate ethanol-induced damage
to CNS (Chen and Luo 2010). Likewise, anthocyanins sup-
plementation has shown diminishing oxidative modifica-
tions of proteins and lipids in the brain, as well as dopamine
neurotransmitter abnormalities caused by emotional stress
(Rahman et al. 2008). Moreover, equal to pomegranate
juice, dietary supplementation with foods rich in anthocya-
nins provides neuroprotection in animal models of ischemia
(Shin et al. 2006). Thus, anthocyanins may exert protective
effects against oxidative damage implicated in some neuro-
degenerative disorders and it is possible to be the main res-
ponsible of neuropreventive prospects of pomegranate.

On the other hand, ellagitannins or their in vivo metabo-
lites have not been detected in brain regions (Espin ef al.
2007), which may indicate that these compounds are not
able to cross the BBB. Therefore, their effects on CNS and
neurological diseases would be restricted. Nevertheless,
evidence indicates that ellagic acid may modulate cerebral
activity in rodent models (Carlsen et al. 2003; Hassoun et al.
2004). These results prompt us to consider that either an un-
suitable determination of ellagitannins metabolites had been
performed (owing to assay protocols or detection levels) or
systemic effects of these compounds affecting SNC take
place.

Furthermore, pomegranate also contains flavanols that
have shown to protect against brain lipid peroxidation and
to exert many protective functions in brain tissues (Spencer
2010).

But, despite of the vast quantity of polyphenols presents
in pomegranate and their neuroprotective effects, neurolo-
gical benefits of pomegranate intake could also be associ-
ated to other minor compounds such as saponins, sugars,
and even seed oil (Tripathi ef al. 2004; Kumar et al. 2008).

According to the WHO, neurological disorders are a
leading cause of morbidity and mortality as well as due to
the extension of life expectancy and the prolonged ageing
of populations globally is estimated to increase the pre-
valence of these disorders; for example, it is forecast that
the number of people affected by dementia (already counted
in tens of millions) will double every 20 years. Conse-
quently, the WHO is trying to establish mental health pro-
motion, focused on disease prevention as the first step
(WHO 2006). Because of this, considering the protective
role of many rich-polyphenols fruits on brain health (Spen-
cer 2010), and the phenolic profile of pomegranate, it seems
logical to think in pomegranate and its bioactives, mainly
anthocyanins, as promising agents in the fight against neu-
rological disorders.

Pomegranate and antimicrobial effects

Pomegranate has been employed in folk medicine for the
treatment of various microbial infections and, in fact, the
potential antimicrobial properties of pomegranate are re-
cently being studied with promising results.

Pomegranate extracts have displayed antagonist effects
against all type of microorganisms causing urinary tract in-
fections (Gopalakrishnan and Benny 2009; El-Sherbini ef al.
2010; Endo et al. 2010). Methanolic extract has shown
broad-spectrum activity against 159 multi-drugs resistant
bacterial strains isolated from urine of patients belonging to
different age and sex who had urinary infection (Gopala-
krishnan and Benny 2009). In vitro antifungal activity of
punicalagins against Candida albicans and Candida para-
psilosis has also been reported. Moreover, assays were per-
formed with in vivo achievable concentrations of punicala-
gins, showing a powerful synergistic interaction with com-
monly used as antifungal fluconazole (Endo ef al. 2010). In
addition, effectiveness of pomegranate juice against Tricho-
monas vaginalis has also been guarantee in vivo in a cohort
of 20 women as well as in vitro using metronidazole refrac-
tory strains (El-Sherbini ef al. 2010). Consequently, pome-
granate-derived products represent an attractive prospect for
the development of new management therapies for treat-
ment of multi-drug resistant urinary tract infections.
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On the other hand, pomegranate sun-dried rind is em-
ployed in some regions of India as an anti-malarial herbal
preparation. The role of tannins-rich pomegranate rind
methanolic extract on the treatment of cerebral malaria, a
complication of the infection by Plasmodium falciparum,
has been studied. Positive results were attributed to the anti-
parasitic activity and the inhibition of pro-inflammatory
mechanisms involved in the onset of malaria (Dell'Agli et al.
2010).

Concerning responsible compound(s) of pomegranate
antimicrobial properties, authors seem to be agree with
associating them to ellagitannins content of pomegranate
derivatives, mainly to punicalagin (Dell'Agli et al. 2010;
Endo et al. 2010).

Pomegranate and other diseases

The most significant or, at least, more researched pome-
granate fruit therapeutic properties have been aforemen-
tioned, nevertheless, there are some other applications
which have offered satisfactory results.

Consumption of pomegranate derivatives has been
related to possess anti-inflammatory activity and has been
tested in various animal models. Pomegranate polyphenols
extract strongly delayed the initiation, reduced the mor-
bidity, and lowered the severity of collagen-induced arthritis
in mice (Shukla et al. 2008). Likewise, another ellagitan-
nins-rich pomegranate extract has recently shown to de-
crease oxidative stress in an inflammatory bowel model of
rat, although it cannot avoid colonic damage instead of
urolithins-A, which reduced significantly colonic lesions.
These differences regarding ellagitannins and their gut
microbiota metabolites actions could be due to the inability
for urolithins formation of colon-damaged rats (Larrosa et
al. 2010Db). All these properties have been linked to the anti-
inflammatory activity of pomegranate phenolic and their
gut microbiota metabolites, specifically urolithins-A, since
they decreased inflammation markers as well as caused the
down-regulation of inflammatory response pathway (Shukla
et al. 2008; Larrosa et al. 2010b).

Finally, pomegranate derivatives also present considera-
ble prospects as cosmeceutical because of their protective
effects on UVB-induced damage. Two different trials have
been carried out with similar results, pointing out the in-
hibition of increase and activity of matrix metalloprotein-
ases in both human reconstituted skin and human skin fibro-
blasts (Afaq et al. 2009; Park et al. 2010). Pomegranate
photoprotection could be related to ellagic acid among
others, as it has been displayed to alleviate UVB-induced
skin wrinkles and inflammation (Bae et al. 2010). Thus,
photoprotective effects of pomegranate on UVB-mediated
skin damage could delay (or even prevent) photoaging.

CONCLUSIONS

A plethora of pharmacological and therapeutic features have
been associated to pomegranate fruit. Pomegranate fruit
derivatives contain a very different range of phenolics
among other bioactive phytochemicals that may be impli-
cated in protective effects, being possible that these health
promotion properties are generated from the influence of
multiple constituents working in a concerted action more
than the observed biological actions of a single compound.
Hence, it seem logical to take into consideration the con-
sumption of a complete and balanced pomegranate-derived
products instead of a occlusive supplement rich in a specific
group of phytochemicals. Therefore, pomegranate juice is
proposed as an interesting beverage, in order to achieve the
chemopreventive effects attributed to pomegranate fruit.

On the other hand, research has mainly been focused on
the role of ellagitannins as responsible of potential applica-
tions of pomegranate without almost regarding the pros-
pects of anthocyanins, a kind of phenolics that have dis-
played a wide array of therapeutic benefits when contained
in many other fruits. Likewise, evidence indicates that des-
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pite significant ellagitannins-derived metabolites health pro-
motion, the existence of both urolithins producers and non-
producers could limit severely the contribution of pome-
granate fruit or its extracts to those ellagitannins in vivo
metabolites non-producers subjects.

Consequently, more trials with clinical perspectives
should be performed to assess the real potential of pome-
granate fruit and its antioxidant agents. For that, gut micro-
biota influence on phenolic metabolites formation should be
remarked when studying the action mechanisms of the pro-
mising chemoprevention of pomegranate. In addition, future
pomegranate interventions should be conduced taking into
account a nutrigenomic approach to establish a more integ-
ral evaluation of pharmacological actions of pomegranate
fruit.

LATEST DEVELOPMENTS

Research on pomegranate fruit health implications is con-
tinuously growing and focused on the elucidation of
underlying mechanisms of possible pomegranate bioactivity
features. In fact, one of the most promising areas in pome-
granate disease prevention, their antiatherogenic effects, is
still being widely assessed (Haber et al. 2011). Likewise,
studies to determine the impact of pomegranate bioactives
on different kinds of cancer have been also performed. In
this aspect, a pomegranate extract was tested in human pan-
creatic cancer cells and those mechanisms involved in colon
and prostate cancer prevention, inhibition of cell prolifera-
tion and cell cycle arrest, were showed to account for the
anticarcinogenic potential of pomegranate on pancreatic
cancer (Nair ef al. 2011). Moreover, significant results have
been provided on chemoprevention of hepatocarcinogenesis
by attenuating oxidation (Bishayee et a/. 2011). In addition,
a reduction of serum oxidative status in patients with active
rheumatoid arthritis reduced clinical symptoms of these
patients (Balbir-Gurman et al. 2011). On the other hand,
pomegranate juice consumption in patients with obesity did
not alter insulin secretion although it halted weight increase
(Gonzalez-Ortiz et al. 2011).

With respect to other pomegranate health implications,
a cream containing pomegranate extract has recently shown
to improve skin hydration, providing photoprotective effects
(Kaur and Saraf 2012). Furthermore, prospects of pomegra-
nate juice consumption on muscle strength and soreness
after eccentric exercise has been displayed (Trombold et al.
2011).

ACKNOWLEDGEMENTS

The authors wish to thank Fundacion Agroalimed for the financial
support of this work (Project “Produccion de Zumo de Caqui e
Industrializacion de Granada”). PM was funded by a grant of the
FPU Fellowship Programme from the Spanish Ministry of Educa-
tion. AGV wishes to thank the National Research Council (CSIC)
for a JAE Fellowship Grant.

REFERENCES

Abbott NJ, Romero TA (1996) Transporting therapeutics across the blood-
brain barrier. Molecular Medicine Today 2, 106-113

Afaq F, Zaid MA, Khan N, Dreher M, Mukhtar H (2009) Protective effect of
pomegranate-derived products on UVB-mediated damage in human reconsti-
tuted skin. Experimental Dermatology 18, 553-561

Alighourchi H, Barzegar M, Abbasi S (2008) Anthocyanins characterization
of 15 Iranian pomegranate (Punica granatum L.) varieties and their variation
after cold storage and pasteurization. European Food Research and Technol-
ogy 227, 881-887

Ampasavate C, Okonogi S, Anuchapreeda S (2010) Cytotoxicity of extracts
from fruit plants against leukemic cell lines. Afiican Journal of Pharmacy
and Pharmacology 4, 013-021

Andres-Lacueva C, Shukitt-Hale B, Galli RL, Jauregui O, Lamuela-Raven-
tos RM, Joseph JA (2005) Anthocyanins in aged blueberry-fed rats are
found centrally and may enhance memory. Nutritional Neuroscience 8, 111-
120

Artik N (1998) Determination of phenolic compounds in pomegranate juice by
using HPLC. Fruit Processing 8, 492-499

40

Aviram M, Dornfeld L (2001) Pomegranate juice consumption inhibits serum
angiotensin converting enzyme activity and reduces systolic blood pressure.
Atherosclerosis 158, 195-198

Aviram M, Rosenblat M (2004) Paraoxonases 1, 2, and 3, oxidative stress, and
macrophage foam cell formation during atherosclerosis development. Free
Radical Biology and Medicine 37, 1304-1316

Aviram M, Rosenblat M, Gaitini D, Nitecki S, Hoffman A, Dornfeld L,
Volkova N, Presser D, Attias J, Liker H, Hayek T (2004) Pomegranate
juice consumption for 3 years by patients with carotid artery stenosis reduces
common carotid intima-media thickness, blood pressure and LDL oxidation.
Clinical Nutrition 23, 423-433

Aviram M, Volkova N, Coleman R, Dreher M, Reddy MK, Ferreira D,
Rosenblat M (2008) Pomegranate phenolics from the peels, arils, and
flowers are antiatherogenic: Studies in vivo in atherosclerotic apolipoprotein
E-deficient (E°) mice and in vitro in cultured macrophages and lipoproteins.
Journal of Agricultural and Food Chemistry 56, 1148-1157

Bae JY, Choi JS, Kang SW, Lee YJ, Park J, Kang YH (2010) Dietary com-
pound ellagic acid alleviates skin wrinkle and inflammation induced by UV-
B irradiation. Experimental Dermatology 19, e182-e190

Bagri P, Ali M, Aeri V, Bhowmik M, Sultana S (2009) Antidiabetic effect of
Punica granatum flowers: Effect on hyperlipidemia, pancreatic cells lipid
peroxidation and antioxidant enzymes in experimental diabetes. Food and
Chemical Toxicology 47, 50-54

Balbir-Gurman A, Fuhrman B, Braun-Moscovici Y, Markovits D, Aviram
M (2011) Consumption of pomegranate decreases serum oxidative stress and
reduces disease activity in patients with active rheumatoid arthritis: A pilot
study. Israel Medical Association Journal 13, 474-479

Banerjee SK, Maulik SK (2002) Effect of garlic on cardiovascular disorders: A
review. Nutrition Journal 1, 1-14

Barnham KJ, Masters CL, Bush Al (2004) Neurodegenerative diseases and
oxidatives stress. Nature Reviews Drug Discovery 3,205-214

Basu A, Penugonda K (2009) Pomegranate juice: A heart-healthy fruit juice.
Nutrition reviews 67, 49-56

Bazzano LA (2006) The high cost of not consuming fruits and vegetables.
Journal of the American Dietetic Association 106, 1364-1368

Bishayee A, Bhatia D, Thoppil RJ, Darvesh AS, Nevo E, Lansky EP (2011)
Pomegranate-mediated chemoprevention of experimental hepatocarcinogene-
sis involves Nrf2-regulated antioxidant mechanisms. Carcinogenesis 32, 888-
896

Carlsen H, Myhrstad MCW, Thoresen M, Moskaug JO, Blomhoff R (2003)
Berry intake increases the activity of the y-glutamylcysteine synthetase pro-
moter in transgenic reporter mice. Journal of Nutrition 133, 2137-2140

Cerda B, Espin JC, Parra S, Martinez P, Tomas-Barberan FA (2004) The
potent in vitro antioxidant ellagitannins from pomegranate juice are meta-
bolised into bioavailable but poor antioxidant hydroxy-6H-dibenzopyran-6-
one derivatives by the colonic microflora of healthy humans. European Jour-
nal of Nutrition 43, 205-220

Clifford MN, Scalbert A (2000) Ellagitannins - Nature, occurrence and dietary
burden. Journal of the Science of Food and Agriculture 80, 1118-1125

Cravotto G, Boffa L, Genzini L, Garella D (2010) Phytotherapeutics: An
evaluation of the potential of 1000 plants. Journal of Clinical Pharmacy and
Therapeutics 35, 11-48

Chen G, Luo J (2010) Anthocyanins: Are they beneficial in treating ethanol
neurotoxicity? Neurotoxicity Research 17,91-101

Chidambara Murthy KN, Jayaprakasha GK, Singh RP (2002) Studies on
antioxidant activity of pomegranate (Punica granatum) peel extract using in
vivo models. Journal of Agricultural and Food Chemistry 50, 4791-4795

Dai Z, Nair V, Khan M, Ciolino HP (2010) Pomegranate extract inhibits the
proliferation and viability of MMTV-Wnt-1 mouse mammary cancer stem
cells in vitro. Oncology Reports 24, 1087-1091

Davidson MH, Maki KC, Dicklin MR, Feinstein SB, Witchger M, Bell M,
McGuire DK, Provost JC, Liker H, Aviram M (2009) Effects of consump-
tion of pomegranate juice on carotid intima-media thickness in men and
women at moderate risk for coronary heart disease. American Journal of Car-
diology 104, 936-942

De Nigris F, Williams-Ignarro S, Lerman LO, Crimi E, Botti C, Mansueto
G, D'Armiento FP, De Rosa G, Sica V, Ignarro LJ, Napoli C (2005) Bene-
ficial effects of pomegranate juice on oxidation-sensitive genes and endo-
thelial nitric oxide synthase activity at sites of perturbed shear stress. Pro-
ceedings of the National Academy of Sciences USA 102, 4896-4901

De Nigris F, Balestrieri ML, Williams-Ignarro S, D' Armiento FP, Fiorito C,
Ignarro LJ, Napoli C (2007a) The influence of pomegranate fruit extract in
comparison to regular pomegranate juice and seed oil on nitric oxide and
arterial function in obese Zucker rats. Nitric Oxide - Biology and Chemistry
17, 50-54

De Nigris F, Williams-Ignarro S, Sica V, Lerman LO, D'Armiento FP,
Byrns RE, Casamassimi A, Carpentiero D, Schiano C, Sumi D, Fiorito C,
Ignarro LJ, Napoli C (2007b) Effects of a Pomegranate Fruit Extract rich in
punicalagin on oxidation-sensitive genes and eNOS activity at sites of per-
turbed shear stress and atherogenesis. Cardiovascular Research 73, 414-423

De Pascual-Teresa S, Santos-Buelga C, Rivas-Gonzalo JG (2000) Quantita-
tive analysis of flavan-3-ols in Spanish foodstuffs and beverages. Journal of
Agricultural and Food Chemistry 48, 5331-5337

De Pascual-Teresa S, Sanchez-Ballesta MT (2008) Anthocyanins: From plant



Effects of pomegranate phenolic bioactives on health. Mena et al.

to health. Phytochemistry Reviews 7,281-299

De Pascual-Teresa S, Moreno DA, Garcia-Viguera C (2010) Flavanols and
anthocyanins in cardiovascular health: A review of current evidence. Interna-
tional Journal of Molecular Sciences 11, 1679-1703

Del Bo C, Ciappellano S, Klimis-Zacas D, Daniela M, Claudio G, Patrizia R,
Marisa P (2010) Anthocyanin absorption, metabolism, and distribution from
a wild blueberry-enriched diet (Vaccinium angustifolium) is affected by diet
duration in the Sprague-Dawley rat. Journal of Agricultural and Food Che-
mistry 58, 2491-2497

Dell'Agli M, Galli GV, Bulgari M, Basilico N, Romeo S, Bhattacharya D,
Taramelli D, Bosisio E (2010) Ellagitannins of the fruit rind of pomegranate
(Punica granatum) antagonize in vitro the host inflammatory response
mechanisms involved in the onset of malaria. Malaria Journal 9, art. no. 208

El-Sherbini GM, Ibrahim KM, EI Sherbiny ET, Abdel-Hady NM, Morsy
TA (2010) Efficacy of Punica granatum extract on in-vitro and in-vivo con-
trol of Trichomonas vaginalis. Journal of the Egyptian Society of Parasitol-
ogy 40, 229-244

Endo EH, Garcia Cortez DA, Ueda-Nakamura T, Nakamura CV, Dias
Filho BP (2010) Potent antifungal activity of extracts and pure compound
isolated from pomegranate peels and synergism with fluconazole against
Candida albicans. Research in Microbiology 161, 534-540

Esmaillzadeh A, Tahbaz F, Gaieni I, Alavi-Majd H, Azadbakht L (2004)
Concentrated pomegranate juice improves lipid profiles in diabetic patients
with hyperlipidemia. Journal of Medicinal Food 7, 305-308

Espin JC, Gonzalez-Barrio R, Cerda B, Lopez-Bote C, Rey Al, Tomas-Bar-
beran FA (2007) Iberian pig as a model to clarify obscure points in the bio-
availability and metabolism of ellagitannins in humans. Journal of Agricultu-
ral and Food Chemistry 55, 10476-10485

Faria A, Monteiro R, Mateus N, Azevedo I, Calhau C (2007) Effect of pome-
granate (Punica granatum) juice intake on hepatic oxidative stress. European
Journal of Nutrition 46, 271-278

Fuhrman B, Judith O, Keidar S, Ben-Yaish L, Kaplan M, Aviram M (1997)
Increased uptake of LDL by oxidized macrophages is the result of an initial
enhanced LDL receptor activity and of a further progressive oxidation of
LDL. Free Radical Biology and Medicine 23, 34-46

Gil M1, Garcia-Viguera C, Artés F, Tomas-Barberan FA (1995) Changes in
pomegranate juice pigmentation during ripening. Journal of the Science of
Food and Agriculture 68, 77-81

Gil M1, Tomas-Barberan FA, Hess-Pierce B, Holcroft DM, Kader AA
(2000) Antioxidant activity of pomegranate juice and its relationship with
phenolic composition and processing. Journal of Agricultural and Food Che-
mistry 48, 4581-4589

Glauert HP, Calfee-Mason K, Stemm DN, Tharappel JC, Spear BT (2010)
Dietary antioxidants in the prevention of hepatocarcinogenesis: A review.
Molecular Nutrition and Food Research 54, 875-896

Gonzalez-Ortiz M, Martinez-Abundis E, Espinel-Bermudez MC, Pérez-
Rubio KG (2011) Effect of pomegranate juice on insulin secretion and sensi-
tivity in patients with obesity. Annals of Nutrition and Metabolism 58, 220-
223

Gonzalez-Sarrias A, Azorin-Ortuiio M, Yaifiez-Gascén MJ, Tomas-Barbe-
ran FA, Garcia-Conesa MT, Espin JC (2009a) Dissimilar in vitro and in
vivo effects of ellagic acid and its microbiota-derived metabolites, urolithins,
on the cytochrome P450 1A1. Journal of Agricultural and Food Chemistry
57, 5623-5632

Gonzalez-Sarrias A, Espin JC, Tomas-Barberian FA, Garcia-Conesa MT
(2009b) Gene expression, cell cycle arrest and MAPK signalling regulation
in Caco-2 cells exposed to ellagic acid and its metabolites, urolithins. Mole-
cular Nutrition and Food Research 53, 686-698

Gonzalez-Sarrias A, Giménez-Bastida JA, Garciaa-Conesa MT, Gémez-
Sdnchez MB, Garcia-Talavera NV, Gil-Izquierdo A, Sanchez-Alvarez C,
Fontana-Compiano LO, Morga-Egea JP, Pastor-Quirante FA, Martinez-
Diaz F, Tomas-Barberin FA, Espin JC (2010) Occurrence of urolithins, gut
microbiota ellagic acid metabolites and proliferation markers expression res-
ponse in the human prostate gland upon consumption of walnuts and pome-
granate juice. Molecular Nutrition and Food Research 54, 311-322

Gopalakrishnan S, Benny PJ (2009) /n vitro antimicrobial properties of
Punica granatum extract on bacteria causing urinary tract infections. Indian
Drugs 46, 17-22

Gulcan H, Ozturk IC, Arslan S (2005) Alterations in antioxidant enzyme acti-
vities in cerebrospinal fluid related with severity of hypoxic ischemic ence-
phalopathy in newborns. Biology of the Neonate 88, 87-91

Guo C, Wei J, Yang J, Xu J, Pang W, Jiang Y (2008) Pomegranate juice is
potentially better than apple juice in improving antioxidant function in
elderly subjects. Nutrition Research 28, 72-77

Haber SL, Joy JK, Largent R (2011) Antioxidant and antiatherogenic effects
of pomegranate. American Journal of Health-System Pharmacy 68, 1302-
1305

Hajimahmoodi M, Oveisi MR, Sadeghi N, Jannat B, Nateghi M (2009) Anti-
oxidant capacity of plasma after pomegranate intake in human volunteers.
Acta Medica Iranica 47, 125-132

Hartman RE, Shah A, Fagan AM, Schwetye KE, Parsadanian M, Schul-
man RN, Finn MB, Holtzman DM (2006) Pomegranate juice decreases
amyloid load and improves behavior in a mouse model of Alzheimer's dis-
ease. Neurobiology of Disease 24, 506-515

41

Hassoun EA, Vodhanel J, Abushaban A (2004) The modulatory effects of
ellagic acid and vitamin E succinate on TCDD-induced oxidative stress in
different brain regions of rats after subchronic exposure. Journal of Bioche-
mical and Molecular Toxicology 18, 196-203

Heber D (2008) Multitargeted therapy of cancer by ellagitannins. Cancer Let-
ters 269, 262-268

Huang BY, Castillo M (2008) Hypoxic-Ischemic brain injury: Imaging fin-
dings from birth to adulthood. Radiographics 28, 417-439

Huang THW, Peng G, Kota BP, Li GQ, Yamahara J, Roufogalis BD, Li Y
(2005) Pomegranate flower improves cardiac lipid metabolism in a diabetic
rat model: Role of lowering circulating lipids. British Journal of Pharmacol-
ogy 145, 767-774

Huh KH, Fuhrer C (2002) Clustering of nicotinic acetylcholine receptors:
From the neuromuscular junction to interneuronal synapses. Molecular
Neurobiology 25, 79-112

Ignarro LJ, Buga GM, Wei LH, Bauer PM, Wu G, Del Soldato P (2001)
Role of the arginine-nitric oxide pathway in the regulation of vascular
smooth muscle cell proliferation. Proceedings of the National Academy of
Sciences USA 98, 4202-4208

Ignarro LJ, Byrns RE, Sumi D, de Nigris F, Napoli C (2006) Pomegranate
juice protects nitric oxide against oxidative destruction and enhances the bio-
logical actions of nitric oxide. Nitric Oxide - Biology and Chemistry 15, 93-
102

Jadeja RN, Thounaojam MC, Patel DK, Devkar RV, Ramachandran AV
(2010) Pomegranate (Punica granatum L.) juice supplementation attenuates
isoproterenol-induced cardiac necrosis in rats. Cardiovascular Toxicology 10,
174-180

Jeune MAL, Kumi-Diaka J, Brown J (2005) Anticancer activities of pome-
granate extracts and genistein in human breast cancer cells. Journal of Medi-
cinal Food 8, 469-475

Joseph JA, Shukitt-Hale B, Denisova NA, Bielinski D, Martin A, McEwen
JJ, Bickford PC (1999) Reversals of age-related declines in neuronal signal
transduction, cognitive, and motor behavioral deficits with blueberry, spinach,
or strawberry dietary supplementation. Journal of Neuroscience 19, 8114-
8121

Joseph JA, Denisova NA, Arendash G, Gordon M, Diamond D, Shukitt-
Hale B, Morgan D (2003) Blueberry supplementation enhances signaling
and prevents behavioral deficits in an Alzheimer disease model. Nutritional
Neuroscience 6, 153-162

Kalt W, Blumberg JB, McDonald JE, Vinqvist-Tymchuk MR, Fillmore
SAE, Graf BA, O'Leary JM, Milbury PE (2008) Identification of antho-
cyanins in the liver, eye, and brain of blueberry-fed pigs. Journal of Agricul-
tural and Food Chemistry 56, 705-712

Kasimsetty SG, Bialonska D, Reddy MK, Thornton C, Willett KL, Ferreira
D (2009) Effects of pomegranate chemical constituents/intestinal microbial
metabolites on CYP1BI1 in 22Rv1 prostate cancer cells. Journal of Agricul-
tural and Food Chemistry 57, 10636-10644

Kasimsetty SG, Blalonska D, Reddy MK, Ma G, Khan SI, Ferreira D (2010)
Colon cancer chemopreventive activities of pomegranate ellagitannins and
urolithins. Journal of Agricultural and Food Chemistry 58, 2180-2187

Kaur CD, Saraf S (2012) Development of photoprotective creams with anti-
oxidant polyphenolic herbal extracts. Research Journal of Medicinal Plant 6,
83-91

Khan GN, Gorin MA, Rosenthal D, Pan Q, Bao LW, Wu ZF, Newman RA,
Pawlus AD, Yang P, Lansky EP, Merajver SD (2009) Pomegranate fruit
extract impairs invasion and motility in human breast cancer. Infegrative
Cancer Therapies 8, 242-253

Khan N, Mukhtar H (2007) Pomegranate fruit as a lung cancer chemopreven-
tive agent. Drugs of the Future 32, 549-554

Kim ND, Mehta R, Yu W, Neeman I, Livney T, Amichay A, Poirier D,
Nicholls P, Kirby A, Jiang W, Mansel R, Ramachandran C, Rabi T, Kap-
lan B, Lansky E (2002) Chemopreventive and adjuvant therapeutic potential
of pomegranate (Punica granatum) for human breast cancer. Breast Cancer
Research and Treatment 71, 203-217

Klaus A, Birchmeier W (2008) Wnt signalling and its impact on development
and cancer. Nature Reviews Cancer 8, 387-398

Kumar S, Maheshwari KK, Singha V (2008) Central nervous system activity
of acute administration of ethanol extract of Punica granatum L. seeds in
mice. Indian Journal of Experimental Biology 46, 811-816

Lansky EP, Harrison G, Froom P, Jiang WG (2005a) Pomegranate (Punica
granatum) pure chemicals show possible synergistic inhibition of human PC-
3 prostate cancer cell invasion across Matrigel™. Investigational New Drugs
23, 121-122

Lansky EP, Jiang W, Mo H, Bravo L, Froom P, Yu W, Harris NM, Neeman
1, Campbell MJ (2005b) Possible synergistic prostate cancer suppression by
anatomically discrete pomegranate fractions. Investigational New Drugs 23,
11-20

Larrosa M, Gonzalez-Sarrias A, Garcia-Conesa MT, Tomas-Barberan FA,
Espin JC (2006a) Urolithins, ellagic acid-derived metabolites produced by
human colonic microflora, exhibit estrogenic and antiestrogenic activities.
Journal of Agricultural and Food Chemistry 54, 1611-1620

Larrosa M, Tomas-Barberan FA, Espin JC (2006b) The dietary hydrolysable
tannin punicalagin releases ellagic acid that induces apoptosis in human
colon adenocarcinoma Caco-2 cells by using the mitochondrial pathway.



Functional Plant Science and Biotechnology 5 (Special Issue 2), 33-42 ©2011 Global Science Books

Journal of Nutritional Biochemistry 17, 611-625

Larrosa M, Garcia-Conesa MT, Espin JC, Tomas-Barberan FA (2010a)
Ellagitannins, ellagic acid and vascular health. Molecular Aspects of Medi-
cine 31, 513-539

Larrosa M, Gonzalez-Sarrias A, Yaiiez-Gascon MJ, Selma MV, Azorin-
Ortuiio M, Toti S, Tomas-Barberan F, Dolara P, Espin JC (2010b) Anti-
inflammatory properties of a pomegranate extract and its metabolite uroli-
thin-A in a colitis rat model and the effect of colon inflammation on phenolic
metabolism. Journal of Nutritional Biochemistry 21, 717-725

Lavi S, Yang EH, Prasad A, Mathew V, Barsness GW, Rihal CS, Lerman
LO, Lerman A (2008) The interaction between coronary endothelial dys-
function, local oxidative stress, and endogenous nitric oxide in humans.
Hypertension 51, 127-133

Levonen AL, Vihiikangas E, Koponen JK, Yli-Herttuala S (2008) Antioxi-
dant gene therapy for cardiovascular disease: Current status and future pers-
pectives. Circulation 117, 2142-2150

Loren DJ, Seeram NP, Schulman RN, Holtzman DM (2005) Maternal dietary
supplementation with pomegranate juice is neuroprotective in an animal
model of neonatal hypoxic-ischemic brain injury. Pediatric Research 57,
858-864

Malik A, Afaq F, Sarfaraz S, Adhami VM, Syed DN, Mukhtar H (2005)
Pomegranate fruit juice for chemoprevention and chemotherapy of prostate
cancer. Proceedings of the National Academy of Sciences USA 102, 14813-
14818

Mertens-Talcott SU, Jilma-Stohlawetz P, Rios J, Hingorani L, Derendorf H
(2006) Absorption, metabolism, and antioxidant effects of pomegranate
(Punica granatum L.) polyphenols after ingestion of a standardized extract in
healthy human volunteers. Journal of Agricultural and Food Chemistry 54,
8956-8961

Myhrstad MCW, Carlsen H, Nordstrom O, Blomhoff R, Moskaug JO
(2002) Flavonoids increase the intracellular glutathione level by transactiva-
tion of the y-glutamylcysteine synthetase catalytical subunit promoter. Free
Radical Biology and Medicine 32, 386-393

Nair V, Dai Z, Khan M, Ciolino HP (2011) Pomegranate extract induces cell
cycle arrest and alters cellular phenotype of human pancreatic cancer cells.
Anticancer Research 31, 2699-2704

Napoli C, De Nigris F, Williams-Ignarro S, Pignalosa O, Sica V, Ignarro LJ
(2006) Nitric oxide and atherosclerosis: An update. Nitric Oxide - Biology
and Chemistry 15, 265-279

Niva M (2007) 'All foods affect health": Understandings of functional foods and
healthy eating among health-oriented Finns. Appetite 48, 384-393

Pantuck AJ, Leppert JT, Zomorodian N, Aronson W, Hong J, Barnard RJ,
Seeram N, Liker H, Wang H, Elashoff R, Heber D, Aviram M, Ignarro L,
Belldegrun A (2006) Phase II study of pomegranate juice for men with rising
prostate-specific antigen following surgery or radiation for prostate cancer.
Clinical Cancer Research 12, 4018-4026

Park HM, Moon E, Kim AJ, Kim MH, Lee S, Lee JB, Park YK, Jung H,
Kim YB, Kim SY (2010) Extract of Punica granatum inhibits skin photo-
aging induced by UVB irradiation. International Journal of Dermatology 49,
276-282

Parr AJ, Bolwell GP (2000) Phenols in the plant and in man. The potential for
possible nutritional enhancement of the diet by modifying the phenols con-
tent or profile. Journal of the Science of Food and Agriculture 80, 985-1012

Pérez-Vicente A, Serrano P, Abellan P, Garcia-Viguera C (2004) Influence
of packaging material on pomegranate juice colour and bioactive compounds,
during storage. Journal of the Science of Food and Agriculture 84, 639-644

Plumb GW, De Pascual-Teresa S, Santos-Buelga C, Rivas-Gonzalo JC, Wil-
liamson G (2002) Antioxidant properties of gallocatechin and prodelphini-
dins from pomegranate peel. Redox Report 7, 41-46

Rahman MM, Ichiyanagi T, Komiyama T, Sato S, Konishi T (2008) Effects
of anthocyanins on psychological stress-induced oxidative stress and neuro-
transmitter status. Journal of Agricultural and Food Chemistry 56, 7545-
7550

Riboli E, Norat T (2003) Epidemiologic evidence of the protective effect of
fruit and vegetables on cancer risk. American Journal of Clinical Nutrition
78, 559S-569S

Rice-Evans CA, Miller NJ, Paganga G (1996) Structure-antioxidant activity
relationships of flavonoids and phenolic acids. Free Radical Biology and
Medicine 20, 933-956

Rosenblat M, Hayek T, Aviram M (2006a) Anti-oxidative effects of pome-
granate juice (PJ) consumption by diabetic patients on serum and on macro-
phages. Atherosclerosis 187, 363-371

Rosenblat M, Volkova N, Coleman R, Aviram M (2006b) Pomegranate by-
product administration to apolipoprotein E-deficient mice attenuates athero-
sclerosis development as a result of decreased macrophage oxidative stress

and reduced cellular uptake of oxidized low-density lipoprotein. Journal of

Agricultural and Food Chemistry 54, 1928-1935

Rosenblat M, Aviram M (2009) Paraoxonases role in the prevention of cardio-
vascular diseases. BioFactors 35, 98-104

Rosenblat M, Volkova N, Attias J, Mahamid R, Aviram M (2010a) Con-
sumption of polyphenolic-rich beverages (mostly pomegranate and black cur-
rant juices) by healthy subjects for a short term increased serum antioxidant
status, and the serum's ability to attenuate macrophage cholesterol accumula-
tion. Food and Function 1, 99-109

42

Rosenblat M, Volkova N, Aviram M (2010b) Pomegranate juice (PJ) con-
sumption antioxidative properties on mouse macrophages, but not PJ bene-
ficial effects on macrophage cholesterol and triglyceride metabolism, are
mediated via PJ-induced stimulation of macrophage PON2. Atherosclerosis
212, 86-92

Rouanet JM, Décordé K, Rio DD, Auger C, Borges G, Cristol JP, Lean
MEJ, Crozier A (2010) Berry juices, teas, antioxidants and the prevention of
atherosclerosis in hamsters. Food Chemistry 118, 266-271

Sartippour MR, Seeram NP, Rao JY, Moro A, Harris DM, Henning SM,
Firouzi A, Rettig MB, Aronson WJ, Pantuck AJ, Heber D (2008) Ella-
gitannin-rich pomegranate extract inhibits angiogenesis in prostate cancer in
vitro and in vivo. International Journal of Oncology 32, 475-480

Seeram NP, Adams LS, Henning SM, Niu Y, Zhang Y, Nair MG, Heber D
(2005) In vitro antiproliferative, apoptotic and antioxidant activities of puni-
calagin, ellagic acid and a total pomegranate tannin extract are enhanced in
combination with other polyphenols as found in pomegranate juice. Journal
of Nutritional Biochemistry 16, 360-367

Seeram NP, Aronson WJ, Zhang Y, Henning SM, Moro A, Lee RP, Sartip-
pour M, Harris DM, Rettig M, Suchard MA, Pantuck AJ, Belldegrun A,
Heber D (2007) Pomegranate ellagitannin-derived metabolites inhibit pros-
tate cancer growth and localize to the mouse prostate gland. Journal of Agri-
cultural and Food Chemistry 55, 7732-7737

Seeram NP (2008a) Berry fruits: Compositional elements, biochemical activi-
ties, and the impact of their intake on human health, performance, and dis-
ease. Journal of Agricultural and Food Chemistry 56, 627-629

Seeram NP (2008b) Berry fruits for cancer prevention: Current status and
future prospects. Journal of Agricultural and Food Chemistry 56, 630-635

Sentandreu E, Navarro JL, Sendra JM (2010) LC-DAD-ESI/MS" determi-
nation of direct condensation flavanol-anthocyanin adducts in pressure ex-
tracted Pomegranate (Punica granatum L.) juice. Journal of Agricultural and
Food Chemistry 58, 10560-10567

Sharma M, Li L, Celver J, Killian C, Kovoor A, Seeram NP (2010) Effects
of fruit ellagitannin extracts, ellagic acid, and their colonic metabolite, uro-
lithin A, on Wnt signaling. Journal of Agricultural and Food Chemistry 58,
3965-3969

Sharma J, Maity A (2010) Pomegranate phytochemicals: Nutraceutical and
therapeutic values. In: Chandra R (Ed) Pomegranate. Fruit, Vegetable and
Cereal Science and Biotechnology 4 (Special Issue 2), 56-76

Shin WH, Park SJ, Kim EJ (2006) Protective effect of anthocyanins in middle
cerebral artery occlusion and reperfusion model of cerebral ischemia in rats.
Life Sciences 79, 130-137

Shukla M, Gupta K, Rasheed Z, Khan KA, Haqqi TM (2008) Consumption
of hydrolyzable tannins-rich pomegranate extract suppresses inflammation
and joint damage in theumatoid arthritis. Nutrition 24, 733-743

Spencer JP (2010) The impact of fruit flavonoids on memory and cognition.
The British journal of nutrition 104, S40-S47

Sumner MD, Elliott-Eller M, Weidner G, Daubenmier JJ, Chew MH, Mar-
lin R, Raisin CJ, Ornish D (2005) Effects of pomegranate juice consump-
tion on myocardial perfusion in patients with coronary heart disease. Ameri-
can Journal of Cardiology 96, 810-814

Syed DN, Khan N, Afaq F, Mukhtar H (2007) Chemoprevention of prostate
cancer through dietary agents: Progress and promise. Cancer Epidemiology
Biomarkers and Prevention 16, 2193-2203

Tran HNA, Bae SY, Song BH, Lee BH, Bae YS, Kim YH, Lansky EP, New-
man RA (2010) Pomegranate (Punica granatum) seed linolenic acid iso-
mers: Concentration-dependent modulation of estrogen receptor activity.
Endocrine Research 35, 1-16

Tripathi SM, Singh VK, Singh S, Singh DK (2004) Enzyme inhibition by the
molluscicidal agent Punica granatum Linn. bark and Canna indica Linn. root.
Phytotherapy Research 18, 501-506

Trombold JR, Reinfeld AS, Casler JR, Coyle EF (2011) The effect of pome-
granate juice supplementation on strength and soreness after eccentric exer-
cise. Journal of Strength and Conditioning Research 25, 1782-1788

USDA (2010) Available online: http://www.nal.usda.gov/fnic/foodcomp/search/

Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazur M, Telser J (2007)
Free radicals and antioxidants in normal physiological functions and human
disease. International Journal of Biochemistry and Cell Biology 39, 44-84

Vaskonen T, Mervaala E, Krogerus L, Karppanen H (2002) Supplementa-
tion of plant sterols and minerals benefits obese zucker rats fed an athero-
genic diet. Journal of Nutrition 132,231-237

West T, Atzeva M, Holtzman DM (2007) Pomegranate polyphenols and res-
veratrol protect the neonatal brain against hypoxic-ischemic injury. Develop-
mental Neuroscience 29, 363-372

WHO (2006). Neurological Disorders: Public Health Challenges, WHO Press,
Geneva, Switzerland. 218 pp

WHO (2008) "The global burden of disease: 2004 update". Available online:
http://www.who.int/healthinfo/global_burden_ disease

Xu J, Guo CJ, Yang JJ, Wei JY, Li YF, Pang W, Jiang YG, Cheng S (2005)
Intervention of antioxidant system function of aged rats by giving fruit juices
with different antioxidant capacities. Zhonghua yu fang yi xue za zhi [Chi-
nese Journal of Preventive Medicine] 39, 80-83

Youdim KA, Shukitt-Hale B, Joseph JA (2004) Flavonoids and the brain:
interactions at the blood-brain barrier and their physiological effects on the
central nervous system. Free Radical Biology and Medicine 37, 1683-1693



