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Mangosteen studiesE-

valuating the efficacy in improving facial photodamage 
with a mixture of topical antioxidants. 

J Drugs Dermatol. 2007 Nov;6(11):1141-8 

Hsu J, Skover G, Goldman MP. 

University of California, San Diego, USA. 

This study evaluates the efficacy and tolerability of an investigational study cream com-
posed of 3 ingredients (green and white teas, mangosteen, and pomegranate extract), Vi-
taphenol Skin Cream (La Jolla Spa MD, La Jolla CA), as compared to a placebo cream in 
rejuvenating facial skin. Twenty healthy females between the ages of 35 and 65 with de-
monstrable facial wrinkling, achieving a Rao-Goldman wrinkle scale score of 2 or above, 



 

applied either Vitaphenol Skin Cream or placebo cream to a randomized half of their face 
twice daily for 60 days and returned for follow-up after 2 weeks. Twice as many subjects 
indicated an enhancement of skin texture (eg, reduction in pore size, roughness, and 
touch) with the usage of Vitaphenol versus placebo. In all, 41% of the study subjects pre-
ferred the half of their face that had been receiving Vitaphenol, while only 0.06% of the 
subjects favored the placebo side. PRIMOS images from periorbital skin treated with Vi-
taphenol demonstrated an average improvement in skin smoothness of 1 mm3, whereas 
skin treated with placebo showed an average decrease in smoothness or an increase in 
skin roughness of 0.9 mm3. The addition of 3 antioxidants, green and white teas, man-
gosteen, and pomegranate, have an additive effect to enhance the improvement of age-
related changes in the skin. 

Cardioprotective effect of alpha-mangostin, a xanthone 
derivative from mangosteen on tissue defense system 
against isoproterenol-induced myocardial infarction in 
rats. 

J Biochem Mol Toxicol. 2007;21(6):336-9 

Devi Sampath P, Vijayaraghavan K. 

Centre for Advanced Studies in Botany, University of Madras, Guindy Campus, Chennai, 
India. 

Increased oxidative stress and antioxidant deficit have been suggested to play a major 
role in isoproterenol-induced myocardial infarction. The present study was designed to 
evaluate the effect of alpha-mangostin on the antioxidant defense system and lipid perox-
idation against isoproterenol-induced myocardial infarction in rats. Induction of rats with 
ISO (150 mg/kg body weight, ip) for 2 days resulted in a marked elevation in lipid perox-
idation, serum marker enzymes (LDH, CPK, GOT, and GPT) and a significant decrease 
in the activities of endogenous antioxidants (SOD, CAT, GPx, GST, and GSH). Pre-
treatment with alpha-mangostin (200 mg/kg of body weight per day) orally for 6 days 
prior to the ISO administration and 2 days along with ISO administration significantly 
attenuated these changes when compared to the individual treatment groups. These find-
ings indicate the protective effect of alpha-mangostin on lipid peroxidation and antioxi-
dant tissue defense system during ISO-induced myocardial infarction in rats 

Xanthones with quinone reductase-inducing activity 
from the fruits of Garcinia mangostana (Mangosteen). 

Phytochemistry. 2007 Nov 6 

Chin YW, Jung HA, Chai H, Keller WJ, Kinghorn AD. 



 

Division of Medicinal Chemistry and Pharmacognosy, College of Pharmacy, The Ohio 
State University, Columbus, OH 43210, USA. 

Bioactivity-guided fractionation of a dichloromethane-soluble extract of Garcinia man-
gostana fruits has led to the isolation and identification of five compounds, including two 
xanthones, 1,2-dihydro-1,8,10-trihydroxy-2-(2-hydroxypropan-2-yl)-9-(3-methylbut-2-
enyl)furo[3,2-a]xanthen-11-one (1) and 6-deoxy-7-demethylmangostanin (2), along with 
three known compounds, 1,3,7-trihydroxy-2,8-di-(3-methylbut-2-enyl)xanthone (3), 
mangostanin (4), and alpha-mangostin (5). The structures of compounds 1 and 2 were 
determined from analysis of their spectroscopic data. All isolated compounds in the 
present study together with eleven other compounds previously isolated from the pericarp 
of mangosteen, were tested in an in vitro quinone reductase-induction assay using murine 
hepatoma cells (Hepa 1c1c7) and an in vitro hydroxyl radical antioxidant assay. Of these, 
compounds 1-4 induced quinone reductase (concentration to double enzyme induction, 
0.68-2.2mug/mL) in Hepa 1c1c7 cells and gamma-mangostin (6) exhibited hydroxyl rad-
ical-scavenging activity (IC(50), 0.20mug/mL). 

Effect of Garcinia mangostana on inflammation caused 
by Propionibacterium acnes. 

Fitoterapia. 2007 Sep;78(6):401-8. Epub 2007 Jun 2 

Chomnawang MT, Surassmo S, Nukoolkarn VS, Gritsanapan W. 

Department of Microbiology, Faculty of Pharmacy, Mahidol University, Rachathevi, 
Bangkok, Thailand. scmtd@mahidol.ac.th 

The present study was aimed to investigate the activity of Thai medicinal plants on in-
flammation caused by Propionibacterium acnes in terms of free radical scavenging and 
cytokine reducing properties. P. acnes have been recognized as pus-forming bacteria trig-
gering an inflammation in acne. Antioxidant activity was determined by DPPH scaveng-
ing and NBT reduction assay. The result showed that Garcinia mangostana possessed the 
most significant antioxidant activity and reduced reactive oxygen species production. 
Houttuynia cordata, Eupatorium odoratum, and Senna alata had a moderate antioxidant 
effect. In addition, Garcinia mangostana extracts could reduce the TNF-alpha production 
as determined by ELISA. Garcinia mangostana was highly effective in scavenging free 
radicals and was able to suppress the production of pro-inflammatory cytokines. This 
study has identified the promising source of anti-inflammatory agent which could be use-
ful in treatment of acne vulgaris. 

Comparative study of health properties and nutritional 
value of durian, mangosteen, and snake fruit: experi-
ments in vitro and in vivo. 



 

J Agric Food Chem. 2007 Jul 11;55(14):5842-9. Epub 
2007 Jun 13 

Haruenkit R, Poovarodom S, Leontowicz H, Leontowicz M, Sajewicz M, Kowalska 
T, Delgado-Licon E, Rocha-Guzmán NE, Gallegos-Infante JA, Trakhtenberg S, Go-
rinstein S. 

Faculty of Agricultural Industry and Department of Soil Science, King Mongkut's Insti-
tute of Technology Ladkrabang, Ladkrabang, Bangkok 10520, Thailand. 

In vitro and in vivo studies of the health and nutritional properties of durian (Durio zibe-
thinus Murr.) were compared with snake fruit (Salacca edulis Reinw.) and mangosteen 
(Garcinia mangostana). Dietary fibers, minerals, and trace metals were comparable. Total 
polyphenols (mg of GAE/100 g of FW) and flavonoids (85.1+/-6.1) were significantly 
higher (p<0.05) than in snake fruit (217.1+/-13.2 (mg of CE/100 g of FW)), durian 
(309.7+/-19.3 and 61.2+/-4.9), and mangosteen (190.3+/-12.1 and 54.1+/-3.8). Antioxi-
dant activity (microM TE/100 g of FW) of durian measured by DPPH and ABTS assays 
(228.2+/-13.4 and 2016.3+/-81.1) was significantly higher (p<0.05) than in snake fruit 
(110.4+/-7.9 and 1507.5+/-70.1) and mangosteen (79.1+/-5.9 and 1268.6+/-62.3). 
HPLC/DAD analysis of durian (microg/100 g of FW) showed that quercetin (1214.23+/-
116.7) was present at levels three times that of caffeic acid, and twice as high as p-
coumaric and cinnamic acids. The correlation coefficients between the bioactive com-
pounds of fruits and their antioxidant activities were high (R2=0.99). Male Wistar rats 
(25) were divided into five dietary groups: the control group was fed the basal diet (BD); 
in addition to BD, the cholesterol (Chol) group was supplemented with 1% of Chol; the 
diets of the Chol/Durian, Chol/Snake, and Chol/Mangosteen groups were supplemanted 
with 5% of these fruits, respectively. It was found that diets supplemented with durian, 
and to a lesser degree with snake fruit and mangosteen, significantly hindered the rise in 
plasma lipids and the decrease in antioxidant activity. The nutritional values were compa-
rably high. In conclusion, it could be suggested that inclusion of studied tropical fruits, 
especially durian, in known disease-preventing diets could be beneficial. 

Antioxidative and neuroprotective activities of extracts 
from the fruit hull of mangosteen (Garcinia mangostana 
Linn.). 

Med Princ Pract. 2006;15(4):281-7 

Weecharangsan W, Opanasopit P, Sukma M, Ngawhirunpat T, Sotanaphun U, Siri-
pong P. 

Faculty of Pharmacy, Silpakorn University, Nakhonpathom, Thailand. 

OBJECTIVE: The aim of this study was to investigate the antioxidative and neuroprotec-
tive activities of various extracts from the fruit hull of mangosteen (Garcinia mangostana 



 

Linn., GM). MATERIALS AND METHODS: Four extracts: water, 50% ethanol, 95% 
ethanol and ethyl acetate, were used. The antioxidative activity was evaluated using 2,2-
diphenyl-1-picrylhydrazyl free-radical scavenging assay at extract concentrations of 1, 
10, 50 and 100 microg/ml. Based on the free radical scavenging activity of the extracts, 
two (water and 50% ethanol) were selected for their protective activity in NG108-15 neu-
roblastoma cells against H(2)O(2)-induced oxidative stress and for cell viability using 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. RESULTS: All ex-
tracts exhibited antioxidative activity. The water and 50% ethanol extracts showed high 
free-radical scavenging activity with IC(50) values of 34.98 +/- 2.24 and 30.76 +/- 1.66 
microg/ml, respectively. Both water and 50% ethanol extracts exhibited neuroprotective 
activity on NG108-15 cells. The highest activity was observed at the concentration of 50 
microg/ml for both the water and 50% ethanol extracts. For cytotoxicity test, none of the 
extracts was toxic to the cells except at the high concentration of 100 microg/ml. CON-
CLUSIONS: These results suggest that the water and 50% ethanol extracts from the fruit 
hull of GM may be potent neuroprotectants. 

Antioxidant xanthones from the pericarp of Garcinia 
mangostana (Mangosteen). 

J Agric Food Chem. 2006 Mar 22;54(6):2077-82. 

Jung HA, Su BN, Keller WJ, Mehta RG, Kinghorn AD. 

Division of Medicinal Chemistry and Pharmacognosy, College of Pharmacy, The Ohio 
State University, Columbus, Ohio 43210, USA. 

As part of ongoing research on cancer chemopreventive agents from botanical dietary 
supplements, Garcinia mangostana L. (commonly known as mangosteen) was selected 
for detailed study. Repeated chromatography of a CH2Cl2-soluble extract of the pericarp 
led to the isolation of two new highly oxygenated prenylated xanthones, 8-
hydroxycudraxanthone G (1) and mangostingone [7-methoxy-2-(3-methyl-2-butenyl)-8-
(3-methyl-2-oxo-3-butenyl)-1,3,6-trihydroxyxanthone, 2], together with 12 known xan-
thones, cudraxanthone G (3), 8-deoxygartanin (4), garcimangosone B (5), garcinone D 
(6), garcinone E (7), gartanin (8), 1-isomangostin (9), alpha-mangostin (10), gamma-
mangostin (11), mangostinone (12), smeathxanthone A (13), and tovophyllin A (14). The 
structures of compounds 1 and 2 were elucidated by spectroscopic data analysis. Except 
for compound 2, which was isolated as a minor component, the antioxidant activities of 
all isolates were determined using authentic and morpholinosydnonimine-derived perox-
ynitrite methods, and compounds 1, 8, 10, 11, and 13 were the most active. Alpha-
mangostin (10) inhibited 7,12-dimethylbenz[alpha]anthracene-induced preneoplastic le-
sions in a mouse mammary organ culture assay with an IC50 of 1.0 microg/mL (2.44 mi-
croM). 



 

Antiproliferation, antioxidation and induction of apop-
tosis by Garcinia mangostana (mangosteen) on SKBR3 
human breast cancer cell line. 

J Ethnopharmacol. 2004 Jan;90(1):161-6 

Moongkarndi P, Kosem N, Kaslungka S, Luanratana O, Pongpan N, Neungton N. 

Department of Microbiology, Faculty of Pharmacy, Mahidol University, Sri Ayudthaya 
Road, Rajdhevee, Bangkok 10400, Thailand. pypmk@mahidol.ac.th 

This study was designed to determine the antiproliferative, apoptotic and antioxidative 
properties of crude methanolic extract (CME) from the pericarp of Garcinia mangostana 
(family Guttiferae) using human breast cancer (SKBR3) cell line as a model system. 
SKBR3 cells were cultured in the presence of CME at various concentrations (0-50 mi-
crog/ml) for 48 h and the percentage of cell viability was evaluated by 3-(4,5-
dimethylthiazol-2-yl)-2,5-di phenyl tetrazolium bromide (MTT) assay. CME showed a 
dose-dependent inhibition of cell proliferation with ED(50) of 9.25+/-0.64 microg/ml. 
We found that antiproliferative effect of CME was associated with apoptosis on breast 
cancer cell line by determinations of morphological changes and oligonucleosomal DNA 
fragments. In addition, CME at various concentrations and incubation times were also 
found to inhibit ROS production. These investigations suggested that the methanolic ex-
tract from the pericarp of Garcinia mangostana had strong antiproliferation, potent anti-
oxidation and induction of apoptosis. Thus, it indicates that this substance can show dif-
ferent activities and has potential for cancer chemoprevention which were dose depen-
dent as well as exposure time dependent. 

Inhibitory effects of crude alpha-mangostin, a xanthone 
derivative, on two different categories of colon preneop-
lastic lesions induced by 1, 2-dimethylhydrazine in the 
rat. 

Asian Pac J Cancer Prev. 2004 Oct-Dec;5(4):433-8 
Nabandith V, Suzui M, Morioka T, Kaneshiro T, Kinjo T, Matsumoto K, Akao Y, 
Iinuma M, Yoshimi N. 
Tumor Pathology Division, Faculty of Medicine, University of the Ryukyus, Okinawa 
903-0215, Japan. 
 
The purpose of this study was to examine whether crude alpha-mangostin (a major xan-
thone derivative in mangosteen pericarp (Garcinia mangostana)) has short-term chemo-
preventive effects on putative preneoplastic lesions involved in rat colon carcinogenesis. 
The crude preparation was obtained by simple recrystallization of an ethylacetate extract 
of mangosteen pericarps. A total of 33 five-week-old male F344 rats were randomly di-
vided into 5 experimental groups. Rats in groups 1-3 were given a subcutaneous injection 



 

of 1,2-dimethylhydrazine (DMH)(40 mg/kg body weight) once a week for 2 weeks. Start-
ing one week before the first injection of DMH, rats in groups 2 and 3 were fed a diet 
containing 0.02% and 0.05% crude alpha-mangostin, respectively, for 5 weeks. Rats in 
group 4 also received the diet containing 0.05% crude alpha-mangostin, while rats in 
group 5 served as untreated controls. The experiment was terminated 5 weeks after the 
start. Dietary administration of crude alpha-mangostin at both doses significantly inhi-
bited the induction and/or development of aberrant crypt foci (ACF) (P<0.05 for 0.02% 
crude alpha-mangostin, P<0.01 for 0.05% crude alpha-mangostin), when compared to the 
DMH-treated group (group 1). Moreover, treatment of rats with 0.05% crude alpha-
mangostin significantly decreased dysplastic foci (DF) (P<0.05) and beta-catenin accu-
mulated crypts (BCAC) (P<0.05), to below the group 1 values. The proliferating cell nuc-
lear antigen (PCNA) labeling indices of colon epithelium and focal lesions in groups 2 
and 3 were also significantly lower than in group 1 and this effect occurred in a dose de-
pendent manner of the crude alpha-mangostin. This finding that crude alpha-mangostin 
has potent chemopreventive effects in our short-term colon carcinogenesis bioassay sys-
tem suggests that longer exposure might result in suppression of tumor development. 

Pharmacological profile of mangostin and its deriva-
tives. 

 
Arch Int Pharmacodyn Ther. 1979 Jun;239(2):257-69 
Shankaranarayan D, Gopalakrishnan C, Kameswaran L. 
 
Mangostin (M), a naturally occurring xanthone in the rinds of the fruits of Garcinia man-
gostana Linn. (Guttiferae) and its derivatives such as 3-0-methyl mangostin (MM), 3,6-
di-O-methyl mangostin (DM), 1-isomangostin (IM), mangostin triacetate (MT), mangos-
tin 3,6-di-O-(tetra acetyl) glucoside (MTG) and mangostin-6,6-di-O-glucoside (MOG) 
were screened for various pharmacological effects in experimental animals. With the ex-
ception of DM all the test compounds produced CNS depression characterised by ptosis, 
sedation, decreased motor activity, potentiation of pentobarbital sleeping time and ether 
anaesthesia in mice and rats. None of the compounds exhibited analgesic, antipyretic and 
anticonvulsant effects. With the exception of MOG, none of the test compounds produced 
significant effects on the cardiovascular system of frogs and dogs. MOG produced myo-
cardial stimulation and a rise in blood pressure which was partially blocked by proprano-
lol. M, IM and MT produced pronounced antiinflammatory activity both by intraperito-
neal and oral routes in rats as tested by carrageenininduced hind paw oedema, cotton pel-
let implantation and granuloma pouch techniques. Antiinflammatory activity for M, IM 
and MT was observed even in bilaterally adrenalectomised rats. M, IM and MT did not 
produce any mast cell membrane stabilising effect and the degranulation effect of poly-
myxin B, diazoxide and Triton X-100 on rat peritoneal mast cells in vitro was not pre-
vented. M, IM and MT did not alter the prothrombin time of albino rats. M alone pro-
duced significant antiulcer activity in rats. 

Prenylated xanthones as potential antiplasmodial sub-
stances. 



 

Planta Med. 2006 Aug;72(10):912-6. Epub 2006 Aug 10 
Mahabusarakam W, Kuaha K, Wilairat P, Taylor WC. 
Department of Chemistry, Prince of Songkla University, Hat Yai, Songkhla, Thailand. 
wilawan.m@psu.ac.th 
 
Mangostin, the major xanthone of Garcinia mangostana, and a series of synthetic deriva-
tives were investigated for their in vitro antiplasmodial activity against Plasmodium fal-
ciparum. Mangostin itself showed moderate activity, but prenylated xanthones containing 
alkylamino functional groups exhibited quite potent antiplasmodial activity. Some struc-
ture-activity relationships are proposed. 
 

Cytotoxic prenylated xanthones from the young fruit of 
Garcinia mangostana. 
 
Chem Pharm Bull (Tokyo). 2006 Mar;54(3):301-5. 
Suksamrarn S, Komutiban O, Ratananukul P, Chimnoi N, Lartpornmatulee N, 
Suksamrarn A. 
Department of Chemistry, Faculty of Science, Srinakharinwirot University, Sukhumvit, 
Bangkok, Thailand. sunit@swu.ac.th 
 
Three new prenylated xanthones, mangostenones C (1), D (2), and E (3), together with 16 
known xanthones 4-19, were isolated from the young fruit (7-week maturity stage) of 
Garcinia mangostana. The structural elucidation of the new compounds was mainly es-
tablished on the basis of 1D and 2D NMR and HR-MS spectroscopic analysis. Com-
pound 1 showed cytotoxic properties against three human cancer cell lines, epidermoid 
carcinoma of the mouth (KB), breast cancer (BC-1), and small cell lung cancer (NCI-
H187), with IC50 values of 2.8, 3.53, and 3.72 microg/ml, respectively. Among the iso-
lates, alpha-mangostin (12), the major metabolite, exhibited the most potent effects 
against the BC-1 cells with an IC50 value of 0.92 microg/ml, an activity greater than that 
of the standard drug ellipticine (IC50 = 1.46 microg/ml). Compound 12 also showed the 
highest activity against KB cells, while gartanin (10) displayed the strongest activity 
against the NCI-H187 cells at the respective IC50 values of 2.08 microg/ml and 1.08 mi-
crog/ml. 

Antioxidative and neuroprotective activities of extracts 
from the fruit hull of mangosteen (Garcinia mangostana 
Linn.). 
 
Med Princ Pract. 2006;15(4):281-7 
Weecharangsan W, Opanasopit P, Sukma M, Ngawhirunpat T, Sotanaphun U, Siri-
pong P. 
Faculty of Pharmacy, Silpakorn University, Nakhonpathom, Thailand. 
 
OBJECTIVE: The aim of this study was to investigate the antioxidative and neuroprotec-
tive activities of various extracts from the fruit hull of mangosteen (Garcinia mangostana 
Linn., GM). MATERIALS AND METHODS: Four extracts: water, 50% ethanol, 95% 



 

ethanol and ethyl acetate, were used. The antioxidative activity was evaluated using 2,2-
diphenyl-1-picrylhydrazyl free-radical scavenging assay at extract concentrations of 1, 
10, 50 and 100 microg/ml. Based on the free radical scavenging activity of the extracts, 
two (water and 50% ethanol) were selected for their protective activity in NG108-15 neu-
roblastoma cells against H(2)O(2)-induced oxidative stress and for cell viability using 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. RESULTS: All ex-
tracts exhibited antioxidative activity. The water and 50% ethanol extracts showed high 
free-radical scavenging activity with IC(50) values of 34.98 +/- 2.24 and 30.76 +/- 1.66 
microg/ml, respectively. Both water and 50% ethanol extracts exhibited neuroprotective 
activity on NG108-15 cells. The highest activity was observed at the concentration of 50 
microg/ml for both the water and 50% ethanol extracts. For cytotoxicity test, none of the 
extracts was toxic to the cells except at the high concentration of 100 microg/ml. CON-
CLUSIONS: These results suggest that the water and 50% ethanol extracts from the fruit 
hull of GM may be potent neuroprotectants. 

Antimicrobial effects of Thai medicinal plants against 
acne-inducing bacteria. 

Ethnopharmacol. 2005 Oct 3;101(1-3):330-3 
Chomnawang MT, Surassmo S, Nukoolkarn VS, Gritsanapan W. 
Department of Microbiology, Faculty of Pharmacy, Mahidol University, 447 Sri Ayud-
thaya Road, Rachathevi, Bangkok 10400, Thailand. scmtd@mahidol.ac.th 
 
Propionibacterium acnes and Staphylococcus epidermidis have been recognized as pus-
forming bacteria triggering an inflammation in acne. The present study was conducted to 
evaluate antimicrobial activities of Thai medicinal plants against these etiologic agents of 
acne vulgaris. Crude extracts were tested for antimicrobial activities by disc diffusion and 
broth dilution methods. The results from the disc diffusion method showed that 13 medi-
cinal plants could inhibit the growth of Propionibacterium acnes. Among those, Senna 
alata, Eupatorium odoratum, Garcinia mangostana, and Barleria lupulina had strong inhi-
bitory effects. Based on a broth dilution method, the Garcinia mangostana extract had the 
greatest antimicrobial effect. The MIC values were the same (0.039 mg/ml) for both bac-
terial species and the MBC values were 0.039 and 0.156 mg/ml against Propionibacte-
rium acnes and Staphylococcus epidermidis, respectively. In bioautography assay, the 
Garcinia mangostana extract produced strong inhibition zones against Propionibacterium 
acnes. Antimicrobial activity from fractions of column chromatography revealed one of 
the active compounds in Garcinia mangostana could be mangostin, a xanthone derivative. 
Taken together, our data indicated that Garcinia mangostana had a strong inhibitory ef-
fect on Propionibacterium acnes and Staphylococcus epidermidis. Therefore, this plant 
would be an interesting topic for further study and possibly for an alternative treatment 
for acne. 

Activity of medicinal plant extracts against hospital iso-
lates of methicillin-resistant Staphylococcus aureus. 

Clin Microbiol Infect. 2005 Jun;11(6):510-2 



 

Voravuthikunchai SP, Kitpipit L. 
Department of Microbiology, Faculty of Science, Prince of Songkla University, Hatyai, 
Songkla, Thailand. supayang.v@psu.ac.th 
 
Aqueous and ethanolic extracts of ten traditional Thai medicinal plants were investigated 
for their ability to inhibit 35 hospital isolates of methicillin-resistant Staphylococcus au-
reus (MRSA). Nine medicinal plants displayed activity against all isolates tested. Etha-
nolic extracts of Garcinia mangostana, Punica granatum and Quercus infectoria were 
most effective, with MICs for MRSA isolates of 0.05-0.4, 0.2-0.4 and 0.2-0.4 mg/mL, 
respectively, and for S. aureus ATCC 25923 of 0.1, 0.2 and 0.1 mg/mL, respectively. 
MBCs for MRSA isolates were 0.1-0.4, 1.6-3.2 and 0.4-1.6 mg/mL, and for S. aureus 
ATCC 25923 were 0.4, 3.2 and 1.6 mg/mL, respectively. 

Antiproliferation, antioxidation and induction of apop-
tosis by Garcinia mangostana (mangosteen) on SKBR3 
human breast cancer cell line. 

J Ethnopharmacol. 2004 Jan;90(1):161-6 
Moongkarndi P, Kosem N, Kaslungka S, Luanratana O, Pongpan N, Neungton N. 
Department of Microbiology, Faculty of Pharmacy, Mahidol University, Sri Ayudthaya 
Road, Rajdhevee, Bangkok 10400, Thailand. pypmk@mahidol.ac.th 
 
This study was designed to determine the antiproliferative, apoptotic and antioxidative 
properties of crude methanolic extract (CME) from the pericarp of Garcinia mangostana 
(family Guttiferae) using human breast cancer (SKBR3) cell line as a model system. 
SKBR3 cells were cultured in the presence of CME at various concentrations (0-50 mi-
crog/ml) for 48 h and the percentage of cell viability was evaluated by 3-(4,5-
dimethylthiazol-2-yl)-2,5-di phenyl tetrazolium bromide (MTT) assay. CME showed a 
dose-dependent inhibition of cell proliferation with ED(50) of 9.25+/-0.64 microg/ml. 
We found that antiproliferative effect of CME was associated with apoptosis on breast 
cancer cell line by determinations of morphological changes and oligonucleosomal DNA 
fragments. In addition, CME at various concentrations and incubation times were also 
found to inhibit ROS production. These investigations suggested that the methanolic ex-
tract from the pericarp of Garcinia mangostana had strong antiproliferation, potent anti-
oxidation and induction of apoptosis. Thus, it indicates that this substance can show dif-
ferent activities and has potential for cancer chemoprevention which were dose depen-
dent as well as exposure time dependent. 

Antiproliferative activity of Thai medicinal plant ex-
tracts on human breast adenocarcinoma cell line. 

Fitoterapia. 2004 Jun;75(3-4):375-7. 
Moongkarndi P, Kosem N, Luanratana O, Jongsomboonkusol S, Pongpan N. 
Department of Microbiology, Faculty of Pharmacy, Mahidol University, Rajdhevee, Sri 
Ayudthaya Rd, Bangkok 10400, Thailand. pypmk@mahidol.ac.th 
 



 

Ethanolic extracts of selected nine Thai medicinal plants were tested for antiproliferative 
activity against SKBR3 human breast adenocarcinoma cell line using MTT assay. Garci-
nia mangostana showed the most potent activity. However, all plant extracts showed ac-
tivity in potential range for further investigation on cancer cells. 
 

gamma-Mangostin inhibits inhibitor-kappaB kinase ac-
tivity and decreases lipopolysaccharide-induced cyc-
looxygenase-2 gene expression in C6 rat glioma cells. 

Mol Pharmacol. 2004 Sep;66(3):667-74 
Nakatani K, Yamakuni T, Kondo N, Arakawa T, Oosawa K, Shimura S, Inoue H, 
Ohizumi Y. 
Department of Pharmaceutical Molecular Biology, Graduate School of Pharmaceutical 
Sciences, Tohoku University, Aoba, Aramaki, Aoba-ku, Sendai 980-8578, Japan. 
 
We investigated the effect of gamma-mangostin purified from the fruit hull of the medi-
cinal plant Garcinia mangostana on spontaneous prostaglandin E(2) (PGE(2)) genase re-
lease and inducible cyclooxy-2 (COX-2) gene expression in C6 rat glioma cells. An 18-h 
treatment with gamma-mangostin potently inhibited spontaneous PGE(2) release in a 
concentration-dependent manner with the IC(50) value of approximately 2 microM, 
without affecting the cell viability even at 30 microM. By immunoblotting and reverse-
transcription polymerase chain reaction, we showed that gamma-mangostin concentra-
tion-dependently inhibited lipopolysaccharide (LPS)-induced expression of COX-2 pro-
tein and its mRNA, but not those of constitutive COX-1 cyclooxygenase. Because LPS is 
known to stimulate inhibitor kappaB (IkappaB) kinase (IKK)-mediated phosphorylation 
of IkappaB followed by its degradation, which in turn induces nuclear factor (NF)-
kappaB nuclear translocation leading to transcriptional activation of COX-2 gene, the ef-
fect of gamma-mangostin on the IKK/IkappaB cascade controlling the NF-kappaB acti-
vation was examined. An in vitro IKK assay using IKK protein immunoprecipitated from 
C6 cell extract showed that this compound inhibited IKK activity in a concentration-
dependent manner, with the IC(50) value of approximately 10 microM. Consistently 
gamma-mangostin was also observed to decrease the LPS-induced IkappaB degradation 
and phosphorylation in a concentration-dependent manner, as assayed by immunoblot-
ting. Furthermore, luciferase reporter assays showed that gamma-mangostin reduced the 
LPS-inducible activation of NF-kappaB-and human COX-2 gene promoter region-
dependent transcription. gamma-Mangostin also inhibited rat carrageenan-induced paw 
edema. These results suggest that gamma-mangostin directly inhibits IKK activity and 
thereby prevents COX-2 gene transcription, an NF-kappaB target gene, probably to de-
crease the inflammatory agent-stimulated PGE(2) production in vivo, and is a new useful 
lead compound for anti-inflammatory drug development. 

Alpha-mangostin induces Ca2+-ATPase-dependent 
apoptosis via mitochondrial pathway in PC12 cells. 

J Pharmacol Sci. 2004 May;95(1):33-40 



 

Sato A, Fujiwara H, Oku H, Ishiguro K, Ohizumi Y. 
Department of Pharmaceutical Molecular Biology, Graduate School of Pharmaceutical 
Sciences, Tohoku University, Sendai, Japan. 
 
We investigated the cell death effects of eight xanthones on PC12 rat pheochromocytoma 
cells. Among these compounds, alpha-mangostin, from the fruit hull of Garcinia mangos-
tana L., had the most potent effect with the EC(50) value of 4 microM. Alpha-mangostin-
treated PC12 cells demonstrated typical apoptotic DNA fragmentation and caspase-3 
cleavage (equivalent to activation). The flow cytometric analysis indicated that this com-
pound induced apoptosis in time-and concentration-dependent manners. Alpha-mangostin 
showed the features of the mitochondrial apoptotic pathway such as mitochondrial mem-
brane depolarization and cytochrome c release. Furthermore, alpha-mangostin inhibited 
the sarco(endo)plasmic reticulum Ca(2+)-ATPase markedly. There was a correlation be-
tween the Ca(2+)-ATPase inhibitory effects and the apoptotic effects of the xanthone de-
rivatives. On the other hand, c-Jun NH(2)-terminal kinase (JNK/SAPK), one of the sig-
naling molecules of endoplasmic reticulum (ER) stress, was activated with alpha-
mangostin treatment. These results suggest that alpha-mangostin inhibits Ca(2+)-ATPase 
to cause apoptosis through the mitochondrial pathway. 

Induction of apoptosis by xanthones from mangosteen 
in human leukemia cell lines. 

J Nat Prod. 2003 Aug;66(8):1124-7 
Matsumoto K, Akao Y, Kobayashi E, Ohguchi K, Ito T, Tanaka T, Iinuma M, No-
zawa Y. 
Gifu International Institute of Biotechnology, 1-1 Naka-Fudogaoka, Kakamigahara, Gifu 
504-0838, Japan. kmatsumoto@giib.or.jp 
 
We examined the effects of six xanthones from the pericarps of mangosteen, Garcinia 
mangostana, on the cell growth inhibition of human leukemia cell line HL60. All xan-
thones displayed growth inhibitory effects. Among them, alpha-mangostin showed com-
plete inhibition at 10 microM through the induction of apoptosis. 

Antimycobacterial activity of prenylated xanthones 
from the fruits of Garcinia mangostana. 

Chem Pharm Bull (Tokyo). 2003 Jul;51(7):857-9 
Suksamrarn S, Suwannapoch N, Phakhodee W, Thanuhiranlert J, Ratananukul P, 
Chimnoi N, Suksamrarn A. 
Department of Chemistry, Faculty of Science, Srinakharinwirot University, Bangkok, 
Thailand. sunit@swu.ac.th 
 
Prenylated xanthones, isolated from the fruit hulls and the edible arils and seeds of Gar-
cinia mangostana, were tested for their antituberculosis potential. Alpha- and beta-
mangostins and garcinone B exhibited strong inhibitory effect against Mycobacterium 
tuberculosis with the minimum inhibitory concentration (MIC) value of 6.25 microg/ml. 



 

Tri- and tetra-oxygenated xanthones with di-C5 units or with a C5 and a modified C5 
groups are essential for high activities. Substitution in the A and C rings has been shown 
to modify the bioactivity of the compounds. 

Garcinone E, a xanthone derivative, has potent cytotox-
ic effect against hepatocellular carcinoma cell lines. 

Planta Med. 2002 Nov;68(11):975-9 
Ho CK, Huang YL, Chen CC. 
Department of Medical Research & Education, Veterans General Hospital, Taipei, ROC. 
 
Treatment of hepatocellular carcinomas (HCCs) with chemotherapy has generally been 
disappointing and it is most desirable to have more effective new drugs. We extracted 
and purified 6 xanthone compounds from the rinds (peel) of the fruits of Garcinia man-
gostana L., using partitioned chromatography and then tested the cytotoxic effects of 
these compounds on a panel of 14 different human cancer cell lines including 6 hepatoma 
cell lines, based on the MTT method. Several commonly used chemotherapeutic agents 
were included in the assay to determine the relative potency of the potential new drugs. 
Our results have shown that one of the xanthone derivatives which could be identified as 
garcinone E has potent cytotoxic effect on all HCC cell lines as well as on the other gas-
tric and lung cancer cell lines included in the screen. We suggest that garcinone E may be 
potentially useful for the treatment of certain types of cancer. 

Inhibition of cyclooxygenase and prostaglandin E2 syn-
thesis by gamma-mangostin, a xanthone derivative in 
mangosteen, in C6 rat glioma cells. 

Biochem Pharmacol. 2002 Jan 1;63(1):73-9 
Nakatani K, Nakahata N, Arakawa T, Yasuda H, Ohizumi Y. 
Department of Pharmaceutical Molecular Biology, Graduate School of Pharmaceutical 
Sciences, Tohoku University, Aoba, Aramaki, Aoba-ku, 980-8578, Sendai, Japan. 
 
The fruit hull of mangosteen, Garcinia mangostana L., has been used for many years as a 
medicine for treatment of skin infection, wounds, and diarrhea in Southeast Asia. In the 
present study, we examined the effect of gamma-mangostin, a tetraoxygenated dipreny-
lated xanthone contained in mangosteen, on arachidonic acid (AA) cascade in C6 rat gli-
oma cells. gamma-Mangostin had a potent inhibitory activity of prostaglandin E2 (PGE2) 
release induced by A23187, a Ca2+ ionophore. The inhibition was concentration-
dependent, with the IC50 value of about 5 microM. gamma-Mangostin had no inhibitory 
effect on A23187-induced phosphorylation of p42/p44 extracellular signal regulated ki-
nase/mitogen-activated protein kinase or on the liberation of [14C]-AA from the cells la-
beled with [14C]-AA. However, gamma-mangostin concentration-dependently inhibited 
the conversion of AA to PGE2 in microsomal preparations, showing its possible inhibi-
tion of cyclooxygenase (COX). In enzyme assay in vitro, gamma-mangostin inhibited the 
activities of both constitutive COX (COX-1) and inducible COX (COX-2) in a concentra-
tion-dependent manner, with the IC50 values of about 0.8 and 2 microM, respectively. 



 

Lineweaver-Burk plot analysis indicated that gamma-mangostin competitively inhibited 
the activities of both COX-1 and -2. This study is a first demonstration that gamma-
mangostin, a xanthone derivative, directly inhibits COX activity. 

Inhibitions of histamine release and prostaglandin E2 
synthesis by mangosteen, a Thai medicinal plant. 

Biol Pharm Bull. 2002 Sep;25(9):1137-41 
Nakatani K, Atsumi M, Arakawa T, Oosawa K, Shimura S, Nakahata N, Ohizumi 
Y. 
Department of Pharmaceutical Molecular Biology, Graduate School of Pharmaceutical 
Sciences, Tohoku University, Sendai, Japan. 
 
The fruit hull of mangosteen, Garcinia mangostana L. has been used as a Thai indigenous 
medicine for many years. However, its mechanism of action as a medicine has not been 
elucidated. The present study was undertaken to examine the effects of mangosteen ex-
tracts (100% ethanol, 70% ethanol, 40% ethanol and water) on histamine release and 
prostaglandin E2 synthesis. We found that the 40% ethanol extract of mangosteen inhi-
bited IgE-mediated histamine release from RBL-2H3 cells with greater potency than the 
water extract of Rubus suavissimus that has been used as an anti-allergy crude drug in 
Japan. All extracts of mangosteen potently inhibited A23187-induced prostaglandin E2 
synthesis in C6 rat glioma cells, while the water extract of Rubus suavissimus had no ef-
fect. The 40% ethanol extract of mangosteen inhibited the prostaglandin E2 synthesis in a 
concentration-dependent manner with relatively lower concentrations than the histamine 
release. In addition, passive cutaneous anaphylaxis (PCA) reactions in rats were signifi-
cantly inhibited by this ethanol extract as well as by the water extract of Rubus suavissi-
mus. These results suggest that the 40% ethanol extract of mangosteen has potent inhibi-
tory activities of both histamine release and prostaglandin E2 synthesis. 

Gamma-mangostin, a novel type of 5-
hydroxytryptamine 2A receptor antagonist. 

Naunyn Schmiedebergs Arch Pharmacol. 1998 Jan;357(1):25-31 
Chairungsrilerd N, Furukawa KI, Ohta T, Nozoe S, Ohizumi Y. 
Department of Pharmaceutical Molecular Biology, Faculty of Pharmaceutical Sciences, 
Tohoku University, Sendai, Japan. 
 
Gamma-mangostin, purified from the fruit hull of the medicinal plant Garcinia mangos-
tana caused a parallel rightwards shift of the concentration/response curve for the con-
traction elicited by 5-hydroxytryptamine (5-HT) in the rabbit aorta (pA2 = 8.2) without 
affecting the contractile responses to KCl, phenylephrine (alpha1) or histamine (H1). The 
perfusion pressure response of rat coronary artery to 5-HT (5-HT2A) was reduced con-
centration dependently by gamma-mangostin (IC50 = 0.32 microM). 5-HT amplified, 
ADP-induced aggregation of rabbit platelets (5-HT2A) was inhibited by gamma-
mangostin (IC50 = 0.29 microM), whereas that induced by thrombin was not affected, 
nor did gamma-mangostin affect 5-HT-induced contraction of the guinea-pig ileum (5-



 

HT3)in the presence of 5-HT1, 5-HT2 and 5-HT4 receptor antagonists. Furthermore, 5-
HT-induced contraction of the rat fundus (5-HT2B) and 5-HT-induced relaxation of the 
rabbit aorta in the presence of ketanserin (5-HT1) and carbachol-induced contraction of 
the guinea-pig ileum (muscarinic M3) were not affected by gamma-mangostin (5 mi-
croM). Gamma-mangostin inhibited [3H]spiperone binding to cultured rat aortic myo-
cytes (IC50 = 3.5 nM). The Kd for [3H]spiperone binding was increased by gamma-
mangostin (3 nM) from 11.7 to 27.4 nM without affecting Bmax. These results suggest 
that gamma-mangostin is a novel competitive antagonist, free from a nitrogen atom, for 
the 5-HT2A receptors in vascular smooth muscles and platelets. 

Immunopharmacological activity of polysaccharide 
from the pericarb of mangosteen garcinia: phagocytic 
intracellular killing activities. 

J Med Assoc Thai. 1997 Sep;80 Suppl 1:S149-54 
Chanarat P, Chanarat N, Fujihara M, Nagumo T. 
Department of Clinical Microscopy, Faculty of Associated Medical Sciences, Chiang Mai 
University, Thailand. 
Polysaccharides from the pericarbs of mangosteen, Garcinia mangostana Linn., was ob-
tained by treating the dried ground pericarbs with hot water followed by ethanol precipi-
tation (M fraction). The extract was fractionated by anion exchange chromatography on a 
DEAE-cellulose column as MDE1-5 fractions. The fractions of MDE3 and MDE4 com-
posed of mainly D-galacturonic acid and a small amount of neutral sugar (L-arabinose as 
the major one and L-rhamnose and D-galactose as the minor ones) were studied for im-
munopharmacological activities by phagocytic test to intracellular bacteria (Salmonella 
enteritidis) and nitroblue tetrazolium (NBT) and superoxide generation tests. The results 
showed that the number of S. enteritidis in cultured monocyte with extract of pericarb of 
mangosteen (MDE3) was killed. Activating score (mean +/- SD) of NBT test of 100 po-
lymorphonuclear phagocytic cells were 145 +/- 78, 338 +/- 58, 222 +/- 73, 209 +/- 77, 
211 +/- 63, 372 +/- 19, 369 +/- 20, 355 +/- 34 in normal saline control, phorbol myristate 
acetate (PMA), MDE3, MDE4, indomethacin (I), PMA + MDE3, PMA + MDE4 and 
PMA + I, respectively. Superoxide generation test was also done by color reduction of 
cytochrome c. Both MDE3 and MDE4 stimulate superoxide production. The number of 
S. enteritidis in cultured monocyte with extract of pericarb of mangosteen was killed. 
This paper suggests that polysaccharides in the extract can stimulate phagocytic cells and 
kill intracellular bacteria (S. enteritidis). 

Novel types of receptor antagonists from the medicinal 
plant Garcinia mangostana 

Nippon Yakurigaku Zasshi. 1997 Oct;110 Suppl 1:153P-158P. 
[Article in Japanese] 
Furukawa K, Chairungsrilerd N, Ohta T, Nozoe S, Ohizumi Y. 
Department of Pharmaceutical Molecular Biology, Faculty of Pharmaceutical Sciences, 
Tohoku University, Sendai, Japan. 
 



 

A crude methanolic extract of the fruit hull of Garcinia mangostana L. inhibited the con-
traction of the isolated rabbit aorta induced by histamine and serotonin. The extract has 
been fractionated by silica gel chromatography, monitoring the pharmacological activity 
to give active compounds. On the basis of physicochemical data, the active substances 
were identified as alpha-mangostin and gamma-mangostin. To define the pharmacologi-
cal properties of alpha-mangostin, the effect of alpha-mangostin on both histamine H1 
and H2 receptors were examined by monitoring the mechanical responses of smooth 
muscles and measuring the radioligand binding to cultured vascular smooth muscle cells. 
The results suggest that alpha-mangostin acts as a selective and competitive histamine H1 
receptor antagonist. The pharmacological actions of gamma-mangostin on 5-HT recep-
tors were also investigated by using contractile response of vascular smooth muscle, 
platelet aggregation and radioligand binding studies. The results provide the evidence that 
gamma-mangostin is a selective and competitive 5-HT2A receptor antagonist. It is of 
great interest that the structures of alpha-mangostin and gamma-mangostin free from ni-
trogen atom are not resemble to the common structures of histamine and serotonin recep-
tor antagonists. alpha-Mangostin and gamma-mangostin may become novel types of lead 
compounds for histamine and serotonin receptor antagonists. 

Evaluation of the antifungal activity of natural xan-
thones from Garcinia mangostana and their synthetic 
derivatives. 

J Nat Prod. 1997 May;60(5):519-24. 
Gopalakrishnan G, Banumathi B, Suresh G. 
Centre for Agrochemical Research, SPIC Science Foundations, Madras, India. 
 
The antifungal activity of several xanthones isolated from the fruit hulls of Garcinia 
mangostana and some derivatives of mangostin against three phytopathogenic fungi, Fu-
sarium oxysporum vasinfectum, Alternaria tenuis, and Dreschlera oryzae, has been eva-
luated. The natural xanthones showed good inhibitory activity against the three fungi. 
Substitution in the A and C rings has been shown to modify the bioactivities of the com-
pounds 

Histaminergic and serotonergic receptor blocking sub-
stances from the medicinal plant Garcinia mangostana. 

Planta Med. 1996 Oct;62(5):471-2 
Chairungsrilerd N, Furukawa K, Ohta T, Nozoe S, Ohizumi Y. 
 
A crude methanolic extract of the fruit hull of Mangosteen, Garcinia mangostana L. inhi-
bited the contractions of isolated thoracic rabbit aorta induced by histamine and seroto-
nin. The extract of the fruit hull has been fractionated by silica gel chromatography, mon-
itoring the pharmacological activity to give alpha- and gamma-mangostin. On the basis of 
pharmacological data, it is suggested that alpha-mangostin and gamma-mangostin are a 
histaminergic and a serotonergic receptor blocking agent, respectively. 



 

Active constituents against HIV-1 protease from Garci-
nia mangostana. 

Planta Med. 1996 Aug;62(4):381-2 
Chen SX, Wan M, Loh BN. 
 
The ethanol extract of Garcinia mangostana L. (Guttiferae) showed potent inhibitory ac-
tivity against HIV-1 protease. The activity-guided purification of the extract resulted in 
the isolation of two active, known compounds. The chemical structures of the isolated 
compounds were established by spectroscopic analyses as mangostin (IC50 = 5.12 +/- 
0.41 microM) and gamma-mangostin (IC50 = 4.81 +/- 0.32 microM). The type of inhibi-
tion by both compounds is noncompetitive. 

Antibacterial activity of xanthones from guttiferaeous 
plants against methicillin-resistant Staphylococcus au-
reus. 

J Pharm Pharmacol. 1996 Aug;48(8):861-5 
Iinuma M, Tosa H, Tanaka T, Asai F, Kobayashi Y, Shimano R, Miyauchi K. 
Department of Pharmacognosy, Gifu Pharmaceutical University, Japan. 
 
Extracts of Garcinia mangostana (Guttiferae) showing inhibitory effects against the 
growth of S. aureus NIHJ 209p were fractionated according to guidance obtained from 
bioassay and some of the components with activity against methicillin-resistant Staphylo-
coccus aureus (MRSA) were characterized. One active isolate, alpha-mangostin, a xan-
thone derivative, had a minimum inhibitory concentration (MIC) of 1.57-12.5 micro-
grams mL-1. Other related xanthones were also examined to determine their anti-MRSA 
activity. Rubraxanthone, which was isolated from Garcinia dioica and has a structure 
similar to that of alpha-mangostin, had the highest activity against staphylococcal strains 
(MIC = 0.31-1.25 micrograms mL-1), an activity which was greater than that of the anti-
biotic vancomycin (3.13-6.25 micrograms mL-1). The inhibitory effect against strains of 
MRSA of two of the compounds when used in conjunction with other antibiotics was also 
studied. The anti-MRSA activity of alpha-mangostin was clearly increased by the pres-
ence of vancomycin; this behaviour was not observed for rubraxanthone. The strong in-
vitro antibacterial activity of xanthone derivatives against both methicillin-resistant and 
methicillin-sensitive Staphylococcus aureus suggests the compounds might find wide 
pharmaceutical use. 

Mangostin inhibits the oxidative modification of human 
low density lipoprotein. 

Free Radic Res. 1995 Aug;23(2):175-84 
Williams P, Ongsakul M, Proudfoot J, Croft K, Beilin L. 



 

University of Western Australia, Department of Medicine, Royal Perth Hospital, Austral-
ia. 
 
The oxidation of low density lipoprotein (LDL) may play an important role in atheroscle-
rosis. We investigated the possible antioxidant effects of mangostin, isolated from Garci-
nia mangostana, on metal ion dependent (Cu2+) and independent (aqueous peroxyl radi-
cals) oxidation of human LDL. Mangostin prolonged the lagtime to both metal ion de-
pendent and independent oxidation of LDL in a dose dependent manner over 5 to 50 mi-
croM as monitored by the formation of conjugated dienes at 234 nm (P < 0.001). There 
was no significant effect of mangostin on the rate at which conjugated dienes were 
formed in the uninhibited phase of oxidation. Levels of thiobarbituric reactive substances 
(TBARS) generated in LDL were measured 4 and 24 hours after oxidation with 5 mi-
croM Cu2+ in the presence or absence of 50 microM or 100 microM mangostin. We ob-
served an inhibition of TBARS formation with 100 microM mangostin at 4 hours (P = 
0.027) but not at 24 hours (P = 0.163). Similar results were observed in the presence of 
50 microM mangostin. Mangostin, at 100 microM, retarded the relative electrophoretic 
mobility of LDL at both 4 and 24 hours after Cu2+ induced oxidation. Mangostin (100 
microM) significantly inhibited the consumption of alpha-tocopherol in the LDL during 
Cu2+ initiated oxidation over a 75 minute period (P < 0.001). From these results, we 
conclude that mangostin is acting as a free radical scavenger to protect the LDL from 
oxidative damage in this in vitro system. 
 

 
 
 

 
 
 
 



 

Pomegranate stu-
diesSafety and antioxidant activity of a pomegra-

nate ellagitannin-enriched polyphenol dietary supple-
ment in overweight individuals with increased waist 
size. 

J Agric Food Chem. 2007 Nov 28;55(24):10050-4. Epub 
2007 Oct 30 

Heber D, Seeram NP, Wyatt H, Henning SM, Zhang Y, Ogden LG, Dreher M, Hill 
JO. 

dheber@mednet.ucla.edu. 

The consumption of pomegranate juice (PJ), a rich source of antioxidant polyphenols, has 
grown tremendously due to its reported health benefits. Pomegranate extracts, which in-
corporate the major antioxidants found in pomegranates, namely, ellagitannins, have been 
developed as botanical dietary supplements to provide an alternative convenient form for 
consuming the bioactive polyphenols found in PJ. Despite the commercial availability of 
pomegranate extract dietary supplements, there have been no studies evaluating their 
safety in human subjects. A pomegranate ellagitannin-enriched polyphenol extract 
(POMx) was prepared for dietary supplement use and evaluated in two pilot clinical stu-
dies. Study 1 was designed for safety assessment in 64 overweight individuals with in-
creased waist size. The subjects consumed either one or two POMx capsules per day pro-
viding 710 mg (435 mg of gallic acid equivalents, GAEs) or 1420 mg (870 mg of GAEs) 
of extracts, respectively, and placebo (0 mg of GAEs). Safety laboratory determinations, 
including complete blood count (CBC), chemistry, and urinalysis, were made at each of 
three visits. Study 2 was designed for antioxidant activity assessment in 22 overweight 
subjects by administration of two POMx capsules per day providing 1000 mg (610 mg of 
GAEs) of extract versus baseline measurements. Measurement of antioxidant activity as 
evidenced by thiobarbituric acid reactive substances (TBARS) in plasma were measured 
before and after POMx supplementation. There was evidence of antioxidant activity 
through a significant reduction in TBARS linked with cardiovascular disease risk. There 
were no serious adverse events in any subject studied at either site. These studies demon-
strate the safety of a pomegranate ellagitannin-enriched polyphenol dietary supplement in 
humans and provide evidence of antioxidant activity in humans. 



 

Pomegranate peel extract prevents liver fibrosis in bi-
liary-obstructed rats. 

J Pharm Pharmacol. 2007 Sep;59(9):1287-95 

Toklu HZ, Dumlu MU, Sehirli O, Ercan F, Gedik N, Gökmen V, Sener G. 

Department of Pharmacology, School of Pharmacy, Marmara University, Istanbul, Tur-
key. 

Punica granatum L. (pomegranate) is a widely used plant that has high nutritional value. 
The aim of this study was to assess the effect of chronic administration of pomegranate 
peel extract (PPE) on liver fibrosis induced by bile duct ligation (BDL) in rats. PPE (50 
mg kg(-1)) or saline was administered orally for 28 days. Serum aspartate aminotransfe-
rase (AST), alanine aminotransferase (ALT) and lactate dehydrogenase (LDH) levels 
were determined to assess liver function and tissue damage. Proinflammatory cytokines 
(tumor necrosis factor-alpha and interleukin 1 beta) in the serum and antioxidant capacity 
(AOC) were measured in plasma samples. Samples of liver tissue were taken for mea-
surement of hepatic malondialdehyde (MDA) and glutathione (GSH) levels, myeloperox-
idase (MPO) activity and collagen content. Production of reactive oxidants was moni-
tored by chemiluminescence assay. Serum AST, ALT, LDH and cytokines were elevated 
in the BDL group compared with the control group; this increase was significantly de-
creased by PPE treatment. Plasma AOC and hepatic GSH levels were significantly de-
pressed by BDL but were increased back to control levels in the PPE-treated BDL group. 
Increases in tissue MDA levels and MPO activity due to BDL were reduced back to con-
trol levels by PPE treatment. Similarly, increased hepatic collagen content in the BDL 
rats was reduced to the level of the control group with PPE treatment. Thus, chronic PPE 
administration alleviated the BDL-induced oxidative injury of the liver and improved the 
hepatic structure and function. It therefore seems likely that PPE, with its antioxidant and 
antifibrotic properties, may be of potential therapeutic value in protecting the liver from 
fibrosis and oxidative injury due to biliary obstruction. 

Antioxidant activity, polyphenol content, and related 
compounds in different fruit juices and homogenates 
prepared from 29 different pomegranate accessions. 

J Agric Food Chem. 2007 Nov 14;55(23):9559-70. Epub 
2007 Oct 4 

Tzulker R, Glazer I, Bar-Ilan I, Holland D, Aviram M, Amir R. 

Migal Galilee Technology Center, P.O. Box 831, Kiryat Shmona, 11016, Israel. 



 

Pomegranate juice is well known for its health beneficial compounds, which can be attri-
buted to its high level of antioxidant activity and total polyphenol content. Our objective 
was to study the relationships between antioxidant activity, total polyphenol content, total 
anthocyanins content, and the levels of four major hydrolyzable tannins in four different 
juices/homogenates prepared from different sections of the fruit. To this end, 29 different 
accessions were tested. The results showed that the antioxidant activity in aril juice corre-
lated significantly to the total polyphenol and anthocyanin contents. However, the homo-
genates prepared from the whole fruit exhibited an approximately 20-fold higher antioxi-
dant activity than the level found in the aril juice. Unlike the arils, the antioxidant level in 
the homogenates correlated significantly to the content of the four hydrolyzable tannins 
in which punicalagin is predominant, while no correlation was found to the level of an-
thocyanins. 

Anti-oxidants from green tea and pomegranate for 
chemoprevention of prostate cancer. 

Mol Biotechnol. 2007 Sep;37(1):52-7 

Adhami VM, Mukhtar H. 

Department of Dermatology, University of Wisconsin, 1300 University Avenue, Medical 
Sciences Center, Room B-25, Madison, Wisconsin 53706, USA. 

Among males, prostate cancer has become the second leading cause of cancer-related 
deaths in North America, with similar trends in many Western and developing countries. 
One way to control prostate cancer is through chemoprevention, which refers to the ad-
ministration of synthetic or naturally occurring agents to block, reverse, or delay the 
process of carcinogenesis. For a variety of reasons, the most important of which is human 
acceptance, for chemopreventive intervention, naturally occurring diet-based agents are 
preferred. Prostate cancer is an ideal candidate disease for chemopreventive intervention, 
because it grows very slowly, likely for decades, before symptoms arise and a diagnosis 
is finally established, it has a long latency period, and it is typically diagnosed in men 
>50 years of age. Most chemopreventive agents are antioxidant in nature. We have been 
defining the usefulness of dietary anti-oxidants for chemoprevention of prostate and other 
cancers. It is increasingly appreciated that some of these dietary anti-oxidants are nature's 
gift molecules endowed with cancer preventive and therapeutic properties. This review 
will focus on prostate cancer chemopreventive effects of polyphenolic anti-oxidants de-
rived from green tea and pomegranate. It is a challenge to custom-tailor these gift mole-
cules as cocktails in concentrations that can easily be consumed by humans for delaying 
prostate and other cancers. 

Pomegranate polyphenols and resveratrol protect the 
neonatal brain against hypoxic-ischemic injury. 

Dev Neurosci. 2007;29(4-5):363-72 



 

West T, Atzeva M, Holtzman DM. 

Department of Neurology, Washington University School of Medicine, St. Louis, MO 
63110, USA. 

A previous study from our lab has shown that the polyphenol-rich pomegranate juice can 
protect the neonatal mouse brain against hypoxic-ischemic (H-I) injury when given to 
mothers in their drinking water. To test the hypothesis that this protection is due to the 
polyphenols in the juice, we studied the effects of the pomegranate polyphenol extract in 
the same neonatal H-I model. To further explore the role of a specific polyphenol in neo-
natal H-I we investigated the effects of resveratrol. The neuroprotective effects of resve-
ratrol have been demonstrated in adult models of stroke, but had not previously been ex-
amined in neonates. We show that pomegranate polyphenols and resveratrol reduce cas-
pase-3 activation following neonatal H-I. Resveratrol reduced caspase-3 activation when 
given before the injury but not when given 3 h after the injury. In addition to preventing 
caspase-3 activation, resveratrol also reduced calpain activation. Finally, we show that 
resveratrol can protect against tissue loss measured at 7 days after the injury. These and 
other recent findings suggest that polyphenols should be further investigated as a poten-
tial treatment to decrease brain injury due to neonatal  

Pomegranate wine has greater protection capacity than 
red wine on low-density lipoprotein oxidation. 

J Med Food. 2007 Jun;10(2):371-4. 

Sezer ED, Akçay YD, Ilanbey B, Yildirim HK, Sözmen EY. 

Department of Biochemistry, Faculty of Medicine, Ege University, Bornova-Izmir, Tur-
key. 

Although there is a large body of evidence on the main role of red wine in protection of 
low-density lipoprotein (LDL) against oxidation, there are few data on the role of pome-
granate juice, which has high phenolic content. We conducted this study considering the 
possible importance of pomegranate wine as an antioxidant and in order to make a com-
parison between red and pomegranate wines. The phenol levels of pomegranate and red 
wines (4,850 mg/L gallic acid equivalents and 815 mg/L gallic acid equivalents, respec-
tively) were in accordance with their total antioxidant activity (39.5% and 33.7%, respec-
tively). Both wines decreased LDL-diene levels following a 30-minute incubation period 
compared with controls (145 +/- 3.2 micromol/mg of LDL protein). However, pure po-
megranate wine demonstrated a greater antioxidant effect (P < .01) on diene level (110 
+/- 4.6 micromol/mg of LDL protein) than pure red wine (124 +/- 3.2 micromol/mg of 
LDL protein). In conclusion, we suggest that pomegranate wine has potential protective 
effects toward LDL oxidation, and it may be a dietary choice for people who prefer fruit 
wines. 



 

Punica granatum: heuristic treatment for diabetes mel-
litus. 

J Med Food. 2007 Jun;10(2):213-7 

Katz SR, Newman RA, Lansky EP. 

Rimonest Ltd., Haifa, Israel. 

The current diabetes epidemic is a global concern with readily available effective thera-
pies or preventative measures in demand. One natural product with such potential is the 
pomegranate (Punica granatum), with hypoglycemic activity noted from its flowers, 
seeds, and juice in canons of the traditional folk medicines of India. The mechanisms for 
such effects are largely unknown, though recent research suggests pomegranate flowers 
and juice may prevent diabetic sequelae via peroxisome proliferator-activated receptor-
gamma binding and nitric oxide production. Pomegranate compounds associated with 
antidiabetic effects include oleanolic, ursolic, and gallic acids. Pomegranate fractions and 
their active compounds hold potential and are worthy of further investigations as safe and 
effective medical treatments for diabetes mellitus and its pathological consequences. 

Inhibition of UVB-mediated oxidative stress and mark-
ers of photoaging in immortalized HaCaT keratinocytes 
by pomegranate polyphenol extract POMx. 

Photochem Photobiol. 2007 Jul-Aug;83(4):882-8. 

Zaid MA, Afaq F, Syed DN, Dreher M, Mukhtar H. 

Department of Dermatology, University of Wisconsin, Madison, WI, USA. 

In recent years there has been an increase in use of botanicals with antioxidant properties 
as skin photoprotective agents. Pomegranate (Punica granatum L.) fruit possesses strong 
antioxidant and antiinflammatory properties. Recently, we have shown that pomegranate-
derived products rich in anthocyanidins and ellagitannins inhibit UVB-mediated activa-
tion of nuclear factor kappa B and modulate UVA-mediated cell proliferation pathways 
in normal human epidermal keratinocytes. In this study, we evaluated the effect of poly-
phenol-rich pomegranate fruit extract (POMx) on UVB-induced oxidative stress and pho-
toaging in human immortalized HaCaT keratinocytes. Our data show that pretreatment of 
HaCaT cells with POMx (10-40 microg mL(-1)) inhibited UVB (15-30 mJ cm(-2))-
mediated (1) decrease in cell viability, (2) decrease in intracellular glutathione content 
and (3) increase in lipid peroxidation. Employing immunoblot analysis we found that pre-
treatment of HaCaT cells with POMx inhibited UVB-induced (1) upregulation of MMP-
1, -2, -7 and -9, (2) decrease in TIMP-1, (3) phosphorylation of MAPKs and (iv) phos-
phorylation of c-jun, whereas no effect was observed on UVB-induced c-fos protein le-



 

vels. These results suggest that POMx protects HaCaT cells against UVB-induced oxida-
tive stress and markers of photoaging and could be a useful supplement in skin care 
products. 

Antioxidant, antimalarial and antimicrobial activities of 
tannin-rich fractions, ellagitannins and phenolic acids 
from Punica granatum L. 

Planta Med. 2007 May;73(5):461-7. 

Reddy MK, Gupta SK, Jacob MR, Khan SI, Ferreira D. 

Department of Pharmacognosy, School of Pharmacy, The University of Mississippi, 
USA. 

The Punica granatum L. (pomegranate) by-product POMx was partitioned between water, 
EtOAc and n-BuOH, and the EtOAc and n-BuOH extracts were purified by XAD-16 and 
Sephadex LH-20 column chromatography to afford ellagic acid (1), gallagic acid (2), 
punicalins (3), and punicalagins (4). Compounds 1 - 4 and the mixture of tannin fractions 
(XAD-16 eluates) were evaluated for antioxidant, antiplasmodial, and antimicrobial ac-
tivities in cell-based assays. The mixture of tannins (TPT), XAD-EtOAc, XAD-H2O, 
XAD-PJ and XAD-BuOH, exhibited IC50 values against reactive oxygen species (ROS) 
generation at 0.8 - 19 microg/mL. Compounds 1 - 4 showed IC50 values of 1.1, 3.2, 2.3 
and 1.4 microM, respectively, against ROS generation and no toxicity up to 31.25 mi-
crog/mL against HL-60 cells. Gallagic acid (2) and punicalagins (4) exhibited antiplas-
modial activity against Plasmodium falciparum D6 and W2 clones with IC50 values of 
10.9, 10.6, 7.5 and 8.8 microM, respectively. Fractions XAD-EtOAc, XAD-BuOH, 
XAD-H2O and XAD-PJ compounds 1 - 4 revealed antimicrobial activity when assayed 
against Escherichia coli, Pseudomonas aeruginosa, Candida albicans, Cryptococcus neo-
formans, methicillin-resistant Staphylococcus aureus (MRSA), Aspergillus fumigatus and 
Mycobacterium intracellulare. Compounds 2 and 4 showed activity against P. aeruginosa, 
C. neoformans, and MRSA. This is the first report on the antioxidant, antiplasmodial and 
antimicrobial activities of POMx isolates, including structure-activity relationships 
(SAR) of the free radical inhibition activity of compounds 1 - 4. Our results suggest a 
beneficial effect from the daily intake of POMx and pomegranate juice (PJ) as dietary 
supplements to augment the human immune system's antioxidant, antimalarial and anti-
microbial capacities. 

The influence of pomegranate fruit extract in compari-
son to regular pomegranate juice and seed oil on nitric 
oxide and arterial function in obese Zucker rats. 

Nitric Oxide. 2007 Aug;17(1):50-4. Epub 2007 May 5. 



 

de Nigris F, Balestrieri ML, Williams-Ignarro S, D'Armiento FP, Fiorito C, Ignarro 
LJ, Napoli C. 

Department of General Pathology and Excellence Research Center on Cardiovascular 
Diseases, Complesso S. Andrea delle Dame, Via de Crecchio 7, 1st School of Medicine, 
II University of Naples, Naples 80138, Italy. 

Metabolic syndrome includes most widely distributed clinical conditions such as obesity, 
hypertension, dislipidemia, and diabetes. Pomegranate fruit extract (PFE), rich in poly-
phenolic antioxidants, reduces the expression of oxidation-sensitive genes at the sites of 
perturbed shear-stress. The aim of this study was to evaluate the effect of PFE in compar-
ison to regular pomegranate juice (PJ) and seed oil on the biological actions of nitric 
oxide (NO) and the arterial function in obese Zucker rats, a model of metabolic syn-
drome. Our results indicated that supplementation with PFE or PJ significantly decreased 
the expression of vascular inflammation markers, thrombospondin (TSP), and cytokine 
TGFbeta1 (P<0.05), whereas seed oil supplementation had a significant effect only on 
TSP-1 expression (P <0.05). Plasma nitrate and nitrite (NO(x)) levels were significantly 
increased by PFE and PJ (P<0.05). Furthermore, the effect of PFE in increasing endo-
thelial NO synthase (eNOS) expression was comparable to that of PJ. These data high-
light possible clinical applications of PFE in metabolic syndrome. 

 

Effect of pomegranate (Punica granatum) juice intake 
on hepatic oxidative stress. 

Eur J Nutr. 2007 Aug;46(5):271-8. Epub 2007 May 18 

Faria A, Monteiro R, Mateus N, Azevedo I, Calhau C. 

Dept. of Biochemistry (U38-FCT), Faculty of Medicine, University of Porto, Al. Prof. 
Hernâni Monteiro, 4200-319, Porto, Portugal. anafaria@med.up.pt 

Pomegranate juice (PJ) possesses a high antioxidant activity, which has been related to 
beneficial health properties. However, in vivo confirmation and characterization of these 
effects on biological systems are lacking and needed. This study was performed in order 
to investigate the effect of prolonged PJ ingestion on general oxidation status. For this 
purpose, mice ingested PJ (or water in control group) during four weeks, after which 
damage to lipids, proteins and DNA were evaluated as oxidative cell biomarkers. Levels 
of hepatic glutathione and the activities and expression of enzymes involved in its meta-
bolism were determined. Catalase and SOD activities were quantified as these enzymes 
have a crucial role in antioxidant defence. Protection against protein and DNA oxidation 
was found in PJ group. There was also a significant decrease in GSH and GSSG, without 
change in the GSH/GSSG ratio. All studied enzymatic activities (GPx, GST, GR, SOD 
and catalase) were found to be decreased by PJ treatment. Additionally, RT-PCR results 



 

showed that GST and GS transcription were also decreased in this group. These results 
are compatible with a protective effect of PJ against systemic oxidative stress in mice. 

Pomegranate juice may be a potential addition to anti-
Behçet armamentarium: a hypothesis. 

Clin Rheumatol. 2007 Oct;26(10):1709-10. Epub 2007 
Apr 4 

Borhani Haghighi A, Bagheri M. 

Department of Neurology, Shiraz University of Medical Sciences, Shiraz, Iran. borhani-
haghighi@yahoo.com 

Behçet's disease (BD) is a systemic vasculitis. We speculate that local or systemic admin-
istration of the pomegranate juice may be useful in the treatment of BD. Immunomodula-
tory, antioxidants and antibacterial characteristics of pomegranate juice may rationalize 
this hypothesis. 

Evaluation of antioxidant activity and preventing DNA 
damage effect of pomegranate extracts by chemilumi-
nescence method. 

J Agric Food Chem. 2007 Apr 18;55(8):3134-40. Epub 
2007 Mar 24 

Guo S, Deng Q, Xiao J, Xie B, Sun Z. 

Department of Food Chemistry and Molecular Biology, College of Food Science and 
Technology, Huazhong Agricultural University, Wuhan 430070, China. 

The antioxidant activities of three parts (peel, juice, and seed) and extracts of three po-
megranate varieties in China were investigated by using a chemiluminescence (CL) me-
thod in vitro. The scavenging ability of pomegranate extracts (PEs) on superoxide anion, 
hydroxide radical, and hydrogen peroxide was determined by the pyrogallol-luminol sys-
tem, the CuSO4-Phen-Vc-H2O2 system, and the luminol-H2O2 system, respectively. 
DNA damage preventing the effect of PE was determined by the CuSO4-Phen-Vc-H2O2-
DNA CL system. The results showed that the peel extract of red pomegranate had the 
best effect on the scavenging ability of superoxide anion because its IC50 value (4.01 +/- 
0.09 microg/mL) was the lowest in all PEs. The seed extract of white pomegranate could 
scavenge hydroxide radical most effectively of the nine extracts (the IC50 value was 1.69 
+/- 0.03 microg/mL). The peel extract of white pomegranate had the best scavenging 
ability on hydrogen peroxide, which had the lowest IC50 value (0.032 +/- 0.003 mi-



 

crog/mL) in the nine extracts. The seed extract of white pomegranate (the IC50 value was 
3.67 +/- 0.03 microg/mL) was the most powerful on the DNA damage-preventing effect 
in all of the PEs. Also, the statistical analysis indicated that there were significant differ-
ences (at P < 0.05) among the extracts of the different varieties and parts in each system. 

Cytoprotective effect of preparations from various parts 
of Punica granatum L. fruits in oxidatively injured 
mammalian cells in comparison with their antioxidant 
capacity in cell free systems. 

Pharmacol Res. 2007 Jul;56(1):18-26. Epub 2007 Feb 20 

Sestili P, Martinelli C, Ricci D, Fraternale D, Bucchini A, Giamperi L, Curcio R, 
Piccoli G, Stocchi V. 

Istituto di Farmacologia e Farmacognosia, Università degli Studi di Urbino Carlo Bo, Ur-
bino, Italy. sestili@uniurb.it 

Pomegranate (Punica granatum L.) juice (PJ) is being increasingly proposed as a nutri-
tional supplement to prevent atherosclerosis in humans. This therapeutically valuable po-
tential has been attributed to PJ antioxidant capacity which has been mostly tested by 
means of cell-free assays: indeed, to the best of our knowledge, no study has focused on 
the direct antioxidant capacity of PJ in cultured cells. Here, the antioxidant capacity in 
cell free-systems of preparations from various parts of pomegranate has been compared 
with their cytoprotective -bona fide antioxidant--activity in cultured human cells (U937 
promonocytes and HUVEC endothelial cells) exposed to an array of oxidizing agents. 
Pomegranate derivatives were PJ, arils only juice (AJ) and aqueous rinds extract (RE). In 
cell-free assays--1,1-diphenyl-2-picrylhydrazyl (DPPH), chemiluminescence lumi-
nol/xanthine/xanthine oxidase and lipoxygenase assays--all the preparations displayed 
good antioxidant capacity, the relative potency order being RE>PJ>AJ. On the contrary, 
only RE was capable of preventing the deleterious effects--cytotoxicity, DNA damage 
and depletion of non-protein sulphydrils (NPSH) pool--caused by treatment of cells with 
H(2)O(2), tert-butylhydroperoxide (tB-OOH) or oxidized lipoproteins (Ox-LDL) via a 
mechanism which is likely to involve both direct scavenging of radical species and iron 
chelation. Surprisingly, AJ and PJ slightly sensitized cells to the cytotoxic effects of the 
three agents. Then it would appear that AJ, the major and tasty part of PJ, does not con-
tain ellagic acid and punicalagin (i.e. the polyphenols highly represented in RE which are 
reputed to be responsible for the antioxidant capacity) in amounts sufficient to exert cy-
toprotection in oxidatively injured, living cells. Based on these results, the development 
and evaluation of rinds-only based derivatives for antiatherogenic preventive purposes in 
humans should be encouraged. 

Antiliperoxidant activity of pomegranate peel extracts 
on lard. 



 

Nat Prod Res. 2007 Mar;21(3):211-6 

Zhang Q, Jia D, Yao K. 

Department of Food Engineering, College of Light Industry & Food Engineering, Si-
chuan University, Chengdu 610065, PR China. 

Phenolics were extracted from powdered pomegranate peel using water, methanol, ace-
tone and ethyl acetate (EtOAc), respectively. The antiliperoxidant activity of the extracts 
on lard was studied by peroxide value method. All the extracts showed enhanced inhibi-
tory effect on lard peroxidation with the increase of phenolic concentrations. Acetone ex-
tract exhibited the highest antiliperoxidant activity followed by water, methanol and 
EtOAc extracts. Acetone extract at 0.1% (w/w) and water extract at 0.2% (w/w) demon-
strated an antiliperoxidant effect close to that of tea polyphenols (0.02%, w/w) and higher 
than that of BHT (0.02%, w/w). At 0.2% (w/w), acetone extract showed a higher inhibi-
tory activity on lard oxidation than that of tea polyphenols and BHT. Owing to the high 
antiliperoxidant property, acetone extract may have possible application in the food in-
dustry. 

The application of polyamines by pressure or immer-
sion as a tool to maintain functional properties in stored 
pomegranate arils. 

J Agric Food Chem. 2007 Feb 7;55(3):755-60. 

Mirdehghan SH, Rahemi M, Serrano M, Guillén F, Martínez-Romero D, Valero D. 

Department of Food Technology, Department of Applied Biology, EPSO, University Mi-
guel Hernández, Ctra. Beniel km. 3.2, 03312 Orihuela, Alicante, Spain. 

Pomegranate fruits were treated with putrescine (Put) or spermidine (Spd) at 1 mM either 
by pressure infiltration or by immersion and then were stored at 2 degrees C for 60 days. 
Samples were taken biweekly and were further stored 3 days at 20 degrees C for shelf life 
study. The treatments were effective on maintaining the concentration of ascorbic acid, 
total phenolic compounds, and total anthocyanins in arils at higher levels than in control 
samples. In addition, the two ways of polyamine application increased the levels of total 
antioxidant activity (TAA) during storage, especially when polyamines were applied by 
pressure infiltration. Moreover, Spd showed the best results on increasing TAA through 
maintenance of total phenolic compounds. 

In vitro studies on the binding, antioxidant, and cyto-
toxic actions of punicalagin. 



 

J Agric Food Chem. 2007 Feb 21;55(4):1491-500. Epub 
2007 Jan 23. 

Kulkarni AP, Mahal HS, Kapoor S, Aradhya SM. 

Fruit and Vegetable Technology Department, Central Food Technological Research Insti-
tute, Mysore 570 020, India. 

The protective bioactivity of punicalagin, a high molecular weight polyphenol isolated 
from pomegranate fruit pith and carpellary membrane, against oxidative damages to li-
pids, amino acids constituting the proteins, and guanosine as a model for DNA has been 
investigated. The ABTS*-, guanosine, and tryptophan radical generated pulse radiolyti-
cally were repaired by punicalagin, k = (0.9-15) x 10(7) dm3 mol-1 s-1. The results are 
rationalized on the basis of the scavenging activity of punicalagin against various one-
electron oxidizing radicals, namely, .OH, N3., and NO2. . The formation of the transient 
species in these reactions and the rate constants of the scavenging reactions have been 
probed using a time-resolved kinetic spectrophotometric technique. The antioxidant ac-
tion of punicalagin is expressed not only through its scavenging reactions but also by its 
ability to form metal chelates. Binding of punicalagin with bovine serum albumin and 
metal ions such as iron and copper revealed different binding affinities, whereas its bind-
ing with DNA was very weak and nonspecific. In vitro cytotoxic studies against three cell 
lines, namely, Vero (normal African green monkey kidney cell line), Hep-2 (human la-
rynx epithelial cancer cell line), and A-549 (human small cell lung carcinoma cell line) 
showed that this polyphenol is toxic only at higher concentration. 

Efficiency of pharmacologically-active antioxidant phy-
tomedicine Radical Fruits in treatment hypercholeste-
remia at men. 

Georgian Med News. 2006 Nov;(140):78-83 

Abidov M, Jimenez Del Rio M, Ramazanov A, Kalyuzhin O, Chkhikvishvili I. 

Institute of Immunopathology, Center of Modern Medicine, Moscow, Russia. 

The purpose of this randomized, double-blind, placebo controlled intervention clinical 
trial was to investigate the effect of orally administered dietary supplement Radical Fruits 
(www.gardenoflife.com) consisting of highly concentrated edible fruits and berries on the 
concentration of plasma cholesterol, urinary 8-epi-prostaglandin F2alpha (8-epi-
PGF2alpha) and 11-dehydrothromboxane B2 (11-dehydro-TXB2) in none-obese, non-
smoking, non-diabetic hypercholesteremic male volunteers. Forty four (n=44) none-
obese, non-smoking, non-diabetic male volunteers with an average age of 40+/-12 years, 
average body weight of 77,4+/-5,0 kg, average body mass index (BMI) of 22,2+/-2,7 
kg/m2 and average total plasma cholesterol level 280+/-22 mg/dL were recruited to take 
part in a 4 week double-blind, randomized, placebo-controlled clinical trial. After eva-



 

luating 12 different antioxidant supplements for their phytochemical compositions and 
bioavailability, a dietary supplement Radical Fruits was chosen for this clinical trial. Rad-
ical Fruits contains standardized extracts and concentrates of prune, pomegranate, apple, 
grape, raspberry, blueberry, white cherry and strawberry. Subjects were randomly as-
signed to the treatment group and the placebo group using Simple Randomization Proce-
dure. Subjects in the treatment group (n=22) were directed to take 900 mg of Radical 
Fruits supplement three times a day before meals. Subjects in the control group (n=22) 
were directed to take placebo according to the same schedule. Food record analysis, body 
composition, blood and urine samples were assessed on admission and then once a week. 
The duration of the clinical trial was 4 weeks. Administration of Radical Fruits(TM) for 4 
weeks resulted in statistically significant reduction of total plasma cholesterol from 
280+/-23 to 250+/-11 mg/dL, (p<0,001). Total plasma cholesterol changes in the placebo 
group were not statistically significant. The average plasma LDL was reduced from 
195+/-23 to 169+/-21 mg/dL (p<0,001) in the Radical Fruits(TM) group, while in the 
placebo group there were no statistically significant changes. Plasma HDL increased by 
3,2=/-0,6% in the Radical Fruits treated group (p<0,001). No significant changes in the 
HDL levels were observed in the placebo group. Urinary 8-epi-PGF2alpha level de-
creased from 450+/-170 to 330+/-159 pg/mg creatinine (p<0,001); urinary 11-dehydro-
TXB2 level decreased from 1,200+/-420 to 790+/-320 pg/mg creatinine (p<0,001) with 
no changes in the placebo group. Administration of pharmacologically active antioxidant 
supplement Radical Fruit(TM) in hypercholesteremic men significantly increased plasma 
HDL and reduced total cholesterol and LDL, and urinary oxidative and inflammatory 
isoprostanes and thromboxane. 

Punica granatum (pomegranate) and its potential for 
prevention and treatment of inflammation and cancer. 

J Ethnopharmacol. 2007 Jan 19;109(2):177-206. Epub 
2006 Sep 10 

Lansky EP, Newman RA. 

Punisyn Pharmaceuticals Ltd, Haifa, Israel. info@punisyn.com 

The last 7 years have seen over seven times as many publications indexed by Medline 
dealing with pomegranate and Punica granatum than in all the years preceding them. Be-
cause of this, and the virtual explosion of interest in pomegranate as a medicinal and nu-
tritional product that has followed, this review is accordingly launched. The pomegranate 
tree, Punica granatum, especially its fruit, possesses a vast ethnomedical history and 
represents a phytochemical reservoir of heuristic medicinal value. The tree/fruit can be 
divided into several anatomical compartments: (1) seed, (2) juice, (3) peel, (4) leaf, (5) 
flower, (6) bark, and (7) roots, each of which has interesting pharmacologic activity. 
Juice and peels, for example, possess potent antioxidant properties, while juice, peel and 
oil are all weakly estrogenic and heuristically of interest for the treatment of menopausal 
symptoms and sequellae. The use of juice, peel and oil have also been shown to possess 
anticancer activities, including interference with tumor cell proliferation, cell cycle, inva-



 

sion and angiogenesis. These may be associated with plant based anti-inflammatory ef-
fects, The phytochemistry and pharmacological actions of all Punica granatum compo-
nents suggest a wide range of clinical applications for the treatment and prevention of 
cancer, as well as other diseases where chronic inflammation is believed to play an essen-
tial etiologic role. 

Free radical scavenging, anti-glycation and tyrosinase 
inhibition properties of a polysaccharide fraction iso-
lated from the rind from Punica granatum. 

Bioresour Technol. 2007 Nov;98(16):3159-63. Epub 
2006 Nov 30. 

Rout S, Banerjee R. 

Microbial Biotechnology and Downstream Processing Lab, Agricultural and Food Engi-
neering Department, Indian Institute of Technology, Kharagpur-721 302, India. 

The present investigation deals with the isolation of a polysaccharide fraction from Po-
megranate (PFP), which was found to inhibit 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 
2,2'-Azinobis[3-ethylbenzothiazoline-6-sulfonate] ABTS(+) radical activities by 69% and 
88%, respectively with 4 microg/ml concentration. The activity of PFP for free radical 
scavenging was also evaluated by electron spin resonance (ESR) Spectrophotometer and 
DPPH dot blot test. Anti-glycation ability of PFP was tested using BSA, which inhibited 
the formation of advanced glycation end-products (AGEs) by 28% and also inhibited the 
formation of fructosamine in the BSA/Glucose system. The inhibition of mushroom tyro-
sinase by 43% at 10 microg/ml concentration of PFP strongly suggested its efficacy as a 
possible skin whitener. 

Absorption, metabolism, and antioxidant effects of po-
megranate (Punica granatum l.) polyphenols after in-
gestion of a standardized extract in healthy human vo-
lunteers. 

J Agric Food Chem. 2006 Nov 15;54(23):8956-61 

Mertens-Talcott SU, Jilma-Stohlawetz P, Rios J, Hingorani L, Derendorf H. 

Pharmaceutics Department, University of Florida, Gainesville, Florida 32610, USA. 
smertens@ufl.edu 

The intake of polyphenols has been demonstrated to have health-promoting and disease-
preventive effects. The pomegranate (Punica granatum L.), which is rich in several poly-



 

phenols, has been used for centuries in ancient cultures for its medicinal purposes. The 
potential health benefits of pomegranate polyphenols have been demonstrated in numer-
ous in vitro studies and in vivo experiments. This study investigated the absorption and 
antioxidant effects of a standardized extract from pomegranate in healthy human volun-
teers after the acute consumption of 800 mg of extract. Results indicate that ellagic acid 
(EA) from the extract is bioavailable, with an observed C(max) of 33 ng/mL at t(max) of 
1 h. The plasma metabolites urolithin A, urolithin B, hydroxyl-urolithin A, urolithin A-
glucuronide, and dimethyl ellagic acid-glucuronide were identified by HPLC-MS. The 
antioxidant capacity measured with the oxygen radical absorbance capacity (ORAC) as-
say was increased with a maximum effect of 32% after 0.5 h, whereas the generation of 
reactive oxygen species (ROS) was not affected. The inflammation marker interleukin-6 
(IL-6) was not significantly affected after 4 h after the consumption of the extract. Over-
all, this study demonstrated the absorbability of EA from a pomegranate extract high in 
ellagitannin content and its ex vivo antioxidant effects. 

Prestorage heat treatment to maintain nutritive and 
functional properties during postharvest cold storage of 
pomegranate. 

J Agric Food Chem. 2006 Nov 1;54(22):8495-500. 

Mirdehghan SH, Rahemi M, Serrano M, Guillén F, Martínez-Romero D, Valero D. 

Department of Food Technology, EPSO, University Miguel Hernandez, Ctra. Beniel km. 
3.2, 03312 Orihuela, Alicante, Spain. 

Heat treatments have been used to extend storability of several fruits, although no infor-
mation is available about their effects on nutritive and functional properties in pomegra-
nates, which was the objective of this research. Thus, pomegranate fruits were heat 
treated (dips at 45 degrees C for 4 min) and stored at 2 degrees C for 90 days. Every 15 
days, samples were taken and further stored 2 days at 20 degrees C for shelf life study. 
Arils from heat-treated pomegranates exhibited higher total antioxidant activity than con-
trols, which was correlated primarily to the high levels of total phenolics and to lesser 
extent to ascorbic acid and anthocyanin contents. Additionally, the levels of sugars (glu-
cose and fructose) and organic acids (malic, citric, and oxalic acids) remained also at 
higher concentrations in arils from treated fruits. With this simple and non-contaminant 
technology, the functional and nutritive properties, after long periods of storage, could 
then be even greater than in recently harvested fruits, thus providing a high content in 
health-beneficial compounds to consumers after the intake of these fruits. 

Effects of a pomegranate fruit extract rich in punicala-
gin on oxidation-sensitive genes and eNOS activity at 
sites of perturbed shear stress and atherogenesis. 



 

Cardiovasc Res. 2007 Jan 15;73(2):414-23. Epub 2006 
Sep 1 

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. 

Department of General Pathology, School of Medicine, University of Naples, 80134 
Naples, Italy. 

BACKGROUND: Atherosclerosis is enhanced in arterial segments exposed to disturbed 
flow. Perturbed shear stress increases the expression of oxidation-sensitive responsive 
genes (such as ELK-1 and p-CREB). Polyphenolic antioxidants contained in the juice 
derived from the pomegranate contribute to the reduction of oxidative stress and athero-
genesis during disturbed shear stress. AIM OF THE STUDY: To evaluate the effects of 
intervention with the Pomegranate Fruit Extract (PFE) rich in polyphones (punicalagin, 
which is a potent antioxidant) on ELK-1, p-CREB, and endothelial nitric oxide synthase 
(eNOS) expression induced by high shear stress in vitro and in vivo. RESULTS: At the 
doses used in the study, both the PFE and the regular pomegranate juice concentrate re-
duced the activation of ELK-1 and p-CREB and increased eNOS expression (which was 
decreased by perturbed shear stress) in cultured human endothelial cells and in atheros-
clerosis-prone areas of hypercholesterolemic mice. PFE and pomegranate juice increased 
cyclic GMP levels while there was no significant effect of both compounds on the con-
version of L-arginine to L-citrulline. Administration of these compounds to hypercholes-
terolemic mice significantly reduced the progression of atherosclerosis and isoprostane 
levels and increased nitrates. This protective effect was relevant with PFE. Vasomotor 
reactivity was improved and EC(25) values in response to Ach and NONOate were sig-
nificantly increased in treated mice in comparison to controls. CONCLUSION: This 
study indicates that the proatherogenic effects induced by perturbed shear stress can be 
also reversed by chronic administration of PFE. 

Pomegranate juice decreases amyloid load and im-
proves behavior in a mouse model of Alzheimer's dis-
ease. 

Neurobiol Dis. 2006 Dec;24(3):506-15. Epub 2006 Sep 
28. 

Hartman RE, Shah A, Fagan AM, Schwetye KE, Parsadanian M, Schulman RN, 
Finn MB, Holtzman DM. 

Department of Psychology, Loma Linda University, Loma Linda, CA 92354, USA. be-
havioralneuroscience@gmail.com 



 

Although there are no proven ways to delay onset or slow progression of Alzheimer's 
disease (AD), studies suggest that diet can affect risk. Pomegranates contain very high 
levels of antioxidant polyphenolic substances as compared to other fruits and vegetables. 
Polyphenols have been shown to be neuroprotective in different model systems. We 
asked whether dietary supplementation with pomegranate juice (PJ) would influence be-
havior and AD-like pathology in a transgenic mouse model. Transgenic mice 
(APP(sw)/Tg2576) received either PJ or sugar water control from 6 to 12.5 months of 
age. PJ-treated mice learned water maze tasks more quickly and swam faster than con-
trols. Mice treated with PJ had significantly less (approximately 50%) accumulation of 
soluble Abeta42 and amyloid deposition in the hippocampus as compared to control 
mice. These results suggest that further studies to validate and determine the mechanism 
of these effects, as well as whether substances in PJ may be useful in AD, should be con-
sidered. 

Botanical antioxidants in the prevention of photocarci-
nogenesis and photoaging. 

Exp Dermatol. 2006 Sep;15(9):678-84 

Afaq F, Mukhtar H. 

Department of Dermatology, University of Wisconsin, Madison, 53706, USA. 

Exposure of the skin to ultraviolet (UV) radiation, particularly its UV-B component (280-
320 nm), from the sun results in erythema, edema, hyperplasia, hyperpigmentation, sun-
burn cells, immunosuppression, photoaging, and skin cancer. Amongst these various ad-
verse effects of UV-B radiation, skin cancer and photoaging are of great concern. More 
recent changes in lifestyle have led to a significant increase in the amount of UV-B radia-
tion people receive leading to a surge in the incidence of skin cancer and photoaging. As 
these trends are likely to continue in the foreseeable future, the adverse effect of UV-B 
has become a major human health concern. Therefore, development of novel strategies to 
reduce the occurrence of skin cancer and delay the process of photoaging are highly de-
sirable goals. One approach to reduce their occurrence is through photochemoprevention, 
which we define as the use of agents capable of ameliorating the adverse effects of UV-B 
on the skin. Photochemoprevention via use of botanical antioxidants, present in the com-
mon diet of human have gained considerable attention as photochemopreventive agents 
for human use. Many such agents have also found a place in skin care products. This re-
view will focus on the effects of selected botanical antioxidants in the prevention of pho-
tocarcinogenesis and photoaging. 

Antioxidant activity of Punica granatum fruits. 

Fitoterapia. 2006 Jun;77(4):310-2. Epub 2006 Feb 23 

Ricci D, Giamperi L, Bucchini A, Fraternale D. 



 

Istituto di Botanica e Orto Botanico Pierina Scaramella,Via Bramante 28, Facoltà di Far-
macia-Università degli Studi di Urbino 61029, Urbino, Italy. d.ricci@uniurb.it 

Arils, juice and rinds of Punica granatum fruits and their aqueous and ethyl acetate ex-
tracts displayed good antioxidant activity. 

Pomegranate juice protects nitric oxide against oxida-
tive destruction and enhances the biological actions of 
nitric oxide. 

Nitric Oxide. 2006 Sep;15(2):93-102. Epub 2006 Apr 19. 

Ignarro LJ, Byrns RE, Sumi D, de Nigris F, Napoli C. 

Department of Molecular and Medical Pharmacology, David Geffen School of Medicine 
at UCLA, Los Angeles, CA 90095, USA. lignarro@mednet.ucla.edu 

Pomegranate juice (PJ), which is a rich source of potent flavonoid antioxidants, was 
tested for its capacity to protect nitric oxide (NO) against oxidative destruction and en-
hance the biological actions of NO. Employing chemiluminescence headspace analysis, 
PJ was found to be a potent inhibitor of superoxide anion-mediated disappearance of NO. 
PJ was much more potent than Concord grape juice, blueberry juice, red wine, ascorbic 
acid, and DL-alpha-tocopherol. As little as 3 microl of a 6-fold dilution of PJ, in a reac-
tion volume of 5000 microl, produced a marked antioxidant effect, whereas 300 microl of 
undiluted blueberry juice or nearly 1000 microl of undiluted Concord grape juice were 
required to produce similar effects. PJ and other antioxidant-containing products were 
found to augment the anti-proliferative action of NO (DETA/NO) on vascular smooth 
muscle cell (rat aorta) proliferation. PJ was much more effective than the other products 
tested and elicited no effects when tested alone in the absence of added NO. Similarly, 
neither PJ nor the other products enhanced the anti-proliferative action of alpha-
difluoromethylornithine, a stable substance that inhibits cell growth by NO-independent 
mechanisms. In order to determine whether PJ is capable of increasing the production of 
NO by vascular endothelial cells, PJ was tested for its capacity to upregulate and/or acti-
vate endothelial NO synthase (eNOS) in bovine pulmonary artery endothelial cells. PJ 
elicited no effects on eNOS protein expression or catalytic activity. Moreover, PJ did not 
enhance promoter activity in the eNOS gene (COS-7 cells transfected with eNOS). These 
observations indicate that PJ possesses potent antioxidant activity that results in marked 
protection of NO against oxidative destruction, thereby resulting in augmentation of the 
biological actions of NO. 

Photochemopreventive effect of pomegranate fruit ex-
tract on UVA-mediated activation of cellular pathways 
in normal human epidermal keratinocytes. 



 

Photochem Photobiol. 2006 Mar-Apr;82(2):398-405 

Syed DN, Malik A, Hadi N, Sarfaraz S, Afaq F, Mukhtar H. 

Department of Dermatology, University of Wisconsin, Madison, WI, USA. 

UVA is the major portion (90-99%) of solar radiation reaching the surface of the earth 
and has been described to lead to formation of benign and malignant tumors. UVA-
mediated cellular damage occurs primarily through the release of reactive oxygen species 
and is responsible for immunosuppression, photodermatoses, photoaging and photocarci-
nogenesis. Pomegranate fruit extract (PFE) possesses strong antioxidant and anti-
inflammatory properties. Our recent studies have shown that PFE treatment of normal 
human epidermal keratinocytes (NHEK) inhibits UVB-mediated activation of MAPK and 
NF-kappaB pathways. Signal transducers and activators of transcription 3 (STAT3), Pro-
tein Kinase B/AKT and Map Kinases (MAPKs), which are activated by a variety of fac-
tors, modulate cell proliferation, apoptosis and other biological activities. The goal of this 
study was to determine whether PFE affords protection against UVA-mediated activation 
of STAT3, AKT and extracellular signal-regulated kinase (ERK1/2). Immunoblot analy-
sis demonstrated that 4 J/cm2 of UVA exposure to NHEK led to an increase in phospho-
rylation of STAT3 at Tyr705, AKT at Ser473 and ERK1/2. Pretreatment of NHEK with 
PFE (60-100 microg/mL) for 24 h before exposure to UVA resulted in a dose-dependent 
inhibition of UVA-mediated phosphorylation of STAT3 at Tyr705, AKT at Ser473 and 
ERK1/2. mTOR, structurally related to PI3K, is involved in the regulation of p70S6K, 
which in turn phosphorylates the S6 protein of the 40S ribosomal subunit. We found that 
UVA radiation of NHEK resulted in the phosphorylation of mTOR at Thr2448 and 
p70S6K at Thr421/Ser424. PFE pretreatment resulted in a dose-dependent inhibition in 
the phosphorylation of mTOR at Thr2448 and p70S6K at Thr421/Ser424. Our data fur-
ther demonstrate that PFE pretreatment of NHEK resulted in significant inhibition of 
UVA exposure-mediated increases in Ki-67 and PCNA. PFE pretreatment of NHEK was 
found to increase the cell-cycle arrest induced by UVA in the G1 phase of the cell cycle 
and the expression of Bax and Bad (proapoptotic proteins), with downregulation of Bcl-
X(L) expression (antiapoptotic protein). Our data suggest that PFE is an effective agent 
for ameliorating UVA-mediated damages by modulating cellular pathways and merits 
further evaluation as a photochemopreventive agent. 

Pomegranate byproduct administration to apolipo-
protein e-deficient mice attenuates atherosclerosis de-
velopment as a result of decreased macrophage oxida-
tive stress and reduced cellular uptake of oxidized low-
density lipoprotein. 

J Agric Food Chem. 2006 Mar 8;54(5):1928-35 

Rosenblat M, Volkova N, Coleman R, Aviram M. 



 

The Lipid Research Laboratory, Technion Faculty of Medicine, The Rappaport Family 
Institute for Research in the Medical Sciences, Rambam Medical Center, Haifa, Israel. 

The effects of a pomegranate byproduct (PBP, which includes the whole pomegranate 
fruit left after juice preparation) on atherosclerosis development in apolipoprotein E-
deficient (E degrees ) mice were studied. Consumption of PBP (17 or 51.5 microg of gal-
lic acid equiv/kg/day) by the mice resulted in a significant reduction in atherosclerotic 
lesion size by up to 57%. PBP consumption significantly reduced oxidative stress in the 
mice peritoneal macrophages (MPM): Cellular lipid peroxide content decreased by up to 
42%, the reduced glutathione levels increased by up to 53%, and paraoxonase 2 lactonase 
activity increased by up to 50%, as compared to MPM from E degrees mice that con-
sumed only water. Furthermore, oxidized low-density lipoprotein (Ox-LDL) uptake by 
the MPM was reduced by up to 19%. Similar results were observed also in vitro. Treat-
ment of J774A.1 macrophages with PBP (10 or 50 micromol/L of total polyphenols) sig-
nificantly decreased both cellular total peroxide content and Ox-LDL uptake. It was thus 
concluded that PBP significantly attenuates atherosclerosis development by its antioxi-
dant properties. 

Prostate cancer prevention through pomegranate fruit. 

Cell Cycle. 2006 Feb;5(4):371-3. Epub 2006 Feb 15. 

Malik A, Mukhtar H. 

Department of Dermatology, University of Wisconsin, Madison 53706, USA. 

Prostate cancer (CaP) is the second leading cause of cancer-related deaths among U.S. 
males with a similar trend in many Western countries. CaP is an ideal candidate disease 
for chemoprevention because it is typically diagnosed in men over 50 years of age, and 
thus even a modest delay in disease progression achieved through pharmacological or 
nutritional intervention could significantly impact the quality of life of these patients. In 
this regard we and others have proposed the use of dietary antioxidants as candidate CaP 
chemopreventive agents. The fruit pomegranate derived from the tree Punica granatum 
has been shown to possess strong antioxidant and anti-inflammatory properties. In a re-
cent study, we showed that pomegranate fruit extract (PFE), through modulations in the 
cyclin kinase inhibitor-cyclin-dependent kinase machinery, resulted in inhibition of cell 
growth followed by apoptosis of highly aggressive human prostate carcinoma PC3 cells. 
These events were associated with alterations in the levels of Bax and Bcl-2 shifting the 
Bax:Bcl-2 ratio in favor of apoptosis. Further, we showed that oral administration of a 
human acceptable dose of PFE to athymic nude mice implanted with CWR22Rnu1 cells 
resulted in significant inhibition of tumor growth with concomitant reduction in secretion 
of prostate-specific antigen (PSA) in the serum. The outcome of this study could have a 
direct practical implication and translational relevance to CaP patients, because it sug-
gests that pomegranate consumption may retard CaP progression, which may prolong the 
survival and quality of life of the patients. 



 

Punica granatum (pomegranate) flower extract pos-
sesses potent antioxidant activity and abrogates Fe-NTA 
induced hepatotoxicity in mice. 

Food Chem Toxicol. 2006 Jul;44(7):984-93. Epub 2006 
Jan 19. 

Kaur G, Jabbar Z, Athar M, Alam MS. 

Department of Medical Elementology and Toxicology, Faculty of Science, Jamia Ham-
dard, Hamdard Nagar, New Delhi 110062, India. 

Most pomegranate (Punica granatum Linn., Punicaceae) fruit parts are known to possess 
enormous antioxidant activity. The present study evaluated antioxidant and hepatoprotec-
tive activity of pomegranate flowers. Alcoholic (ethanolic) extract of flowers was pre-
pared and used in the present study. The extract was found to contain a large amount of 
polyphenols and exhibit enormous reducing ability, both indicative of potent antioxidant 
ability. The extract showed 81.6% antioxidant activity in DPPH model system. The abili-
ty of extract to scavenge reactive oxygen species (ROS) and reactive nitrogen species 
(RNS) was tested and it was found to significantly scavenge superoxide (O(2)(.-)) (by up 
to 53.3%), hydrogen peroxide (H(2)O(2)) (by up to 30%), hydroxyl radicals (()OH) (by 
up to 37%) and nitric oxide (NO) (by up to 74.5%). The extract also inhibited (.)OH in-
duced oxidation of lipids and proteins in vitro. These results indicated pomegranate 
flower extract to exert a significant antioxidant activity in vitro. The efficacy of extract 
was tested in vivo and it was found to exhibit a potent protective activity in acute oxida-
tive tissue injury animal model: ferric nitrilotriacetate (Fe-NTA) induced hepatotoxicity 
in mice. Intraperitoneal administration of 9 mg/kg body wt. Fe-NTA to mice induced 
oxidative stress and liver injury. Pretreatment with pomegranate flower extract at a dose 
regimen of 50-150 mg/kg body wt. for a week significantly and dose dependently pro-
tected against Fe-NTA induced oxidative stress as well as hepatic injury. The extract af-
forded up to 60% protection against hepatic lipid peroxidation and preserved glutathione 
(GSH) levels and activities of antioxidant enzymes viz., catalase (CAT), glutathione pe-
roxidase (GPX) glutathione reductase (GR) and glutathione-S-transferase (GST) by up to 
36%, 28.5%, 28.7%, 40.2% and 42.5% respectively. A protection against Fe-NTA in-
duced liver injury was apparent as inhibition in the modulation of liver markers viz., as-
partate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase 
(ALP), bilirubin and albumin in serum. The histopathological changes produced by Fe-
NTA, such as ballooning degeneration, fatty changes, necrosis were also alleviated by the 
extract. These results indicate pomegranate flowers to possess potent antioxidant and he-
patoprotective property, the former being probably responsible for the latter. 

Pomegranate juice reduces oxidized low-density lipo-
protein downregulation of endothelial nitric oxide syn-
thase in human coronary endothelial cells. 



 

Nitric Oxide. 2006 Nov;15(3):259-63. Epub 2006 Jan 18 

de Nigris F, Williams-Ignarro S, Botti C, Sica V, Ignarro LJ, Napoli C. 

Department of General Pathology and Excellence Research Center on Cardiovascular 
Disease, University of Naples, Italy. 

We examined the hypothesis that pomegranate juice (PJ) can revert the potent downregu-
lation of the expression of endothelial nitric-oxide synthase (NOSIII) induced by oxi-
dized low-density liporotein (oxLDL) in human coronary endothelial cells. Western blot 
and Northern blot analyses showed a significant decrease of NOSIII expression after a 
24-h treatment with oxLDL. Accordingly, we observed a significant dose-dependent re-
duction in nitric oxide bioactivity represented by both basal and bradykinin-stimulated 
cellular cGMP accumulation. These phenomena were corrected significantly by the con-
comitant treatment with PJ. Our data suggest that PJ can exert beneficial effects on the 
evolution of clinical vascular complications, coronary heart disease, and atherogenesis in 
humans by enhancing the NOSIII bioactivity. 

beta-Secretase (BACE1) inhibitors from pomegranate 
(Punica granatum) husk. 

Arch Pharm Res. 2005 Dec;28(12):1328-32 

Kwak HM, Jeon SY, Sohng BH, Kim JG, Lee JM, Lee KB, Jeong HH, Hur JM, 
Kang YH, Song KS. 

School of Applied Biosciences, College of Agriculture and Life Sciences, Kyungpook 
National University, Daegu, Korea. 

In the course of screening for anti-dementia agents from natural products, two beta-
secretase (BACE1) inhibitors were isolated from the husk of pomegranate (Punica grana-
tum) by activity-guided purification. They were identified as ellagic acid and punicalagin 
with IC50 values of 3.9 x10(-6) and 4.1x10(-7) M and Ki values of 2.4x10(-5) and 
5.9x10(-7) M, respectively. The compounds were non-competitive inhibitors with a sub-
strate in the Dixon plot. Ellagic acid and punicalagin were less inhibitory to alpha-
secretase (TACE) and other serine proteases such as chymotrypsin, trypsin, and elastase, 
thus indicating that they were relatively specific inhibitors of BACE1. 

Inhibitory effect of an ellagic acid-rich pomegranate ex-
tract on tyrosinase activity and ultraviolet-induced 
pigmentation. 

Biosci Biotechnol Biochem. 2005 Dec;69(12):2368-73. 



 

Yoshimura M, Watanabe Y, Kasai K, Yamakoshi J, Koga T. 

Research and Development Division, Kikkoman Corporation, Noda City, Chiba, Japan. 
myoshimura@mail.kikkoman.co.jp 

A pomegranate extract (PE) from the rind containing 90% ellagic acid was tested for its 
skin-whitening effect. PE showed inhibitory activity against mushroom tyrosinase in vi-
tro, and the inhibition by the extract was comparable to that of arbutin, which is a known 
whitening agent. PE, when administered orally, also inhibited UV-induced skin pigmen-
tation on the back of brownish guinea pigs. The intensity of the skin-whitening effect was 
similar between guinea pigs fed with PE and those fed with L-ascorbic acid. PE reduced 
the number of DOPA-positive melanocytes in the epidermis of UV-irradiated guinea 
pigs, but L-ascorbic acid did not. These results suggest that the skin-whitening effect of 
PE was probably due to inhibition of the proliferation of melanocytes and melanin syn-
thesis by tyrosinase in melanocytes. PE, when taken orally, may be used as an effective 
whitening agent for the skin. 

Pomegranate juice sugar fraction reduces macrophage 
oxidative state, whereas white grape juice sugar fraction 
increases it. 

Atherosclerosis. 2006 Sep;188(1):68-76. Epub 2005 Dec 
5. 

Rozenberg O, Howell A, Aviram M. 

The Lipid Research Laboratory, The Technion Faculty of Medicine, The Rappaport Fam-
ily Institute for Research in the Medical Sciences and Rambam Medical Center, Haifa, 
Israel. 

The antiatherogenic properties of pomegranate juice (PJ) were attributed to its antioxi-
dant potency and to its capacity to decrease macrophage oxidative stress, the hallmark of 
early atherogeneis. PJ polyphenols and sugar-containing polyphenolic anthocyanins were 
shown to confer PJ its antioxidant capacity. In the present study, we questioned whether 
PJ simple or complex sugars contribute to the antioxidative properties of PJ in compari-
son to white grape juice (WGJ) sugars. Whole PJ decreased cellular peroxide levels in 
J774A.1 macrophage cell-line by 23% more than PJ polyphenol fraction alone. Thus, we 
next determined the contribution of the PJ sugar fraction to the decrease in macrophage 
oxidative state. Increasing concentrations of the PJ sugar fraction resulted in a dose-
dependent decrement in macrophage peroxide levels, up to 72%, compared to control 
cells. On the contrary, incubation of the cells with WGJ sugar fraction at the same con-
centrations resulted in a dose-dependent increment in peroxide levels by up to 37%. The 
two sugar fractions from PJ and from WGJ showed opposite effects (antioxidant for PJ 
and pro-oxidant for WGJ) also in mouse peritoneal macrophages (MPM) from control as 
well as from streptozotocin-induced diabetic Balb/C mice. PJ sugar consumption by di-



 

abetic mice for 10 days resulted in a small but significant decrement in their peritoneal 
macrophage total peroxide levels and an increment in cellular glutathione content, com-
pared to MPM harvested from control diabetic mice administrated with water. In contrast, 
WGJ sugar consumption by diabetic mice resulted in a 22% increment in macrophage 
total peroxide levels and a 45% decrement in cellular glutathione content. Paraoxonase 2 
activity in macrophages increases under oxidative stress conditions. Indeed, macrophage 
paraoxonase 2 activity was decreased after PJ sugars supplementation, but increased after 
WGJ sugars supplementation. We conclude that PJ sugar fraction, unlike WGJ sugar 
fraction, decreases macrophage oxidative state under normal and under diabetic condi-
tions. These antioxidant/antiatherogenic effects could be due to the presence of unique 
complex sugars and/or phenolic sugars in PJ. 

Pomegranate juice supplementation in chronic obstruc-
tive pulmonary disease: a 5-week randomized, double-
blind, placebo-controlled trial. 

Eur J Clin Nutr. 2006 Feb;60(2):245-53. 

Cerdá B, Soto C, Albaladejo MD, Martínez P, Sánchez-Gascón F, Tomás-Barberán 
F, Espín JC. 

Department of Food Science and Technology, Research Group on Quality, Safety and 
Bioactivity of Plant Foods, CEBAS-CSIC, Murcia, Spain. 

OBJECTIVE: The aim of the present study is to investigate the effect of antioxidant po-
lyphenol-rich pomegranate juice (PJ) supplementation for 5 weeks on patients with stable 
chronic obstructive pulmonary disease (COPD), since the oxidative stress plays a major 
role in the evolution and pathophysiology of COPD. DESIGN: A randomized, double-
blind, placebo-controlled trial was conducted. SUBJECTS: A total of 30 patients with 
stable COPD were randomly distributed in two groups (15 patients each). INTERVEN-
TIONS: Both groups consumed either 400 ml PJ daily or matched placebo (synthetic 
orange-flavoured drink) for 5 weeks. Trolox Equivalent Antioxidant Capacity (TEAC) of 
PJ, blood parameters (14 haematological and 18 serobiochemical), respiratory function 
variables, bioavailability of PJ polyphenols (plasma and urine) and urinary isoprostane 
(8-iso-PGF(2alpha)) were evaluated. RESULTS: The daily dose of PJ (containing 2.66 g 
polyphenols) provided 4 mmol/l TEAC. None of the polyphenols present in PJ were de-
tected in plasma or in urine of volunteers. The most abundant PJ polyphenols, ellagitan-
nins, were metabolized by the colonic microflora of COPD patients to yield two major 
metabolites in both plasma and urine (dibenzopyranone derivatives) with no TEAC. No 
differences were found (P > 0.05) between PJ and placebo groups for any of the parame-
ters evaluated (serobiochemical and haematological), urinary 8-iso-PGF(2alpha), respira-
tory function variables and clinical symptoms of COPD patients. CONCLUSIONS: Our 
results suggest that PJ supplementation adds no benefit to the current standard therapy in 
patients with stable COPD. The high TEAC of PJ cannot be extrapolated in vivo proba-
bly due to the metabolism of its polyphenols by the colonic microflora. The understand-



 

ing of the different bioavailability of dietary polyphenols is critical before claiming any 
antioxidant-related health benefit.  

Anti-oxidative effects of pomegranate juice (PJ) con-
sumption by diabetic patients on serum and on macro-
phages. 

Atherosclerosis. 2006 Aug;187(2):363-71. Epub 2005 
Oct 13 

Rosenblat M, Hayek T, Aviram M. 

The Lipid Research Laboratory, Technion Faculty of Medicine, The Rappaport Family 
Institute for Research in the Medical Sciences, Rambam Medical Center, 31096 Haifa, 
Israel. 

Diabetes is associated with increased oxidative stress and atherosclerosis development. In 
the present study, we investigated the effects of pomegranate juice (PJ; which contains 
sugars and potent anti-oxidants) consumption by diabetic patients on blood diabetic pa-
rameters, and on oxidative stress in their serum and macrophages. Ten healthy subjects 
(controls) and 10 non-insulin dependent diabetes mellitus (NIDDM) patients who con-
sumed PJ (50ml per day for 3 months) participated in the study. In the patients versus 
controls serum levels of lipid peroxides and thiobarbituric acid reactive substances 
(TBARS) were both increased, by 350% and 51%, respectively, whereas serum SH 
groups content and paraoxonase 1 (PON1) activity, were both decreased (by 23%). PJ 
consumption did not affect serum glucose, cholesterol and triglyceride levels, but it re-
sulted in a significant reduction in serum lipid peroxides and TBARS levels by 56% and 
28%, whereas serum SH groups and PON1 activity significantly increased by 12% and 
24%, respectively. In the patients versus controls monocytes-derived macrophages 
(HMDM), we observed increased level of cellular peroxides (by 36%), and decreased 
glutathione content (by 64%). PJ consumption significantly reduced cellular peroxides 
(by 71%), and increased glutathione levels (by 141%) in the patients' HMDM. The pa-
tients' versus control HMDM took up oxidized LDL (Ox-LDL) at enhanced rate (by 
37%) and PJ consumption significantly decreased the extent of Ox-LDL cellular uptake 
(by 39%). We thus conclude that PJ consumption by diabetic patients did not worsen the 
diabetic parameters, but rather resulted in anti-oxidative effects on serum and macro-
phages, which could contribute to attenuation of atherosclerosis development in these pa-
tients. 

Pomegranate fruit juice for chemoprevention and che-
motherapy of prostate cancer. 



 

Proc Natl Acad Sci U S A. 2005 Oct 11;102(41):14813-8. 
Epub 2005 Sep 28 

Malik A, Afaq F, Sarfaraz S, Adhami VM, Syed DN, Mukhtar H. 

Department of Dermatology, University of Wisconsin, Madison, WI 53706, USA. 

Prostate cancer is the most common invasive malignancy and the second leading cause of 
cancer-related deaths among U.S. males, with a similar trend in many Western countries. 
One approach to control this malignancy is its prevention through the use of agents 
present in diet consumed by humans. Pomegranate from the tree Punica granatum pos-
sesses strong antioxidant and antiinflammatory properties. We recently showed that po-
megranate fruit extract (PFE) possesses remarkable antitumor-promoting effects in 
mouse skin. In this study, employing human prostate cancer cells, we evaluated the anti-
proliferative and proapoptotic properties of PFE. PFE (10-100 microg/ml; 48 h) treatment 
of highly aggressive human prostate cancer PC3 cells resulted in a dose-dependent inhibi-
tion of cell growth/cell viability and induction of apoptosis. Immunoblot analysis re-
vealed that PFE treatment of PC3 cells resulted in (i) induction of Bax and Bak (proapop-
totic); (ii) down-regulation of Bcl-X(L) and Bcl-2 (antiapoptotic); (iii) induction of 
WAF1/p21 and KIP1/p27; (iv) a decrease in cyclins D1, D2, and E; and (v) a decrease in 
cyclin-dependent kinase (cdk) 2, cdk4, and cdk6 expression. These data establish the in-
volvement of the cyclin kinase inhibitor-cyclin-cdk network during the antiproliferative 
effects of PFE. Oral administration of PFE (0.1% and 0.2%, wt/vol) to athymic nude 
mice implanted with androgen-sensitive CWR22Rnu1 cells resulted in a significant inhi-
bition in tumor growth concomitant with a significant decrease in serum prostate-specific 
antigen levels. We suggest that pomegranate juice may have cancer-chemopreventive as 
well as cancer-chemotherapeutic effects against prostate cancer in humans. 

Oxidative stress in arteriogenic erectile dysfunction: 
prophylactic role of antioxidants. 

J Urol. 2005 Jul;174(1):386-93. 

Azadzoi KM, Schulman RN, Aviram M, Siroky MB. 

Department of Urology, Boston University School of Medicine and Veterans Affairs 
Boston Healthcare System, Boston, Massachusetts, USA. kazadzoi@bu.edu 

PURPOSE: We searched for markers of oxidative stress in cavernous ischemia and ex-
amined the effect of long-term antioxidant intake on arteriogenic erectile dysfunction 
(ED) in the rabbit. MATERIALS AND METHODS: Antioxidant activity of known anti-
oxidant beverages, such as pomegranate juice (PJ), red wine, blueberry juice, cranberry 
juice, orange juice and green tea, was examined spectrophotometrically. PJ demonstrated 
the highest free radical scavenging capacity. The effect of long-term PJ intake on intraca-
vernous blood flow and penile erection was then examined in the rabbit model. Erectile 



 

tissues were processed to assess oxidative stress and smooth muscle relaxation, immuno-
histochemical staining of nitric oxide synthase (NOS) and histomorphometry. RESULTS: 
On spectrophotometric analysis PJ showed the highest capacity to decrease low density 
lipoprotein oxidation and inhibit cellular oxidative stress in macrophages. The rabbit 
model of arteriogenic ED demonstrated decreased intracavernous blood flow, erectile 
dysfunction, loss of smooth muscle relaxation, decreased endothelial NOS and neuronal 
NOS, increased inducible NOS expression, diffused cavernous fibrosis and increased ca-
vernous levels of the oxidative product isoprostane 8-epi-prostaglandin F2alpha. Long-
term PJ intake increased intracavernous blood flow, improved erectile response and 
smooth muscle relaxation in ED and control groups while having no significant effect on 
NOS expression. PJ intake prevented erectile tissue fibrosis in the ED group. CONCLU-
SIONS: Arteriogenic ED accumulates oxidative products in erectile tissue, possibly via 
an intrinsic mechanism. Oxidative stress may be of great importance in the pathophysiol-
ogy of arteriogenic ED. Antioxidant therapy may be a useful prophylactic tool for pre-
venting smooth muscle dysfunction and fibrosis in ED. 

In vitro antiproliferative, apoptotic and antioxidant ac-
tivities of punicalagin, ellagic acid and a total pomegra-
nate tannin extract are enhanced in combination with 
other polyphenols as found in pomegranate juice. 

J Nutr Biochem. 2005 Jun;16(6):360-7 

Seeram NP, Adams LS, Henning SM, Niu Y, Zhang Y, Nair MG, Heber D. 

Center for Human Nutrition, David Geffen School of Medicine, University of California, 
Los Angeles, CA 90095, USA. nseeram@mednet.ucla.edu 

Pomegranate (Punica granatum L.) fruits are widely consumed as juice (PJ). The potent 
antioxidant and anti-atherosclerotic activities of PJ are attributed to its polyphenols in-
cluding punicalagin, the major fruit ellagitannin, and ellagic acid (EA). Punicalagin is the 
major antioxidant polyphenol ingredient in PJ. Punicalagin, EA, a standardized total po-
megranate tannin (TPT) extract and PJ were evaluated for in vitro antiproliferative, apop-
totic and antioxidant activities. Punicalagin, EA and TPT were evaluated for antiprolifer-
ative activity at 12.5-100 microg/ml on human oral (KB, CAL27), colon (HT-29, 
HCT116, SW480, SW620) and prostate (RWPE-1, 22Rv1) tumor cells. Punicalagin, EA 
and TPT were evaluated at 100 microg/ml concentrations for apoptotic effects and at 10 
microg/ml concentrations for antioxidant properties. However, to evaluate the synergistic 
and/or additive contributions from other PJ phytochemicals, PJ was tested at concentra-
tions normalized to deliver equivalent amounts of punicalagin (w/w). Apoptotic effects 
were evaluated against the HT-29 and HCT116 colon cancer cell lines. Antioxidant ef-
fects were evaluated using inhibition of lipid peroxidation and Trolox equivalent antioxi-
dant capacity (TEAC) assays. Pomegranate juice showed greatest antiproliferative activi-
ty against all cell lines by inhibiting proliferation from 30% to 100%. At 100 microg/ml, 
PJ, EA, punicalagin and TPT induced apoptosis in HT-29 colon cells. However, in the 



 

HCT116 colon cells, EA, punicalagin and TPT but not PJ induced apoptosis. The trend in 
antioxidant activity was PJ>TPT>punicalagin>EA. The superior bioactivity of PJ com-
pared to its purified polyphenols illustrated the multifactorial effects and chemical syner-
gy of the action of multiple compounds compared to single purified active ingredients. 

Intervention of antioxidant system function of aged rats 
by giving fruit juices with different antioxidant capaci-
ties. 

Zhonghua Yu Fang Yi Xue Za Zhi. 2005 Mar;39(2):80-
3 

Xu J, Guo CJ, Yang JJ, Wei JY, Li YF, Pang W, Jiang YG, Cheng S. 

Department of Nutrition, Institute of Hygiene and Environmental Medicine, Acedemy of 
Military Medical Sciences, Tianjin 300050, China. 

OBJECTIVE: To observe the effects of fruit juices with different antioxidant capacity on 
antioxidant system function of aged rats. METHODS: Thirty Wistar rats were randomly 
divided into three groups: pomegranate juice and apple juice as two experimental groups, 
while distilled water as normal control group. They were administrated fruit juices or dis-
tilled water respectively by gavage daily for 4 weeks. At the end of experiment, the anti-
oxidant system function was assessed. RESULTS: The aged rats in pomegranate juice 
group showed significantly higher serum antioxidant capacity (0.90 +/- 0.13) mmol/L 
than that in control group (0.79 +/- 0.10) mmol/L (P < 0.05). The concentrations of serum 
carbonyl and oxLDL were decreased significantly in pomegranate juice group as com-
pared to the control group (P < 0.05). The percentage of injured blood lymphocyte DNA 
and the ratio of tail length/total length were declined significantly in pomegranate juice 
group (P < 0.05 and P < 0.01 respectively). The apple juice showed no effects except de-
creased ratio of tail length/total length of injured lymphocyte DNA. There were no 
changes in concentrations of serum vitamin C, vitamin E, urinary 8-OH-dG excretion and 
the activities of serum SOD, GSH-Px, CAT among three groups. CONCLUSIONS: The 
pomegranate juice should possess higher antioxidant capacity and might improve the an-
tioxidant system function of aged rats, while the apple juice is relatively lower in antioxi-
dant capacity and not very effective. The polyphenols in pomegranate juice might be the 
important functional components. 

Beneficial effects of pomegranate juice on oxidation-
sensitive genes and endothelial nitric oxide synthase ac-
tivity at sites of perturbed shear stress. 

Proc Natl Acad Sci U S A. 2005 Mar 29;102(13):4896-
901. Epub 2005 Mar 21 



 

de Nigris F, Williams-Ignarro S, Lerman LO, Crimi E, Botti C, Mansueto G, D'Ar-
miento FP, De Rosa G, Sica V, Ignarro LJ, Napoli C. 

Department of General Pathology, School of Medicine, University of Naples, 80131 
Naples, Italy. 

Atherosclerosis is enhanced in arterial segments exposed to disturbed flow. Perturbed 
shear stress increases the expression of oxidation-sensitive responsive genes (such as 
ELK-1 and p-JUN) in the endothelium. Evidence suggests that polyphenolic antioxidants 
contained in the juice derived from the pomegranate can contribute to the reduction of 
oxidative stress and atherogenesis. The aim of the present study was to evaluate the ef-
fects of intervention with pomegranate juice (PJ) on oxidation-sensitive genes and endo-
thelial NO synthase (eNOS) expression induced by high shear stress in vitro and in vivo. 
Cultured human coronary artery endothelial cells (EC) exposed to high shear stress in 
vitro and hypercholesterolemic mice were used in this study. PJ concentrate reduced the 
activation of redox-sensitive genes (ELK-1 and p-JUN) and increased eNOS expression 
(which was decreased by perturbed shear stress) in cultured EC and in atherosclerosis-
prone areas of hypercholesterolemic mice. Moreover, oral administration of PJ to hyper-
cholesterolemic mice at various stages of disease reduced significantly the progression of 
atherosclerosis. This experimental study indicates that the proatherogenic effects induced 
by perturbed shear stress can be reversed by chronic administration of PJ. This approach 
may have implications for the prevention or treatment of atherosclerosis and its clinical 
manifestations. 

Flavonoids from Punica granatum--potential antiperox-
idative agents. 

Fitoterapia. 2005 Mar;76(2):181-6. 

Sudheesh S, Vijayalakshmi NR. 

Department of Biochemistry, University of Kerala, Thiruvananthapuram, 695581 India. 

Fractions rich in flavonoids obtained from the fruits of Punica granatum extract, orally 
administered to rats at dose of 10 mg kg(-1) day(-1), showed potential antiperoxidative 
effect. Concentrations of malondialdehyde, hydroperoxides and conjugated dienes were 
significantly decreased in liver while the activities of the enzymes catalase, superoxide 
dismutase (SOD), glutathione peroxidase and glutathione reductase showed significant 
elevation. Concentrations of glutathione in the tissues were also increased. 

Bioactive compounds from the seeds of Punica grana-
tum (pomegranate). 

J Nat Prod. 2004 Dec;67(12):2096-8 



 

Wang RF, Xie WD, Zhang Z, Xing DM, Ding Y, Wang W, Ma C, Du LJ. 

Laboratory of Pharmaceutical Sciences, Department of Biological Sciences and Biotech-
nology, Tsinghua University, Beijing 100084, People's Republic of China. 

Two new compounds, coniferyl 9-O-[beta-D-apiofuranosyl(1-->6)]-O-beta-D-
glucopyranoside (1) and sinapyl 9-O-[beta-d-apiofuranosyl(1-->6)]-O-beta-D-
glucopyranoside (2), were isolated from the seeds of Punica granatum (pomegranate), 
together with five known compounds, 3,3'-di-O-methylellagic acid (3), 3,3',4'-tri-O-
methylellagic acid (4), phenethyl rutinoside, icariside D1, and daucosterol. The structures 
of 1 and 2 were elucidated by spectroscopic data analysis. Compounds 1-4 exhibited an-
tioxidant activity, which was evaluated by measurement of low-density lipoprotein 
(LDL) susceptibility to oxidation and by determination in vitro of malondialdehyde 
(MDA) levels in the rat brain. 

The inhibition of gastric mucosal injury by Punicagra-
natum L. (pomegranate) methanolic extract. 

J Ethnopharmacol. 2005 Jan 4;96(1-2):171-6. 

Ajaikumar KB, Asheef M, Babu BH, Padikkala J. 

Amala Cancer Research Centre, Amala Nagar, Thrissur 680555, Kerala, India. 

Administration of 70% methanolic extract of Punicagranatum fruit rind (250 mg/kg and 
500 mg/kg) shows a percentage of inhibition in 22.37, 74.21 and 21.95, 63.41 in aspirin- 
and ethanol-induced gastric ulceration, respectively. In treated groups of animals, the in 
vivo antioxidant levels such as superoxide dismutase (SOD), catalase, glutathione (GSH) 
and glutathione peroxidase (GPx) levels were increased and found more or less equal to 
the normal values. The tissue lipid peroxidation level was found to be decreasing in 
treated groups of animals as compared to the control group. The histopathological exami-
nation of the stomach of the ulcerated animals shows severe erosion of gastric mucosa, 
sub-mucosal edema and neutrophil infiltration. All of these symptoms were found to be 
normal in treated groups. In general, the results of the present investigation revealed the 
gastroprotective activity of the extract through antioxidant mechanism. 

Anthocyanin- and hydrolyzable tannin-rich pomegra-
nate fruit extract modulates MAPK and NF-kappaB 
pathways and inhibits skin tumorigenesis in CD-1 mice. 

Int J Cancer. 2005 Jan 20;113(3):423-33 

Afaq F, Saleem M, Krueger CG, Reed JD, Mukhtar H. 



 

Department of Dermatology, University of Wisconsin, Madison, WI 53706, USA. 

Chemoprevention has come of age as an effective cancer control modality; however, the 
search for novel agent(s) for the armamentarium of cancer chemoprevention continues. 
We argue that agents capable of intervening at more than one critical pathway in the car-
cinogenesis process will have greater advantage over other single-target agents. Pome-
granate fruit extract (PFE) derived from the tree Punica granatum possesses strong anti-
oxidant and antiinflammatory properties. Pomegranate fruit was extracted with acetone 
and analyzed based on matrix-assisted laser desorption/ionization time-of-flight mass 
spectrometry and found to contain anthocyanins, ellagitannins and hydrolyzable tannins. 
We evaluated whether PFE possesses antitumor-promoting effects. We first determined 
the effect of topical application of PFE to CD-1 mice against 12-O-tetradecanoylphorbol-
13-acetate (TPA)-induced conventional markers and other novel markers of skin tumor 
promotion. We found that topical application of PFE (2 mg/mouse) 30 min prior to TPA 
(3.2 nmole/mouse) application on mouse skin afforded significant inhibition, in a time-
dependent manner, against TPA-mediated increase in skin edema and hyperplasia, epi-
dermal ornithine decarboxylase (ODC) activity and protein expression of ODC and cyc-
looxygenase-2. We also found that topical application of PFE resulted in inhibition of 
TPA-induced phosphorylation of ERK1/2, p38 and JNK1/2, as well as activation of NF-
kappaB and IKKalpha and phosphorylation and degradation of IkappaBalpha. We next 
assessed the effect of skin application of PFE on TPA-induced skin tumor promotion in 
7,12-dimethylbenz(a)anthracene-initiated CD-1 mouse. The animals pretreated with PFE 
showed substantially reduced tumor incidence and lower tumor body burden when as-
sessed as total number of tumors per group, percent of mice with tumors and number of 
tumors per animal as compared to animals that did not receive PFE. In TPA-treated 
group, 100% of the mice developed tumors at 16 weeks on test, whereas at this time in 
PFE-treated group, only 30% mice exhibited tumors. Skin application of PFE prior to 
TPA application also resulted in a significant delay in latency period from 9 to 14 weeks 
and afforded protection when tumor data were considered in terms of tumor incidence 
and tumor multiplicity. The results of our study provide clear evidence that PFE pos-
sesses antiskin-tumor-promoting effects in CD-1 mouse. Because PFE is capable of inhi-
biting conventional as well as novel biomarkers of TPA-induced tumor promotion, it may 
possess chemopreventive activity in a wide range of tumor models. Thus, an in-depth 
study to define active agent(s) in PFE capable of affording antitumor-promoting effect is 
warranted. 

Bioavailability of ellagic acid in human plasma after 
consumption of ellagitannins from pomegranate (Puni-
ca granatum L.) juice. 

Clin Chim Acta. 2004 Oct;348(1-2):63-8 

Seeram NP, Lee R, Heber D. 

Center for Human Nutrition, David Geffen School of Medicine, University of California, 
Los Angeles, CA 90095, USA. nseeram@mednet.ucla.edu 



 

BACKGROUND: Ellagic acid (EA) and hydrolyzable ellagitannins (ETs) are dietary po-
lyphenols found in fruits and nuts and implicated with potent antioxidant, anticancer and 
antiatherosclerotic biological properties. Unfortunately, there are no reports on the bio-
availability studies of EA or ETs in the human body. We conducted in vivo studies whe-
reby a human subject consumed pomegranate juice (PJ) (180 ml) containing EA (25 mg) 
and ETs (318 mg, as punicalagins, the major fruit ellagitannin). METHODS: A rapid 
plasma extraction procedure utilizing acidic precipitation of proteins, followed by HPLC-
UV analyses, was employed. RESULTS: EA was detected in human plasma at a maxi-
mum concentration (31.9 ng/ml) after 1 h post-ingestion but was rapidly eliminated by 4 
h. The calibration curve for quantification of EA was linear (r2 = 0.9975) over the con-
centration range from 1000 to 15.6 ng/ml. CONCLUSIONS: Since EA has reportedly 
strong affinity for proteins and poor absorption in small animals, further studies to inves-
tigate whether the presence of free EA in human plasma may be due to its release from 
the hydrolysis of ETs, facilitated by physiological pH and/or gut microflora action, is 
warranted. EA can be considered as a biomarker for future human bioavailability studies 
involving consumption of ETs from food sources. 

The potent in vitro antioxidant ellagitannins from po-
megranate juice are metabolised into bioavailable but 
poor antioxidant hydroxy-6H-dibenzopyran-6-one de-
rivatives by the colonic microflora of healthy humans. 

Eur J Nutr. 2004 Aug;43(4):205-20. Epub 2004 Jan 6 

Cerdá B, Espín JC, Parra S, Martínez P, Tomás-Barberán FA. 

Research Group on Quality, Safety and Bioactivity of Plant Foods, Department Food 
Science and Technology, CEBAS-CSIC, 164, 30100, Espinardo (Murcia), Spain. 

BACKGROUND: The antiatherogenic activity of pomegranate juice has been attributed 
to its antioxidant polyphenols. The most potent in vitro antioxidant polyphenol from this 
juice is the ellagitannin punicalagin. However, the bioavailability of ellagitannins, includ-
ing punicalagin, has not been previously described in humans. AIM OF THE STUDY: 
The present work aims to evaluate, in healthy humans, the bioavailability and metabolism 
of pomegranate juice ellagitannins, to assess their effect on several blood parameters (in-
cluding cardiovascular risk disease markers) and to compare the antioxidant activity of 
punicalagin with that of the in vivo generated metabolites. DESIGN: Six healthy subjects 
(four men and two women) consumed 1 L of pomegranate juice daily (5.58 g/L polyphe-
nols, including 4.37 g/L punicalagin isomers) for 5 days. The polyphenols and the in vivo 
generated metabolites were measured by HPLC-DAD-MS-MS. Fourteen haematological 
and twenty serobiochemical parameters including LDL, HDL and VLDL as well as cho-
lesterol and triglycerides in each lipoprotein were evaluated. In vitro antioxidant activity 
of plasma (ABTS and FRAP assays) and urine (ABTS and DPPH) were determined. RE-
SULTS: Neither punicalagin nor ellagic acid present in the juice were detected in both 
plasma and urine. Three microbial ellagitannin-derived metabolites were detected: 3,8-



 

dihydroxy-6H-dibenzo[b,d]pyran-6-one glucuronide, an unidentified aglycone (tentative-
ly, trihydroxy-6H-dibenzo[b,d]pyran-6-one) and hydroxy-6-H-dibenzo[b,d]pyran-6-one 
glucuronide. These metabolites could reach up to 18.6 microM in plasma, although a 
large inter-individual variability was observed. In urine, the same metabolites and their 
corresponding aglycones became evident after 1 day of juice consumption. Total urine 
excretion of metabolites ranged from 0.7 to 52.7% regarding the ingested punicalagin. No 
relevant effect was observed on any blood parameter. The metabolites did not show sig-
nificant antioxidant activity compared to punicalagin from pomegranate juice. CON-
CLUSIONS: The potential systemic biological effects of pomegranate juice ingestion 
should be attributed to the colonic microflora metabolites rather than to the polyphenols 
present in the juice. 

Pomegranate juice consumption for 3 years by patients 
with carotid artery stenosis reduces common carotid in-
tima-media thickness, blood pressure and LDL oxida-
tion. 

Clin Nutr. 2004 Jun;23(3):423-33 

Aviram M, Rosenblat M, Gaitini D, Nitecki S, Hoffman A, Dornfeld L, Volkova N, 
Presser D, Attias J, Liker H, Hayek T. 

The Lipid Research Laboratory, Rappaport Family Institute for Research in the Medical 
Sciences, Rambam Medical Center, Haifa 31096, Israel. aviram@tx.technion.ac.il 

Dietary supplementation with polyphenolic antioxidants to animals was shown to be as-
sociated with inhibition of LDL oxidation and macrophage foam cell formation, and at-
tenuation of atherosclerosis development. We investigated the effects of pomegranate 
juice (PJ, which contains potent tannins and anthocyanins) consumption by atherosclerot-
ic patients with carotid artery stenosis (CAS) on the progression of carotid lesions and 
changes in oxidative stress and blood pressure. Ten patients were supplemented with PJ 
for 1 year and five of them continued for up to 3 years. Blood samples were collected be-
fore treatment and during PJ consumption. In the control group that did not consume PJ, 
common carotid intima-media thickness (IMT) increased by 9% during 1 year, whereas, 
PJ consumption resulted in a significant IMT reduction, by up to 30%, after 1 year. The 
patients' serum paraoxonase 1 (PON 1) activity was increased by 83%, whereas serum 
LDL basal oxidative state and LDL susceptibility to copper ion-induced oxidation were 
both significantly reduced, by 90% and 59%, respectively, after 12 months of PJ con-
sumption, compared to values obtained before PJ consumption. Furthermore, serum le-
vels of antibodies against oxidized LDL were decreased by 19%, and in parallel serum 
total antioxidant status (TAS) was increased by 130% after 1 year of PJ consumption. 
Systolic blood pressure was reduced after 1 year of PJ consumption by 21% and was not 
further reduced along 3 years of PJ consumption. For all studied parameters, the maximal 
effects were observed after 1 year of PJ consumption. Further consumption of PJ, for up 
to 3 years, had no additional beneficial effects on IMT and serum PON1 activity, whereas 



 

serum lipid peroxidation was further reduced by up to 16% after 3 years of PJ consump-
tion. The results of the present study thus suggest that PJ consumption by patients with 
CAS decreases carotid IMT and systolic blood pressure and these effects could be related 
to the potent antioxidant characteristics of PJ polyphenols. 

Repeated oral administration of high doses of the po-
megranate ellagitannin punicalagin to rats for 37 days 
is not toxic. 

J Agric Food Chem. 2003 May 21;51(11):3493-501 

Cerdá B, Cerón JJ, Tomás-Barberán FA, Espín JC. 

Research Group on Quality, Safety and Bioactivity of Plant Foods, Department of Food 
Science and Technology, CEBAS-CSIC, P.O. Box 4195, 30080 Murcia, Spain. 

The water-soluble ellagitanin punicalagin has been reported to be toxic to cattle. Taking 
into account that this antioxidant polyphenol is very abundant in pomegranate juice (> or 
=2 g/L), the present study evaluated the possible toxic effect of punicalagin in Sprague-
Dawley rats upon repeated oral administration of a 6% punicalagin-containing diet for 37 
days. Punicalagin and related metabolites were identified by HPLC-DAD-MS-MS in 
plasma, liver, and kidney. Five punicalagin-related metabolites were detected in liver and 
kidney, that is, two ellagic acid derivatives, gallagic acid, 3,8-dihydroxy-6H-
dibenzo[b,d]pyran-6-one glucuronide, and 3,8,10-trihydroxy-6H-dibenzo[b,d]pyran-6-
one. Feedstuff intake, food utility index, and growth rate were lower in treated rats during 
the first 15 days without significant adverse effects, which could be due to the lower nu-
tritional value of the punicalagin-enriched diet together with a decrease in its palatability 
(lower food intake). No significant differences were found in treated rats in any blood 
parameter analyzed (including the antioxidant enzymes gluthatione peroxidase and supe-
roxide dismutase) with the exception of urea and triglycerides, which remained at low 
values throughout the experiment. Although the reason for the decrease is unclear, it 
could be due to the lower nutritional value of the punicalagin-enriched diet with respect 
to the standard rat food. Histopathological analysis of liver and kidney corroborated the 
absence of toxicity. In principle, the results reported here, together with the large safety 
margin considered, indicate the lack of toxic effect of punicalagin in rats during the 37 
day period investigated. However, taking into account the high punicalagin content of 
pomegranate-derived foodstuffs, safety evaluation should be also carried out in humans 
with a lower dose and during a longer period of intake. 

Evaluation of the bioavailability and metabolism in the 
rat of punicalagin, an antioxidant polyphenol from po-
megranate juice. 

Eur J Nutr. 2003 Jan;42(1):18-28 



 

Cerdá B, Llorach R, Cerón JJ, Espín JC, Tomás-Barberán FA. 

Department of Food Science and Technology, CEBAS (CSIC), P. O. Box 4195, Murcia 
30080, Spain. 

BACKGROUND & AIMS: Punicalagin is an antioxidant ellagitannin of pomegranate 
juice. This compound is responsible for the high antioxidant activity of this juice. Noth-
ing is known about the bioavailability and metabolism of punicalagin or other food ella-
gitannins. The present work aims to evaluate the bioavailability and metabolism of puni-
calagin in the rat as an animal model. DESIGN: Two groups of rats were studied. One fed 
with standard rat diet (n = 5) and another with the same diet plus 6 % punicalagin (n = 5). 
Samples of urine and faeces were taken during 37 days and plasma every week. The dif-
ferent metabolites were analysed by HPLC-MS-MS. RESULTS: The daily intake of pun-
icalagin ranged from 0.6 to 1.2 g. Values around 3-6 % the ingested punicalagin were ex-
creted as identified metabolites in faeces and urine. In faeces, punicalagin is transformed 
to hydrolysis products and partly metabolites by the rat microflora to 6H-
dibenzo[b,d]pyran-6-one derivatives. In plasma, punicalagin was detected at concentra-
tions around 30 microg/mL, and glucuronides of methyl ether derivatives of ellagic acid 
were also detected. 6H-Dibenzo[b,d]pyran-6-one derivatives were also detected especial-
ly during the last few weeks of the experiment. In urine, the main metabolites observed 
were the 6H-dibenzo[b,d]pyran-6-one derivatives, as aglycones or glucuronides. CON-
CLUSION: As only 3-6 % of the ingested punicalagin was detected as such or as metabo-
lites in urine and faeces, the majority of this ellagitannin has to be converted to undetect-
able metabolites (i. e. CO(2)) or accumulated in non-analysed tissues, however with only 
traces of punicalagin metabolites being detected in liver or kidney. This is the first report 
on the absorption of an ellagitannin and its presence in plasma. In addition, the transfor-
mation of ellagic acid derivatives to 6H-dibenzo[b,d]pyran-6-one derivatives in the rat is 
also confirmed. 

Pomegranate juice flavonoids inhibit low-density lipo-
protein oxidation and cardiovascular diseases: studies 
in atherosclerotic mice and in humans. 

Drugs Exp Clin Res. 2002;28(2-3):49-62 

Aviram M, Dornfeld L, Kaplan M, Coleman R, Gaitini D, Nitecki S, Hofman A, Ro-
senblat M, Volkova N, Presser D, Attias J, Hayek T, Fuhrman B. 

Lipid Research Laboratory, Technion Faculty of Medicine, Rappaport Family Institute 
for Research in the Medical Sciences, Rambam Medical Center, Haifa, Israel, 31096. avi-
ram@tx.technion.ac.il 

The beneficial health effects attributed to the consumption of fruit and vegetables are re-
lated, at least in part, to their antioxidant activity. Of special interest is the inverse rela-
tionship between the intake of dietary nutrients rich in polyphenols and cardiovascular 
diseases. This effect is attributed to polyphenols' ability to inhibit low-density lipoprotein 



 

(LDL) oxidation, macrophage foam cell formation and atherosclerosis. Pomegranate po-
lyphenols can protect LDL against cell-mediated oxidation via two pathways, including 
either direct interaction of the polyphenols with the lipoprotein and/or an indirect effect 
through accumulation of polyphenols in arterial macrophages. Pomegranate polyphenols 
were shown to reduce the capacity of macrophages to oxidatively modify LDL, due to 
their interaction with LDL to inhibit its oxidation by scavenging reactive oxygen species 
and reactive nitrogen species and also due to accumulation of polyphenols in arterial ma-
crophages; hence, the inhibition of macrophage lipid peroxidation and the formation of 
lipid peroxide-rich macrophages. Furthermore, pomegranate polyphenols increase serum 
paraoxonase activity, resulting in the hydrolysis of lipid peroxides in oxidized lipoprote-
ins and in atherosclerotic lesions. These antioxidative and antiatherogenic effects of po-
megranate polyphenols were demonstrated in vitro, as well as in vivo in humans and in 
atherosclerotic apolipoprotein E deficient mice. Dietary supplementation of polyphenol-
rich pomegranate juice to atherosclerotic mice significantly inhibited the development of 
atherosclerotic lesions and this may be attributed to the protection of LDL against oxida-
tion. 

Studies on antioxidant activity of pomegranate (Punica 
granatum) peel extract using in vivo models. 

J Agric Food Chem. 2002 Aug 14;50(17):4791-5 

Chidambara Murthy KN, Jayaprakasha GK, Singh RP. 

Government College of Pharmacy, Bangalore 560 027, India. 

Pomegranate (Punica granatum) peel extracts have been shown to possess significant an-
tioxidant activity in various in vitro models. Dried pomegranate peels were powdered and 
extracted with methanol for 4 h. The dried methanolic extract was fed to albino rats of the 
Wistar strain, followed by carbon tetrachloride (CCl4), and the levels of various en-
zymes, such as catalase, peroxidase, and superoxide dismutase (SOD), and lipid peroxi-
dation were studied. Treatment of rats with a single dose of CCl4 at 2.0 g/kg of body 
weight decreases the levels of catalase, SOD, and peroxidase by 81, 49, and 89% respec-
tively, whereas the lipid peroxidation value increased nearly 3-fold. Pretreatment of the 
rats with a methanolic extract of pomegranate peel at 50 mg/kg (in terms of catechin 
equivalents) followed by CCl4 treatment causes preservation of catalase, peroxidase, and 
SOD to values comparable with control values, wheres lipid peroxidation was brought 
back by 54% as compared to control. Histopathological studies of the liver were also car-
ried out to determine the hepatoprotection effect exhibited by the pomegranate peel ex-
tract against the toxic effects of CCl4. Histopathological studies of the liver of different 
groups also support the protective effects exhibited by the MeOH extract of pomegranate 
peel by restoring the normal hepatic architecture. 

Antioxidant properties of gallocatechin and prodelphi-
nidins from pomegranate peel. 



 

Redox Rep. 2002;7(1):41-6 

Plumb GW, de Pascual-Teresa S, Santos-Buelga C, Rivas-Gonzalo JC, Williamson 
G. 

Phytochemicals Team, Nutrition, Health and Consumer Sciences Division, Institute of 
Food Research, Norwich, UK. geoff.plumb@bbsrc.ac.uk 

Gallocatechins and a range of prodelphinidins were purified by high performance liquid 
chromatography from pomegranate peel. Gallocatechin, gallocatechin-(4-8)-catechin, 
gallocatechin-(4-8)-gallocatechin and catechin-(4-8)-gallocatechin were all identified, 
purified and quantified by LC-DAD-MS and MS-MS. The antioxidant properties of these 
compounds were assessed using two methods: (i) inhibition of ascorbate/iron-induced 
peroxidation of phosphatidylcholine liposomes; and (ii) scavenging of the radical cation 
of 2,2-azinobis (3-ethyl-benzothiazoline-6-sulphonate, ABTS) relative to the water-
soluble vitamin E analogue Trolox C (expressed as Trolox C equivalent antioxidant ca-
pacity, TEAC). The prodelphinidin dimers were potent antioxidants in the aqueous phase, 
being much more effective than the gallocatechin monomer. However, in the lipid phase, 
only one of the dimers (gallocatechin-(4-8)-catechin) was significantly more effective 
than the monomer in the inhibition of lipid peroxidation of phosphatidylcholine vesicles. 
This study represents the first report on the antioxidant properties of prodelphinidins. 

In vitro gastrointestinal digestion study of pomegranate 
juice phenolic compounds, anthocyanins, and vitamin 
C. 

J Agric Food Chem. 2002 Apr 10;50(8):2308-12 

Pérez-Vicente A, Gil-Izquierdo A, García-Viguera C. 

Laboratorio Fitoquímica, Departamento Ciencia y Tecnología de los Alimentos, CEBAS-
CSIC, Apartado 4195, 30080 Murcia, Spain. 

Pomegranate is an important source of bioactive compounds, such as anthocyanins, other 
phenolic compounds, and ascorbic acid. In the present work an in vitro availability me-
thod has been used to assay the influence of the physiological conditions in the stomach 
and small intestine. This method enables the study of the release of anthocyanins, vitamin 
C, and total phenols from the pomegranate juice and their transformations during ga-
strointestinal digestion. Results have shown that pomegranate phenolic compounds are 
available during the digestion in a quite high amount (29%). Nevertheless, due to pH, an-
thocyanins are largely transformed into non-red forms and/or degraded (97%), and simi-
lar results are obtained for vitamin C (>95% degradation). 



 

Antioxidant activities of pomegranate fruit extract and 
its anthocyanidins: delphinidin, cyanidin, and pelargo-
nidin. 

J Agric Food Chem. 2002 Jan 2;50(1):166-71 

Noda Y, Kaneyuki T, Mori A, Packer L. 

Department of Molecular and Cell Biology, University of California at Berkeley, Berke-
ley, CA 94720, USA. noda.yasuko@kochi-tech.ac.jp 

Antioxidant activities of freeze-dried preparations of a 70% acetone extract of pomegra-
nate (Punica granatum L.) and its three major anthocyanidins (delphinidin, cyanidin, and 
pelargonidin) were evaluated. Free radical scavenging activities were examined using an 
ESR technique with spin trapping; DMPO for hydroxyl (.OH) and superoxide (O(2)(.-) ) 
radicals; and [(MGD)(2)Fe(2+)] for nitric oxide (NO). Inhibitory effects on lipid peroxi-
dation were estimated by the levels of malonaldehyde and 4-hydroxyalkenals in rat brain 
homogenates. Pomegranate extract exhibited scavenging activity against.OH and O(2)(.-
). Anthocyanidins inhibited a Fenton reagent.OH generating system possibly by chelating 
with ferrous ion. Anthocyanidins scavenged O(2)(.)- in a dose-dependent manner. The 
ID(50) values of delphinidin, cyanidin, and pelargonidin were 2.4, 22, and 456 microM, 
respectively. In contrast, anthocyanidins did not effectively scavenge NO. Anthocyani-
dins inhibited H(2)O(2)-induced lipid peroxidation in the rat brain homogenates. The 
ID(50) values of delphinidin, cyanidin, and pelargonidin for them were 0.7, 3.5, and 85 
microM, respectively. These findings suggest that the above anthocyanidins contribute to 
the antioxidant activity of pomegranate fruits. 

Studies on the antioxidant activity of pomegranate (Pu-
nica granatum) peel and seed extracts using in vitro 
models. 

 J Agric Food Chem. 2002 Jan 2;50(1):81-6. 

Singh RP, Chidambara Murthy KN, Jayaprakasha GK. 

Human Resource Development, Central Food Technological Research Institute, Mysore 
570 013, India. 

Antioxidant-rich fractions were extracted from pomegranate (Punica granatum) peels and 
seeds using ethyl acetate, methanol, and water. The extracts were screened for their po-
tential as antioxidants using various in vitro models, such as beta-carotene-linoleate and 
1,1-diphenyl-2-picryl hydrazyl (DPPH) model systems. The methanol extract of peels 
showed 83 and 81% antioxidant activity at 50 ppm using the beta-carotene-linoleate and 
DPPH model systems, respectively. Similarly, the methanol extract of seeds showed 22.6 



 

and 23.2% antioxidant activity at 100 ppm using the beta-carotene-linoleate and DPPH 
model systems, respectively. As the methanol extract of pomegranate peel showed the 
highest antioxidant activity among all of the extracts, it was selected for testing of its ef-
fect on lipid peroxidation, hydroxyl radical scavenging activity, and human low-density 
lipoprotein (LDL) oxidation. The methanol extract showed 56, 58, and 93.7% inhibition 
using the thiobarbituric acid method, hydroxyl radical scavenging activity, and LDL oxi-
dation, respectively, at 100 ppm. This is the first report on the antioxidant properties of 
the extracts from pomegranate peel and seeds. Owing to this property, the studies can be 
further extended to exploit them for their possible application for the preservation of food 
products as well as their use as health supplements and neutraceuticals. 

Antioxidant activity of pomegranate juice and its rela-
tionship with phenolic composition and processing. 

J Agric Food Chem. 2000 Oct;48(10):4581-9. 

Gil MI, Tomás-Barberán FA, Hess-Pierce B, Holcroft DM, Kader AA. 

Department of Pomology, University of California, Davis, California 95616, USA. 

The antioxidant activity of pomegranate juices was evaluated by four different methods 
(ABTS, DPPH, DMPD, and FRAP) and compared to those of red wine and a green tea 
infusion. Commercial pomegranate juices showed an antioxidant activity (18-20 TEAC) 
three times higher than those of red wine and green tea (6-8 TEAC). The activity was 
higher in commercial juices extracted from whole pomegranates than in experimental 
juices obtained from the arils only (12-14 TEAC). HPLC-DAD and HPLC-MS analyses 
of the juices revealed that commercial juices contained the pomegranate tannin punicala-
gin (1500-1900 mg/L) while only traces of this compound were detected in the experi-
mental juice obtained from arils in the laboratory. This shows that pomegranate industrial 
processing extracts some of the hydrolyzable tannins present in the fruit rind. This could 
account for the higher antioxidant activity of commercial juices compared to the experi-
mental ones. In addition, anthocyanins, ellagic acid derivatives, and hydrolyzable tannins 
were detected and quantified in the pomegranate juices. 

Antioxidant and eicosanoid enzyme inhibition proper-
ties of pomegranate seed oil and fermented juice flavo-
noids. 

J Ethnopharmacol. 1999 Jul;66(1):11-7 

Schubert SY, Lansky EP, Neeman I. 

Laboratories of Food Engineering and Biotechnology, Technion-Israel Institute of Tech-
nology, Haifa. 



 

The antioxidant and eicosanoid enzyme inhibition properties of pomegranate (Punica 
granatum) fermented juice and seed oil flavonoids were studied. The pomegranate fer-
mented juice (pfj) and cold pressed seed oil (pcpso) showed strong antioxidant activity 
close to that of butylated hydroxyanisole (BHA) and green tea (Thea sinensis), and sig-
nificantly greater than that of red wine (Vitis vitifera). Flavonoids extracted from pcpso 
showed 31-44% inhibition of sheep cyclooxygenase and 69-81% inhibition of soybean 
lipoxygenase. Flavonoids extracted from pfj showed 21-30% inhibition of soybean lipox-
ygenase though no significant inhibition of sheep cyclooxygenase. The pcpso was ana-
lyzed for its polyphenol content and fatty acid composition. Total polyphenols in pcpso 
showed a concentration by weight of approximately 0.015%. Pcpso fatty acid composi-
tion showed punicic acid (65.3%) along with palmitic acid (4.8%), stearic acid (2.3%), 
oleic acid (6.3%), linoleic acid (6.6%) and three unidentified peaks from which two 
(14.2%) are probably isomers of punicic acid (El-Shaarawy, M.I., Nahpetian, A., 1983). 
Studies on pomegranate seed oil. 

 
 

 
 
 
 

Apple extract stu-
diesCloudy apple juice is more effective than ap-

ple polyphenols and an apple juice derived cloud frac-
tion in a rat model of colon carcinogenesis. 



 

J Agric Food Chem. 2007 Feb 21;55(4):1181-7. Epub 
2007 Jan 30. 

Barth SW, Faehndrich C, Bub A, Watzl B, Will F, Dietrich H, Rechkemmer G, Bri-
viba K. 

Institute of Nutritional Physiology, Federal Research Centre for Nutrition and Food, Ha-
id-und-Neu-Strasse 9, 76131 Karlsruhe, Germany. stephan.barth@bfel.de 

As recently shown, a cloudy apple juice (CloA) was effective to modulate colon cancer 
associated parameters in rats treated with 1,2-dimethylhydrazine (DMH). To identify the 
bioactive substance classes in CloA, we fractionated CloA to yield a total polyphenol 
(PF) and a cloud (CF) fraction consisting of proteins, fatty acids, polyphenols, and cell 
wall polysaccharides. Rats received water (control (Cont)) or CloA, PF, and CF separate 
or combined (PF-CF) ad libitum for 7 weeks starting one week before the first DMH-
injection. As determined by comet assay, the DMH-induced genotoxicity in colonocytes 
of controls (Cont/DMH: 7.7 +/- 0.5%) was significantly reduced by CloA (3.3 +/- 0.3%) 
but not by any of the fractions. The crypt cell proliferation induced by DMH (Cont/NaCl: 
7.5 +/- 0.6%; Cont/DMH: 14.9 +/- 0.8%) was significantly decreased by CloA (9.4 +/- 
0.4%), PF (12.4 +/- 0.7%), CF (11.6 +/- 0.4%), and PF-CF (12.4 +/- 0.6%). Although not 
statistically significant, CloA tended to reduce the number of large aberrant crypt foci 
(ACF) (Cont/DMH: 19.0 +/- 3.7; CloA/DMH: 12.3 +/- 1.9), while none of the fractions 
affected ACFs. Neither CloA nor the fractions changed mRNAs of colonic cyclooxyge-
nases (COX-1, COX-2), glutathione-associated enzymes (GST-M2, gamma-GCS, GST-
P), the splenocyte CD4/CD8 ratio, natural killer cell activity, and plasma antioxidant sta-
tus. These results demonstrate that CloA had a higher cancer-preventive potential than 
the fractions and further, besides PF, identified CF as an additional bioactive fraction of 
CloA. 

Supplementation with apple juice attenuates presenilin-
1 overexpression during dietary and genetically-induced 
oxidative stress. 

J Alzheimers Dis. 2006 Dec;10(4):353-8. 

Chan A, Shea TB. 

Department of Biological Sciences, Center for Cellular Neurobiology and Neurodegene-
ration Research, University of Massachusetts, Lowell, MA 01854, USA. 

Gain-of-function mutations in the presenilin-1 (PS-1) promote Alzheimer's disease (AD) 
by increasing reactive oxygen species, at least part of which is derived by an accompany-
ing increase in generation of amyloid-beta (Abeta). Additional studies indicate that im-
paired Apolipoprotein E function, which also increases oxidative stress and is also asso-
ciated with AD, potentiates the deleterious activity of PS-1. Folate deficiency is also as-



 

sociated with AD and potentiates the impact of both ApoE deficiency and beta exposure. 
More recently, folate deficiency has been shown to increase PS-1 expression. Since dieta-
ry supplementation with apple juice provides neuroprotection against ApoE deficiency, 
Abeta exposure and folate deficiency, we examined the impact of apple juice on PS-1 
overexpression. Herein, we demonstrate that dietary deficiency in folate and vitamin E 
increased PS-1 expression in juvenile and adult normal C57B1/6J and ApoE-/- mice and 
in aged normal mice. Supplementation with apple juice concentrate (AJC) attenuated or 
prevent these increases. Prior studies demonstrate that impaired DNA methylation result-
ing from a deficiency in S-adenosylmethionine (SAM, which is rapidly depleted follow-
ing folate deprivation) leads to PS-1 overexpression, and that direct supplementation with 
SAM attenuates PS-1 overexpression. We determined that AJC contained levels of SAM 
comparable to those capable of suppressing PS-1 overexpression, suggesting that the 
SAM content of AJC represents a potential mechanism for preventing PS-1 overexpres-
sion, and further highlighting the possibility that AJC provides neuroprotection by me-
chanisms in addition to its antioxidant potential. 

Effect of vanillin on the fate of Listeria monocytogenes 
and Escherichia coli O157:H7 in a model apple juice 
medium and in apple juice. 

Food Microbiol. 2006 Apr;23(2):169-74 

Moon KD, Delaquis P, Toivonen P, Stanich K. 

Department of Food Science and Technology, Kyungpook National University, 1370 
Sangyeok-dong, Buk-gu, Daegu 702-701, Korea. 

The effects of vanillin on the fates of Listeria monocytogenes and Escherichia coli 
O157:H7 at pH values between 3.5 and 4.5 were verified in a model apple juice (MAJ) 
medium and in apple juice incubated at 4 or 15 degrees C. Viable E. coli O157:H7 cells 
were recovered from MAJ for up to 10 days, but L. monocytogenes did not survive at pH 
3.5. Supplementation with 40 mm vanillin exerted a lethal effect that was species, con-
centration, pH and temperature dependant. E. coli O157:H7 was more sensitive to vanil-
lin than L. monocytogenes, and viable cells could not be recovered after 2 days incuba-
tion at either temperature. L. monocytogenes and E. coli O157:H7 were inoculated (10(5) 
cfu/ml) in pH adjusted (pH 4.00) or unadjusted (pH 3.42) juice from Granny Smith ap-
ples that was supplemented with 40 mm vanillin. Neither species were recovered after 3 
days incubation at 4 or 15 degrees C. These findings indicate that vanillin could be useful 
as a preservative for minimally processed apple products. 

Apple juice concentrate maintains acetylcholine levels 
following dietary compromise. 

J Alzheimers Dis. 2006 Aug;9(3):287-91. 



 

Chan A, Graves V, Shea TB. 

Center for Cellular Neurobiology and Neurodegeneration Research, Department of Bio-
logical Sciences, University of Massachusetts, Lowell, MA 01854, USA. 

Oxidative stress contributes to age-related cognitive decline. In some instances, consump-
tion of fruits and vegetables rich in antioxidant can provide superior protection than sup-
plementation with purified antioxidants. Our prior studies have shown that supplementa-
tion with apple juice concentrate (AJC) alleviates oxidative damage and cognitive decline 
in adult (9-12 months) mice lacking ApoE (as a model of increased oxidative stress) and 
in normal aged (2-2.5 years) mice when challenged with a vitamin-deficient, oxidative 
stress-promoting diet. Here, we demonstrate that AJC, administered in drinking water, 
maintains acetylcholine levels that otherwise decline when adult and aged mice are main-
tained on the above deficient diet. Normal mice aged either 9-10 months or 2-2.5 years 
and ApoE-/- mice aged 9-10 months were maintained for 1 month on a complete diet or a 
diet lacking folate and vitamin E and containing iron as a pro-oxidant, and additional 
groups received 0.5% AJC ad libitum in drinking water. Spectrophotometric assay of ace-
tylcholine levels revealed a significant decline in homogenates of combined frontal cor-
tex and hippocampus for all mice maintained on the deficient diet, and a prevention of 
this decline in mice maintained on the deficient diet when supplemented with AJC. These 
findings provide a likely mechanism by which consumption of antioxidant-rich foods 
such as apples can prevent the decline in cognitive performance that accompanies dietary 
and genetic deficiencies and aging. 

Inactivation of Escherichia coli and Shigella in acidic 
fruit and vegetable juices by peroxidase systems. 

J Appl Microbiol. 2006 Jul;101(1):242-50. 

Van Opstal I, Bagamboula CF, Theys T, Vanmuysen SC, Michiels CW. 

Laboratory of Food Microbiology, Katholieke Universiteit Leuven, Leuven, Belgium. 

AIMS: To study the bactericidal properties of the lactoperoxidase (LPER)-thiocyanate 
and soybean peroxidase (SBP)-thiocyanate systems at low pH, their efficiency for inacti-
vation of Escherichia coli and Shigella in acidic fruit and vegetable juices, their effect on 
colour stability of the juices and interaction with ascorbic acid. METHODS AND RE-
SULTS: Three-strain cocktails of E. coli and Shigella spp. in selected juices were sup-
plemented with the LPER or SBP system. Within 24 h at 20 degrees C, the LPER system 
inactivated both cocktails by > or = 5 log10 units in apple, 2-5 log10 units in orange and 
< or = 1 log10 unit in tomato juices. In the presence of SBP, browning was significant in 
apple juice and white grape juice, slight in pink grape juice and absent in orange or toma-
to juice. Ascorbic acid protected E. coli and Shigella against inactivation by the LPER 
system, and peroxidase systems significantly reduced the ascorbic acid content of juices. 
CONCLUSIONS: Our results suggest a different specificity of LPER and SBP for SCN-, 
phenolic substrates of browning and ascorbic acid in acidic juices. The LPER system ap-



 

peared a more appropriate candidate than the SBP system for biopreservation of juices. 
SIGNIFICANCE AND IMPACT OF THE STUDY: This work may open perspectives 
towards the development of LPER or other peroxidases as biopreservatives in acidic 
foods. 

Effect of apple extracts on NF-kappaB activation in 
human umbilical vein endothelial cells. 

Exp Biol Med (Maywood). 2006 May;231(5):594-8 

Davis PA, Polagruto JA, Valacchi G, Phung A, Soucek K, Keen CL, Gershwin ME. 

Department of Nutrition, University of California at Davis, 451 East Health Sciences 
Drive, Suite 6510, Davis, CA 95616, USA. 

The mechanisms by which foods, such as fruit, are able to reduce the risk of chronic dis-
ease are still unclear. Several fruit products, including apples and apple juice, that are fla-
vonoid-rich are reported to increase antioxidant levels in human subjects. This is sup-
ported by the finding from our previous studies that the chronic consumption of apple 
juice by human subjects reduced ex vivo low-density lipoprotein (LDL) oxidation; we 
hypothesized that this was due to the flavonoid in the apple juice, which, as we reported 
earlier, reduced in vitro LDL oxidation. To further explore whether the mixture of flavo-
noids and other phytochemicals in apples are biologically relevant antioxidants, we tested 
the effects of this flavonoid-rich apple extract (AE) on oxidant-related pathways in a 
model of the endothelium: human umbilical vascular endothelial cells (HU-VECs). The 
effects of AE on oxidant-responsive (i.e., tumor necrosis factor [TNF]-alpha-induced) 
nuclear factor (NF)- kappaB signaling in cell culture were assessed in transfected HU-
VECs by using a construct that expressed luciferase under the control of NF-kappaB. In-
cubation of HUVEC for 24 hrs with up to 10 mM (as gallic acid equivalents) of AE dem-
onstrated no cytotoxicity, as determined by lactate dehydrogenase release, caspase 3 acti-
vation, and apoptosis marker-based FACS analysis. AE after a 24-hr incubation period at 
either 200 or 2000 nM showed a complex pattern of decreased basal and TNF-alpha-
stimulated NF-kappaB signaling (63% maximal decrease) as assessed by luciferase activ-
ity in the transfected HUVECs, as well as by reduced levels of IkappaBalpha protein 
phosphorylation detected by Western blot analysis. We suggest that AE downregulates 
NF-kappaB signaling and that this is indicative of an antioxidant effect of the flavonoids 
present in AE. 

Modulation of oxidative cell damage by reconstituted 
mixtures of phenolic apple juice extracts in human co-
lon cell lines. 

Mol Nutr Food Res. 2006 Apr;50(4-5):413-7. 



 

Schaefer S, Baum M, Eisenbrand G, Janzowski C. 

Division of Food Chemistry & Environmental Toxicology, Department of Chemistry, 
University of Kaiserslautern, Germany. 

Diets rich in fruits and vegetables are associated with a lower risk of tumour induction in 
the intestine and other sites. Apple juice with high amounts of antioxidative phenolics 
might protect the intestine against reactive oxygen species-mediated cell damage. We in-
vestigated to which extent the preventive effectiveness of polyphenolic juice extracts is 
governed by the amounts of five major constituents (rutin, phloridzin, chlorogenic acid, 
caffeic acid and epicatechin). In human colon cell lines (Caco-2, HT29), reconstituted 
mixtures of these phenolics were investigated in comparison to the original juice extracts, 
originating from cider and table apples. Parameters studied were (oxidative) DNA dam-
age (Comet assay), cellular redox status (dichlorofluorescein assay) and Trolox equiva-
lent antioxidant capacity (TEAC). The TEAC of the reconstituted mixtures was higher 
compared to the respective original extracts (4.7-7.3 mM vs. 3.6-4.2 mM Trolox). After 
24 h cell incubation, menadione-induced (oxidative) DNA damage was more effectively 
reduced by the reconstituted mixtures (1-100 microg/mL, 24 h), as compared to the origi-
nal extracts. In contrast, the cellular ROS level was reduced to a rather similar extent by 
original extracts and reconstituted mixtures. The results lead to the conclusion that the 
selected constituents in their authentic proportions substantially account for the antioxida-
tive effectiveness of phenolic apple juice extracts. 

Polyphenol composition and antioxidant activity of Kei-
apple (Dovyalis caffra) juice. 

J Agric Food Chem. 2006 Feb 22;54(4):1271-6 

Loots DT, van der Westhuizen FH, Jerling J. 

School of Physiology, Nutrition and Consumer Science and School for Chemistry and 
Biochemistry, North-West University, Potchefstroom Campus, Private Bag X6001, Pot-
chefstroom 2520, South Africa. vgedtl@puk.ac.za 

The polyphenolic and ascorbate (ASC) components as well as the antioxidant capacity of 
Kei-apple (Dovyalis caffra) juice were analyzed and compared to three other fruit juices. 
The Kei-apple juice had significantly the highest total polyphenolic concentrations (1013 
mg gallic acid equivalent/L), and solid phase (C(18)) fractionation identified the majority 
of these polyphenols to be phenolic acids. The Kei-apple juice also had significantly the 
highest ASC concentrations (658 mg/L), which showed exceptional heat stability with 
very little conversion to dehydroascorbate (DHA). Antioxidant capacities of both the un-
fractionated fruit juices and their solid phase-extracted fractions, as determined by oxy-
gen radical absorbance capacity and ferric reducing antioxidant power analyses, corre-
lated well to the polyphenol concentrations. Gas chromatography-mass spectrometry ana-
lyses showed caffeic acid as the most abundant polyphenol present (128.7 mg/L) in the 
Kei-apple juice; it contributed to 63% of the total antioxidant capacity (of all of the indi-



 

vidual compounds identified). Other notable polyphenols identified in higher concentra-
tions included p-coumaric acid, p-hydroxyphenylacetic acid, and protocatechuic acid. 
Our results therefore support the putative high antioxidant value linked to this fruit and 
better define this potential in terms of the major antioxidants that exist in the Kei-apple. 

Apple juice concentrate prevents oxidative damage and 
impaired maze performance in aged mice. 

J Alzheimers Dis. 2005 Dec;8(3):283-7 

Tchantchou F, Chan A, Kifle L, Ortiz D, Shea TB. 

Center for Cellular Neurobiology and Neurodegeneration Research, Department of Bio-
logical Sciences, University of Massachusetts Lowell, Lowell, MA 01854, USA. 

Oxidative stress contributes to age-related cognitive decline. In some instances, consump-
tion of fruits and vegetables rich in antioxidant can provide superior protection than sup-
plementation with purified antioxidants. Our prior studies have shown that supplementa-
tion with apple juice concentrate (AJC) alleviates oxidative damage and cognitive decline 
in a transgenic murine model compromised in endogenous antioxidant potential when 
challenged with a vitamin-deficient, oxidative stress-promoting diet. Herein, we demon-
strate that AJC, administered in drinking water, is neuroprotective in normal, aged mice. 
Normal mice aged either 9-10 months or 2-2.5 years were maintained for 1 month on a 
complete diet or a diet lacking folate and vitamin E and containing iron as a pro-oxidant, 
after which oxidative damage was assayed by thiobarbituric acid-reactive substances and 
cognitive decline as assayed by performance in a standard Y-maze. Mice 9-12 months of 
age were unaffected by the deficient diet, while older mice demonstrated statistically-
increased oxidative damage and poorer performance in a Y maze test. Supplementation 
with AJC prevented these neurodegenerative effects. These data are consistent with nor-
mal aged individuals being susceptible to neurodegeneration following dietary compro-
mise such as folate deficiency, and a hastened onset of neurodegeneration in those indi-
viduals harboring a genetic risk factor such as ApoE deficiency. These findings also sup-
port the efficacy of antioxidant supplementation, including consumption of antioxidant-
rich foods such as apples, in preventing the decline in cognitive performance that accom-
panies normal aging. 

Polyphenolic apple juice extracts and their major con-
stituents reduce oxidative damage in human colon cell 
lines. 

Mol Nutr Food Res. 2006 Jan;50(1):24-33 

Schaefer S, Baum M, Eisenbrand G, Dietrich H, Will F, Janzowski C. 



 

Department of Chemistry, Division of Food Chemistry and Environmental Toxicology, 
University of Kaiserslautern, Kaiserslautern, Germany. 

Apple juice containing high amounts of antioxidative polyphenols might protect the in-
testine against oxidative cell damage. We investigated the preventive effectiveness of po-
lyphenolic juice extracts of different origins (cider and table apples) in comparison to 
their major constituents in human colon cell lines (Caco-2, HT29). Parameters studied 
were (oxidative) DNA damage (Comet assay), glutathione level (photometric kinetic as-
say), cellular redox status (dichlorofluorescein assay) and antioxidant capacity. The ex-
tracts (50-250 microg/mL) modulated DNA damage and redox status in a concentration-
dependent manner at 24-h incubation. The pomace extraction technology, applied for 
juice preparation, and the preferential selection of cider apple varieties influenced the po-
lyphenolic pattern and increased the biological effectiveness of the extracts. The preven-
tive potential of major juice constituents (1-100 microM, 24 h) strongly differed: rutin, 
epicatechin and caffeic acid clearly reduced (oxidative) DNA damage (Caco-2), chloro-
genic acid efficiently decreased cellular reactive oxygen species level (HT29, Caco-2). 
The aglyca quercetin and phloretin exhibited the highest preventive/antioxidant capacity 
in all assays. The stability of the compounds inversely correlated with their preventive 
effectiveness and might contribute to the observed cell specific sensitivities. In conclu-
sion, apple juice extracts distinctly reduce oxidative cell damage in human colon cell 
lines, an effect, which in part can be accounted for by their major constituents. 

Comparison of the antioxidant activities of nine differ-
ent fruits in human plasma. 

J Med Food. 2005 Spring;8(1):41-6. 

Ko SH, Choi SW, Ye SK, Cho BL, Kim HS, Chung MH. 

Department of Pharmacology, Seoul National University School of Medicine, Seoul, Ko-
rea. 

Oxidative stress in humans is associated with damage to DNA, proteins, and biological 
membranes. Oxidative stress, which often arises as a result of an imbalance in the human 
antioxidant status, has been implicated in aging and a number of human diseases such as 
cancer, atherosclerosis, and rheumatoid arthritis. This study was performed to test the hy-
pothesis that the consumption of fruit juices may improve antioxidant status in human 
plasma. Ten healthy men 25-26 years old were recruited for the study. After overnight 
fasting, study subjects were fed 150 mL of fruit juice, and blood was collected at 0, 30, 
60, 90, and 120 minutes after consumption. After a 1-day wash-out period, subjects were 
fed with the next sample of fruit juice until all nine juices (pear, apple, orange, grape, 
peach, plum, kiwi, melon, and watermelon) had been evaluated. All juices were prepared 
from pure fruits ground in a home-style mixer. Dietary food records and anthropometric 
measurements were used to evaluate the nutritional status of subjects. The antioxidant 
activities of fruit juices were estimated by measuring antioxidant status in the plasma us-
ing dichlorofluorescein (DCF) fluorescence. Except for pear juice, eight kinds of juices 



 

exhibited potent antioxidant effects in human plasma. Within 30 minutes after consump-
tion, orange, melon, grape, peach, plum, apple, and kiwi juices already effectively sup-
pressed reactive oxygen species generation. This radical scavenging effect of fruit juices 
was maintained for up to 90 minutes post-consumption, but the relative DCF fluores-
cence had rebounded to near the initial levels at 2 hours post-consumption in most sam-
ples tested. Interestingly, however, grape juice continuously exerted persistent antioxi-
dant activity until 2 hours after supplementation. These results suggest that the consump-
tion of fruits or fruit juices may reduce damage from oxidative stress, and that this effect 
may be a consequence of the antioxidant activity of fruits in scavenging the reactive oxy-
gen species generated in human plasma. However, long-term studies with more subjects 
are needed to provide additional supportive evidence and better characterize the antioxi-
dant properties of natural fruit juices. 

Cloudy apple juice decreases DNA damage, hyperproli-
feration and aberrant crypt foci development in the dis-
tal colon of DMH-initiated rats. 

Carcinogenesis. 2005 Aug;26(8):1414-21. Epub 2005 
Mar 31 

Barth SW, Fähndrich C, Bub A, Dietrich H, Watzl B, Will F, Briviba K, Rechkem-
mer G. 

Institute of Nutritional Physiology, Federal Research Centre for Nutrition and Food, Ha-
id-und-Neu-Strasse 9, 76131 Karlsruhe, Germany. stephan.barth@bfe.uni-karlsruhe.de 

Clear (CleA) and cloudy (CloA) apple juices containing different amounts of analyzed 
procyanidins and pectin were investigated for preventive effects of colon cancer and un-
derlying molecular mechanisms in F344 rats given intraperitoneal injections of 1,2-
dimethylhydrazine (DMH; 20 mg/kg body wt) once a week for 4 weeks. Rats received 
either water (Cont), CleA or CloA (ad libitum) for 7 weeks starting 1 week before the 
first DMH injection. CloA inhibited DMH induced genotoxic damage in mucosa cells of 
the distal colon compared with Cont as investigated by single-cell microgel electrophore-
sis assay. The mean tail intensity in mucosa cells of DMH-treated controls (Cont/DMH: 
6.1+/-0.9%) was significantly reduced by CloA (2.4+/-0.8%; P<0.01) but not by CleA 
intervention (4.1+/-1.2%; P>0.05). The crypt cell proliferation index induced by DMH 
(Cont/NaCl: 10.0+/-0.7%; Cont/DMH: 19.9+/-1.0%; P<0.001) was significantly de-
creased by CleA (15.7+/-0.7%; P<0.001) and CloA intervention (11.9+/-0.4%; P<0.001). 
CloA but not CleA significantly reduced the number of large aberrant crypt foci (ACF) 
consisting of more than four aberrant crypts (AC) (Cont/DMH: 37.4+/-5.4; CleA/DMH: 
32.8+/-4.4, P>0.05; CloA/DMH: 18.8+/-2.5 ACF; P<0.05) and the overall mean ACF 
size in the distal colon (Cont/DMH: 2.31+/-0.09; CleA/DMH: 2.27+/-0.05; CloA/DMH: 
2.04+/-0.03 AC/ACF; P<0.05). After treatment with DMH and/or apple juices there were 
no changes in transcript levels of colonic cyclooxygenase isoforms (COX-1, COX-2) or 
glutathione-associated enzymes (GST-M2, gamma-GCS, GST-P), the splenocyte natural 



 

killer cell activity and plasma antioxidant status. However, CloA but not CleA prevented 
the DMH-induced reduction of splenocyte CD4/CD8 (T-helper cells to cytotoxic lym-
phocytes) ratio. Since both formulations contained comparable concentrations and types 
of monomeric polyphenols, complex polyphenols or non-polyphenolic compounds, such 
as pectin might be responsible for the stronger cancer-preventive effect by CloA. 

Inhibitors of the epidermal growth factor receptor in 
apple juice extract. 

Mol Nutr Food Res. 2005 Apr;49(4):317-28. 

Kern M, Tjaden Z, Ngiewih Y, Puppel N, Will F, Dietrich H, Pahlke G, Marko D. 

Department of Chemistry, Division of Food Chemistry and Environmental Toxicology, 
University of Kaiserslautern, Kaiserslautern, Germany. 

The polyphenol-rich extract of a consumer-relevant apple juice blend was found to po-
tently inhibit the growth of the human colon cancer cell line HT29 in vitro. The epider-
mal growth factor receptor (EGFR) and its subsequent signaling cascade play an impor-
tant role in the regulation of cell proliferation in HT29 cells. The protein tyrosine kinase 
activity of an EGFR preparation was effectively inhibited by the polyphenol-rich apple 
juice extract. Treatment of intact cells with this extract resulted in the suppression of the 
subsequent mitogen-activated protein kinase cascade. Amongst the so far identified apple 
juice constituents, the proanthocyanidins B1 and B2 as well as quercetin-3-glc (isoquerci-
trin) and quercetin-3-gal (hyperoside) were found to possess substantial EGFR-inhibitory 
properties. However, as to be expected from the final concentration of these potential 
EGFR inhibitors in the original polyphenol-rich extract, a synthetic mixture of the apple 
juice constituents identified and available so far, including both proanthocyanidins and 
the quercetin glycosides, showed only marginal inhibitory effects on the EGFR. These 
results permit the assumption that yet unknown constituents contribute substantially to 
the potent EGFR-inhibitory properties of polyphenol-rich apple juice extract. In sum-
mary, the polyphenol composition of apple juice possesses promising growth-inhibitory 
properties, affecting proliferation-associated signaling cascades in colon tumor cells. 

Activity and concentration of polyphenolic antioxidants 
in apple juice. 3. Stability during storage. 

J Agric Food Chem. 2005 Feb 23;53(4):1073-80 

van der Sluis AA, Dekker M, van Boekel MA. 

Product Design and Quality Management Group, Department of Agrotechnology and 
Food Sciences, Wageningen University, P.O. Box 8129, 6700 EV Wageningen, The 
Netherlands. 



 

Kinetic data are reported describing the stability of various classes of polyphenolic anti-
oxidants in an apple juice enriched in these compounds as a function of storage tempera-
ture and oxygen concentration. The most thermally sensitive compounds were the various 
quercetin glycosides and epicatechin, whereas phloridzin and chlorogenic acid were more 
stable. The quercetin glycosides showed differences in their stability: quercetin galacto-
side approximately quercetin rhamnoside > quercetin glucoside/rutinoside > quercetin 
arabinoside. The effect of the presence of oxygen on the degradation rates was clear for 
only quercetin and to a lesser extent for epicatechin. Accelerated shelf-life testing of 
enriched apple juice during 4 days at 80 degrees C showed decreases in the antioxidant 
activity of 20-40%. The parameters obtained were used to predict the stability at different 
storage conditions. Calculations showed that polyphenolic antioxidants and antioxidant 
activity of enriched apple juice will be quite stable at ambient or refrigerated storage con-
ditions up to half a year. 

Total oxidant scavenging capacities of common Euro-
pean fruit and vegetable juices. 

J Agric Food Chem. 2005 Jan 12;53(1):103-10 

Lichtenthäler R, Marx F. 

Institute of Food Science and Food Chemistry, University of Bonn, Endenicher Allee 11-
13, D-53115 Bonn, Germany. 

The total oxidant scavenging capacity (TOSC) assay in a modified and automated version 
was applied for a comparative and detailed survey of the antioxidant capacities of 14 
common European fruit and vegetable juices (ACE, apple, beetroot, blueberry, carrot, 
elderberry, lemon, lingonberry, multivitamin, orange, pink grapefruit, sauerkraut, and 
tomato juices as well as sour cherry nectar). The juices were ranked according to their 
scavenging capacity against the three reactive oxygen species (ROS) peroxyl and hy-
droxyl radicals and peroxynitrite. These ROS are of physiological and technological re-
levance and cover a broad range of reactivity. Nonlinear correlations between concentra-
tions of all studied samples and antioxidant capacity were taken into account for the as-
sessment of the results. Due to the more complex assay design, results are only partially 
in accordance with those of the literature. Because of its outstanding TOSC values 
against two of the three ROS, lingonberry juice deserves special attention. 

Dietary supplementation with apple juice concentrate 
alleviates the compensatory increase in glutathione syn-
thase transcription and activity that accompanies dieta-
ry- and genetically-induced oxidative stress. 

J Nutr Health Aging. 2004;8(6):492-6 



 

Tchantchou F, Graves M, Ortiz D, Rogers E, Shea TB. 

Center for Cellular Neurobiology and Neurodegeneration Research, Department of Bio-
chemistry, University of Massachusetts Lowell, Lowell, MA 01854, USA. 

Increased oxidative stress, which can arise from dietary, environmental and/or genetic 
sources, contributes to the decline in cognitive performance during normal aging and in 
neurodegenerative conditions such as Alzheimer's disease. Supplementation with fruits 
and vegetables that are high in antioxidant potential can compensate for dietary and/or 
genetic deficiencies that promote increased oxidative stress. We have recently demon-
strated that apple juice concentrate (AJC) prevents the increase in oxidative damage to 
brain tissue and decline in cognitive performance observed when transgenic mice lacking 
apolipoprotein E (ApoE-/-) are maintained on a vitamin-deficient diet and challenged 
with excess iron (included in the diet as a pro-oxidant). However, the mechanism by 
which AJC provided neuroprotection was not conclusively determined. Herein, we dem-
onstrate that supplementation with AJC also prevents the compensatory increases in glu-
tathione synthase transcription and activity that otherwise accompany maintenance of 
ApoE-/- mice on this vitamin-free diet in the presence of iron. Inclusion of the equivalent 
composition and concentration of sugars of AJC did not prevent these increases. These 
findings provide further evidence that the antioxidant potential of AJC can compensate 
for dietary and genetic deficiencies that otherwise promote neurodegeneration. 

Activity and concentration of polyphenolic antioxidants 
in apple juice. 2. Effect of novel production methods. 

J Agric Food Chem. 2004 May 19;52(10):2840-8. 

van der Sluis AA, Dekker M, Skrede G, Jongen WM. 

Product Design and Quality Management Group, Department of Agrotechnology and 
Food Sciences, Wageningen University, P.O. Box 8129, 6700 EV Wageningen, The 
Netherlands. 

There is a great interest in food components that possess possible health-protecting prop-
erties, as is the case with flavonoids. Previous research showed that conventional apple 
juice processing resulted in juices poor in flavonoids and with a low antioxidant activity. 
This paper shows that it is possible to improve flavonoid content in juice and its antioxi-
dant activity by applying an alcoholic extraction either on the pulp or on the pomace. The 
levels of flavonoids and chlorogenic acid in enriched juice were between 1.4 (chlorogenic 
acid) and 9 (quercetin glycosides) times higher than in conventional apple juice. In 
enriched juice the antioxidant activity was 5 times higher than in conventional apple 
juice, with 52% of the antioxidant activity of the originating fruits present. The novel 
processing method had similar effects for three apple cultivars tested (Elstar, Golden De-
licious, and Jonagold). The taste and color of enriched juice were different from those of 
conventional juice. 



 

Apple juice prevents oxidative stress induced by amylo-
id-beta in culture. 

J Alzheimers Dis. 2004 Feb;6(1):27-30. 

Ortiz D, Shea TB. 

Center for Cellular Neurobiology and Neurodegeneration Research, Department of Bio-
logical Sciences, University of Massachusetts Lowell, Lowell, MA 01854, USA. 

Increased oxidative stress contributes to the decline in cognitive performance during 
normal aging and in neurodegenerative conditions such as Alzheimer's disease. Dietary 
supplementation with fruits and vegetables that are high in antioxidant potential have in 
some cases compensated for oxidative stress. Herein, we examined whether apple juice 
could alleviate the neurotoxic consequences of exposure of cultured neuronal cells to 
amyloid-beta (Abeta), since at least a portion of the neurotoxicity of Abeta is due to oxid-
ative stress. Apple juice concentrate (AJC; 70 degree brix) was diluted into culture me-
dium of SH-SY-5Y human neuroblastoma cells that had been differentiated for 7 days 
with 5 microM retinoic acid concurrent with the addition of 20 microM Abeta. AJC pre-
vented the increased generation of reactive oxygen species (ROS) normally induced by 
Abeta treatment under these conditions. AJC also prevented Abeta-induced calcium in-
flux and apoptosis, each of which results in part due to increased ROS. These findings 
suggest that the antioxidant potential of apple products can prevent Abeta-induced oxida-
tive damage. 

Apple juice prevents oxidative stress and impaired cog-
nitive performance caused by genetic and dietary defi-
ciencies in mice. 

J Nutr Health Aging. 2004;8(2):92-7 

Rogers EJ, Milhalik S, Orthiz D, Shea TB. 

Center for Cellular Neurobiology and Neurodegeneration Research, Department of Bio-
logical Sciences, University of Massachusetts Lowell, One University Avenue, Lowell, 
MA 01854, USA. 

Increased oxidative stress contributes to the decline in cognitive performance during 
normal aging and in neurodegenerative conditions such as Alzheimer s disease. Dietary 
supplementation with fruits and vegetables that are high in antioxidant potential have in 
some cases compensated for dietary and/or genetic deficiencies that promote increased 
oxidative stress. Herein, we demonstrate that apple juice concentrate, administered ad 
libitum in drinking water, can compensate for the increased reactive oxygen species and 
decline in cognitive performance in maze trials observed when normal and transgenic 



 

mice lacking apolipoprotein E are deprived of folate and vitamin E. In addition, we dem-
onstrate that this protective effect is not derived from the sugar content of the concen-
trate. 

Effect of orange and apple juices on iron absorption in 
children. 

Arch Pediatr Adolesc Med. 2003 Dec;157(12):1232-6. 

Shah M, Griffin IJ, Lifschitz CH, Abrams SA. 

Section of Neonatology, Department of Pediatrics, Baylor College of Medicine, Houston, 
TX, USA. 

OBJECTIVE: To measure iron absorption in children from meals containing apple juice 
or orange juice so as to determine if iron absorption will be greater with orange juice be-
cause of its higher ascorbic acid content than apple juice, a noncitrus fruit juice that US 
children reportedly prefer. DESIGN: On 2 successive days, children consumed identical 
meals that included apple juice on one day and orange juice on the other, in random or-
der. The meals were labeled with iron-57 on one day and iron-58 on the other. Iron ab-
sorption was measured from red blood cell incorporation of the iron stable isotopes 14 
days later. SETTING: Nutrition research institute in a major metropolitan medical center. 
PATIENTS: A total of 25 healthy children, 3 to 6 years of age, were recruited, of whom 
21 (11 male and 10 female) completed the study.Intervention Identical meals served with 
orange juice and apple juice were given on consecutive days, in a balanced randomized 
design. MAIN OUTCOME MEASURES: Iron absorption measured by established stable 
isotope methods. RESULTS: Median iron absorption from the meal ingested with apple 
juice was 7.17% (mean +/- SD, 9.48% +/- 9.68%). Median iron absorption from the meal 
ingested with orange juice was 7.78% (9.80% +/- 6.66%; P =.44). Iron absorption from 
the meal that included apple juice was significantly correlated with serum ferritin concen-
tration (P =.02); iron absorption from the meal that included orange juice tended to corre-
late with serum transferrin receptor concentration (P =.051). CONCLUSIONS: As child-
ren absorb iron well from a meal that includes either orange or apple juice, a preference 
for apple juice does not pose a concern with regard to the prospect of iron-deficiency 
anemia, which remains a significant health problem in the United States. 

Variability of the polyphenolic composition of cider ap-
ple (Malus domestica) fruits and juices. 

J Agric Food Chem. 2003 Oct 8;51(21):6240-7 

Guyot S, Marnet N, Sanoner P, Drilleau JF. 



 

Unité de Recherches Cidricoles, Biotransformation des Fruits et Légumes, Institut Na-
tional de la Recherche Agronomique, B.P. 35327, 35653 Le Rheu Cedex, France. 
guyot@rennes.inra.fr 

Five French cider apple varieties were compared on the basis of their detailed polyphenol 
profile in the cortex and in the juices. Among the factors studied, variety was the most 
important variability factor in fruits, whereas polyphenol profiles showed an overall sta-
bility from one year to another, and a limited decrease of polyphenol concentration was 
observed during the starch regression period of fruit maturation. In juices, procyanidins 
remained the preponderant polyphenol class with concentrations up to 2.4 g/L even in 
centrifuged juices. Compared to the fruits, the average degree of polymerization of pro-
cyanidins was significantly reduced in the juice. Centrifugation of the crude juice had on-
ly minor effects on the polyphenol composition. For one variety, highly polymerized pro-
cyanidins with average degrees of polymerization of 25 were shown to be soluble in the 
centrifuged juice at a concentration of close to 1.2 g/L. Oxygenation of the juices during 
processing resulted in a significant decrease of all classes of native polyphenols. Cate-
chins and procyanidins were particularly affected by oxidation, whereas caffeoylquinic 
acid was partly preserved. The transfer of polyphenols after pressing was maximal for 
dihydrochalcones and minimal for procyanidins with extraction yield values close to 80 
and 30%, respectively. 

Effects of commonly consumed fruit juices and carbo-
hydrates on redox status and anticancer biomarkers in 
female rats. 

Nutr Cancer. 2003;45(1):46-52 

Breinholt VM, Nielsen SE, Knuthsen P, Lauridsen ST, Daneshvar B, Sorensen A. 

Institute of Food Safety and Nutrition, Division of Biochemical Toxicology, The Danish 
Veterinary and Food Administration, Morkhoj Bygade 19, 2860 Soborg, Denmark. 
vib@fdir.dk 

Administration of apple juice, black currant juice, or a 1:1 combination of the two juices 
significantly decreased the level of the lipid peroxidation biomarker malondialdehyde in 
plasma of female rats, whereas the protein oxidation biomarker 2-amino-adipic semialde-
hyde, was significantly increased following administration of orange juice, black currant 
juice, or the 1:1 combination of apple and black currant juice. A significant increase in 2-
amino-adipic semialdehyde was also observed in control rats given sucrose, fructose, and 
glucose in the drinking water at concentrations approximating the average carbohydrate 
levels in the employed fruit juices. None of the fruit juices were found to affect the activi-
ties of antioxidant enzymes in red blood cells or hepatic glutathione S-transferase. Hepat-
ic quinone reductase activity, on the other hand, was significantly increased by grapefruit 
juice, apple juice, and black currant juice. The total daily intake of a selected subset of 
flavonoid aglycones ranged from 0.2 to 4.3 mg, and quercetin was found to be a minor 
constituent of all the juices investigated. In a parallel study, rats were fed quercetin at 



 

doses ranging from 0.001 to 10 g/kg of diet. However, no effects were observed on hepat-
ic glutathione S-transferase or quinone reductase activities, plasma redox status, or the 
activity of red blood cell antioxidant enzymes. Overall, the results of the present study 
suggest that commonly consumed fruit juices can alter lipid and protein oxidation bio-
markers in the blood as well as hepatic quinone reductase activity, and that quercetin may 
not be the major active principle. The observation that natural carbohydrates are capable 
of mediating oxidative stress in vivo warrants further studies due to the central role re-
fined and unrefined carbohydrates play in human nutrition. 

Kinetics of inhibition of polyphenol oxidase mediated 
browning in apple juice by beta-cyclodextrin and L-
ascorbate-2-triphosphate. 

J Enzyme Inhib Med Chem. 2003 Feb;18(1):1-5. 

Gacche RN, Zore GB, Ghole VS. 

School of Life Sciences, Swami Ramanand Teerth Marathwada University, Nanded-
431606 (MS), India. rngacche@rediffmail.com 

Polyphenol Oxidase (PPO) mediated browning in raw fruits and vegetables is a major 
cause of quality deterioration in fruits and vegetables and derived food products. Here the 
rate of browning reaction in apple juice treated individually and in combination (1:1) of 
beta-Cyclodextrin (beta-CD) and L-Ascorbate-2-triphosphate (L-AATP) is described. It 
was observed that the rate of quinone formation can be minimized using a combination of 
beta-CD and L-AATP as compared to individual treatment with these agents. Kinetic ex-
periments revealed that both compounds are non-competitive inhibitors of PPO. 

Activity and concentration of polyphenolic antioxidants 
in apple juice. 1. Effect of existing production methods. 

J Agric Food Chem. 2002 Dec 4;50(25):7211-9 

Van Der Sluis AA, Dekker M, Skrede G, Jongen WM. 

Product Design and Quality Management Group, Department of Agrotechnology and 
Food Sciences, Wageningen University, P.O. Box 8129, 6700 EV Wageningen, The 
Netherlands. 

Apples are an important source of flavonoids in the human diet. The effect of processing 
apples into juice on polyphenolic antioxidant content and activity is described. Raw juice 
obtained from Jonagold apples by pulping and straight pressing or after pulp enzyming 
had an antioxidant activity that was only 10 and 3%, respectively, of the activity of the 
fresh apples. The levels of flavonoids and chlorogenic acid in the juice were reduced to 



 

between 50% (chlorogenic acid) and 3% (catechins). Most of the antioxidants were re-
tained in the pomace rather than being transferred into the juice. Apparently, most of the 
antioxidant compounds are absorbed to the solid matter of the pomace. In apple juice, 
45% of the total measured antioxidant activity could be ascribed to the analyzed antioxi-
dants. For three apple cultivars tested (Elstar, Golden Delicious, and Jonagold), the 
processing methods had similar effects. The results indicate that processing can have a 
major impact on the bioactivity of products. 

Antioxidant properties of apple juice and its protection 
against Cr(VI)-induced cellular injury. 

J Environ Pathol Toxicol Oncol. 2002;21(3):233-42 

Shi D, Jiang BH. 

MBR Cancer Center and Department of Microbiology, Immunology, and Cell Biology, 
West Virginia University, Morgantown 26506, USA. 

Reactive oxygen species (ROS) have been shown to cause a broad spectrum of damage to 
the biological system. ROS-mediated reactions are believed to play a key role in Cr(VI)-
induced carcinogenesis. Using electron spin resonance (ESR) spin trapping, the present 
study shows that apple juice efficiently scavenged hydroxyl radicals generated by Cr(VI) 
reduction catalyzed byglutathione reductase/NADPH. Apple juice reduced Cr(VI)-
induced lipid peroxidation, DNA damage, cell apoptosis, and NF-kappaB activation in 
human lung epithelial A549 cells. The lipid peroxidation was measured by a colorimetric 
assay, DNA damage by single cell gel electrophoresis assay, induction of cell apoptosis 
by flow cytometry, and activation of NF-kappaB by luciferase assay. The results show 
that through its antioxidant properties, apple juice can protect Cr(VI)-induced cellular 
injury and may help reduce its carcinogenic potentiaL 

Assessment of antioxidant activity by using different in 
vitro methods. 

Free Radic Res. 2002 Feb;36(2):177-87 

Schlesier K, Harwat M, Böhm V, Bitsch R. 

Friedrich-Schiller-University Jena, Institute of Nutrition, Germany. 

In this study, six common tests for measuring antioxidant activity were evaluated by 
comparing four antioxidants and applying them to beverages (tea and juices): Trolox 
equivalent antioxidant capacity assay (TEAC I-III assay), Total radical-trapping antioxi-
dant parameter assay (TRAP assay), 2,2-diphenyl-l-picrylhydrazyl assay (DPPH assay), 
N,N-dimethyl-p-phenylendiamine assay (DMPD assay), Photochemiluminescence assay 
(PCL assay) and Ferric reducing ability of plasma assay (FRAP assay). The antioxidants 



 

included gallic acid representing the group of polyphenols, uric acid as the main antioxi-
dant in human plasma, ascorbic acid as a vitamin widely spread in fruits and Trolox as 
water soluble vitamin E analogue. The six methods presented can be divided into two 
groups depending on the oxidising reagent. Five methods use organic radical producers 
(TEAC I-III, TRAP, DPPH, DMPD, PCL) and one method works with metal ions for 
oxidation (FRAP). Another difference between these tests is the reaction procedure. 
Three assays use the delay in oxidation and determine the lag phase as parameter for the 
antioxidant activity (TEAC I, TRAP, PCL). They determine the delay of radical genera-
tion as well as the ability to scavenge the radical. In contrast, the assays TEAC II and III, 
DPPH, DMPD and FRAP analyse the ability to reduce the radical cation (TEAC II and 
III, DPPH, DMPD) or the ferric ion (FRAP). The three tests acting by radical reduction 
use preformed radicals and determine the decrease in absorbance while the FRAP assay 
measures the formed ferrous ions by increased absorbance. Gallic acid was the strongest 
antioxidant in all tests with exception of the DMPD assay. In contrast, uric acid and as-
corbic acid showed low activity in some assays. Most of the assays determine the anti-
oxidant activity in the micromolar range needing minutes to hours. Only one assay (PCL) 
is able to analyse the antioxidant activity in the nanomolar range. Black currant juice 
showed highest antioxidant activity in all tests compared to tea, apple juice and tomato 
juice. Despite these differences, results of these in vitro assays give an idea of the protec-
tive efficacy of secondary plant products. It is strongly recommended to use at least two 
methods due to the differences between the test systems investigated. 

gamma-Radiation influences browning, antioxidant ac-
tivity, and malondialdehyde level of apple juice. 

J Agric Food Chem. 2002 Feb 13;50(4):710-5 

Fan X, Thayer DW. 

Food Safety Research Laboratory, Eastern Regional Research Center, Agricultural Re-
search Service, U.S. Department of Agriculture, 600 East Mermaid Lane, Wyndmoor, 
Pennsylvania 19038, USA. xfan@arserrc.gov 

Apple juice was gamma-irradiated at 5 degrees C at doses ranging from 0 to 8.9 kGy and 
then stored at 5 degrees C for 15 days. Ionizing radiation reduced the browning of apple 
juice and increased antioxidant activity measured by the ferric-reducing antioxidant pow-
er (FRAP) assay. The magnitude of changes increased with radiation dose. The level of 
malondialdehyde (MDA) measured using the thiobarbituric acid reactive substrates assay 
increased at radiation doses above 2.67 kGy. The browning of irradiated juices increased 
during storage at 5 degrees C, but the irradiated juices were still lighter than controls at 
the end of storage. Differences in FRAP values disappeared during early periods of sto-
rage while higher MDA levels were observed in irradiated samples during most of the 
storage period. Elimination of suspended matter from apple juice did not alter irradiation-
induced changes in browning, FRAP, or MDA formation. As compared to irradiation 
conducted at 5 and 20 degrees C, treatment at -15 degrees C was less effective in reduc-
ing browning and in increasing MDA formation but elevated FRAP values. The exclu-



 

sion of oxygen from juices did not affect the reduction in browning due to irradiation but 
promoted the increase in FRAP values and decreased the irradiation-induced MDA for-
mation. 

Inactivation and injury of pressure-resistant strains of 
Escherichia coli O157 and Listeria monocytogenes in 
fruit juices. 

J Appl Microbiol. 2001 Sep;91(3):463-9 

Jordan SL, Pascual C, Bracey E, Mackey BM. 

School of Food Biosciences, University of Reading, UK. 

AIMS: To investigate methods for inactivating a pressure-resistant strain of Escherichia 
coli O157 in fruit juices. METHODS AND RESULTS: Cells of a pressure-resistant strain 
of E. coli O157 (C9490) were exposed to pressures of between, 0.1 and 500 MPa for 5 
min in orange, apple or tomato juice. Treatment at 500 MPa achieved an immediate re-
duction of 5 log units in apple juice (pH 3.5) and tomato juice (pH 4.1), but only about a 
1-2 log10 reduction in orange juice (pH 3.8). The greater level of inactivation in tomato 
juice than in orange juice of lower pH was due to the presence of low levels (0.7%) of 
salt in the tomato juice. With the type-strain of E. coli (ATCC 11775) and Listeria mono-
cytogenes NCTC 11994, similar levels of inactivation were achieved at pressures 200 
MPa lower. Following storage of pressure-treated orange juice at 4 degrees C for 24 h or 
25 degrees C for 3 h, the level of inactivation of E. coli O157 strain C9490 increased to 
4.4 or > 7 log10 units, respectively. CONCLUSION: Treatment at 500 MPa may be in-
sufficient to achieve a '5D' reduction in counts of pressure-resistant strains of E. coli, but 
subsequent death during storage substantially increases process lethality. SIGNIFIC-
ANCE AND IMPACT OF THE STUDY: Commercially-practicable pressure processes 
can be used to inactivate even the most pressure-and acid-resistant strains of E. coli 
O157, provided that processing and subsequent storage conditions are carefully opti-
mized. 

An improved, rapid in vitro method to measure anti-
oxidant activity. Application On selected flavonoids and 
apple juice. 

J Agric Food Chem. 2000 Sep;48(9):4116-22. 

van der Sluis AA, Dekker M, Verkerk R, Jongen WM. 

Integrated Food Technology Group, Department of Agrotechnology and Food Sciences, 
Wageningen University, P.O. Box 8129, 6700 EV Wageningen, The Netherlands. 



 

A rapid in vitro method for measuring antioxidant activity is presented, which enables the 
evaluation of health claims and the optimization of product development with respect to 
health protecting compounds. Antioxidant activity is assessed in a system in which lipid 
peroxidation is induced in male rat liver microsomes by ascorbic acid and FeSO(4). This 
method has been significantly improved by enabling the use of microtiter plates and an 
ELISA reader. Large numbers of samples can be analyzed with good reproducibility, 
which is necessary when dealing with microsomes possessing biological variability. An 
objective mathematical procedure has been developed to translate data obtained from the 
lipid peroxidation assay into a value describing the antioxidant activity. As an illustration 
the method has been applied to measure antioxidant activity of individual flavonoids and 
apple juice. 

Polyphenolic antioxidants in fruit juice. Urinary excre-
tion and effects on biological markers for antioxidative 
status 

Ugeskr Laeger. 2000 Mar 6;162(10):1388-92 

[Article in Danish] 

Young JF, Nielsen SE, Haraldsdóttir J, Daneshvar B, Lauridsen ST, Knuthsen P, 
Crozier A, Sandström B, Dragsted LO. 

Forskningsinstitut for Human Ernaering, Frederiksberg. 

This intervention study was designed as cross-over (four women, one man) with three 
doses of black currant/apple (1:1) juice (750, 1000, and 1500 mL) for one week corres-
ponding to an intake of 4.8, 6.4, and 9.6 mg quercetin per day. Urinary excretion of quer-
cetin increased significantly with dose and with time. The fraction excreted in urine was 
constant 0.29-0.47%. Plasma quercetin did not change with juice intervention. Plasma 
ascorbate increased during intervention due to ascorbate from the juice. Total plasma ma-
londialdehyde decreased with time during 1500 mL juice intervention. Plasma protein 2-
adipic semialdehyde residues, increased with time and dose, and glutathione peroxidase 
increased with juice dose, whereas other selected markers of oxidative status did not 
change. These effects might be related to several components of the juice and cannot be 
attributed solely to its quercetin content. 

Apple juice inhibits human low density lipoprotein oxi-
dation. 

Life Sci. 1999;64(21):1913-20 

Pearson DA, Tan CH, German JB, Davis PA, Gershwin ME. 



 

Department of Food Science and Technology, University of California at Davis, 95616, 
USA. 

Dietary phenolic compounds, ubiquitous in vegetables and fruits and their juices possess 
antioxidant activity that may have beneficial effects on human health. The phenolic com-
position of six commercial apple juices, and of the peel (RP), flesh (RF) and whole fresh 
Red Delicious apples (RW), was determined by high performance liquid chromatography 
(HPLC), and total phenols were determined by the Folin-Ciocalteau method. HPLC anal-
ysis identified and quantified several classes of phenolic compounds: cinnamates, antho-
cyanins, flavan-3-ols and flavonols. Phloridzin and hydroxy methyl furfural were also 
identified. The profile of phenolic compounds varied among the juices. The range of con-
centrations as a percentage of total phenolic concentration was: hydroxy methyl furfural, 
4-30%; phloridzin, 22-36%; cinnamates, 25-36%; anthocyanins, n.d.; flavan-3-ols, 8-
27%; flavonols, 2-10%. The phenolic profile of the Red Delicious apple extracts differed 
from those of the juices. The range of concentrations of phenolic classes in fresh apple 
extracts was: hydroxy methyl furfural, n.d.; phloridzin, 11-17%; cinnamates, 3-27%; an-
thocyanins, n.d.-42%; flavan-3-ols, 31-54%; flavonols, 1-10%. The ability of compounds 
in apple juices and extracts from fresh apple to protect LDL was assessed using an in vi-
tro copper catalyzed human LDL oxidation system. The extent of LDL oxidation was de-
termined as hexanal production using static headspace gas chromatography. The apple 
juices and extracts, tested at 5 microM gallic acid equivalents (GAE), all inhibited LDL 
oxidation. The inhibition by the juices ranged from 9 to 34%, and inhibition by RF, RW 
and RP was 21, 34 and 38%, respectively. Regression analyses revealed no significant 
correlation between antioxidant activity and either total phenolic concentration or any 
specific class of phenolics. Although the specific components in the apple juices and ex-
tracts that contributed to antioxidant activity have yet to be identified, this study found 
that both fresh apple and commercial apple juices inhibited copper-catalyzed LDL oxida-
tion. The in vitro antioxidant activity of apples support the inclusion of this fruit and its 
juice in a healthy human diet. 

Inhibitory effects of apple polyphenol on induced his-
tamine release from RBL-2H3 cells and rat mast cells. 

Biosci Biotechnol Biochem. 1998 Jul;62(7):1284-9 

Kanda T, Akiyama H, Yanagida A, Tanabe M, Goda Y, Toyoda M, Teshima R, Sai-
to Y. 

Institute for Production Research and Development, Nikka Whisky Distilling Co., Ltd., 
Chiba, Japan. 

The anti-allergic activities of polyphenol fractions extracted from immature fruits of ap-
ple (Rosaceae, Malus sp.) were evaluated by in vitro assays. A crude apple polyphenol 
(CAP) fraction, which had been obtained from the juice of immature apples by reverse-
phase column chromatography, was further purified by LH-20 column chromatography 
to obtain an apple condensed tannin (ACT) fraction consisting of linear oligomeric epica-



 

techins from the dimer to pentadecamer. ACT strongly inhibited the release of histamine 
from rat basophilic leukemia (RBL-2H3) cells stimulated by the antigen-stimulation and 
from rat peritoneal mast cells stimulated by compound 48/80. The IC50 values for hista-
mine release were 30 micrograms/ml and 25 micrograms/ml, respectively. ACT also in-
hibited hyaluronidase activity and the increase in intracellular free calcium concentration 
in RBL-2H3 cells stimulated with the antigen. These results suggest that ACT affected 
early signal transduction including the calcium influx. 

The influence of the polyphenols of cider on plasmin 
and plasminogen activators. 

Br J Haematol. 1985 Aug;60(4):705-13 

Ogston D, Lea AG, Langhorne P, Wilson SB. 

Preliminary findings suggested that the inhibitory activity on fibrinolysis produced by 
most varieties of cider is due to their content of polyphenols. In particular, the inhibitory 
activity co-eluted with the brown coloration on gel filtration, was removed by adsorption 
with polyvinylpyrrolidine, and was greatly reduced in a type of cider with a low concen-
tration of phenolic compounds. The individual polyphenols of apple juice and ciders were 
examined for their ability to inhibit tissue activator, urokinase and plasmin. Neither phlo-
ridzin nor chlorogenic acid had any inhibitory activity at concentrations of 500 micro-
grams/ml while epicatechin had only a slight inhibitory effect at this concentration. The 
procyanidin fractions were markedly inhibitory on urokinase-induced clot lysis, the ami-
dolytic activity of plasmin and on the fibrinolytic activities of plasmin, urokinase and tis-
sue activator on fibrin plates: inhibition was noted at concentrations as low as 0.25 mi-
crograms/ml. The order of inhibition was polymer greater than oligomer greater than tri-
mer greater than dimer. 

The microbiology of apples and apple products. 

Crit Rev Food Sci Nutr. 1983;19(2):133-49. 

Doores S. 

The apple industry has reached an annual production level of 8.5 billion pounds. CA sto-
rage of 25% of this crop has enabled a fresh market on a year-round basis. To achieve 
high quality in raw fruit and processed apple products, careful attention must be paid to 
maintaining a microbiologically stable environment. The ecology of the microflora asso-
ciated with the apple is a reflection of the orchard, handling, harvesting, and storage prac-
tices. Yeasts predominate on orchard fruit, molds may become a storage problem, and 
bacteria cause spoilage, off flavors, and loss of quality in juice products. Despite the mi-
crobial problems inherent in producing of quality product, the apple industry is faced 
with the occurrence of patulin. Patulin, a mycotoxin produced by Penicillium and Asper-
gillus species, has been associated with damaged fruit. Decreased temperatures, coupled 



 

with CA storage; can deter mold growth and patulin production. Laboratory detection 
methods for derivations of patulin are able to detect microgram quantities. Means to elim-
inate patulin formed in apple products include addition of ascorbate and SO2, extending 
fermentation, or charcoal filtering. However, degradation products of patulin have not 
been evaluated toxicologically. 

 

 
 


