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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 polyphenols, has been used
for centuries in ancient cultures for its medicinal purposes. The potential health benefits of pomegranate
polyphenols have been demonstrated in numerous in vitro studies and in vivo experiments. This
study investigated the absorption and antioxidant effects of a standardized extract from pomegranate
in healthy human volunteers after the acute consumption of 800 mg of extract. Results indicate that
ellagic acid (EA) from the extract is bioavailable, with an observed Cnax 0f 33 ng/mL at tnax 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) assay 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. Overall, this study demonstrated the absorbability of EA from a pomegranate extract
high in ellagitannin content and its ex vivo antioxidant effects.

KEYWORDS: Pomegranate extract; absorption; antioxidant; metabolism; punicalagins; ellagitannins;
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INTRODUCTION cultures for its medicinal purposes. Major areas of pomegranate
The intake of polyphenols has been inversely correlated to cultivation are India, Spain, Israel, and the United States, where
the incidence of several chronic diseases, such as several typel§ has gained recent economic importance due to increased
of cancer and cardiovascular disease, which has been demononsumption. They are consumed fresh and in processed form
strated in several cohort and case-control studigs 2). as juice, wines, flavors, and extracts. Commercial pomegranate
Specifically, the intake of polyphenols has been shown to be JUIC€ (PJ) hgs.o.ne of the h|ghest antioxidant activities compared
associated with an increased antioxidant potential in plasma andi© Other fruit juices, red wine, and green t&&).(This can be
vascular protectiond[ 4). Several studies have been performed attributed to its high content of polyphenols and in particular
in the assessment of absorption of polyphenols from beveraged its €llagitannins, the major ones being punicalagsdj.
and dried extracts. (Punicalagins are often noted in the singufaunicalagin;
Recent studies with tea polyphenols, administered as eithernOWever, itis found naturally as two reversible anomerand
tea extract supplements or as beverage, showed differences if» Nence the plural.) Polyphenols such as condensed tannins,
pharmacokinetic parameters and ex vivo biological activities &nthocyanins, and minor flavonoids are also present in pome-
in human volunteers (). Overall, very little information is ~ 9granates (10). o . . o
available regarding effective amounts of antioxidant dietary ~ The potent bioactivity of punicalagins and other ellagitannins
supplements (7). can be explained by its ability to hydrolyze into ellagic acid
The pomegranatéPinica granatuni..) tree originated inthe ~ (EA) and other smaller polyphenols in vivo and across the

Middle East and India and has been used for centuries in ancientmMitochondrial membrane in vitrold, 12) (Figure 1). EA
concentration above 5% in the juice and extracts of pomegranate
*To whom correspondence should be addressed. Phone: (352) 846-and grapes may be explained by hydrolysis of ellagitannins
24?%’;3%&335&3;‘:‘;;ei}msﬂliivzgftg%f;s%l:ifggdu- formed during processing and extractiofi3( 14). Since
¥ Food Science and Human Nutrition Department, University of Florida. d€tection of EA in human plasma may be dependent on the

8 Pharmanza Herbals Pvt. Ltd. consumption of larger ellagitannins such as punicalagid$, (
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Figure 1. Chemical structure of punicalagin and EA. §
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1004
guantitative pharmacokinetic studies using pomegranate can !
utilize punicalagins as the fruit's naturally existing biomarker. ; 2
While several studies investigate the effects of pomegranate J
extracts in vitro and in animals(9, 15, 16), clinical studies o h : - . - - -
on pomegranate, particularly those examining its benefits on Retention Time (Minutes)
cardiovascular health, have utilized commercial F) {7, 18). Figure 2. HPLC analysis of punicalagin standard (A) and pomegranate

Commercial PJ can be obtained by pressing whole pomegranat@yract standardized to punicalagins (B), containing gallic acid (1),
fruits and its peels, whereby water-soluble compounds presentynicalagin o (2), punicalagin 3 (3), and ellagic acid (4)
in the whole fruit, including the major ellagitannins punicalagins,

are extracted in significant amounts into PJ. Punicalagin levels paTERIALS AND METHODS

are widely variable in PJ and can range from as low as 0.017
to 1.5 g/L of PJ depending on the fruit cultivar as well as

processing and storage conditions. Therefore, the regular .

: . R . capsule contained 400 mg of pomegranate extract. The 800 mg of
consumption of PJ may prOVIdg 5|gn|flcant amounts of this extract used in this study contained 330.4 mg of the major ellagitannins
water-soluble hydrolyzable ellagitanni, (L9). However, there pnicalagins and 21.6 mg of EA as shown in the HPLC-PDA profile
are limitations of using PJ as a means to enhance health for(rigure 2). The HPLC system included a LC-10ATVP pump, Rheo-
those concerned about sugar and caloric intake. In light of the dyne-7725i sampler, and SPD-10AVP detector (all Shimadzu, Japan)
recent proposed guidelines on beverage consumption, there mayvith Winchrome software and a Luna C-18 column (4.6.50 mm)
be a need to explore alternate ways to consume the beneficial(Phenomenex, USA). The mobile phase, solvent A (2% glacial acetic
compounds contained in the recommendeed5servings of acid in water) and solvent B (2% aqueous acetic acid in water), was
fruits and vegetables per day (221). gsed in binary linear gradien't conditions as foIIows%EDmin, 99%'A

Several studies have demonstrated the anti-inflammatory " B: 520 min, 99-40% A in B; 2330 min, 40—10% A in B with
properties and immunomodulatory effects of polyphenolic a flow r_a\te of_1.0 mL/ min. The wavelength was monitored at 378 nm
. . or punicalagins and 366 nm for EA.
compounds, where many studies show a decreasing effect off

. . . . Study Design. Washout PeriodThirteen healthy male and non-
polyphenols on a previously increased biomarker for inflam- pregnant/nonlactating female subjects (BMB2.6-+ 0.98, age= 37.6

mation, such as IL-1, IL-6, and TNF-alpha (22—24). Specifi- 1 36) were asked to abstain from polyphenol-containing foods, such
cally, EA has been shown to inhibit IL-1beta- and TNF-alpha- as tea, wines, berry fruits, etc., for 3 days according to a detailed list

induced activation of activator protein-1 and mitogen-activated they were given, after approval from the University of Florida
protein kinases in activated pancreatic stellate cells in V5. ( Institutional Review Board. Moreover, subjects were asked not to
Some studies demonstrate the inductive effect of polyphenols consume large amounts of alcohol and antioxidant supplements, not to
on immune factors including secretion of cytokines IL-2 and €xercise excessively, and to sleep atleasd & dgrlng the nlght before
IL-4 (26, 27). To determine the effects of pomegranate extract the study day. The washout period ended with an overnight fast (at
on a particular marker of immune health, this study investigated 'St 8 ) before the study day.

- . Study DayEleven subjects completed the study day. Two subjects
the influence of the consumption of pomegranate extract on _ . - .
. . . withdrew for personal reasons. Subjects received two capsules, each
plasma concentrations of interleukin-6.

. . . . containing 400 mg of pomegranate extract with 6 oz of water. Blood
There have been a few human bioavailability studies using \yas drawn at baseline, 30 min, 1 h, 2 h, 4 h, 6 h. 8 h, and 24 h after

PJ (11,28, 29); however, no human intervention studies have the consumption. Subjects received @ crackers with 8 oz of water
been conducted with an oral administration of a pomegranate 2—3 h after ingestion, a polyphenol-free low-fat sandwietb after
extract standardized to punicalagins. Due to the health benefitsingestion, and a frozen polyphenol-free pasta dinner to take home.
now attributed to pomegranate consumption and the rising HPLC-MS Analysis of Plasma Samples EDTA-blood samples
popularity of pomegranate botanical supplements, human in-were centrifuged at 8@dand plasma was stored at80 °C until
tervention studies using pomegranate extract supplements ar@nalysis. Plasma was processed for LC-MS analyses as previously
crucial for determining the efficacy of pomegranate extracts in d€scribed9). LC-MS conditions were as follows: The HPLC system
the prevention of chronic diseases and establishing science-baseff\9/€"t Technologies, Waldbronn, Germany) was equipped with a

dosi dati Th t studv is the first t iode array detector (DAD) and mass detector in series with a binary
0sing recommendations. e current study 1S the Tirst 1o pump and autosampler and controlled by software (v. A08.03) from

investigate pharmacokinetic parameters, absorption, metabolismgijent Technologies (Waldbronn, Germany). The HPLC column was
and ex vivo biological activities of a whole-fruit extract of 5 G, LiChroCART column (25x 0.4 cm, particle size 5 m, Merck)
pomegranate standardized to punicalagins in healthy humanand the solvent system consisted of a gradient system with water (5%
volunteers. formic acid, v/v) (A) and methanol (B) as the mobile phases at a flow

Pomegranate Extract.Standardized pomegranate extract in capsule
form was provided by Geni Herbs, (POMELLA, Noblesville, IN). Each
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rate of 1 mL/min. The linear gradient started with 1% B, 5 min to
20% B in A at 20 min, 40% B in A at 30 min, and 95% B in A at
35—39 min. The mass detector consisted of an ion-trap mass spec-
trometer equipped with an electrospray ionization (ESI) system. The
heated capillary and voltage were maintained at 350and 4 kV,
respectively. Mass scan (MS) and daughter (M&S) spectra were
measured fronm/z100 tom/z 1500. Collision-induced fragmentation
experiments were performed in the ion trap using helium as the collision
gas, and the collision energy was set at 50%. Mass spectrometry data
were acquired in the negative ionization mode. All analyses were
performed in triplicate. EA and EA-metabolites were identified by

comparison of their respective ions and MS/MS ions as repo8@d ( ) . .
Briefly, control plasma was spiked with individual solutions and Figure 3. Plasma concentrations of EA after the consumption of 800 mg

extracted as previously described (11). For example, EA standard (250 Pomegranate extract (n = 11). Values are means + SEM.

ug/mL) was solubilized in DMSO and serially diluted to eventually

provide 15.625, 7.8125, 3.90625, 1.953125, and 0.97656 ng/mL in plasma as previously reported for anima®9). However,

solutions. Each plasma sample was separately extrag@dand each consistent with previous studies involving consumption of

sample was injected in triplicate on the HPLC-MS. Concentrations were ellagitannins, EA and EA-derived metabolites were detected as

then determined from the peak area by using the equation for linear follows: 3,8-dihydroxy-&i-dibenzop,d]pyran-6-one glucu-

regression obtained from the calibration curve. The lower limit of 5niqe (urolithin A, M—H m/z 389), hydroxy urolithin A (M~H

quantification for EA was 1.6 ng/mL. m/z243), urolithin A-glucuronide (M-H m/z403), 3-hydroxy-
Antioxidant Capacity (ORAC Assay). Plasma samples were 6H-dibenzop,dpyran-6-one glucuronide (urolithin Bz 227),

acidified 3:1 with 0.44 M TFA and centrifuged, and the deproteinated : : . :
supernatant was diluted with phosphate buffered saline for the ORAC and dimethy! ellagic acid-glucuronide (vH m/z 505) 29, 30).

analysis as previously described by Cao et al. and subsequently modifiedJr0lithins A and B were detected after 8 and 24 h in altogether
by Ou et al. with fluorescein as fluorescent proi4,(32). Peroxyl 3 of the 11 subjects, whereas urolithin A-glucuronide was

radicals were generated by 2#&obis(2-amidinopropane) dihydro-  detected in 6 of the 11 subjects. Hydroxyl-urolithin A was found
chloride, and fluorescence was monitored at 485 nm excitation and in 3 subjects at several time points from 2 to 24 h. Also urolithin
538 nm emission on a Bio-Tek Synergy KC4 fluorescence plate reader A-glucuronide was found over a period of-24 h in 6 of the

(Bio-Tek Instruments, Winooski, VT). subjects. Dimethyl ellagic acid-glucuronide was detected in 2

of intracellular ROS induced in peripheral blood mononuclear cells, a microbial metabolites that are biosynthesized in the colon and
fluorescence method using dichlorofluorescein-diacetate as probe was, : : :
adapted from Wang and Jose#8). Cell concentration was adjusted can circulate in plasma up to 24 h after the intak®, ¢4). The

to 1 x 10° cells/mL. Cells were washed twice with PBS and incubated presence of these metabolltes in ea_lrly plasma §amﬁ|85hl .
with 10 umol/L DCFH-DA for 30 min at 37°C to preload cells with 1N our study may be attributed to either the action of colonic
DCFH-DA substrate. After the cells were washed, they were incubated microflora on ellagitannins preV|ou§Iy ansumeq by th? SUbJECFS
with plasma and with 100 mmol/L hydrogen peroxide. Fluorescence Or may be due to plasma enzymatic action on circulating ellagic
was assessed at 60 min after the incubation on a Bio-Tek Synergy KC4acid, although the latter possibility remains to be investigated.
fluorescence plate reader (Bio-Tek Instruments, Winooski, VT). Pharmacokinetic Analysis.High interindividual variability
_Interle_ukin-6. Plasma concentratior_l_s of i_nter!eukin-6 were de_ter- was observed, as the metabolism of polyphenols is known to
gxlefd l‘l""th. theﬂ:‘“man I#—BtUItra} Se”?'t"’el Kit, Biosource, Camarillo, y/ary in human subjects3@). For several subjects a complete
, foowing the manutacturer s protocol. data set was not available due to concentrations being below
Statistical and Pharmacokinetic AnalysisAll values are presented L . .
the lower limit of quantification of 1.6 ng/mL. For this reason

as means and where indicated the ratio to the control baseline is given. h Kineti . d usi h f
Statistical analysis was performed with a one-way analysis of variance pharmacokinetic parameters were estimated using the mean for

ANOVA with a Tukey-Cramer comparison of all means as post hoc @l SUbjeCt§- Three Of the .subjects had extraordinarily high
analysis with the JUMP software (SAS Institute, Cary, NC), which concentrations of EA in their plasma after 24 h. These values

was performed for 0—2 h for the ORAC assay and fet8th for the were eliminated, as noncompliance was assumed. The observed
II-6 assay. Pharmacokinetic analysis of EA concentrations in plasma meanCpax andtmax for EA in plasma were determined as 33.8
was performed using the mean of all subjects by noncompartmental + 12.7 ng/mL at 1 h (Figure 3).

analysis using NCA model 200 of the WINNONLIN 3.1.168 software In a previous study with PJ, whe@ma was 31.9 ng/mL

(Pharsight, Mountain View, CA). after 1 h, the administered juice contained 25 mg of EA and
318 mg of ellagitannins1(l). The 800 mg of extract used in
RESULTS AND DISCUSSION this study contained 330.4 mg of the major ellagitannins
EA and metabolites were found in plasma after the consump- punicalagins and 21.6 mg of EA. The similar content of both
tion of pomegranate extract, with intersubject variability. The ellagitannin-rich treatments is reflected in a comparabjgx
extract potentially induced a significant antioxidant effect in at 1 h after the consumption. These results would indicate that
plasma after consumption. Overall, this exploratory study with the bioavailability of EA derivates of ellagitannins from PJ and
pomegranate extract demonstrated bioavailability for EA and extracts is comparable at the administered doses.
its derivates after consumption of a pomegranate extract high However, a previous comparison between a beverage and an
in ellagitannins, indicating its potential in the promotion of extract from the beverage (tea and tea extract) demonstrated a
health. difference in absorbance of polyphenolic compounds when
HPLC-MS Analysis of Plasma SamplesEleven healthy comparing naturally dissolved compounds to a dried extg&gct (
subjects consumed 2 capsules of pomegranate extract (330.4). In this study the AUC (area under the curve), MRT (mean
mg of punicalagin isomers and 21.6 mg of free EA). EA and residence time), and terminal half-life were estimated as 118.01
its in vivo generated metabolites were measured by LC-MS/ ng h/mL, 5.5 h, and 0.942 h, respectively. These data overall
MS methods. In addition, ex vivo antioxidant activity of plasma compare well to the previously conducted trial; however, no
(ORAC assays) was determined. Punicalagins were not detectegoharmacokinetic parameters were estimated in that previous
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Figure 4. LC-MS extracted ion chromatograms showing the presence of
ellagitannin metabolites in human plasma corresponding to previous report
(29, 30). Figure (A) ellagic acid (m/z 301); (B) urolithin A (m/z 227); (C)
hydroxyl-urolithin A (m/z 243); (D) urolithin B (m/z 211); (E) urolithin
A-glucuronide (mi/z 403); (F) dimethylellagic acid glucuronide (m/z 505).
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Figure 5. Antioxidant capacity in plasma after the consumption of 800
mg of pomegranate extract (n = 11). Values are means + SEM. Values
are deemed significantly different from the baseline (0 h) at p < 0.05
and are marked with an asterisk. Post hoc analysis was performed for
0-2 h, to exclude the effect of food consumption. The dashed line connects
data points excluded from the post hoc analysis.
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36). The extract used for this study did not contain any fructose
or other sugars, so that an increase in uric acid caused by
fructose can be excluded for this study for the initial period of
4 h after the consumption. Several studies demonstrated
antioxidant effects in plasma of polyphenol-rich extracts and
fruit juices 37—39). Specifically, in a previous study with 18
human volunteers a maximum EA concentration in plasma of
18.5 ng/mL (compared to @max of 33.8 ng/mL in this study)
has been found; no significant changes in the antioxidant
potential of plasma were observed after the consumption of 180
mL of PJ £8). Overall, the pomegranate extract administered
in this study potentially caused an increase in plasma antioxidant
potential, characterized by a high intersubject variability. A more
comprehensive study including a placebo group is required to
confirm the antioxidant effects of the pomegranate extract.

Generation of Reactive Oxygen Species (DCF-DA Assay).
The generation of ROS was determined in PBMCrafté of
incubation with 100 mM hydrogen peroxide and 10% plasma
collected from 0—4 h after the consumption. Previously,
polyphenols have been demonstrated to increase as well as
decrease the generation of RO®{42). Conversely, in this
study no change in the generation of ROS has been observed
(data not shown). Potentially, the concentrations of polyphenols
in plasma were not high enough to have a significant influence
on the generation of ROS.

Interleukin-6. Concentrations of interleukin-6 were deter-
mined at 4 h after the consumption of the extract. Overall,
plasma concentrations of IL-6 were not significantly increased
after 4 h. A follow-up assessment of IL-6 in plasma samples
collected after 6 and 8 h indicated a significant increase by 3.36,
6.5, and 6.92-fold,{ < 0.05), respectively (data not shown).
However, since food was consumed after 4 h, this increase
cannot be ascribed to the pomegranate extract in this study.
Moreover, IL-6 concentrations in plasma are characterized by
a circadian rhythm with zenith at 19.00 and 05.0048)(
Previous studies have determined polyphenols to influence
immune-relevant biomarkers in a decreasing or increasing
manner 26,27,44,45). In this study, the baseline concentrations
of 0.074 0.02 pg/mL 1I-6 can be considered as being within a
normal low range for healthy subjects according to their age
range (43).

study (11). In another clinical trial with 18 human subjects who
consumed 180 mL of PJ containing 318 mg of ellagitannins, ACKNOWLEDGMENT
pharmacokinetic parameters of EA in plasma were observed a . : .
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Pharmacology, University of Vienna, Austria, for his support
and discussion.

LITERATURE CITED

(1) Block, G.; Patterson, B.; Subar, A. Fruit, vegetables, and cancer
prevention: a review of the epidemiological evident@92,18
(1), 1—29.

(2) Arts, I. C.; Jacobs, D. R.; Jr.; Harnack, L. J.; Gross, M.; Folsom,
A. R. Dietary catechins in relation to coronary heart disease death



8960 J. Agric. Food Chem., Vol. 54, No. 23, 2006

(6) Henning, S. M.; Niu, Y.; Lee, N. H.; Thames, G. D.; Minutti,
R. R.; Wang, H.; Go, V. L.; Heber, D. Bioavailability and
antioxidant activity of tea flavanols after consumption of green
tea, black tea, or a green tea extract supplem@mt. J. Clin.
Nutr. 2004,80 (6), 1558—1564.

Hermann, D. D. Naturoceutical agents in the management of

cardiovascular diseasdm. J. Cardi@asc. Drugs2002,2 (3),

173—196.

Gil, M. |.; Tomas-Barberan, F. A.; Hess-Pierce, B.; Holcroft,

D. M.; Kader, A. A. Antioxidant activity of pomegranate juice

and its relationship with phenolic composition and processing.

J. Agric. Food Chem2000,48 (10), 4581—4589.

Seeram, N. P.; Adams, L. S.; Henning, S. M.; Niu, Y.; Zhang,

Y.; Nair, M. G.; Heber, D. In vitro antiproliferative, apoptotic

and antioxidant activities of punicalagin, ellagic acid and a total

pomegranate tannin extract are enhanced in combination with
other polyphenols as found in pomegranate juide.Nutr.

Biochem.2005, 16 (6), 360—367.

Aviram, M. In Pomegranate juice as a major source for

polyphenolic flaonoids and it is most potent antioxidant against

LDL oxidation and atherosclerosidroceedings of the 11th

Biennal Meeting of the Society for Free Radical Research

International, Paris, France, 2002; MEDIMOND Inc.: Paris,

France, 2002; pp 523—528.

(11) Seeram, N. P.; Lee, R.; Heber, D. Bioavailability of ellagic acid
in human plasma after consumption of ellagitannins from
pomegranate (Punica granatum L.) juiGén. Chim. Acta2004
348 (1-2), 63—68.

(12) Larrosa, M.; Tomas-Barberan, F. A.; Espin, J. C. The dietary
hydrolysable tannin punicalagin releases ellagic acid that induces
apoptosis in human colon adenocarcinoma Caco-2 cells by using
the mitochondrial pathwayl. Nutr. Biochem2005.

(13) Seeram, N. P.; Lee. R.; Hardy, M. L.; Heber, D. Rapid large
scale purification of ellagitannins from pomegranate husk, a by-
product of the commercial juice industr@ep. Purif. Technol.
2005,41, 49-55.

(14) Lee, J. H.; Talcott, S. T. Ellagic acid and ellagitannins affect on
sedimentation in muscadine juice and widieAgric. Food Chem.
2002,50 (14), 3971—3976.

(15) Aslam, M. N.; Lansky, E. P.; Varani, J. Pomegranate as a

cosmeceutical source: pomegranate fractions promote prolifera-

tion and procollagen synthesis and inhibit matrix metallopro-
teinase-1 production in human skin cells. Ethnopharmacol.

2006,103(3), 311—318.

Kwak, H. M.; Jeon, S. Y.; Sohng, B. H.; Kim, J. G.; Lee, J. M,;

Lee, K. B.; Jeong, H. H.; Hur, J. M.; Kang, Y. H.; Song, K. S.

beta-Secretase (BACEL) inhibitors from pomegranate (Punica

granatum) huskArch. Pharm. Re2005,28 (12), 1328—1332.

Aviram, M.; Dornfeld, L. Pomegranate juice consumption inhibits

serum angiotensin converting enzyme activity and reduces

systolic blood pressuréAtherosclerosi2001, 158 (1), 195—

198.

Aviram, M.; Rosenblat, M.; Gaitini, D.; Nitecki, S.; Hoffman,

A.; Dornfeld, L.; Volkova, N.; Presser, D.; Attias, J.; Liker, H.;

Hayek, T. Pomegranate juice consumption for 3 years by patients

with carotid artery stenosis reduces common carotid intima-media

thickness, blood pressure and LDL oxidati@iin. Nutr. 2004,

23(3), 423—433.

Seeram, N. P. A. M.; Volkova, N.; Zhang, Y.; Henning, S. M.;

Nair, M. Heber, D. Dietary polyphenols derived from pomegran-

ates are potent antioxidants: evaluation in various in vitro models

of antioxidation. In228th National meeting of the American

Chemical SocietyAmerican Chemical Society: Philadelphia,

PA, 2004.

Popkin, B. M.; Armstrong, L. E.; Bray, G. M.; Caballero, B.;

Frei, B.; Willett, W. C. A new proposed guidance system for

beverage consumption in the United States. J. Clin. Nutr.

2006,83 (3), 529—542.

(21) DGACRNaY, H.Dietary guidelines for American§th ed.; The
US Department of Health and Human Services, USDA: Wash-
ington, DC, 2005.

@)

®)

(©)

(10

(16)

17

(18)

(19)

(20)

Mertens-Talcott et al.

(22) Rogers, J.; Perkins, I.; van Olphen, A.; Burdash, N.; Klein, T.
W.; Friedman, H. Epigallocatechin gallate modulates cytokine
production by bone marrow-derived dendritic cells stimulated
with lipopolysaccharide or muramyldipeptide, or infected with
Legionella pneumophil&xp. Biol. Med(Maywood)2005 230
(9), 645—651.

(23) Handa, O.; Naito, Y.; Takagi, T.; Ishikawa, T.; Ueda, M;
Matsumoto, N.; Kokura, S.; Ichikawa, H.; Yoshida, N.; Shimoi,
K.; Yoshikawa, T. Inhibitory effects of catechins on neutrophil-
dependent gastric inflammatidRedox. Ref2002 7 (5), 324-328.

(24) Watson, J. L.; Vicario, M.; Wang, A.; Moreto, M.; McKay, D.
M. Immune cell activation and subsequent epithelial dysfunction
by Staphylococcus enterotoxin B is attenuated by the green tea
polyphenol (-)-epigallocatechin gallateell. Immunol2005 237
(1), 7-16.

(25) Masamune, A.; Satoh, M.; Kikuta, K.; Suzuki, N.; Satoh, K.;

Shimosegawa, T. Ellagic acid blocks activation of pancreatic

stellate cellsBiochem. PharmacoR005,70 (6), 869—878.

Chen, C. M,; Li, S. C,; Lin, Y. L.; Hsu, C. Y.; Shieh, M. J.;

Liu, J. F. Consumption of purple sweet potato leaves modulates

human immune response: T-lymphocyte functions, lytic activity

of natural killer cell and antibody productioworld J. Gastro-

enterol.2005,11 (37), 5777—5781.

Bub, A.; Watzl, B.; Blockhaus, M.; Briviba, K.; Liegibel, U.;

Muller, H.; Pool-Zobel, B. L.; Rechkemmer, G. Fruit juice

consumption modulates antioxidative status, immune status and

DNA damage.J. Nutr. Biochem2003,14 (2), 90—98.

Seeram, N. P. H.; Henning, S. M.; Zhang, Y.; Suchard, M.; Li,

Z.; Heber, D. Pomegranate juice ellagitannin metabolites are

present in human plasma and some persist in urine for up to 48

hours.J. Nutr. 2006,136(10), 2481—2485.

Cerda, B.; Espin, J. C.; Parra, S.; Martinez, P.; Tomas-Barberan,

F. A. The potent in vitro antioxidant ellagitannins from pome-

granate juice are metabolised into bioavailable but poor anti-

oxidant hydroxy-6H-dibenzopyran-6-one derivatives by the

colonic microflora of healthy humang&ur J. Nutr 2004, 43

(4), 205—2020.

Cerda, B.; Ceron, J. J.; Tomas-Barberan, F. A.; Espin, J. C.

Repeated oral administration of high doses of the pomegranate

ellagitannin punicalagin to rats for 37 days is not todicAgric.

Food Chem2003,51 (11), 3493—3501.

Cao, G.; Alessio, H. M.; Cutler, R. G. Oxygen-radical absorbance

capacity assay for antioxidantSree Radic. Biol. Med1993,

14 (3), 303—311.

Ou, B.; Hampsch-Woodill, M.; Prior, R. L. Development and

validation of an improved oxygen radical absorbance capacity

assay using fluorescein as the fluorescent prébé1,49 (10),

4619—4626.

(33) Wang, H.; Joseph, J. A. Quantifying cellular oxidative stress by
dichlorofluorescein assay using microplate reatief9 27 (5—

6), 612—616.

(34) Cerda, B.; Tomas-Barberan, F. A.; Espin, J. C. Metabolism of

antioxidant and chemopreventive ellagitannins from strawberries,

raspberries, walnuts, and oak-aged wine in humans: identifica-
tion of biomarkers and individual variabilityd. Agric. Food

Chem.2005,53 (2), 227—235.

Lotito, S. B.; Frei, B. The increase in human plasma antioxidant

capacity after apple consumption is due to the metabolic effect

of fructose on urate, not apple-derived antioxidant flavonoids.

Free Radic. Biol. Med2004,37 (2), 251—258.

Fernandez-Pachon, M. S.; Villano, D.; Troncoso, A. M.; Garcia-

Parrilla, M. C. Antioxidant capacity of plasma after red wine

intake in human volunteers. Agric. Food Chen2005,53 (12),

5024—5029.

Devaraj, S.; Vega-Lopez, S.; Kaul, N.; Schonlau, F.; Rohdewald,

P.; Jialal, I. Supplementation with a pine bark extract rich in

polyphenols increases plasma antioxidant capacity and alters the

plasma lipoprotein profileLipids 2002,37 (10), 931—-934.

(26)

(27)

(28)

(29)

(30)

@1

(32)

(35)

(36)

@7



Absorption and Antioxidant Effects of Pomegranate Extract

(38) Cao, G.; Russell, R. M.; Lischner, N.; Prior, R. L. Serum
antioxidant capacity is increased by consumption of strawberries,
spinach, red wine or vitamin C in elderly womet998, 128
(12), 2383—2390.

(39) Cao, G.; Booth, S. L.; Sadowski, J. A.; Prior, R. L. Increases in
human plasma antioxidant capacity after consumption of con-
trolled diets high in fruit and vegetable$998, 68 (5), 1081—
1087.

(40) Joubert, E.; Winterton, P.; Britz, T. J.; Gelderblom, W. C.
Antioxidant and pro-oxidant activities of aqueous extracts and
crude polyphenolic fractions of rooibos (Aspalathus lineads).
Agric. Food Chem2005,53 (26), 10260—10267.

(41) Azam, S.; Hadi, N.; Khan, N. U.; Hadi, S. M. Prooxidant property
of green tea polyphenols epicatechin and epigallocatechin-3-
gallate: implications for anticancer propertid®xicol. in Vitro
2004,18 (5), 555—561.

(42) Yokota, J.; Takuma, D.; Hamada, A.; Onogawa, M.; Yoshioka,
S.; Kusunose, M.; Miyamura, M.; Kyotani, S.; Nishioka, Y.

J. Agric. Food Chem., Vol. 54, No. 23, 2006 8961

Scavenging of reactive oxygen species by Eriobotrya japonica
seed extractBiol. Pharm. Bull.2006,29 (3), 467—471.

(43) Vgontzas, A. N.; Bixler, E. O.; Lin, H. M.; Prolo, P.; Trakada,
G.; Chrousos, G. P. IL-6 and its circadian secretion in humans.
Neuroimmunomodulatio005,12 (3), 131—140.

(44) sastravaha, G.; Gassmann, G.; Sangtherapitikul, P.; Grimm, W.
D. Adjunctive periodontal treatment with Centella asiatica and
Punica granatum extracts in supportive periodontal therapy.
Int. Acad. Periodontol2005,7 (3), 70—79.

(45) Aneja, R.; Hake, P. W.; Burroughs, T. J.; Denenberg, A. G.;
Wong, H. R.; Zingarelli, B. Epigallocatechin, a green tea
polyphenol, attenuates myocardial ischemia reperfusion injury
in rats.Mol. Med.2004,10 (1—6), 55—62.

Received for review June 14, 2006. Revised manuscript received August
29, 2006. Accepted September 6, 2006.

JF061674H



