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Polyphenolic compounds in cranberries have been investigated to determine their role in protection
against cardiovascular disease and some cancers. Extracts of whole fruit were assayed for radical-
scavenging activity and tumor growth inhibition using seven tumor cell lines. Selective inhibition of
K562 and HT-29 cells was observed from a methanolic extract in the range of 16—125 ug/mL. Radical-
scavenging activity was greatest in an extract composed primarily of flavonol glycosides. Seven
flavonol glycosides were isolated and purified from whole fruit for further evaluation; the anthocyanin
cyanidin 3-galactoside was also purified for comparison with the flavonoids. Three flavonol
monoglycosides were newly identified by 13C NMR as myricetin 3-a-arabinofuranoside, quercetin
3-xyloside, and 3-methoxyquercetin 3-3-galactoside (isorhamnetin); the other four isolated were the
previously identified myricetin 3-3-galactoside, quercetin 3-3-galactoside, quercetin 3-o-arabinofurano-
side, and quercetin 3-a-rhamnopyranoside. These compounds were evaluated for 1,1-diphenyl-2-
picrylhydrazyl radical-scavenging activity and ability to inhibit low-density lipoprotein oxidation in vitro.
Most of the flavonol glycosides showed antioxidant activity comparable or superior to that of vitamin
E; cyanidin 3-galactoside showed activity superior to that of the flavonoids as well as vitamin E or
Trolox in both antioxidant assays.
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INTRODUCTION vonoids and anthocyanins have been identified as strong
antioxidants, with the potential to prevent oxidative damage
caused by reactive oxygen speci€s-9), and thus protect
against cardiovascular disease and some cancers. Previous
studies have suggested that crude extracts of cranberry fruits
have significant antioxidant activityl0—12). However, the

Cranberry YVaccinium macrocarpoAit. Ericaceae) is a native
plant of North America; closely related species include lowbush
blueberry ¥. angustifolium Ait.), highbush blueberry \(.
corymbosumni.), bilberry (V. myrtillug, and lingonberry V.
vitis-idaeg). Cranberry juice and fruits reportedly exhibit various ) ; Y
health benefits, including prevention of bacterial adhesion in c0mpPounds responsible for this activity have not been fully
urinary tract infections (UTI) oEscherichia coliand stomach  isolated, characterized, and evaluated for their specific anti-
ulcers (, 2), protection against lipoprotein oxidatio)( and oxidant activity. Early studies by Fran0|§ and collaborattB; _(
in vitro anticancer activity4). Some of these biological effects 14 reported the presence of anthocyanins, flavonol glycosides,
have been linked to the presence of phenolic compounds in the@nd other phenolic. compounds in cranberry; the flavonol
fruit. Cranberry contained the highest content of total phenolics 9lycosides were further identified through paper chromatography
per serving and by weight among 20 fruits analyzed in a study &S quercetin 3-gala'cto§|de, quercetin 3-arabinoside, quercetin
published by Vinson §) and was ranked sixth in overall 3-rhamnoside, myricetin 3-arabinoside, and quercetin 3-di-
antioxidant quality. galactoside. A screening of flavonoids and phenolic acids in

Phenolic compounds in cranberries are a diverse group thatPerries by Hakkinen and co-workersy found that flavonols
includes anthocyanins, flavonoids, proanthocyanidins, condensedccounted for 75% of phenolics compared to 25% content of

tannins, and low molecular weight phenolic acids. Both fla- Phenolic and hydroxybenzoic acids. Anthocyanins were not
quantified in this study; however, Francis found a somewhat

higher content by weight of anthocyanins than flavonols. More

* Corresponding author [telephone (508) 910-6928; fax (508) 999-9167;

e-mail cneto@umassd.edu]. recent studies on the composition of phenolics in berry extract
lgnlversﬂydocg MaS_Sgchubseﬂﬂ?frt’r\nl_OUgl- versity. Ninabo. Zhei after hydrolysis and HPLC analysis confirmed the major
3152{?3%_%1%?5' ostbox 71, Ningbo University, Ningbo, Zhejiang a0l aglycons to be myricetin and quercetib6 17);
8 University of Scranton. however, the sugar moieties were not fully characterized, even
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by HPLC-EIMS (8). To provide a better understanding of the mL). The methanol extracts were removed by filtration. Extracts were
antioxidant properties and structures of cranberry flavonoids anddried in vacuo. Yields from 100 g of fresh weight berries were 1-PE,

anthocyanins, we used assay-guided fractionation to isolate0-310 g; 1-EA, 0.465 g; and 1-ME, 2.14 g.

several glycosides of quercetin and myricetin and one of the Method 2 A crude acidic me@hanol extrac_t of \_Nhole cranberries (10_0

anthocyanins, cyanidin 3-galactoside, from whole cranberries, 9 Was prepared by macerating the berries in a blender containing
Their radical-scavenging activities were evaluated and comparedmethanov 2% formic acid (300 mL) at medium speed for 5 min. This

. . . . yielded a crude extract (8.05 g) upon lyophilization, which was then
to that of vitamin E by the 1,1-diphenyl-2-picrylhydrazyl further fractionated using a solvent partitioning protoc) (The crude

(DPPH) radical-scavenging assay. We also evaluated theirgyract was first partitioned between water (100 mL) and chloroform
antioxidant quality using an in vitro assay for lower density (200 mL). The chloroform-soluble material was dried in vacuo and
lipoprotein (LDL + VLDL) oxidation. This method has been  further partitioned between hexane (100 mL) and 90:10 methanol/water
used to measure the dose-dependent ability of food and beverag€l00 mL). The aqueous layer was extracted twice with ethyl acetate
constituents to prevent oxidation of a biologically relevant target (100 mL). Yields from berries (100 g) were as follows: crude extract
and could be considered to be a predictor of such behavior in (2-CR), 8.54 g; chloroform/hexane extract (2-CHX), 0.201 g; chloroform/
vivo (19). methanol extract (2-CME), 0.130 g; ethyl acetate extract (2-EA), 0.630
The anticancer properties of cranberry and the nature of the 9 @nd agueous extract (2-AQ), 4.23 g. The ethyl acetate extract was
compounds that provide protection against tumors are less We”_further characterized by I—.|P||_C as des.cr'bed pglow. K soluti
understood. Bomser and co-worke#sfound that extracts from DPPH Assays for Radical-Scavenging Activity Stock solutions

berri A/accini . bl inhibit the inducti of each test sample including fractions, purified compounds, and
erries ofvacciniumspecies were able to Inhibit the Induction  i5n4ards (vitamin E, quercetin, and myricetin) were prepared in

of ornithine decarboxylase, an enzyme involved in tUmor methanol solution for reaction with the DPPH free radies) (Aliquots
proliferation, and induce quinone reductase, an enzyme that carbf stock solution were diluted to various concentrations and mixed with
inactivate certain carcinogens. The composition of a cranberry a methanolic solution of DPPH radical (G0) in 4 mL cuvettes. Final
extract which exhibited ODC inhibition was recently reported concentrations of the cranberry extracts and standards ranged from 1

to include flavonol glycosides and proanthocyanidi2®)( to 0.001 mg/mL depending on the sample (lower concentrations were
Guthrie reported that two cranberry extracts inhibited prolifera- used for pure compounds). After a reaction period of 60 min at room
tion of MCF-7 and MDA-MB-435 breast cancer cel®lJ; the temperature, absorbances were measured at 515 nm. The percent

esdecrease in absorbance was recorded for each concentration, and percent
with Peruvian medicinal plants we have used tumor cell quenching of DPPH radical was calculated on the basis of the observed

. . P i ide f . . decrease in absorbance of the radical. Concentration/% absorbance
Cytotoxicity assays "?' Var'_ous cell lines to g_u' e ra_‘Ct'Onat'o_n_ change curves were used to find the concentrations at which 50% radical
of plant extracts and identify compounds active against Specific scavenging occurred (&§. These values are reported in micrograms
tumor cell lines 22). Using this approach, we screened cranberry per milliter in Tables 1and 4.

active species have not yet been reported. In previous studi

extracts for antitumor activity in H460, ME180, DU145, MCF- HPLC Analysis of Cranberry Extracts. The ethyl acetate fractions
7, HT-29, PC3, and K562 cell lines and herein report our initial and subsequent column fractions containing flavonol glycosides were
findings. analyzed on a Waters 150 3.5 mm i.d. Novapak C18 RP column,
using a binary solvent system: solvent A, 2% acetic acid; solvent B,
MATERIALS AND METHODS methanol in 2% acetic acid. A program of isocratic elution with 100%
Plant Material. Fresh berries of the cranberry.(macrocarpoh A from 0 to 10 min, a linear gradient to 100% B from 10 to 45 min,
Stevens variety, were harvested in October 1999 from cranberry bogsand isocratic elution with 100% B from 45 to 60 min at a flow rate of
in Wareham, MA, and kept frozen at20 °C until use. 0.8 mL/min was used. PDA detection was used to monitor effluent
Reagents. All reagents were of analytical grade. Dimetlugl- from 250 to 700 nm.
sulfoxide (DMSO), CROD, DPPH, Trolox (6-hydroxy-2,5,7,8-tetra- Quantification of Total Flavonol and Anthocyanin Content in
methylchroman-2-carboxylic acid), 4-hydroxycinnamic agu@céu- Whole Berries. Total flavonol and anthocyanin content of whole
maric acid), ferulic acid, myricetin, and quercetin dihydrate were cranberries (milligrams of analyte/100 g of fresh weight fruit) was
purchased from Aldrich Chemical Co., Inc. (Milwaukee, WI). determined spectrophotometrically using the method of Lees and Francis

Instrumentation. HPLC analysis and purification were performed  (13).
on a Waters Millenium HPLC system composed of two Waters 515 Isolation of Flavonol Glycosides and Cyanidin 3-Galactosidelo
pumps with a Waters 996 photodiode array detector. Mass spectra wereevaluate the antioxidant activity of these compounds separately,
obtained on a Finnigan TSQ mass spectrometer in EI mode (70 eV). individual flavonol glycosides were isolated and purified directly from
NMR data forH at 300.13 MHz and fof3C at 75.48 MHz were cranberry extract by chromatography in methanol, using a method that
obtained using a Bruker AC-300 NMR spectrometer at room temper- we found to yield greater quantities of the flavonol glycosides than
ature. Chemical shifts were reported relative to tetramethylsilane (TMS) purification of the ethyl acetate extract. Cranberry fruits (1.0 kg) were
as an internal standard. Spectrophotometric DPPH radical-scavengingmacerated and extracted with 80% aqueous methanol. After concentra-

assays were performed on a Shimadzu UV-160-Wigible spectro- tion in vacuo, the extract was loaded on a 400 mm Diaion HP-
photometer. 20 column (Supelco) for removal of salts and carbohydrates by washing
Initial Screening of Cranberry Fruit Extracts for Antioxidant successively with distilled water and 20% aqueous methanol. Antho-

Activity and Inhibition of Tumor Growth. A bioassay-guided cyanins were recovered from the column by eluting with 30% methanol/
fractionation was used to identify whole fruit extracts with strong water containing 5% acetic acid. This fraction was lyophilized and used
antioxidant activity and cytotoxicity toward tumor cells. Extracts were for the isolation of cyanidin 3-galactoside. Proanthocyanidins were
prepared using methods 1 and 2 and tested for ability to scavenge DPPHemoved with 60% methanol/water. The flavonol glycosides were
radicals and to inhibit tumor cell growth. The latter was determined recovered from the column with 80% methanol/water containing 2%
using published procedure23). Cell lines tested included BALB/c3T3, acetic acid. After concentration in vacuo, this extract was loaded on a
H460, ME180, DU145, MCF-7, HT-29, PC3, and K562. The DPPH Toyopearl HW-40C column (Supelco) for further purification, washed
radical-scavenging assay is described below. with distilled water, and eluted with agueous methanol in 2% acetic

Method 1.Frozen whole cranberries (100 g) were macerated in a acid, increasing in methanol content by 20% increments. After
blender containing petroleum ether (300 mL) for 5 min at medium concentration and lyophilization, each fraction was screened for
speed. After vacuum filtration to remove the petroleum ether extract antioxidant activity using the DPPH radical-scavenging assay. The
(1-PE), the solids were similarly macerated in ethyl acetate (200 mL). fraction eluting in 66-80% methanol showed the greatest activity.
After filtration to remove the ethyl acetate extract (1-EA), the remaining HPLC analysis matched that of the ethyl acetate extract described above,
solid was similarly macerated in methanol/2% formic acid (1-ME) (200 showing the presence of nine flavonol glycosid€akie 2).
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Table 1. DPPH Radical-Scavenging Activity and Tumor Growth Table 2. HPLC Analysis of Major Flavonol Glycosides from Cranberry
Inhibition of Initial Fractions Prepared from Whole Cranberry Fruit
ECs for DPPH concn range in which 50% growth retention relative
scavenging inhibition of tumor cells occurs compd time (min) Amax (NM) peak area (%)
fraction (ug/mL) (ug/mL) 1 215 357.7, 256.8 52
1-PE 230 125-500 in all cells? 2 22.7 355.3,261.5 14.7
1-EA 40 125-500 in all cells 3 23.4 354.1, 255.7 24.6
1-ME 140 ~500in all cells 4 24.0 355.3, 255.7 9.3
2-CR 78 >500 in all cells 5 24.3 355.3, 255.7 5.0
2-EA 33 >500 in all cells 6 24.8 351.7,255.7 195
2-AQ 160 >500 in all cells 7 25.1 349.3, 255.7 13.4
2-CME 140 K562 cells: 16-63 8 26.6 354.1,255.4 4.1
HT-29 cells: 31-125 9 27.2 352.9,255.4 4.2

all other cell lines: 63—250

*Cell lines tested: BALB/C3T3, H460, MEL80, DU145, MCF-7, HT-29, PC3 by semipreparative HPLC, and seven of the purified flavonoids

and K562, o ' ’ ' o were present in sufficient quantity for identification B¢ NMR
and further evaluation by the DPPH assay for radical-scavenging

Purification of Flavonol Glycosides and Cyanidin 3-Galactoside. aCF'Y'ty' 'I_'he_ most plentiful of th_ese_ were also evaluated for
Individual flavonol glycosides were purified from the flavonoid fraction ability to inhibit LDL + VLDL oxidation. . .
by semipreparative HPLC on a 3007.8 mm i.d. Nova-Pak HR C18 Structural Elucidation of Newly Identified Flavonoid
column (Waters). A binary solvent system of solvent A (20% methanol Antioxidants from Cranberry. For each sample, the identity
in 2% acetic acid) and solvent B (100% methanol in 2% acetic acid) of the flavonol moiety was first confirmed by comparison of
was used. An isocratic elution program of 75% A and 25% B at 2.0 NMR spectra with published chemical shifts for quercetin and
mL/min afforded collection of eight flavonol glycosides with the  myricetin 26). The seven flavonoids that were present in enough
following retention times:1, 7.5 min;2, 9.1 min;3, 10.3 min:4,11.8  guantity for NMR analysis were found to be monosaccharides.
min; 5, 12.6 min;6, 13.8 min;7, 14.7 min; ands, 16.1 min. _ Structures are shown iRigure 1. Identities ofl, 3, and6—8

Cyanidin 3-galactosidel(Q) was isolated from an aqueous acidic were assigned by comparison’8€ chemical shifts in DMSO-

solution of the crude anthocyanin fraction by column chromatography . . .
on Toyopearl HW-40C. Elution with methanol/water/acetic acid (10: ds or CD;OD with published data on these glycosid2g, 8).

88:2 viv) afforded several reddish bands. The second band to eluter 2 and 4, anomeric proton chemical shifts and coupling
contained only cyanidin 3-galactoside as confirmed by HPLC analysis Constants were used to determine the configuration of attached

using the method described previously. For the purpose of comparisonsugars, and comparisons were made with chemical shift data
with the flavonol glycosides, its DPPH radical-scavenging activity and for monosaccharide moieties reported in the literature. Com-
ability to inhibit LDL oxidation were evaluated. Results of assays on pound2 was identified on the basis of spectral similarities with
the purified compounds are given Trable 4. 1 and6. Wherea has a'H spectrum nearly identical to that
Evaluation of the Antioxidant Activity of Flavonol and Antho- of 1in the region of 6.6-8.0 ppm 29), with chemical shifts at
cyanin Glycosides Several of the more plentiful individual myricetin 5 7 ¢ (d, 5.82 Hz, H-2 6"), 6.40 (d, H-8), 6.19 (d, H-6), its
and quercetin glycosides and cyanidin 3-galactoside were assessed foElnomeric proton signal appearedda.53 ppm { = 2.4 Hz)
general radical-scavenging activity using the DPPH assay described.l_he 13C NMR spectrum showed sign'als in the sugair regic.)n at

above. Results are given Trable 4. Antioxidant quality as measured
by the ability of each antioxidant to inhibit the oxidation of low-density 0 103.9, 85.3, 82.0, 76.7, and 60.4 ppm. Hence, we concluded

lipoproteins was also determined using a published procedige (  that _2 was th? knOWf‘ flavonol egcosiQe myr_icetin B~
Briefly LDL + VLDL was isolated from plasma and oxidized with ~ arabinofuranoside, which has been previously isolated from

cupric ion under physiological conditions of pH and temperature. leaves ofMyrsine africanaand other plants30).

Oxidation was measured by thiobarbituric acid reactive substances 'H NMR signals for4 in CD;OD showed a quercetin aglycon

(TBARS). The concentration necessary to inhibit the oxidation 50% [§ 7.60 (1H), 7.57 (1H), 6.85 (1H), 6.39 (1H), 6.20(1H)],

versus the control (E) was calculated. Vitamin E, quercetin, and  \yhereas the sugar moiety gave a doublet anomeric proton at

myricetin standards were included for comparison. Results are giveng 1g 0= 6 Hz), as well as other protons &8.76 (dd), 3.45

in Table 4. 3.54 (m), 3.40 (d), 3.34 (s), and 3.10 (dd). The &€ NMR

signals in the sugar regioo (7.7, 75.4, 71.2, 67.4) suggested

that4 was quercetin 3-xyloside, based on comparison with data
Fraction 2-CME showed activity against K562 (human on other reported xyloside29). Although this compound has

chronic myelogenous leukemia) and HT-29 (human colon been reported in other plants, for examplgpericum pulchrum

RESULTS AND DISCUSSION

adenocarcinoma) cell lines with §gvalues in the range of 16 (31) andPotentilla anserind.. (32), we did not find complete
125ug/mL, as compared to the crude extract that only showed 'H and3C NMR data in the literature. FulfC NMR data on
50% growth inhibition at concentratiors500xg/mL in all cell 4 are given in Table 3. The amount®fsolated was insufficient

lines. All other fractions from methods 1 and 2 inhibited tumor for structure determination.
cell growth nonselectively and at much higher concentrations Cyanidin 3-galactosid&0 was identified on the basis of its
(seeTable 1). Further isolation and identification of the active UV —visible spectral characteristicd (zx = 515.3 and 279.3
compounds from 2-CME is underway. nm) and the known anthocyanin composition of cranberfag (
DPPH assays found the strongest radical-scavenging activitywhich includes cyanidin 3-galactoside, cyanidin 3-arabinoside,
(EGso = 30—40 ug/mL) in the ethyl acetate soluble extracts peonidin 3-galactoside, and peonidin 3-arabinoside. Of these,
(fractions 1-EA and 2-EA). Radical-scavenging activities of the cyanidin and peonidin galactosides are the most abundant. Due
fractions are given imable 1. HPLC analysis of our extracts  to difficulty in separating the other anthocyanins using our
with PDA detection showed that the extracts were composed preparative HPLC method, only cyanidin 3-galactoside was
primarily of nine flavonol glycosides, with maximum absorbance isolated in a pure enough form to be used in the antioxidant
wavelengths near 350 nmdble 2). Eight of these were purified  comparison study.
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Table 3. 13C NMR Chemical Shifts of Cranberry Flavonol Glycosides?
(Parts per Million)

carbon 1 2 3 4 6 7 8

C-2 156.2 1564 1562 1520 1564  157.2  156.0
C-3 1338 1333 1335 1300 1333 1348 1345
C-4 1774 1778 1774 1795 1776 1782 1785
C-5 161.2 1612 1612 1620 1612 1618  160.2

C-6 98.7 98.7 98.7  100.1 98.9 99.6  101.2
C-7 1642 1643 1644 1663 1649 1653 1658
C-8 93.4 93.5 93.5 94.9 93.7 94.5 95.4

C-9 156.2 1564 1563 1586  156.8 1580  158.4
C-10 1039 1039 1038 1001  103.7 1045 1045
c-1' 1202 1193 1216 1234 1217 1215 1237
c-2' 1085 1080 1152 1162 1156 1161 1147
C-3 1454 1457 1448 1430 1452 1460 1490
C-4' 136.7 1369 1485 1460 1486 1490 1490
C-5' 1454 1457 1156 1174 1156 1162 1161
C-6' 1085 1076 1211 1232 1209 1214 1214
c-1" 1020 1039 1018 1047 1078 1023  101.2

c-2" 71.2 76.7 71.2 75.4 76.9 70.9 73.3
C-3" 733 82.0 73.2 7.7 82.1 712 75.2
C-4" 68.0 85.3 67.9 712 85.9 71.7 70.2
C-5" 75.9 60.4 75.8 67.4 60.7 70.6 77.4
C-6" 60.0 60.1 18.0 62.3
OMe 571

aSolvents: 1, 2, 3, and 7 were dissolved in DMSO-dg; 4, 6, and 8 were dissolved
in CD30D.

Table 4. DPPH Radical-Scavenging Activities and Inhibition of
Lower-Density Lipoprotein Oxidation by Cranberry Flavonoids and
Anthocyanins Compared to Standard Antioxidants

DPPH assay LDL + VLDL assay
ECso ECso ECso
compd («g/mL) (uM) (uM)
OH
M OH myricetin 3-galactoside 11.0 229 5.53
o-H S o-H myricetin 3-arabinoside 7.8 17.3 3.54
H H quercetin 3-galactoside 9.6 20.7 4.32
HO' OH HO OH quercetin 3-rhamnoside 12.0 27.7 9.20
quercetin 3-arabinoside 15.0 34.6 6.13
H H H H quercetin 3-xyloside? 1.97
- - cyanidin 3-galactoside 35 7.7 1.45
R3 = rhamnopyranose R4 =xylose Trolox or vitamin E 75 30.0 2.92
Figure 1. Flavonoids and anthocyanins isolated from cranberry fruit. myricetin 8.5 26.7 3.35
quercetin dihydrate 9.3 275 2.33
Our findings on the identities of flavonol monoglycosides aThe small quantity isolated did not permit DPPH evaluation.

3, 6, and7 in cranberry fruit agreed with those of Francis. In

addition we have tentatively identified three additional mono- activity of cranberry fruit, based on our observation that the
saccharide derivatives of myricetin and quercetin in cranberry flavonoid-rich ethyl acetate extract had greater activity than other
fruit (2, 4, and 8). The flavonoids found are identified as extracts. The other extracts were not fully characterized in our
myricetin 3$-galactoside X), myricetin 3e-arabinofuranoside  study. When tested individually, each flavonoid exhibited dose-

(2), quercetin 35-galactoside J), quercetin 3-xyloside 4, dependent radical-scavenging activity in the presence of the
quercetin 3e-arabinofuranoside6j, quercetin 3a--rhamno- DPPH radical. Eg values for the isolated flavonol glycosides
pyranoside ), and 3-methoxyquercetin/2-galactosideg). 1°C and several standard antioxidants are givermable 4. The
NMR data are summarized ifable 3. Francis and Puski3g) antioxidant activities of each flavonol glycoside varied some-

reported finding myricetin 3-digalactoside on the basis of what but only moderately, ranging from 17.3 to 34M.
identification by cellulose chromatography, and Hakkinen and Myricetin and quercetin were found to be slightly less active
Auriola (18) reported finding a dipentose of quercetin on the in this assay than most of their glycosides. Myricetin 3-arabi-
basis of mass spectrometry. We did not identify any disaccha- noside @) was the most active flavonol species tested{FE
rides in our flavonoid fraction; however, two of the flavonoids 17.3 uM). Previous reports on the DPPH-radical scavenging
eluting in our fraction (compounds and?9 listed in Table 2) activity of various flavonoids indicated less activity for the
were not isolated in enough quantity for identification by NMR. galactoside and rhamnoside of quercetin than quercetin itself
It is possible that these may be the previously reported (35). We also observed this for the quercetin rhamnoside;

disaccharides. however, we found the plentiful quercetin galactosig)enfore
Radical-Scavenging Activities of Major Flavonol Glyco- active than free quercetin and nearly as active2a# the
sides in Cranberry Fruit. Initial fractionation of whole lipoprotein oxidation assayTéble 4), the flavonol glycosides

cranberry fruit and subsequent DPPH assays indicated thatwere able to prevent lipoprotein oxidation at micromolar
flavonoids play a significant role in the radical-scavenging concentrations. The glycosides exhibit somewhat lower activity
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than their aglycons quercetin and myricetin with the exception  (5) Vinson, J. A.; Su, X.; Zubik, L.; Bose, P. Phenol antioxidant

of quercetin xyloside (E& = 1.97uM), which was more active quantity and quality in foods: Fruitd. Agric. Food Chen2001,

than quercetin (2.3@M), myricetin (3.354M), or tocopherol 49, 5315-5321. _ _

(2.92 uM) standards. (6) loku, K.; Tsushida, T.; Takei, Y.; Nakatani, N.; Terao, J.
More striking perhaps is the antioxidant activity of cyanidin Antioxidative activity of quercetin and quercetin monoglucosides

in solution and phospholipid bilayerBiochim. Biophys. Acta
1995 1234 99-104.
(7) Pietta, P.-G. Flavonoids as antioxidardtsNat. Prod.200Q 63,

3-galactosidelO. Initial DPPH assays showed less activity in
crude anthocyanin-containing fractions, yet the purified cyanidin

glycoside was found to be even more effective than the flavonol 1035-1042.

glycosides and the standards in scavenging free rac_ilca_ls, with (8) Gamez, E. J. C.: Luyengi, L.; Lee, S. K.; Zhu, L.-F.; Zhou, B.-
an EGo of 7.7 uM compared to 17.3uM for myricetin N.; Fong, H. H. S.; Pezzuto, J. M.; Kinghorn, A. S. Antioxidant
3-arabinoside and 3@M for Trolox. Its antioxidant quality was flavonoid glycosides fronDaphniphyllum calycinumJ. Nat.

the highest of all the compounds tested in the LBLVLDL Prod. 1998 61, 706-708.

oxidation assay, with an Egof 1.45uM compared to 1.97 (9) Vinson, J. A.; Dabbagh, Y. A.; Serry, M. M.; Jang, J. Plant
uM for quercetin xyloside and 2.92M for tocopherol (vitamin flavonoids, especially tea flavonols, are powerful antioxidants
E). Analysis of total anthocyanin and flavonol content of our using an in vitro oxidation model for heart diseade Agric.
berry samples showed a slightly higher content of anthocyanins Food Chem1995 43, 2800-2802. _

(36.45+ 3.12 mg/100 g of berries) than flavonols (27.89 (10) Wang, S. Y.; Jiao, H. Scavenging capacity of berry crops on

superoxide radicals, hydrogen peroxide, hydroxyl radicals, and
singlet oxygenJ. Agric. Food Chem200Q 48, 5677-84.

(11) Wang, S. Y.; Stretch, A. W. Antioxidant capacity in cranberry
is influenced by cultivar and storage temperatdrédgric. Food

2.76 mg/100 g of berries). Further isolation and evaluation of
anthocyanins is underway.
Other phenolic classes such as catechins and cinnamic acids

fou.nd in cranberry are qapable of significant antioxidant actiyity, Chem.2001, 49, 69-974.

which varies as a function of structur@g( 37). Proanthocyani- (12) Heinonen, I. M.; Lehtonen, P. J.; Hopia, A. |. Antioxidant activity
dins from cranberry have been observed to associate with LDL of berry and fruit wines and liquors. Agric. Food Chenil998

in vitro and increase the lag time of copper-induced LDL 46, 24—31.

oxidation, presumably due to their ability to bind to LDL and  (13) Fuleki, T.; Francis, F. J. Quantitative methods for anthocyanins.
remain associated38). This lipoprotein-bound antioxidant 4. Determination of individual anthocyanins in cranberry and
activity has also been demonstrated for catechins, hydroxy- cranberry productsl. Food Sci.196§ 33, 471-478.
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