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ABSTRACT 
Pomegranate (Punica granatum L.), a species of Punicaceae, has recently become of great interest to the scientists who engage 
themselves in pharmaceutical, nutriological and pharmacological research, and new drug development, due to its distinctive multiple 
officinal parts and multiple bioactivities such as hypolipidemic, antioxidant, antiviral, anti-neoplastic, antibacterial, anti-diabetic, anti-
diarrheal, and helminthic effects. In the present review, we reported the research on pomegranate as to chemical constituents, bioactivities 
and pharmacokinetics in combination with the recent publications. The constituents of this plant were thoroughly reviewed, and the 
biosynthetic pathways of major compounds were discussed based on our research results and those reported in the literatures. The 
bioactivities categorized by vascular protection, digestive protection, anti-pathogenic microbes, anticancer, anti-diabetes, immuno-
modulation, and others were summarized based on our experimental and the reported data. This article also included the review of 
pharmacokinetic experiments conducted in our laboratory and toxic investigation reported up to date which may be in favor of the 
research and development of new drugs. 
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INTRODUCTION 
 
Pomegranate (Punica granatum L.) has been used in vari-
ous regions and folk or traditional medical systems as a 
food supplement or a medicine because of its enormous 
compounds with lots of activities and without toxicity. In 
addition to edible use, almost all parts of this plant are used 
pharmaceutically worldwide, for example, the pericarp is 
used by Chinese for the treatment of diarrhea, metrorrhagia, 
metrostaxis and bellyache; the flower is used as a food 
supplement to treat diabetes mellitus in Unani medicine; the 
bark and root are believed to have anthelmintic and vermi-
fugic properties in Ayurvedic medicine; the fruit is em-

ployed by South Africa people for the treatment of diarrhea 
(Zhonghua Bencao, Vol. 15, 1998; Ahmad and Beg 2001; 
Mathabe et al. 2006; Lansky et al. 2007; Al-Zoreky 2009). 
Many researchers have focused their interests and investiga-
tion on this wonderful shrub for the purpose of finding 
miraculous compounds for human health. In order to facili-
tate the further investigation and exploit of the said plant, 
we summarized herein the research achievements of our 
laboratory and the advances in chemistry, bioactivity and 
biosynthesis of partial constituents. 
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CONSTITUENTS 
 
Many efforts have been made during the last several dec-
ades to investigate the constituents of pomegranate, leading 
to the isolation and structure characterization of many com-
pounds which are categorized into polyphenols including 
tannins and flavonoids, alkaloids, organic acids, etc. 
 
Tannins 
 
Hydrolysable tannins of diverse structures including ellagi-
tannins and gallotannins constitute the most prevalent com-
pounds presenting in various parts of pomegranate (Table 
1). Condensed tannins, however, are rarely found in this 
plant. 

Ellagitannins are mainly found in the pericarp, bark, 
seeds and flowers (Tanaka et al. 1986; Wang et al. 2004, 
2006a). For example, punicalin and punicalagin are the 
major constituents of pericarp and also exist in the bark; 
however, they are practically undetected in the leaves. This 
kind of compounds is the derivatives of ellagic acid which 

is abundant in every part of pomegranate and its content can 
be as high as 0.1% in the flowers and up to 0.2% in the 
pericarp and leaves. The biosynthesis of ellagitannins in 
pomegranate follows the common pathway of this kind of 
compounds. Ellagic acid, which is biosynthesized by hexa-
hydroxy-diphenyldicarboxylic acid through lactonization 
between the carboxyl and hydroxyl groups, can be con-
sidered as the central compound (Fig. 1). The hydroxyl 
groups of ellagic acid are substituted to form various deri-
vatives of ellagic acid, such as 3-O-methylellagic acid, 3,3�-
di-O-methylellagic acid, 4,4�-di-O-methylellagic acid, 
3,3�,4�-tri-O-methylellagic acid, and 3�-O-methyl-3,4-
methylenedioxyellagic acid. Ellagic acid and its derivatives 
generate glycosides through glycosidation with saccharides. 
Several hexahydroxy-diphenyldicarboxylic acids can be 
polymerized into polymers through esterification between 
the carboxyl groups of one monomer and the hydroxyl 
groups of another one (Wang et al. 2006b). 

Gallotannins, which are mostly found in the leaves and 
seldom reported in other parts of pomegranate, usually con-
sist of a couple of galloyl groups and, therefore, can be con-

Table 1 Major tannins of pomegranate. 
Compound name Plant part* Bioactivity Reference 
Brevifolin L Hypolipidemic; antioxidant; 

hepatoprotective 
Nawwar et al. 1994; Wang et al. 2005 

Brevifolin carboxylic acid L  Nawwar et al. 1994a 
Ethyl brevifolincarboxylate F, L Antiviral Hussein et al. 1997 
Brevifolin carboxylic acid monopotassium sulphate L  Hussein et al. 1997 
3,4,8,9,10-penta-hydroxydibenzo[b,d]pyran-6-one L  Nawwar et al. 1994a 
Casuarinin P Antiviral; antioxidant Satomi et al. 1993 
Corilagin L, P  Anti-hypertensive; anti-neoplastic Satomi et al. 1993; Nawwar et al. 1994b
Ellagic acid F, J, L, P Anti-neoplastic; skin-whitening Amakura et al. 2000a; Wang et al. 2004
Gallagyldilacton P Anti-inflammatory; anti-neoplastic Satomi et al. 1993 
Gallic acid F, J, L, P Anti-inflammatory; anti-mutagenic; 

antioxidant; antiviral 
Amakura et al. 2000a; Huang et al. 
2005a 

Methyl gallate P  Kasimu et al. 2009 
1,2,3-tri-O-galloyl-�-4C1-glucose L  Nawwar et al. 1994b 
1,2,4-tri-O-galloyl-�-glucose L  Hussein et al. 1997 
1,3,4-tri-O-galloyl-�-glucose L  Hussein et al. 1997 
1,2,6-tri-O-galloyl-�-4C1-glucose L  Nawwar et al. 1994b 
1,4,6-tri-O-galloyl-�-4C1-glucose L  Nawwar et al. 1994b 
1,2,4,6-tetra-O-galloyl -�-D-glucose L  Tanaka et al. 1985 
1,2,3,4,6-peta-O-galloyl -�-D-glucose L  Tanaka et al. 1985 
3,6-(R)-hexahydroxydiphenoyl-(�/�)-1C4-glucose L  Nawwar et al. 1994b 
1,4-di-O-galloyl-3,6-(R)-hexahydroxydiphenoyl-�-glucose L  Hussein et al. 1997 
1,2-di-O-galloyl-4,6-O-(S)-hexahydroxydiphenoyl �-D-
glucopyranoside 

F Anti-neoplastic Xie et al. 2008 

2-O-galloylpunicalin B,W  Tanaka et al. 1986 
2,3-(S)-HHDP-D-glucose B  Tanaka et al. 1986; Liu et al. 2007 
6-O-galloyl-2,3-(S)-HHDP-D-glucose B  Tanaka et al. 1986 
Granatin A P  Tanaka et al. 1990 
Granatin B P Anti-inflammatory Tanaka et al. 1990; Liu et al. 2007 
3-O-methylellagic acid W  El-Toumy et al. 2003 
3,3�-di-O-methylellagic acid S Antioxidant Wang et al. 2004 
4,4�-di-O-methylellagic acid W  El-Toumy et al. 2003 
3,3�,4�-tri-O-methylellagic acid S Antioxidant Wang et al. 2004 
3�-O-methyl-3,4-methylenedioxyellagic acid W  El-Toumy et al. 2003 
Pedunculagin P Anti-neoplastic; antioxidant Satomi et al. 1993 
Pomegranatate F  Wang et al. 2006a 
Punicacortein A B Anti-HIV Tanaka et al. 1986 
Punicacortein B B Anti-HIV Tanaka et al. 1986 
Punicacortein C B Anti-HIV Tanaka et al. 1986 
Punicacortein D B Anti-HIV Tanaka et al. 1986 
Punicafolin L Anti-neoplastic Nawwar et al. 1994b 
Punicalagin B, L, P, R Antioxidant; anti-hypertensive Gil et al. 2000; Anand et al. 2004; Liu et 

al. 2007 
Punicalin B, L, P, R Antioxidant; anti-HIV Tanaka et al. 1986; Gil et al. 2000; Liu 

et al. 2007 
Punigluconin B Antioxidant Tanaka et al. 1986 
Tellimagrandin P Anti-neoplastic Satomi et al. 1993 
Diellagic acid rhamnosyl(1�4)glucopyranoside W  Sayed et al. 2002 
5-O-galloylpunicacortein D W  Sayed et al. 2002 

*B: bark; F: flowers; J: juice; L: leaves; P: pericarp; S: seeds; W: wood. 
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sidered as the derivatives of gallic acid (Li HX et al. 2002). 
From the perspective of biosynthesis, these compounds are, 
like ellagitannins, synthesized through esterification, lacto-
nization and glycosidation between the moieties from single 
or multiple molecule(s) (Wang et al. 2006b). 
 
Flavonoids 
 
Flavonoids isolated from pomegranate (Table 2) include 
flavones, flavonols, anthocyanidins and flavan-3-ols. The 
brilliant colors of pericarp and juice are attributed to antho-
cyanidins and flavan-3-ols, of which the content decrease or 
increase with the time of ripening. Anthocyanidins reported 
in pomegranate usually present in the form of glycoside 
with aglycons of delphinidin, cyanidin and pelargonidin, 
while flavan-3-ols found in this plant only present in the un-
glycosylated form including catechin, epicatechin, epigallo-
catechin and their derivatives. Flavones and flavonols cons-
titute the major flavonoids of pericarp and leaves, which 
frequently exist as glycosides with aglycons of luteolin, 
kaempferol, quercetin, apigenin and naringin. 
 
Alkaloids 
 
Alkaloids were mainly found in the bark of both stem and 
root as well as the juice of pomegranate (Table 3). There 
are mainly two kinds of alkaloids including piperidines and 
pyrrolidines reported in this plant. Usually, piperidines have 
a skeleton of six-member ring and pyrrolidines have a 
skeleton of five-member ring. Both the species and content 
of piperidines are relatively more than those of pyrrolidines. 
Piperidines were reported in both the bark of stem and root, 

for example, isopelletierine, pseudopelletierine, and N-
methylisopelletierine are the major alkaloids of the stem 
bark, while 2-(2�-hydroxypropyl)-�1-piperidine, 2-(2�-pro-
penyl)-�1-piperidine, and norpseudopelletierine are abun-
dant in the root bark (Neuhofer et al. 1993). 

Piperidines are biosynthesized through a combined 
pathway with lysine as the precursor and acetoacetyl co-
enzyme A as the major source of their side chains (Keogh et 
al. 1970). Lysine first transforms into tetrahydropyridine 
through a series of reactions including oxidation, cycliza-
tion and decarboxylation. Then, it condenses with aceto-
acetyl-coenzyme A into isopelletierine. Isopelletierine is the 
branch point of this pathway. Methylation of isopelletierine 
yields N-methylisopelletierine which further transforms into 
various piperidines in this plant while condensation of iso-
pelletierine with another molecule of tetrahydropyridine 
yields anaferine in other plant species such as Withania 
somnifera. The detailed possible biosynthetic pathway is 
shown in Fig. 2. 

Pyrrolidines reported hitherto only include hygrine and 
norhygrine which mainly exist in the bark of root with very 
low content. In addition, indoleamines with indole ring, 
such as serotonin, tryptamine and melatonin are also detec-
ted in the juice of pomegranate (Badria 2002). 
 
Organic acids 
 
The seeds are rich in unsaturated fatty acids including puni-
cic acid, linoleic acid, oleic acid, palmitic acid, stearic acid, 
and linolenic acid, of which the total content account for 
15.26% of the weight of seeds (Li et al. 1994; Wang et al. 
1999; Schubert et al. 1999). The juice mainly contains 
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straight chain fatty acids, of which citric acid and malic acid 
are the major compounds with the content of up to 4.85 and 
1.75 g/L, respectively (Neuhofer 1990). In addition, tartaric 
acid, oxalic acid and succinic acid were also found in the 
juice (Poyrazoglu et al. 2002). Phenolic acids consisting of 
caffeic acid, fumalic acid, chlorogenic acid and p-coumaric 
acid usually present in the juice and/or pericarp (Artik 
1998; Amakura et al. 2000b). 
 
Triterpenes and steroids 
 
Triterpenes without glycosidation are frequently found in 
the flowers and the seeds of pomegranate. These compounds 
including ursolic acid, oleanolic acid, maslinic acid, punica-
nolic acid, friedelin, betulinic acid and Asiatic acid usually 
appear in the form of pentacyclic triterpenoids with a C-28 
carboxyl and a double bond between C-12 and C-13 (Batta 

and Rangaswami 1973; Ahmed et al. 1995; Krishna et al. 
2002; Huang et al. 2005b). Steroids are only found in the 
seeds, which consist of sterols, such as cholesterol, stigma-
sterol, camesterol, �-sitosterol and daucosterol, and sex ste-
roids, such as 17-�-estradiol, estrone, testosterone and 
estriol (Heftmann et al. 1966; Dean et al. 1971; Abd El 
Wahab et al. 1998; Wang et al. 2004; Lansky et al. 2005; 
Xie et al. 2008). 
 
Others 
 
Other compounds including saccharides, coumarins and 
lignans were also reported in the pomegranate. For example, 
coumestrol, coniferyl 9-O-[�-dapiofuranosyl(1�6)]-O-�-
D-glucopyranoside, sinapyl 9-O-[�-dapiofuranosyl(1�6)]-
O-�-D-glucopyranoside, phenethyl rutinoside and icariside 
D1 were isolated from the seeds (Wang et al. 2004), and 

Table 2 Major flavonoids of pomegranate. 
Compound name Plant part* Bioactivity Reference 
Apigenin L Antioxidant; anti-inflammatory; anti-neoplastic Nawwar et al. 1994a 
Apigenin 4�-O-glucopyranoside L  Nawwar et al. 1994a 
Catechin J, P Anti-neoplastic; antioxidant de Pascual-Teresa et al. 2000 
Catechol J Antioxidant; anti-neoplastic Liu HX et al. 2002 
Cyanidin P Antioxidant Noda et al. 2002 
Cyanidin 3-O-glucoside J Antioxidant Hernández et al. 1999 
Cyanidin 3,5-di-O-glucoside J Antioxidant Hernández et al. 1999 
Delphinidin 3-O-glucoside J  Hernández et al. 1999 
Delphinidin 3,5-di-O-glucoside J  Hernández et al. 1999 
Epicatechin J, P Anti-neoplastic de Pascual-Teresa et al. 2000 
Epigallocatechin 3-gallate J, P Anti-neoplastic de Pascual-Teresa et al. 2000 
Flavan-3-ol J, P Anti-neoplastic de Pascual-Teresa et al. 2000 
Isoquercetin J Hepatoprotective Liu HX et al. 2002; Rena et al. 2009
Kaempferol P Antioxidant; anti-inflammatory van Elswijk et al. 2004 
Kaempferol-3-O-glucoside P Antioxidant van Elswijk et al. 2004 
Kaempferol-3-O-rhamnoglycoside P Anti-hypertensive van Elswijk et al. 2004 
Luteolin P Antioxidant; anti-inflammatory van Elswijk et al. 2004 
Luteolin 7-O-glucoside P Antioxidant van Elswijk et al. 2004 
Luteolin 4�-O-glucopyranoside L Antioxidant Nawwar et al. 1994a 
Luteolin 3�-O-glucopyranoside L  Nawwar et al. 1994a 
Luteolin 3�-O-xylopyranoside L  Nawwar et al. 1994a 
Naringenin-4�-methylether-7-O-�-L-
arabinofuranosyl(1�6)-�-D-glucopyranoside 

B  Srivastava et al. 2001 

Naringin P Antiviral; antibacterial Lansky et al. 2007 
Pelargonidin P Anti-oxidant; antibacterial Noda et al. 2002 
Pelargonidin 3-O-glucoside J Antioxidant Hernández et al. 1999 
Pelargonidin 3,5-di-O-glucoside J  Hernández et al. 1999 
Procyanidin J Antioxidant; anti-neoplastic; anti-inflammatory Liu et al. 2002 
Prodelphinidin P Antioxidant Plumb et al. 2003 
Punicaflavone F  Ali M et al. 2006 
Quercetin J, P Anti-neoplastic; antioxidant; antiviral Artik 1998 
Quercetin-3,4-dimethylether-7-O-�-L-
arabinofuranosyl(1�6)-�-D-glucopyranoside 

B Antioxidant Chauhan et al. 2001 

Rutin P, J Antioxidant; anti-hypertensive; antiviral Artik 1998 
*B: bark; F: flowers; J: juice; L: leaves; P: pericarp. 
 

Table 3 Major alkaloids of pomegranate. 
Compound name Plant part* Bioactivity Reference 
Tryptamine J  Badria 2002 
Serotonin J Antioxidant Badria 2002 
Melatonin J Antioxidant; anti-inflammatory; hepatoprotective Badria 2002 
Peelletierine B, P, R  Neuhofer et al. 1993; Vidal et al. 2003
N-methylpelletierene B, R  Neuhofer et al. 1993 
Pseudopelletierene B, R  Neuhofer et al. 1993 
Norpseudopelletierene R  Neuhofer et al. 1993 
Sedridine R  Neuhofer et al. 1993 
2-(2�-hydroxypropyl)�1-piperideine R  Neuhofer et al. 1993 
2-(2�-propenyl)�1-piperideine R  Neuhofer et al. 1993 
N-(2�,5�-dihydroxyphenyl)pyridium chloride L  Andreas et al. 2007 
Hygrine R Anti-neoplastic Neuhofer et al. 1993 
Norhygrine R  Neuhofer et al. 1993 
N-acetyl-sedridine B, R  Neuhofer 1990 

*B: bark; F: flowers; J: juice; L: leaves; P: pericarp; R: root. 
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glucose, fructose and sucrose were found in the juice (Cui 
et al. 2004). 
 
BIOACTIVITIES 
 
Vascular protection 
 
Dietary patterns are widely recognized as contributors to 
cardiovascular and cerebrovascular disease. Several epide-
miological studies suggest that the regular consumption of 
foods and beverages rich in polyphenols such as tannins and 
flavonoids is associated with a reduced risk of several 
pathological conditions ranging from hypertension to coro-
nary heart disease, atherosclerosis, stroke and dementia 
(Hamendra and Anand 2007; Dilip and Arjan 2009). Pome-
granate is such a plant containing large amount of these 
polyphenols and, therefore, has been extensively investi-
gated for vascular protection. 

 
1. Anti-oxidation 
 
Many of the papers published upon pomegranate in the last 
decades have focused on the antioxidant action in vitro, ex 
vivo and in vivo because it is the most important bioactivity 
of pomegranate and constitutes the basis of other activities 
including lipid regulatory, anti-inflammatory, anti-neoplas-
tic and anti-diabetic effects (Lansky et al. 2007). The anti-
oxidant substances mainly exist in the leaves and the fruit 
including seed, juice and pericarp. It was reported that the 
juice and aqueous extract of leaves can effectively scavenge 
free radicals such as reactive oxygen species (ROS), reac-
tive nitrogen species (RNS), superoxide (O2�

-), hydrogen 
peroxide (H2O2), hydroxyl radicals (�OH) and nitric oxide 
(NO), and the effect is significantly superior than that of the 
extracts from other fruits (Halvorsen et al. 2002; Xu et al. 
2005; Gurpreet et al. 2006; Guo et al. 2007). The juice can 
inhibit the production of oxLDL in vitro (Fuhrman and Avi-

ram 2001) and effectively decrease the oxLDL level in rats 
in vivo (Xu et al. 2005). 

The antioxidant constituents of pomegranate mainly 
comprise the compounds with phenolic hydroxyl groups 
and double bonds including tannins, flavonoids and unsatu-
rated fatty acids. Significant and positive linear correlations 
were found between total antioxidant capacities and phe-
nolic contents, indicating that phenolics are the dominant 
antioxidant constituents of pomegranate (Surveswaran et al. 
2007). 

Tannins, which are a kind of excellent antioxidant found 
in almost all parts of pomegranate, usually contain several 
hexahydroxydiphenoyl groups or galloyl groups. Both of 
these two groups possess the abilities to provide protons as 
well as to form stable free radicals which enable them to be 
the major active groups in the molecule of tannins (Wang et 
al. 2005). Furthermore, it was reported that the hexa-
hydroxydiphenoyl group is more potent as to antioxidant 
effect than the galloyl group (Wei et al. 2000). The linkage 
among tannin monomers and the existing status of the 
phenolic hydroxyl groups are also the important factors af-
fecting the antioxidant activities of tannins. The antioxidant 
effect is more potent as the tannin monomers bound toge-
ther through hydrolysable bonds, i.e., the esteric bond and 
the glycosidic bond, while the antioxidant effect decreases 
dramatically as the tannin monomers bound into condensed 
tannins through carbon-carbon bonds (Wei et al. 2000). The 
free phenolic hydroxyl group due to its vulnerability to oxi-
dant can favorably affect the antioxidant effect of tannins, 
which is evidenced by that 3,3�4�-tri-O-methylellagic acid is 
less potent in vitro than 3,3�-di-O-methylellagic acid which 
has one more phenolic hydroxyl group than the former 
(Wang et al. 2004). Two tannins, namely, ellagic acid and 
punicalagin are considered to play an important role in the 
antioxidant activity of tannins in pomegranate (Sestili et al. 
2007). Ellagic acid, which can react with free radicals due 
to its ability to chelate with metal ions, is a potent antioxi-
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dant against lipid peroxidation in mitochondrion and micro-
some (Oswa et al. 1987). Punicalagin, viz, 2,3-(S)-hexa-
hydroxydiphenoyl-4,6-(S,S)-gallagyl-D-glucose is the major 
antioxidant compound in the pericarp and juice. It makes 
the greatest contribution to the antioxidant action of the 
pericarp and the juice due to its inhibition on lipid peroxi-
dation. This kind of inhibiton is attributed to its ability to 
provide electrons so as to eliminate the free radicals resul-
ted from lipid peroxidation (Anand et al. 2004; Lansky et al. 
2007). This compound, however, can hardly be absorbed 
into the circulation and only its three microbiological meta-
bolites, namely, 3,8-dihydroxy-6H-dibenzo[b,d]pyran-6-one 
glucuronide, trihydroxy-6H-dibenzo[b,d]pyran-6-one and 
hydroxy-6H-dibenzo[b,d]pyran-6-one glucuronide were 
detected in the blood and urine, indicating the antioxidant 
bioactivity may be ascribed to the metabolism of intestinal 
flora (Kulkami et al. 2004). 

Flavonoids also make a great contribution to the anti-
oxidant activity of pomegranate due to their effect in free 
radicals elimination (Wang et al. 2006b; Suo et al. 2009). It 
seems that flavonoids from pomegranate possess a signifi-
cant antiperoxidative activity. It was evidenced by that the 
concentrations of malondialdehyde, hydroperoxides and 
conjugated dienes in the liver, heart and kidney were sig-
nificantly reduced and the activities of the enzymes such as 
catalase, SOD, glutathione peroxidase, glutathione reduc-
tase and the concentration of glutathione in the tissue were 
significantly enhanced after the rats were orally adminis-
tered with total flavonoids from pomegranate (Sudheesh 
and Vijayalakshmi 2005). The major flavonoids in pome-
granate, particularly catechin, quercetin, kaempferol and 
equol, play a significant role in the photoprotective effects 
on UVB-induced skin damage which is demonstrated by the 
increased expression level of procollagen type I and de-
creased expression level of matrix metallopr-proteinase-1 
(MMP-1) (Park et al. 2010). Phenolic hydroxyls, in particu-
lar, those at carbon-5 and -7 (such as those in the molecules 
of luteolin, delphinidin and cyaniding), or at the ortho-posi-
tions of B ring of flavonoids (such as those in the molecules 
of luteolin and pelargonidin) are the key groups responsible 
for the antioxidant effect (Noda et al. 2002). 

Other compounds containing phenolic hydroxyl groups 
or unsaturated double bonds such as lignans including coni-
feryl 9-O-[�-D-apiofuranosyl(1�6)]-O-�-D-glucopyrano-
side and sinapyl 9-O-[�-D-apiofuranosyl(1�6)]-O-�-D-glu-
copyranoside (Wang et al. 2004) and unsaturated fatty acids 
(Elgareo et al. 1995) are also the active antioxidant consti-
tuents of pomegranate. Therefore, the antioxidant activity of 
pomegranate is a multi-factorial effect and chemical syner-
gic action of multiple compounds, which was also sup-
ported by the comparative test results (Seeram et al. 2005). 

 
2. Lipid regulation 
 
The extracts of leaves, pericarp, juice and seeds were repor-
ted to have a beneficial effect on blood lipid regulation 
which was demonstrated to be ascribed to their antioxidant 
activity (Li et al. 1999; Aviram et al. 2000; Kaplan et al. 
2001; Meng et al. 2005; Li WM et al. 2006, 2007; Lei et al. 
2007a). The crude extract of pericarp and the EtOAc extract 
thereof can effectively lower the levels of serum TC, TG, 
LDL-C and FFA, and increase the level of serum HDL-C in 
mice (Li YF et al. 2005). We have reported that tannins are 
the active fraction of the leaves for lipid regulation, which 
can decrease TC, VLDL, TC/HDL and triglycerides, and in-
crease HDL and thus play a positive role in the treatment of 
lipid metabolic disorder and obesity (Lei et al. 2007a). Its 
mechanism may correlate with the inhibition on HMG-CoA 
reductase, pancreatic lipase and ACAT, as well as suppres-
sion of energy intake (Cheng et al. 2005; Meng et al. 2005). 
Further investigation performed by our laboratory showed 
that ellagic acid and other two constituents, SY 2 and SY 3, 
are the major active tannins responsible for lipid-lowering 
activity, and ellagic acid is the most effective one (Lei et al. 
2007b). 

3. Anti-hypertension 
 
The anti-hypertensive action of pomegranate is very potent 
and it acts in a multimechanical way; however, the major 
responsible constituents seem to be polyphenols. These anti-
hypertensive polyphenols were mainly reported in the juice 
which can significantly lower the level of serum angioten-
sin-converting enzyme by 36% and decrease the systolic 
pressure by 5% in a dose-dependant manner. It has been 
found that the protective effect of juice against vascular dis-
ease may correlate with its inhibition on oxidant stress and 
serum ACE activity (Xu et al. 2005; Wang et al. 2008). 
Results from a small randomized human trial showed that 
consumption of juice (50 mL of pomegranate juice, contain-
ing 1.5 mM of total polyphenols) by patients with severe 
carotid artery stenosis induced decrease of carotid intima-
media thickness (IMT) and reduction of systolic blood pres-
sure (Aviram et al. 2004). Many polyphenols such as punica-
lagin can increase the production of endothelial nitric oxide 
(NO) which is a relaxing factor produced in the endothe-
lium via activation of endothelial NO synthase (eNOS) and 
acts as a vasodilator (Li and Frostermann 2000; Ignarro et 
al. 2006; de Nigris et al. 2007). In addition, the extract of 
pericarp can protect the endothelium cell of human umbi-
lical vein from injury induced by oxidative stress, indicating 
its antihypertensive effect (Li YF et al. 2006). 
 
Digestive protection 
 
1. Gastroprotection 
 
Pericarp and leaves of pomegranate were reported to pos-
sess gastroprotective activity which usually resulted mecha-
nically from their astringent property, and inhibition of 
bacteria. The antioxidant effect and the effective compounds 
were pointed to polyphenols. 

The polyphenols in the pericarp can significantly pro-
tect rats from ethanol-induced gastric mucosal damage and 
decrease the incidence of gastric lesions by 53-80% as well 
as improve the healing of gastric ulcer with a curative ratio 
of 97.4%. This effect is believed to be related to the astrin-
gent property of tannins which are able to bind with protein 
so as to accelerate the healing of ulcer or trauma (Murthy et 
al. 2004; Ajaikumar et al. 2005). However, this protective 
effect may also correlate with the antibacterial activity of 
the pericarp because it was reported that the aqueous extract 
of pericarp significantly inhibited the growth of Helicobac-
ter pylori (HP) resistant to metronidazole, a major patho-
genic bacterium for gastritis or gastric ulcer, with an IC50 of 
29.9 mg/mL in vitro (Hu et al. 2006). Another investigation 
performed by Ajaikumar et al. (2005) showed that after 
administrated with 70% methanolic extract of pericarp (250 
and 500 mg/kg) the aspirin- and ethanol-induced gastric 
ulceration in rats were inhibited by 22.37, 74.21% and 
21.95, 63.41%, respectively, and antioxidant levels such as 
superoxide dismutase (SOD), catalase, glutathione (GSH) 
and glutathione peroxidase (GPx) levels were markedly in-
creased and were found more or less equal to the normal 
values in vivo. Obviously, this investigation revealed the 
gastroprotective activity of the extract through antioxidant 
mechanism (Ajaikumar et al. 2005). 

The extract of the leaves abundant with tannins was 
demonstrated to be a good gastric protective agent. It can 
increase the activity of pepsin, improve the secretion of bile, 
enhance the intestine peristalsis, inhibit the secretion of 
gastric acid, and decrease the incidence of gastric ulcer (Li 
et al. 1998, 2003). 

 
2. Hepatoprotection 
 
Hepatoprotective effect of pomegranate was recently ob-
served by a few of animal experiments in vivo, but the 
detailed mechanism and the effective compounds have not 
been determined. The extract of flowers exhibited hepato-
protective effect against ferric nitrilotriacetate (Fe-NTA) 
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induced hepatotoxicity in mice which was considered to be 
probably resulted from the potent antioxidant activity of 
polyphenols in this extract (Kaur et al. 2006; Çelik et al. 
2009). 

 
3. Anti-diarrhea and anti-helminthes 
 
Both organic extract and aqueous extract of the leaves, roots, 
bark, stem, and rhizome exhibited anti-diarrhea activity for 
which the antibacterial effect against Escherichia coli, Shi-
gella sonnei, S. flexneri and Salmonella typhi of the hydro-
lysable tannins may be responsible (Mathabe et al. 2006). 
The methanol extract of the seeds also significantly inhib-
ited castor-oil induced diarrhea and PGE2 induced entero-
pooling in rats; however, the active principle(s) and exact 
mechanism(s) have not been revealed (Das et al. 1999). 
Base on above experiment results and the theory of tradi-
tional Chinese medicine, we presume that the antidiarrheal 
effect of pomegranate derives from its astringent property 
which is resulted, predominantly, from tannins. 

The pericarp has been used in China to dispel intestinal 
parasite since ancient time. Its mechanism was believed to 
be induction of continual intestinal tract contraction (Zhon-
ghua Bencao, Vol. 15). 
 
Anti-pathogenic microbes 
 
1. Anti-bacteria 
 
Besides the Helicobacter pylori, Escherichia coli, Salmo-
nella typhi and microorganisms of Shigella mentioned above, 
the extracts of pomegranate also exhibit significant inhib-
iting effect against the common pathogenic bacteria espe-
cially Gram positive pathogens. It was reported that both 
methicillin-resistant (MRSA) and methicillin-sensitive 
(MSSA) strains of Staphyloccocus aureus were susceptible 
to the extracts of pericarp or fruit and the subsequent 
enterotoxin production was inhibited by these extracts, indi-
cating the therapeutic use of pomegranate for bacterial in-
fection (Machado et al. 2003; Braga et al. 2005). Addition-
ally, other bacteria such as Streptoccus hemolyticus, Vibrio 
cholerae, Bacillus paratyphosus, Proteus bacillus, Proteus 
vulgaris, Bacillus subtilis, Klebsiella pneumoniae, Pseudo-
monas aeruginosa, Mycobacterium tuberculosis, Yersinia 
enterocolitica, Listeria monocytogenes, Candida albicans, 
etc. were also reported to be susceptible to the extracts of 
pomegranate (Navarro et al. 1996; Zhonghua Bencao Vol 
15, 1998; Prashanth et al. 2001; Al-Zoreky 2009). The anti-
bacterial active constituents of pomegranate were demons-
trated to be tannins such as ellagitannins and flavonoids 
(Machado et al. 2003; Wang et al. 2008; Al-Zoreky 2009). 

 
2. Antivirus 
 
Polyphenols especially tannins of pomegranate play a key 
role in the antiviral effect because of their special property 
of protein precipitation which adversely affect the enzymes 
involved in the life cycle of virus. Zhang et al. reported that 
the aqueous extract of pericarp containing high content of 
tannins significantly inactivated HSV-2 and HBV via inhib-
iting the DNA polymerase in a dose dependent manner in 
vitro (Zhang et al. 1995, 1997). Like the pericarp, the juice 
also containing enormous tannins showed an appreciable 
effect in inhibition or elimination of HIV-1 (Neurath et al. 
2004). The polyphenol extract inhibited the replication of 
human influenza A/Hong Kong (H3N2) in vitro, suppressed 
replication of influenza A virus in MDCK cells, and inhib-
ited agglutination of chicken red blood cells (cRBC) caused 
by influenza virus. Four major polyphenols in pomegranate, 
namely ellagic acid, caffeic acid, luteolin, and punicalagin 
were evaluated for anti-influenza effect and the results de-
monstrated that punicalagin is the most effective one. Puni-
calagin blocked replication of the virus RNA, inhibited 
agglutination of chicken RBC induced by virus and had a 
virucidal effect (Haidari et al. 2009). 

Anticancer 
 
Carcinogenesis is a very complex cascade and can be affec-
ted by multi-factors. Pomegranate can interfere with the 
occurrence and development of tumors in many procedures 
including inflammation development, angiogenesis, apop-
tosis, proliferation and invasion. 

 
1. Anti-inflammation 
 
Although physiological or acute inflammation is a benefi-
cial host response to tissue damage, it may lead to such im-
mune-associated diseases as rheumatoid arthritis, inflame-
matory bowel disease (IBD) and cancer as timely resolution 
is delayed (Balkwill et al. 2005). Chronic inflammation can 
lead to early changes associated with the development of 
cancer through attraction of soluble pro-inflammaotry medi-
ators e.g. TNF-�, interleukins (e.g. IL-6 and IL-8), trans-
cription activation factors (e.g. NF-kB), and bioactive lipids 
such as eicosanoids (e.g. prostaglandin E2 and lipoxygenase 
derived products) (Lansky et al. 2007). The anti-inflam-
matory compounds in pomegranate were mainly investi-
gated in the seeds and the results exhibited polyphenols and 
fatty acids were the major anti-inflammatory constituents. 
The extract from cold pressed seed oil of pomegranate 
mainly consisting of polyphenols and fatty acid showed 31-
44% inhibition of sheep cyclooxygenase and 69-81% in-
hibition of soybean lipoxygenase, while the extract from 
fermented juice showed 21-30% inhibition of soybean 
lipoxygenase (Schubert et al. 1999). The polyphenols in 
cold pressed seed oil were also reported by another research 
group to suppress inflammatory cell signaling in colon 
cancer cells (Adams et al. 2006). The major ingredient of 
fatty acids, punicic acid, is a well-known anti-inflammatory 
compound which inhibits the development of inflammation 
through suppressing the biosynthesis of prostaglandin 
(Nugteren et al. 1987). 

 
2. Anti-angiogenesis 
 
It is important for the tumor growth and metastasis that new 
blood vessels can regenerate and develop timely to supply 
oxygen and nutrients to the tumor cells. The juice and seed 
oil of pomegranate could adversely affect the angiogenesis 
in chicken chorioallantoic membrane (CAM) in vivo by 
downregulating the pro-angiogenic vascular endothelial 
growth factor (VEGF) in MCF-7 estrogen dependent breast 
cancer cells, and upregulating macrophage migration inhib-
itory factor (MIF) in MDA-MB-231 cells (Toi et al. 2003). 

 
3. Apoptosis induction 
 
Apoptosis, also called the programmed cell death, is a 
tightly regulated cascade of cell death. Effective induction 
of apoptosis is considered as a promising approach for can-
cer treatment. The fruit including pericarp, juice and seeds 
was reported to induce apoptosis both in vitro and in vivo. 
Both the lipid and aqueous fractions of the pericarp extract 
were demonstrated to possess selective apoptotic potential 
in different hormone-independent cancer cell lines (Lansky 
et al. 2007). Aqueous pericarp extract resulted in apoptotic 
DNA fragmentation and suppression of growth in two 
human Burkitt’s lymphoma cell lines, Raji and P3HR-1 
(Settheetham and Ishida 1995). The juice, polyphenols in 
the pericarp and the seed oil potently induce apoptosis in 
human prostate cancer cells in vivo (Albrecht et al. 2004). 

 
4. Proliferation and invasion inhibition 
 
The extracts of pomegranate pericarp have been demons-
trated to interfere with the proliferation of cells in different 
human cancer cell lines (Settheetham and Ishida 1995; 
Mavlyanov et al. 1997; Albrecht et al. 2004; Kawaii and 
Lansky 2004). The extracts selectively inhibited the cancer 
cells and minimally affected the normal cells, suggesting 
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their potential therapeutic use in the tumor treatment. 
Suppressing tumor cell invasion is also a property of 

pomegranate extract in tumor inhibition. Albrecht et al. 
reported that the juice, polyphenols in the pericarp and the 
seed oil suppressed the proliferation of xenograft and the 
invasion of human prostate cancer cells by 60% in vivo 
(Albrecht et al. 2004). And Kim et al. found that the seed 
oil inhibited invasion of estrogen sensitive MCF-7 human 
breast cancer cells in vitro across an artificial MatrigelTM 
membrane at doses less than 10 �g/mL (Lansky et al. 2007). 
 
Anti-diabetes 
 
Flowers of pomegranate have been used as an anti-diabetic 
medicine in Unani medicine and as a supplement in the diet 
therapy in many countries. The flowers can significantly 
lower the blood glucose level of type 2 diabetes animals 
with different possible mechanisms including enhancement 
of mRNA expression, improvement of insulin receptor sen-
sitivity, increment of peripheral glucose utilization, etc. 

The methanol extract of pomegranate flower (500 
mg/kg, daily) inhibited glucose loading-induced increase of 
plasma glucose levels in Zucker diabetic fatty rats (ZDF), 
enhanced cardiac PPAR-	 mRNA expression and restored 
the down-regulated cardiac glucose transporter (GLUT)-4 
(the insulin-dependent isoform of GLUTs) mRNA, sug-
gesting that the anti-diabetic activity of methanol extract of 
pomegranate flowers may result from improved sensitivity 
of the insulin receptor. Phytochemical investigation de-
monstrated that gallic acid in the methanol extract of flowers 
is mostly responsible for this activity (Tom et al. 2005). 
Oral administration of aqueous extract of pomegranate 
flowers at doses of 250 and 500 mg/kg for 21 days resulted 
in a significant reduction in fasting blood glucose, TC, TG, 
LDL-C, VLDL-C and tissue LPO levels coupled with ele-
vation of HDL-C, GSH content and antioxidant enzymes in 
comparison with diabetic control group. These results sug-
gested that the aqueous extract of flowers can be used, as a 
dietary supplement, in the treatment and prevention of 
chronic diseases characterized by atherogenous lipoprotein 
profile, aggravated antioxidant status and impaired glucose 
metabolism (Bagri et al. 2009). Oral administration of the 
aqueous-ethanolic (50%, v:v) extract of pomegranate 
flowers led to significant blood glucose lowering effect in 
normal, glucose-fed hyperglycaemic and alloxan-induced 
diabetic rats. This effect can be due to increased peripheral 
glucose utilization. Retardation of intestinal glucose absorp-
tion may also be partly responsible for inhibition of hyper-
glycaemia in glucose-fed rats (Jafri et al. 2000). Li et al. 
reported that the extract of pomegranate flowers improved 
postprandial hyperglycemia in type 2 diabetic and obese 
animal model, and this effect at least partially resulted from 
inhibiting intestinal �-glucosidase activity (Li YH et al. 
2005). 
 
Immunomodulation 
 
The crude extract of pericarp and seeds possess immuno-
modulatory activity and its mechanism was preliminary 
revealed; however, the individual compound responsible for 
this activity has not been identified. The aqueous suspen-
sion of pericarp has appreciable immunostimulatory activity 
in rabbits. It stimulated both the humoral and cell-mediated 
immune responses which were evidenced by the enhanced 
inhibition of leucocyte migration and increased antibody 
titer to typhoid-H antigen (Ross et al. 2001). The seed oil 
enables the production of immunoglobulins in the spleen 
cells of mice and probably improves the function of B cells 
in vivo (Yamasaki et al. 2006). 
 
Others 
 
Other bioactivities of pomegranate include: the aqueous ex-
tract and the seed oil can promote proliferation of hypoder-
mis and epidermis, respectively (Aslam et al. 2006); the 

aqueous extract of pericarp can suppress the sperm fertility 
and prevent the rabbit from pregnancy (Sun et al. 1994); the 
petroleum ether extract of the seeds exhibited potent estro-
genic activity which can be antagonized by progesterone 
(Li et al. 2002). 
 
PHARMACOKINETICS AND TOXICITY 
 
The excellent pharmacokinetic profile as well as the mini-
mal toxicity and side effect are the key elements for new 
drugs being approved to enter clinical trial. It was reported 
that among the drug candidates failed to be used clinically, 
39% of them was due to poor pharmacokinetic profile and 
21% of them was due to safety issue caused by toxicity and 
side effect (Yang et al. 2004). We have studied the pharma-
cokinetics of two important compounds of pomegranate leaf 
tannins in order to ascertain their absorption, distribution 
and metabolism. The concentration-time profile was fitted 
with an open two-compartment system with lag time and its 
max concentration of ellagic acid in plasma was 213 ng/ml 
only 0.55 h after oral administration of the extract at 0.8 
g/kg. This pharmacokinetic profile indicated that ellagic 
acid has poor absorption and rapid elimination after oral ad-
ministration of pomegranate leaf extract, and part of it was 
absorbed from the stomach (Lei et al. 2003). Further experi-
ment in vitro showed that ellagic acid in pomegranate leaf 
tannins could be transported into the HepG2 cells, which 
was in correlation with total cholesterol alteration in the 
cells (Lan et al. 2008). Another major tannin brevifolin also 
exhibited the similar kinetic characteristics to ellagic acid, 
including rapid absorption, distribution and elimination. 
These results suggested that the compounds with similar 
structure usually have similar pharmacokinetic properties, 
and thus we can characterize the pharmacokinetic profile of 
total tannins based on the information obtained on theses 
two compounds. 

Only the bark and root were reported to be toxic and 
this toxicity was alleged to be related to their alkaloid con-
tent (Tripathi and Singh 2000). The LD50 of the whole fruit 
extract, determined in OF-1 mice of both sexes after intra-
peritoneal administration was 731 mg/kg (Vidal et al. 2003). 
In an investigation to study the acute and subchronic toxi-
city of a standardized pomegranate fruit extract containing 
30% punicalagins, acute oral LD50 in Wistar rats and Swiss 
albino mice was greater than 5000 mg/kg body weight, and 
the subchronic no-observed-adverse-effect level (NOAEL) 
was determined as 600 mg/kg body weight/day (Patel et al. 
2008). Based on above reports, the pomegranate is safe if 
used at the normal dosage. 
 
CONCLUSION 
 
The chemical constituents of almost all parts of pomegra-
nate have been investigated, as well as a lot of bioactive and 
pharmacokinetic studies in vivo and/or in vitro have been 
carried out on individual compounds or extract of some 
parts. These results provided us a solid basis for the develop-
ment and utilization of pomegranate as both pharmaceu-
ticals and dietary supplement. However, the compound-
bioactivity relationship and structure-bioactivity relation-
ship were studied relatively less in-depth. The investigation 
in this area can lead us thoroughly understand this plant and 
provide a foundation for safe and efficient use. 
 
ACKNOWLEDGEMENTS 
 
This program has been supported by National Natural Science 
Foundation of China (30572340, 30801523), a grant for Investiga-
tion on Lipid Regulatory New Drug BC21 from Tsinghua Uni-
versity (A2002162) and Open Foundation for the Laboratory of 
Tsinghua University (LF20082377). We would like to express our 
gratitude to Dr. Lei Fan, Wang Xueli, Meng Zhen, Lan Jiaqi, Xie 
Weidong, Zhao Yunan and Su Hui for their excellent experimental 
work. 
 

84



Constituents, bioactivities and pharmacokinetics of Punica granatum. Wang et al. 

 

REFERENCES 
 
Abd ESM, El FNM, Mostafa SF, Hassan AEB (1998) Characterization of 

certain steroid hormones in Punica granatum L. seeds. Bulletin of the Faculty 
of Pharmacy (Cairo University) 36, 11-15 

Adams LS, Seeram NP, Aggarwal BB (2006) Pomegranate juice, total pome-
granate ellagitannins,and punicalagin suppress inflammatory cell signaling in 
colon cancer cells. Journal of Agricultural and Food Chemistry 54, 980-985 

Ahmad I, Beg AZ (2001) Antimicrobial and phytochemical studies on 45 
Indian medicinal plants against multi-drug resistant human pathogens. Jour-
nal of Ethnopharmacology 74, 113-133 

Ahmed R, Ifzal SM, Saifuddin A, Nazeer M (1995) Studies on Punica grana-
tum. I. Isolation and identification of some constituents from the seeds of 
Punica granatum. Pakistan Journal of Pharmaceutical Sciences 8, 69-71 

Ajaikumar KB, Asheef M, Babu BH, Padikkala J (2005) The inhibition of 
gastric mucosal injury by Punica granatum L. (pomegranate) methanolic ex-
tract. Journal of Ethnopharmacology 96, 171-176 

Albrecht M, Jiang WG, Kui-Diaka J (2004) Pomegranate extracts potently 
suppress proliferation, xenograft growth, and invasion of humen prostate can-
cer cell. Journal of Medicinal Food 7, 274-283 

Ali M, Sharma N (2006) Phytochemical investigation of the flowers of Punica 
granatum. Indian Journal of Chemistry 45B, 1681-1685 

Al-Zoreky NS (2009) Antimicrobial activity of pomegranate (Punica granatum 
L.) fruit peels. International Journal of Food Microbiology 134, 244-248 

Amakura Y, Okada M, Tsuji S, Tonogai Y (2000a) High-performance liquid 
chromatographic determination with photodiode array detection of ellagic 
acid in fresh and processed fruits. Journal of Chromatography A 896, 87-93 

Amakura Y, Okada M, Tsuji S, Tonogai Y (2000b) Determination of phenolic 
acids in fruit juices by isocratic column liquid chromatography. Journal of 
Chromatography A 891, 183-188 

Anand P, Kulkarni S, Mallikarjuna A, Soundar D (2004) Isolation and iden-
tification of a radical scavenging antioxidant-punicalagin from pith and car-
pellary membrane of pomegranate fruit. Food Chemistry 87, 551-557 

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

Aslam MN, Lansky EP, Varani J (2006) Pomegranate as a cosmeceutical 
source: pomegranate fractions promote proliferation and procollagen synthe-
sis and inhibit matrix metalloproteinase-1 production in human skin cells. 
Journal of Ethnopharmacology 103, 311-318 

Aviram M, Dornfeld L, Rosenblat M (2000) Pomegranate juice consumption 
reduces oxidative stress, atherogenic modifications to LDL, and platelet ag-
gregation: studies in humans and in atherosclerotic apolipoprotein E-deficient 
mice. American Journal of Clinical Nutrition 71, 1062-1076 

Aviram M, Rosenblat M, Gaitini D, Nitecki S (2004) Pomegranate juice con-
sumption 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 

Badria FA (2002) Melatonin, serotonin, and tryptamine in some Egyptian food 
and medicinal plants. Journal of Medicinal Food 5, 153-157 

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 

Balkwill F, Charles KA, Mantovani A (2005) Smoldering inflammation in the 
initiation and promotion of malignant disease. Cancer Cell 7, 211-217 

Batta AK, Rangaswami S (1973) Crystalline chemical components of some 
vegetable drugs. Phytochemistry 12, 214-216 

Braga LC, Shupp JW, Cummings C, Jett M, Takahashi JA, Carmo LS, 
Chartone-Souza E, Nascimento AMA (2005) Pomegranate extract inhibits 
Staphylococcus aureus growth and subsequent enterotoxin production. Jour-
nal of Ethnopharmacology 96, 335-339 

Çelik I, Temur A, I�ik I (2009) Hepatoprotective role and antioxidant capacity 
of pomegranate (Punica granatum) flowers infusion against trichloroacetic 
acid-exposed in rats. Food and Chemical Toxicology 47, 145-149 

Chauhan D, Chauhan JS (2001) Flavonoid diglycoside from Punica granatum. 
Pharmaceutical Biology 39, 155-157 

Cheng S, Guo CJ, Yang JJ (2005) Experimental study on hypolipidemic effect 
of polyphenolic extract from pomegranate peel. Journal of Preventive Medi-
cine of Chinese People's Liberation Army 3, 160-163 

Cui SM, Sasada Y, Sato H, Nii N (2004) Cell structure and sugar and acid con-
tents in the arils of developing pomegranate fruit. Journal of the Japanese 
Society for Horticultural Science 73, 241-243 

Das AK, Mandal SC, Banerjee SK, Sinha S, Das J, Saha BP, Pal M (1999) 
Studies on antidiarrheal activity of Punica granatum seed extract in rats. 
Journal of Ethnopharmacology 68, 205-208 

de Nigris F, Williams-Ignarro S, Sica V, Lerman LO (2007) Effects of a 
pomegranate fruit extract rich in punicalagin on oxidation-sensitive genes 
and eNOS activity at sites of perturbed shear stress and atherogenesis. Car-
diovascular Research 73, 414-423 

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

Dean PDG, Exley D, Goodwin TW (1971) Steroid oestrogens in plants: re-

estimation of oestrone in pomegranate seeds. Phytochemistry 10, 2215-2216 
Dilip G, Arjan S (2009) Vascular action of polyphenols. Molecular Nutrition 

and Food Research 53, 322-331 
Editorial Committee of Zhonghua Bencao (1998) Zhonghua Bencao (Vol 15), 

Shanghai Press of Science and Technology, Shanghai, pp 659-666 
Elgareo PM, Salazar DM, Amoros A (1995) Total lipids content and fatty acid 

composition of seed oils from six pomegranate cultivars. Journal of the Sci-
ence of Food and Agriculture 65, 253-256 

El-Toumy SAA, Rauwald HW (2003) Two new ellagic rhamnosides from 
Punica granatum heartwood. Planta Medica 69, 682-684 

Fuhrman B, Aviram M (2001) Flavonoid protect LDL from oxidation and 
attenuate atherosclerosis. Current Opinion in Lipidology 12, 41-48 

Gil MI, Tomás-Barberán 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 

Guo CJ, Wei JY, Yang JJ, Xu J, Li YF, Pang W (2007) The comparative 
study on improvement of antioxidant function in the elderly by consumption 
of pomegranate or apple juices. Acta Nutrimenta Sinica 29, 292-294 

Gurpreet K, Zoobi J, Mohammad A, Sarwar A (2006) Punica granatum 
(pomegranate) flower extract possesses potent antioxidant activity and abro-
gates Fe-NTA induced hepatotoxicity in mice. Food and Chemical Toxicol-
ogy 44, 984-993 

Haidari M, Ali M, Casscells SW, Madjid M (2009) Pomegranate (Punica 
granatum) purified polyphenol extract inhibits influenza virus and has a 
synergistic effect with oseltamivir. Phytomedicine 16, 1127-1136 

Halvorsen BL, Holte K, Myhrstad MC, Barikmo I, Hvattum E, Remberg 
SF, Wold AB, Haffner K, Baugerod H, Andersen LF, Moskaug O, Blom-
hoff R (2002) A systematic screening of total antioxidants in dietary plants. 
Journal of Nutrition 132, 461-471 

Hamendra SP, Anand K (2007) Protective role of Citrus sinensis, Musa para-
disiaca, and Punica granatum peels against diet-induced atherosclerosis and 
thyroid dysfunctions in rats. Nutrition Research 27, 710-718 

Heftmann E, Ko ST, Bennet RD (1966) Identification of estrone in pomegra-
nate seeds. Phytochemistry 5, 1337-1341 

Hernández F, Melgarejo P, Tomás-Barberán FA, Artés F (1999) Evolution of 
juice anthocyanins during ripening of new selected pomegranate (Punica 
granatum) clones. European Food Research and Technology 210, 39-42 

Hu W, Dai W, Yang YM, Zhou ZF, Li XY, Duan LP (2006) Study of In vitro 
inhibition effect of pomegranate rind on H. pylori. Academic Journal of Kun-
ming Medical College 27, 25-27 

Huang TH, Peng H, Kota GBP, Li GQ, Yamahara J, Roufogalis BD, Li Y 
(2005a) Anti-diabetic action of Punica granatum flower extract: activation of 
PPAR-gamma and identification of an active component. Toxicology and 
Applied Pharmacology 207, 160-169 

Huang TH, Yang HQ, Harada M, Li GQ, Yamahara J, Roufogalis BD, Li Y 
(2005b) Pomegranate flower extract diminishes cardiac fibrosis in Zucker 
diabetic fatty rats: modulation of cardiac endothelin-1 and nuclear factor-
kappa B pathways. Journal of Cardiovascular Pharmacology 46, 856-862 

Hussein SAM, Barakat HH, Merfort I (1997) Tannins from the leaves of 
Punica granatum. Phytochemistry 45, 819-823 

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 15, 93-102 

Jafri MA, Aslam M, Javed K, Singh S (2000) Effect of Punica granatum Linn. 
(flowers) on blood glucose level in normal and alloxan-induced diabetic rats. 
Journal of Ethnopharmacology 70, 309-314 

Kaplan M, Hayek T, Raz A (2001) Pomegranate juice supplementation to 
atherosclerotic mice reduces macrophage lipid peroxidation, cellular choles-
terol accumulation and development of atherosclerosis. Journal of Nutrition 
131, 2082-2089 

Kasimu R, Abulizi P, Zhang XY (2009) Studies on the chemical constituents 
from Xinjiang Punica granatum. Journal of Chinese Medicinal Materials 32, 
363-365 

Kaur G, Jabbar Z, Athar M, Alam MS (2006) Punica granatum (pomegra-
nate) flower extract possesses potent antioxidant activity and abrogates Fe-
NTA induced hepatotoxicity in mice. Food and Chemical Toxicology 44, 984-
993 

Kawaii S, Lansky EP (2004) Differentiation-promoting activity of pomegra-
nate (Punica granatum) fruit extracts in HL-60 human promyelocytic leuke-
mia cells. Journal of Medicinal Food 7, 13-18 

Keogh MF, O’Donovan DG (1970) Biosynthesis of some alkaloids of Punica 
granatum and Withania somnifera. Journal of the Chemical Society C: Or-
ganic 13, 1792-1797 

Krishna V, Sharma S, Pareek RB, Singh P (2002) Terpenoid constituents 
from some indigenous plants. Journal of the Indian Chemical Society 79, 
550-552 

Kulkami AP, Aradhya SM, Divakar S (2004) Isolation and identification of a 
radical scavenging antioxidant–punicalagin from pith and carpellary mem-
brane of pomegranate fruit. Food Chemistry 87, 551-557 

Lan JQ, Lei F, Hua L, Wang YG, Xing DM, Du LJ (2009) Transport behavior 
of ellagic acid of pomegranate leaf tannins and its correlation with total cho-
lesterol alteration in HepG2 cells. Biomedical Chromatography 23, 531-536 

85



Fruit, Vegetable and Cereal Science and Biotechnology 4 (Special Issue 2), 77-87 ©2010 Global Science Books 

 

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

Lansky EP, Newman RA (2007) Punica granatum (pomegranate) and its 
potential for prevention and treatment of inflammation and cancer. Journal of 
Ethnopharmacology 109, 177-206 

Lei F, Xing DM, Xiang L (2003) Pharmacokinetic study of ellagic acid in rat 
after oral administration of pomegranate leaf extract. Journal of Chromatog-
raphy B 796, 189-194 

Lei F, Zhang XN, Wang W, Xing DM, Xie WD, Su H, Du LJ (2007a) Evi-
dence of anti-obesity effects of the pomegranate leaf extract in high-fat diet 
induced obese mice. International Journal of Obesity 31, 1023-1029 

Lei F, Tao JL, Su H, Xing DM, Lin H, Du LJ (2007b) An evaluation of anti-
obesity and anti-hyperlipidemia of pomegranate tannins using hierarchy 
program. World Science and Technology – Modernization of Traditional Chi-
nese Medicine 9, 46-50 

Li DG, Zhang K, Lin QY (1998) The experimental study of the leaves of 
Punica granatum on digestive function. Pharmacology and Clinics of Chi-
nese Materia Medica 14, 35-36 

Li DG, Sun CQ, Sun L (1999) Study on the lipid regulation and elimination of 
oxygen free radicals of the leaves of Punica granatum. Journal of Shandong 
University of Traditional Chinese Medicine 23, 380-381 

Li DG, Zhang ZM, Chen XJ (2003) Study on the influence of aqueous extract 
of leaves of Punica granatum on the secretion of gastric acids and experi-
mental gastric ulcer. Chinese Journal of Preventive Medicine 19, 23-24 

Li H, Frstermann U (2000) Nitric oxide in the pathogenesis of vascular dis-
ease. Journal of Pathology 190, 244-254 

Li HX, Wang Z, Liu YZ (2002) Progress in studies on chemical constituents 
and pharmacological effects of Punicaceae. Chinese Traditional and Herbal 
Drugs 33, 765-769 

Li WM, Ao MZ, Yu LJ, Ding P (2006) Microwave assisted extraction and 
antioxidation of seed oil of Punica gramatum. Natural Product Research and 
Development 18, 378-380 

Li WM, Ao MZ, Wang JH, Yu LJ, Zhang YZ, Wan JM (2007) Adjustment 
effects of seed oil of Punica gramatum L. on blood-lipid and lipid-hyper-
oxidation in hyperlipidemia rats. Food Science 28, 309-312 

Li YF, Guo CJ, Yang JJ (2005) Effects of pomegranate peel extracts on anti-
oxidant capacity and lipid metabolism in hyperlipidemic mice. Journal of 
Nutrition 27, 483-486 

Li YF, Guo CJ, Yang JJ (2006) Comparison of the protective effects on vas-
cular endothelial cells in oxidative stress between extracts from pomegranate 
peel and pulp. Chinese Journal of Clinical Rehabilitation 33, 81-83 

Li YH, Wen S, Kota BP, Peng G, Li GQ, Yamahara J, Roufogalis BD (2005) 
Punica granatum flower extract, a potent �-glucosidase inhibitor, improves 
postprandial hyperglycemia in Zucker diabetic fatty rats. Journal of Ethno-
pharmacology 99, 239-244 

Li ZX, Li YP, Han Y (1994) Study on the chemical constituents of seed oil of 
Punica granatum. Chinese Wild Plant Resources 3, 11-14 

Liu YZ, Li HX (2007) Tannins and polyphenols in pericarps of Punica grana-
tum L. Chinese Traditional and Herbal Drugs 38, 502-504 

Machado TB, Pinto AV, Pinto MCFR, Leal ICR, Silva MG, Amaral ACF, 
Kuster RM, Netto-dos Santos KR (2003) In vitro activity of Brazilian 
medicinal plants, naturally occurring naphthoquinones and their analogues, 
against methicillin-resistant Staphylococcus aureus. International Journal of 
Antimicrobial Agents 21, 279-284 

Mathabe MC, Nikolova RV, Lall N, Nyazemac NZ (2006) Antibacterial acti-
vities of medicinal plants used for the treatment of diarrhea in Limpopo Pro-
vince, South Africa. Journal of Ethnopharmacology 105, 286-293 

Mavlyanov SM, Islambekov SY, Karimdzhanov AK, Ismailov AI (1997) 
Polyphenols of pomegranate peel show marked anti-viral and anti-tumor 
action. Khimiia prirodnykh soedineni 33, 98-99 

Meng Z, Sun LH, Chen YY, Ye M, Su H, Xing DM, Du LJ (2005) The effect 
of pomegranate leaf tannins on hyperlipidemic models. Chinese Journal of 
Experimental Traditional Medical Formulae 11, 22-24 

Muraleedharan GN, David H (2005) In vitro antiproliferative, apoptotic and 
antioxidant activities of punicalagin, ellagic acid and a total pomegranate tan-
nin extract are enhanced in combination with other polyphenols as found in 
pomegranate juice. Journal of Nutritional Biochemistry 16, 360-367 

Murthy KNC, Reddy KV, Veigas JM (2004) Study on wound healing activity 
of Punica granatum peel. Journal of Medicinal Food 7, 256-259 

Navarro V, Villarreal ML, Rojas G, Lozoya X (1996) Antimicrobial evalua-
tion of some plants used in Mexican traditional medicine for the treatment of 
infectious diseases. Journal of Ethnopharmacology 53, 143-147 

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

Nawwar MAM, Hussein SAM, Merfort I (1994a) Leaf phenolics of Punica 
granatum L. Phytochemistry 37, 1175-1177 

Nawwar MAM, Hussein SAM, Merfort I (1994b) NMR spectral analysis of 
polyphenols from Punica granatum. Phytochemistry 36, 793-798 

Neuhofer H (1990) The existence of pelletierine derivatives in Punica grana-

tum. World Phytomedicines 5, 604 
Neuhofer H, Witte L, Gorunovic M (1993) Alkaloids in the bark of Punica 

granatum L. (pomegranate) from Yugoslavia. Pharmazie 48, 389-391 
Neurath AR, Strick N, Li YY (2004) Punica granatum (Pomegranate) juice 

provides an HIV-1 inhibitor and candidate topical microbicide. BMC Infec-
tious Diseases 4, 41-45 

Noda Y, Kaneyuka T, Mori A, Packer L (2002) Antioxidant activities of 
pomegranate fruit extract and its anthocyanidins: delphinidin, cyanidin, and 
pelargonidin. Journal of Agricultural and Food Chemistry 50, 166-171 

Nugteren DH, Christ-Hazelhof E (1987) Naturally occurring conjugated octa-
decatrienoic acids are strong inhibitors of prostaglandin biosynthesis. Prosta-
glandins 33, 403-417 

Oswa T, Ide A, Su JD (1987) Inhibiting of lipid peroxidation by ellagic acid. 
Journal of Agricultural and Food Chemistry 35, 808-812 

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

Patel C, Dadhaniy P, Hingorani L, Soni MG (2008) Safety assessment of 
pomegranate fruit extract: acute and subchronic toxicity studies. Food and 
Chemical Toxicology 46, 2728-2735 

Plumb GW, De PS, Santos BC (2003) Antioxidant properties of gallocatechin 
and prodelphinidins from pomegranate peel. Redox Report 7, 41-46 

Poyrazoglu E, Goekmen V, Artik N (2002) Organic acids and phenolic com-
pounds in pomegranates (Punica granatum L.) grown in Turkey. Journal of 
Food Composition and Analysis 15, 567-575 

Prashanth D, Asha MK, Amit A (2001) Antibacterial activity of Punica gra-
natum. Fitoterapia 72, 171-173 

Rena K, Palida A, Zhang XY (2009) Studies on the chemical constituents 
from Xinjiang Punica granatum. China Journal of Chinese Materia Medica 
32, 363-365 

Ross RG, Selvasubramanian S, Jayasundar S (2001) Immunomodulatory 
activity of Punica granatum in rabbits-a preliminary study. Journal of Ethno-
pharmacology 78, 85-87 

Satomi H, Umemura K, Ueno A, Hatano T, Okuda T, Noro T (1993) Car-
bonic anhydrase inhibitors from the pericarps of Punica granatum L. Biolo-
gical and Pharmaceutical Bulletin 16, 787-790 

Schmidt A, Topp M, Mordhorst T, Schneider O (2007) Redoxactive deriva-
tives of the betaine-alkaloid Punicin from Punica granatum. Synthesis and 
cyclovoltammetry. Tetrahedron 63, 1842-1848 

Schubert SY, Lansky EP, Neeman I (1999) Antioxidant and eicosanoid 
enzyme inhibition properties of pomegranate seed oil and fermented juice 
flavonoids. Journal of Ethnopharmacology 66, 11-17 

Seeram NP, Lee R, Heber D (2004) Bioavailability of ellagic acid in human 
plasma after consumption of ellegitannins from pomegranate (Punica grana-
tum) juice. International Journal of Clinical Chemistry 348, 63-68 

Sestili P, Martinelli C, Ricci D, Fraternale D, Bucchini A, Giamperi L, 
Curcio R, Piccoli G, Stocchi V (2007) Cytoprotective effect of preparations 
from various parts of Punica granatum L. fruits in oxidatively injured mam-
malian cells in comparison with their antioxidant capacity in cell free systems. 
Pharmacological Research 56, 18-26 

Settheetham W, Ishida T (1995) Study of genotoxic effects of antidiarrheal 
medicinal herbs on human cells in vitro. The Southeast Asian Journal of Tro-
pical Medicine and Public Health 26, 306-310 

Srivastava R, Chauhan D, Chauhan JS (2001) Flavonoid diglycosides from 
Punica granatum. The Indian Journal of Chemistry Section B: Organic Che-
mistry including Medicinal Chemistry 40B, 170-172 

Sudheesh S, Vijayalakshmi NR (2005) Flavonoids from Punica granatum–
potential antiperoxidative agents. Fitoterapia 76, 181-186 

Suo JL, Peng Y, Zhang ZY, Wang ML (2009) Studies on the optimum extrac-
tion and antioxidative activity of total flavonoids from Punica granaturn 
leaves. Biotechnology 19, 63-65 

Sun WH, Zhou JQ, Zhan BY (1994) Experimental study on the novel vaginal 
prophylactic pomegranate rind. Reproduction and Contraception 14, 350-353 

Surveswaran S, Cai YZ, Corke H, Sun M (2007) Systematic evaluation of 
natural phenolic antioxidants from 133 Indian medicinal plants. Food Che-
mistry 102, 938-953 

Tanaka T, Nonaka G, Nishioka I (1985) Tannin and related compounds part 30. 
Punicafolin, an ellagitannin from the leaves of Punica granatum. Phytoche-
mistry 24, 2075-2078 

Tanaka T, Nonaka G, Nishioka I (1986) Tannins and related compounds XI. 
Revision of the structure of punicalin and punicalagin, and isolation and cha-
racterization of 2-O-galloylpunicalin from the bark of Punica granatum L. 
Chemical and Pharmaceutical Bulletin 34, 650-655 

Tanaka T, Nonaka GI, Nishioka I (1990) Tannins and related compounds. C. 
Reaction of dehydrohexahydroxydiphenic acid esters with bases, and its ap-
plication to the structure determination of pomegranate tannins, granatins a 
and b. Chemical and Pharmaceutical Bulletin 38, 9424-9428 

Toi M, Bando H, Ramachandran C (2003) Preliminary studies on the anti-
angiogenic potential of pomegranate fractions in vitro and in vivo. Angio-
genesis 6, 121-128 

Tom HW, Huang GP, Bhavani PK, Li GQ, Yamahara J, Roufogalis BD, Li 
YH (2005) Anti-diabetic action of Punica granatum flower extract: active-

86



Constituents, bioactivities and pharmacokinetics of Punica granatum. Wang et al. 

 

tion of PPAR-	 and identification of an active component. Toxicology and 
Applied Pharmacology 207, 160-169 

Tripathi SM, Singh DK (2000) Molluscicidal activity of Punica granatum 
bark and Canna indica root. Brazilian Journal of Medical and Biological Re-
search 33, 1351-1355 

van Elswijk DA, Schobel UP, Lansky EP, Irth H (2004) Rapid dereplication 
of estrogenic compounds in pomegranate (Punica granatum) using on-line 
biochemical detection coupled to mass spectrometry. Phytochemistry 65, 
233-241 

Vidal A, Fallarero A, Pena BR, Medina ME, Gra B, Rivera F, Gutierrez Y, 
Vuorela PM (2003) Studies on the toxicity of Punica granatum L. (Punica-
ceae) whole fruit extracts. Journal of Ethnopharmacology 89, 295-300 

Wang H, Li ZX, Li YP (1999) The composition of the fatty acids in the seed 
oil of Punica granatum and its application. Chinese Journal of Oil 23, 54-56 

Wang RF, Xie WD, Zhang Z, Xing DM, Ding Y, Wang W, Ma C, Du LJ 
(2004) Bioactive compounds from the seeds of Punica granatum (pomegra-
nate). Journal of Natural Products 67, 2096-2098 

Wang RF, Wang W, Wang L, Liu RN, Ding Y, Du LJ (2006a) Constituents of 
the flowers of Punica granatum. Fitoterapia 77, 534-537 

Wang RF, Xiang L, Du LJ, Wang W (2006b) The constituents of Punica gra-
natum. Asia-Pacific Traditional Medicine 3, 61-70 

Wang XL, Xing DM, Ding Y, Chen YY, Meng Z, Du LJ (2005) Determina-
tion and pharmacokinetic study of brevifolin in rat after ig administration of 
pomegranate leaf extract. Chinese Pharmacological Bulletin 21, 369-372 

Wang XY, Gao XL, Mai EM (2008) Advances in pharmacological studies of 

Punica granatum L. China Medical Herald 5, 13-15 
Wei AC, Li XH, Wu XL (2000) Advances in the investigation of natural oxi-

dant. Zhengzhou Gong Xue Yuan Xue Bao 21, 62-67 
Xie YY, Morikawa T, Ninomiya K, Imura K, Muraoka O, Yuan D, Yoshi-

kawa M (2008) Medicinal flowers. XXIII. New taraxastane-type triterpene, 
punicanolic acid, with tumor necrosis factor-� inhibitory activity from the 
flowers of Punica granatum. Chemical and Pharmaceutical Bulletin 56, 
1628-1631 

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. Chinese Journal of Preventive Medicine 
39, 80-83 

Yamasaki M, Kitagawa T, Koyanagi N (2006) Dietary effect of pomegranate 
seed oil on immune function and lipid metabolism in mice. Nutrition 22, 54-
59 

Yang XW, Yang XD, Pu XP, Wang K (2004) Construction of the platform of 
absorption, distribution, metabolism, excretion/toxicity for creative drug in-
vestigation. Journal of Peking University (Health Sciences) 36, 5-9 

Zhang J, Zhan BY, Yao XJ (1995) Experimental study on the anti-herpes virus 
of pomegranate rind. Chinese Journal of Traditional Medical Science and 
Technology 2, 28-30 

Zhang J, Zhan BY, Yao XJ (1997) In vitro inactivation of hepatitis virus B 
(HBV) by pomegranate rind and its clinical significance. Pharmacology and 
Clinics of Chinese Materia Medica 13, 29-31 

 
 

87


