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Antioxidant activities of freeze-dried preparations of a 70% acetone extract of pomegranate (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 (O2

‚- ) radicals; and [(MGD)2Fe2+] for nitric oxide
(NO). Inhibitory effects on lipid peroxidation were estimated by the levels of malonaldehyde and
4-hydroxyalkenals in rat brain homogenates. Pomegranate extract exhibited scavenging activity against
‚OH and O2

‚-. Anthocyanidins inhibited a Fenton reagent ‚OH generating system possibly by chelating
with ferrous ion. Anthocyanidins scavenged O2

‚- in a dose-dependent manner. The ID50 values of
delphinidin, cyanidin, and pelargonidin were 2.4, 22, and 456 µM, respectively. In contrast,
anthocyanidins did not effectively scavenge NO. Anthocyanidins inhibited H2O2-induced lipid
peroxidation in the rat brain homogenates. The ID50 values of delphinidin, cyanidin, and pelargonidin
for them were 0.7, 3.5, and 85 µM, respectively. These findings suggest that the above anthocyanidins
contribute to the antioxidant activity of pomegranate fruits.
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INTRODUCTION
Pomegranate (Punica granatumL.) is a rich source of

anthocyanidins. Delphinidin-3,5-diglucoside is a major antho-
cyanin in pomegranate juice (1). The seed coat of this fruit
contains delphinidin-3-glucoside, delphinidin-3,5-diglucoside,
cyanidin-3-glucoside, cyanidin-3,5-diglucoside, pelargonidin-
3-glucoside, and pelargonidin-3,5-diglucoside (2). In general,
epidemiological studies suggest that intake of flavonoids, a
group of polyphenolic compounds found in vegetables and fruits,
is beneficial for prevention of cardiovascular (3), inflammatory,
and other diseases (4,5). It has been suggested that free radical
scavenging and antioxidant activities play an important role in
prevention of free radical-related diseases, including aging (6-
9). Meanwhile, anthocyanidins, which differ structurally from
other flavonoids except flavan-3-ol, and which do not have a
carboxyl group in the C-ring, prevented lipid peroxidation of

cell or liposome membranes (10,11). Pomegranate juice showed
potent anti-atherogenic effects in vivo (12). Therefore, it is of
interest to know the specific free radical scavenging and
antioxidant activity of anthocyanidins in pomegranate juice. In
addition, our previous study on delphinidin-3-(p-coumaroyl-
rutinoside)-5-glucose (nasunin) strongly suggested that del-
phinidin in the chemical structure of nasunin may contribute to
its free radical scavenging and protective effect on H2O2-induced
lipid peroxidation (13). To clarify the relationship between
anthocyanidin structures and their antioxidant activities we
aimed to examine delphinidin and its analogues. In this study,
specific free radical scavenging activities of a freeze-dried 70%
acetone extract of pomegranate, and of delphinidin, cyanidin,
and pelargonidin, were examined. Furthermore, malonaldehyde
and 4-hydroxyalkenals levels in rat brain homogenates treated
with pomegranate extract, delphinidin, cyanidin, and pelargoni-
din were estimated as an index of lipid peroxidation.

MATERIALS AND METHODS

Preparation of Pomegranate Extract.Fresh fruit of pomegranate,
products of California, was peeled, and its edible portion (seed coats
and juice) was squeezed in 70% acetone-30% distilled water (1:20,
by w/v). The red extract was filtered through filter paper (Whatman,
No. 1). The filtrate was condensed and freeze-dried. The freeze-dried
extract was kept at 4°C until analysis.

Chemicals. L-Ascorbic acid 2-[3,4-dihydro-2,5,7,8-tetramethyl-2-
(4,8,12-trimethyltridecyl)-2H-1-benzopyran-6-yl-hydrogen phosphate]
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potassium salt (EPC-K1), standard material for hydroxyl radical
scavenging activity, was a kind gift of Dr. Kazumi Ogata, Senju
Pharmaceutical Co., Ltd. (Osaka, Japan). Bovine erythrocyte superoxide
dismutase (SOD) standard kit was from Labotec Co., Ltd. (Osaka,
Japan). The spin trap 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) and
N-methyl-D-glucaminedithiocarbamate (MGD) were from Labotec Co.
(Tokyo, Japan). Xanthine oxidase was from Boehringer Mannheim
Corp. (Indianapolis, IN). 1-Hydroxy-2-oxo-3-(N-methyl-3-aminopro-
pyl)-3-methyl-1-triazene (NOC-7) was from Alexis Corp. (San Diego,
CA). Delphinidin-, cyanidin-, and pelargonidin-chlorides (Figure 1)
were from Extrasynthese Co. (Genay Cedex, France). For the measure-
ments of malonaldehyde plus 4-hydroxyalkenals as an indicator of lipid
peroxidation, an LPO-586 kit (OXIS International, Inc., Portland, OR)
was used. All other chemicals were from Sigma Chemical Co. (St.
Louis, MO) and were the highest grade available.

Sample Solutions.The freeze-dried sample was dissolved in 0.1 M
potassium phosphate buffer (pH 7.4) just before analysis. Delphinidin-,
cyanidin-, or pelargonidin-chlorides was dissolved in deionized, distilled
water (working stock solution) and diluted with 0.2 M phosphate buffer
(Chelex resin-treated) to obtain appropriate concentrations in 0.1 M
phosphate buffer just before use. Immediately after the dilution, ESR
measurements were performed.

ESR Spectrometer. A computerized ESR spectrometer (Free
Radical Monitor, JES-FR30, JEOL, Tokyo) was used. This spectrometer
has the function of normalizing all spectra for accurate calculation using
manganese oxide (MnO) as an internal standard.

ESR Settings.The following ESR settings were used: magnetic
field, 335.6( 5 mT; power, 4 mT; modulation frequency, 9.41 GHz;
modulation amplitude, 1× 0.1 mT; response time, 0.1 s; amplitude, 1
× 200 or 250; sweep width, 5.000 (for DMPO-OH and DMPO-OOH)
or 15.000 [for (MGD)2Fe2+-NO‚] mT; and the sweep time, 0.5 or 2.0
min. All measurements were performed at 23°C.

Superoxide Radical Scavenging Activity.Superoxide radicals were
generated by reaction of the hypoxanthine-xanthine oxidase system.
For the extract sample, an aliquot was passed through a centrifuge-
type filter (capacity, 400µL; Ultrafree-MC filters, 10,000 NMWL
regenerated-cellulose membrane and 100,000 NMWL polysulfone
membrane, Millipore, Bedford, MA) by centrifugation (5,000g, 4 °C)
to obtain materials of smaller molecular weights: less than 10,000 or
100,000 (14). Sample solution (50µL), 4 mM hypoxanthine (50µL),
dimethyl sulfoxide (DMSO) (30µL), 4.5 (or 0.45) M DMPO (20µL)
and xanthine oxidase (0.4 units/mL) (50µL) were mixed in a test tube,
and the mixture was quickly transferred to a quartz flat cell (capacity
200 µL). The ESR spectra of the DMPO-OOH spin adducts were
recorded (14).

Hydroxyl Radical Scavenging Activity. Sample solution (50µL),
0.18 (or 0.018) M DMPO (50µL), 2 mM H2O2 (50 µL), and 0.2 mM
FeSO4 (50 µL) were mixed in a test tube, and the mixture was quickly
transferred to a flat cell. Exactly 30 s after the addition of FeSO4, the
ESR spectra of the DMPO-OH spin adducts were recorded (14). As
a standard, EPC-K1, a conjugate of ascorbate and vitamin E joined

by a phosphate linkage (15), was used. Hydroxyl radicals were
generated by an ultraviolet (UV)-H2O2 system. Sample solution (50
µL), 0.18 M DMPO (50µL), 0.1 M buffer (50µL), and 2 mM H2O2

(50 µL) were mixed, and the mixture was quickly transferred to a flat
cell. The mixture was irradiated with UV light (254 nm) (UV lamp,
Longlife filter, model ENF-240C, 0.2 amps, Spectronics Corp., West-
bury, NY) for 30 s, and the ESR spectra were recorded exactly 10 s
after the UV exposure (13).

Nitric Oxide Scavenging Activity. NO was generated from NOC-
7. All reagents except NOC-7 were dissolved in the buffer. Sample
solution (100µL), 0.1 M buffer (40µL), 10 mM [(MGD)2Fe2+] (40
µL), and 10 mM NOC-7 in 0.1 N NaOH (20µL) were mixed, and the
mixture was quickly transferred to a flat cell. NO, which reacts with
[(MGD)2Fe2+], was monitored by the first peak of the reaction product
[(MGD)2Fe2+-NO‚] in ESR spectra after the addition of the NOC-7
(16).

Spectrophotometric Measurements.Pomegranate extract, del-
phinidin, cyanidin, or pelargonidin was dissolved in 0.01 N HCl to get
appropriate concentrations for the measurements. Immediately after the
preparation, the absorption spectra were recorded using a spectropho-
tometer (Hitachi U-2000A, Tokyo).

H2O2-Induced Lipid Peroxidation in Rat Brain Homogenate.
Sprague-Dawley rats (male, 350 g body weight) were anesthetized
with ether and perfused through the heart with 0.9% NaCl solution (4
°C). Rat cereberal cortex was removed, and homogenized in ice-cold
20 mM Tris-HCl buffer, pH 7.4 (1:10, w/v). The homogenate was
incubated with or without 5 mM H2O2 for 60 min at 37 °C.
Anthocyanidins were used in combination with H2O2 (5 mM) to test
for its antioxidative effect in vitro.

After incubation, the reaction was stopped by placing the homoge-
nates into ice-cold water for 10 min, and then the homogenates were
centrifuged at 15,000gfor 10 min at 4°C. The level of malonaldehyde
and 4-hydroxyalkenals in the supernatant was measured at the
wavelength of 586 nm.

Figure 1. Molecular structures of pelargonidin, cyanidin, and delphinidin.

Figure 2. Spectrophotometric assay of pomegranate extract and antho-
cyanidins. A, Pomegranate extract; B, 0.02 mM delphinidin; C, 0.02 mM
cyanidin; D, 0.05 mM pelargonidin. The extinction coefficients were 4.1,
2.7, and 1.6 × 104 M-1 cm-1 for delphinidin, cyanidin, and pelargonidin,
respectively.
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Determination of Protein Concentration. Protein concentrations
were determined by Lowry’s method (17) using bovine serum albumin
as a standard.

All data are expressed as means( SEM.

RESULTS

Samples.The yield of freeze-dried pomegranate juice extract
was 11% of edible parts (dry weight of freeze-dried sample/
wet weight of fresh seed coats and juice), or 3.9% of whole
fruit (dry weight of freeze-dried sample/wet weight of fresh
whole fruit).

Spectrophotometric Assay of Pomegranate Extract and
Anthocyanidins. Anthocyanidin content in fresh pomegranate
juice was estimated using the absorbance at its maximum
wavelength of 520 nm, and was calculated as 2.0 mM
delphinidin equivalent if it could be assumed that delphinidin
was mainly contributing to the maximal absorbance in the juice
(Figure 2).

Superoxide Radical Scavenging Activity (SOD-Like Activ-
ity). Pomegranate extract showed potent activity in a dose-
dependent manner (Figure 3). The SOD-like activity of pome-
granate extract was 17( 1 SOD-equivalent units/mg of freeze-
dried sample,n ) 6. The sample solution of pomegranate extract
that passed through the filter with 100,000 or 10,000 molecular
weight cutoff membrane was 16( 2 (n ) 6) or 15( 1 (n )
5) SOD-equivalent units/mg of freeze-dried sample (no signifi-
cant difference compared to nontreated sample).

Anthocyanidins are unstable to light and are rapidly destroyed
by alkali (1). In this study, anthocyanidin chloride was dissolved
in distilled water as working stock solution, and then diluted
with buffer to get appropriate concentrations just before
measurements. The IC50 values obtained under this experimental
condition are summarized in Table 1. By using the ID50 values
and constant value (kscavenger) kDMPO × [DMPO]/ID50, where

[DMPO] ) 0.45 M andkDMPO ) 16.9 M/s) (18), the second-
order rate constants were calculated as 3.2× 106, 3.5 × 105,
and 1.7× 104 (M/s) for delphinidin, cyanidin, and pelargonidin,
respectively. When the concentration of DMPO was changed
to 10-fold (from 450 to 45 mM, final concentrations), the ID50

was shifted to a 10-fold lower concentration (Figure 4), i.e.,
delphinidin, cyanidin, or pelargonidin directly scavenged su-
peroxide radicals. The scavenging activity was 1360( 214 (n
) 4), 240( 19 (n) 5), and 52( 13 (n) 4) SOD-equivalent
units/mg for delphinidin, cyanidin, and pelargonidin, respec-
tively.

Hydroxyl Radical Scavenging Activity.Pomegranate extract
showed hydroxyl radical scavenging activity (Figure 5). Pome-
granate extract showed scavenging activity (0.35( 0.04 EPC-
K1-equivalent µmol/mg of freeze-dried sample,n ) 13).
Delphinidin, cyanidin, and pelargonidin apparently showed
scavenging activity in a dose-dependent manner (data not
shown). The results were 0.93( 0.11 (n) 12), 0.40( 0.10 (n
) 15), 0.37( 0.10 (n) 15) EPC-K1-equivalentµmol/mg or
0.31 ( 0.04, 0.13( 0.02, 0.11( 0.02 EPC-K1-equivalent
µmol/µmol for delphinidin, cyanidin, and pelargonidin, respec-
tively. From the dose-dependent curves obtained by using 0.18
M DMPO (45 mM, final) or 10-fold lower concentration of
DMPO (4.5 mM, final), the ID50 did not shift to 10-fold lower
concentration in all these anthocyanidins (Figure 6) indicating
that the observed activity is not due to the direct scavenging.

By the UV-H2O2 system, typical ESR quartet signals of the
DMPO-OH spin adducts were obtained, and they were identi-
fied by the hyperfine coupling constants (RH

â ) RN ) 1.49).
Delphinidin, cyanidin, and pelargonidin, when alone, produced
ESR signals of DMPO spin adducts upon UV irradiation, in
the absence of H2O2. Figure 7 shows typical ESR signals
observed in delphinidin: the second signal from left in quartet
signal (a) of DMPO-OH (1:2:2:1),g ) 2.0062( 0.0002; the
fourth signal (b) of DMPO-H, g ) 2.0066( 0.0002) (9 signals,
triplets of 1:2:1). Only the second signal intensity (a) of
DMPO-OH did not overlap with DMPO-H signals. This
second signal intensity in delphinidin (cyanidin or pelargonidin)/

Figure 3. Superoxide anion radical scavenging activity of pomegranate.

Figure 4. Relationship between the signal intensity of the DMPO−OOH spin adducts and concentration of pelargonidin, cyanidin, or delphinidin (concentration
of DMPO, 0.45 M or 0.045 M).

Table 1. Superoxide Anion Radical Scavenging Activitya

IC50

µg/mL µM

pelargonidin 130 420
cyanidin 7.0 22
delphinidin 0.8 2.4

a Pelargonidin chloride (MW 306.7); cyanidin chloride (MW 322.7); delphinidin
chloride (MW 339.7).
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H2O2/UV system was compared to the DMPO-OH signals from
the H2O2/UV system and the delphinidin (cyanidin or pelar-
gonidin)/UV system (Figure 8). These anthocyanidins did not
show direct scavenging from the H2O2/UV system.

Inhibitory Effect of Pomegranate Extract and Anthocya-
nidins on H2O2-Induced Lipid Peroxidation. Pomegranate
extract lowered the levels of malonaldehyde plus 4-hydroxy-
alkenals produced by H2O2-induced lipid peroxidation in rat
brain homogenates during the incubation (Figure 9a). The ID50

value of the inhibition was 10 mg/mL. Anthocyanidins inhibited
lipid peroxidation in a dose-dependent manner (Figure 9b). The
ID50 values were 0.7, 3.5, and 85µM for delphinidin, cyanidin,
and pelargonidin, respectively.

Nitric Oxide Radical Scavenging Activity. Pomegranate
extract did not show NO scavenging activity up to 2.5 mg/mL.

Delphinidin, cyanidin, and pelargonidin did not show NO
scavenging under this experimental condition.

DISCUSSION

Pomegranate extract showed potent scavenging activity for
superoxide radicals. A filtered sample from the extract only
slightly decreased the activity when compared to that of the
nontreated sample. These results suggest that the scavenging
activity of pomegranate extract is due to its relatively smaller
molecular weight components (MW< 10,000). Anthocyanidins
showed potent activity in the order of delphinidin, cyanidin,
and pelargonidin. Anthocyanidins, aglycons of anthocyanins,
are known to exist in red fruits (19). Delphinidin-3,5-diglucoside
is a major anthocyanin in pomegranate juice (1). From the
spectrophotometric observation, the estimated value of del-
phinidin content in fresh juice was approximately 0.06% if it
was calculated on the basis of delphinidin. The yield of freeze-
dried sample was about 11% of the fresh juice and seed coats.
Meanwhile, the activity of pomegranate extract and delphinidin
were 17 ( 1 and 1360( 214 SOD-equivalent units/mg.
Therefore, the activity would most likely be due to delphinidin
which is a major component contained as delphinidin-3,5-
diglucoside in pomegranate juice (1), and may be in part due
to cyanidin which is also contained in the seed coats (2). In
this study, a hypoxanthine-xanthine oxidase system was used
for superoxide radical generation. It has been reported that
flavonoids, such as flavones, flavonols, and isoflavones, inhib-
ited xanthine oxidase (20). Meanwhile, it was mentioned that
flavonoids inhibited various enzymes such as alkaline phos-

Figure 5. Hydroxyl radical scavenging activity of pomegranate extract.

Figure 6. Relationship between the signal intensity of the DMPO-OH spin adducts and concentration of pelargonidin, cyanidin, or delphinidin (concentration
of DMPO. 45 mM or 4.5 mM).

Figure 7. Delphinidin-produced ESR signal of DMPO spin adducts by UV irradiation.

Antioxidant Activities of Pomegranate Anthocyanidins J. Agric. Food Chem., Vol. 50, No. 1, 2002 169



phatase, arylsulfatase, DOPA decarboxylase, and so forth (21).
To examine whether the observed activity reflected the direct
radical scavenging and/or inhibition of xanthine oxidase, an ESR
method was used for this analysis (18). As shown in Figure 4,
when the concentration of DMPO was lowered 10-fold, the ID50

values were shifted to 10-fold lower concentrations, indicating
that pomegranate delphinidin, cyanidin, and pelargonidin directly
scavenged superoxide radicals when these compounds encoun-
tered the radicals. In the presence of acetoaldehyde andtert-
butyl hydroperoxide, it was reported that the chemiluminescence
intensity of anthocyanins was in the order nasunin> rubro-
brassicin> delphinidin> malvin ) cyanidin> malvidin; i.e.,
a hydroxyl group at around 4′ position in B-ring and total
number at 3′, 4′, and 5′ position in B-ring, and glucosylation at
C-3 and C-5 positions of the anthocyanidin ring enhances
chemiluminescence of the parent compound (22). Dihydroxyl-
ation at the 3′ and 4′-positions in the B-ring is very important
for antioxidant activity (23-26). In our study, in particular,
specific scavenging activity for superoxide radicals was in the
order dephinidin> cyanidin> pelargonidin, indicating that (i)
hydroxyl groups at the 3′, 4′, and 5′positions in the B-ring are
contributing to their activity, and also important are (ii) adjacent
hydroxylation at 3′ and 4′ positions in B-ring, and (iii)
stabilization by its resonance structure. It is not apparent why
the order of nasunin and delphinidin in our study is different
from the chemiluminescence observation (22,27).

Pomegranate extract and anthocyanidins showed apparent
hydroxyl radical scavenging activity. By changing the concen-
tration of DMPO from 45 to 4.5 mM (final concentrations),
the ID50 values did not shift to 10-fold lower concentrations,
indicating that the apparent activity was not due to the direct
radical scavenging but may be due to the chelating with ferrous
ion in the hydroxyl radical generation system. From the
observation using the UV/H2O2 system for hydroxyl radical
generation, pomegranate and anthocyanidins did not show
significant differences in the second peak intensity of DMPO-
OH between anthocyanidin/H2O2/UV system and the sum of
H2O2/UV and anthocyanidin/UV systems, indicating that these
compounds did not directly scavenge hydroxyl radicals. An-
thocyanidins, which possess a hydroxyl group at 3′, 4′, and 5′
(delphinidin) or 3′and 4′ (cyanidin) positions in the B-ring,
chelate with iron and certain metals such as copper, tin, and
aluminum (28, 29). However, pelargonidin, which has no ortho-
dihydroxy substitution in the B-ring, has been reported to have
no chelating capacity with metals (30, 31). Therefore, the results
observed with pelargonidin may be due to a different oxidation
profile (32) or due to oxidation of a hydroxy group at 3′ position

Figure 8. Comparison of second signal of DMPO−OH spin adduct. ESR
recordings showing that pomegranate extract, pelargonidin, cyanidin, or
delphinidin did not scavenge ‚OH radicals generated from H2O2/UV system. Figure 9. Inhibitory effects of pomegranate extract, pelargonidin, cyanidin,

or delphinidin on H2O2-induced lipid peroxidation in rat brain homogenate.
The control value of the levels of malonaldehye and 4-hydroxyalkenals
was 5.6 ± 0.6 nmol/mg protein (n ) 5). (a) Pomegranate extract (0−0.05
mg of pomegranate extract in 0.5 mL of the incubation mixture); (b)
pelargonidin, cyanidin, or delphinidin (0−200 µM in the incubation mixture).
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in the B-ring at neutral pH (33,34), although the mechanism
in this case needs clarification.

Delphinidin, cyanidin, and pelargonidin inhibited H2O2-
induced lipid peroxidation in rat brain homogenates in the order
of delphinidin> cyanidin> pelargonidin. It was suggested that
delphinidin, the main component in pomegranate juice, is the
most contributing to the inhibitory effect of pomegranate on
H2O2-induced lipid peroxidation.

Under in vitro experimental conditions, pomegranate extract
and anthocyanidins did not show nitric oxide scavenging
activity.

ABBREVIATIONS USED

ESR, electron spin resonance; DMPO, 5,5-dimethyl-1-pyr-
roline-N-oxide; MGD,N-methyl-D-glucamine-dithiocarbamate;
[(MGD)2Fe2+], complex Fe2+ with N-methyl-D-glucamine dithio-
carbamate; DMSO, dimethyl sulfoxide; SOD, superoxide dis-
mutase; EPC-K1, L-ascorbic acid 2-[3,4-dihydro-2,5,7,8-
tetramethyl-2-(4,8,12-trimethyltridecyl)-2H-1-benzopyran-6-yl-
hydrogen phosphate] potassium salt.
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