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Cranberry Phytochemicals: Isolation, Structure Elucidation, and
Their Antiproliferative and Antioxidant Activities
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Bioactivity-guided fractionation of cranberries was used to determine the chemical identity of bioactive
constituents. Twenty compounds were isolated using gradient solvent fractionation, silica gel and
ODS columns, and preparative RP-HPLC. Their chemical structures were identified using HR-MS,
1D and 2D NMR, and X-ray diffraction analysis. Antiproliferative activities of isolated compounds
against HepG2 human liver cancer and MCF-7 human breast cancer cells were evaluated. Among
the compounds isolated, ursolic acid, quercetin, and 3,5,7,3',4'-pentahydroxyflavonol-3-O-3-b-
glucopyranoside showed potent antiproliferative activities against HepG2 cell growth, with ECsq values
of 87.4 £ 2.7,40.9 £+ 1.1, and 49.2 4+ 4.9 uM, respectively. Ursolic acid, quercetin, and 3,5,7,3',4'-
pentahydroxyflavonol-3- O-3-p-glucopyranoside showed potent inhibitory activity toward the proliferation
of MCF-7 cells, with ECso values of 11.7 + 0.1, 137.5 &+ 2.6, and 23.9 + 3.9 uM, respectively.
Quercetin, 3,5,7,3',4'-pentahydroxyflavonol-3- O-f-p-glucopyranoside, 3,5,7,3',4'-pentahydroxyflavonol-
3-0O-f-p-galactopyranoside, and 3,5,7,3',4'-pentahydroxyflavonol-3-O-a-L-arabinofuranoside showed
potent antioxidant activities, with ECs, values of ~10 uM. These results showed cranberry
phytochemical extracts have potent antioxidant and antiproliferative activities.
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INTRODUCTION this research was to isolate and identify the bioactive compounds
Cranberries\(accinium macrocarpdna native fruit in North of cranberries with potent antiproliferative and antioxidant
| activities.

America, have attracted public attention due to their potential
health benefits. Recently, cranberries have been found to be
rich in phenolics, which exhibit potent antioxidant activity, ( ~ MATERIALS AND METHODS

2), prevent bacterial adhesion to host cells in urinary tract  pjant Material. Cranberries (V. macrocarpon) of Stevens cultivar

infections ofEscherichia coliand stomach ulcer8¢5), as well were provided by the Cranberry Institute (Wareham, MA). They were
as the co-aggregation of many oral bactefia?®), exhibit in harvested in October 2004 and were stored-40 °C until use.
vitro anticancer activity X, 8), protect against lipoprotein Reagents. All chemicals used in the study, such as methanol,

oxidation (9,10), and reduce cholesterol in vivd1). Many of acetone, hexane, ethyl acetate, dichloromethanepdndanol, were
these bioactivities have been linked to the presence of a very©f analytical grade and were purchased from Mallinckrodt Chemicals
wide variety of phytochemicals in cranberries. The attractive (Phil_lipsburg, NJ). A_II deuteriated solvent_s,_chloroform-d, methanol-
bright red appearance and distinctive flavor of the cranberry d., dimethyl-g sulfoxide, and acetoné, pyridine-g, for NMR meas-

. . . . . . urement were purchased from Sigma-Aldrich, Inc. (St. Louis, MO).
are due to its gn_lque flavonoids)(including a_nthocyanlnsl.e), Randomly methylated-cyclodextrin (RMCD) for antioxidant activity
proanthocyanidins (4), and flavonol glycosid@8,(14). Some  ,ssay was obtained from Cyclodextrin Technologies (High Springs,
triterpenoids were also identified from cranberries, which have FL). 2,2'-Azobis(amidinopropane) was purchased from Wako Chemi-
shown strong bioactivities against tumor cell proliferatitf)( cals (Richmond, VA). Dichlorofluorescein diacetate was purchased from

In continuing efforts to seek bioactive components from fruits, Sigma-Aldrich.
vegetables, and other natural products, bioactivity-guided Chromatographic Materials. Silica gel for column chromatography,
fractionation of cranberries was used to determine the identity 230—400 mesh, and precoated silica gel 60 TLC plates were purchased
of bioactive compounds that inhibit tumor cell growth and may from Merck KGaA (Darmstadt, Germany). Precoated Rp-18 TLC plates

play a role in cancer prevention and therapy. The objective of Were obtained from Macherey-Nagel (Duren, Germany). Diaion HP-

20 was purchased from Supelco, Inc. (Bellefonte, PA). Octadecylsilane

N - -  (ODSs) for open column chromatography was purchased from Aldrich
Corresponding author [telephone (607) 255-6235; fax (607) 254-4868; Chemical Co., Inc. (Milwaukee, WI). The 100 7.8 mm i.d., 5um,

e-mail RL23@cornell.edu]. . .
TDepartme@r)n of Food S]cience. XTera MS Gg semipreparative HPLC column was purchased from

*Institute of Comparative and Environmental Toxicology. Waters Corp. (Milford, MA).
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Instrumentation. HPLC analysis and purification were performed
on a Millennium HPLC system composed of two 515 pumps with a
2480 UV-visible detector (Waters Corp.). All NMR spectra were
obtained on a Varian INOVA 400 NMR spectrometer (Varian, Inc.,
Palo Alto, CA) operating at 400 MHz for proton and 100 MHz for
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CH:CIl,/MeOH (5:1) fraction, and compourtl(15.1 mg) was obtained
from the CHCI,/MeOH (4:1) fraction, respectively. The methanol
elution (5.25 g) of the butanol fraction was subjected to silica gel
column (200x 75 mm) and eluted with C¥Cl,/MeOH/H,O. The
fraction eluted with CHCIl,/MeOH/H,O (80:20:1.5) was purified by a

carbon. Mass spectra were obtained on an ESI-TOF Il mass spectromssilica gel column (300< 25 mm) and eluted with C¥CI,/MeOH with

eter (Micromass, Wythenshawe, U.K.) equipped with an orthogonal

a gradually increased ratio of methanol. Compoun@7.3 mg) was

electrospray source (Z-spray) operated in positive ion mode. Optimal obtained from the CKCl./MeOH elution (20:1, v/v) as a colorless

ESI conditions were as follows: capillary voltage, 3000 V; source
temperature, 118C; and cone voltage, 55 V. The ESI gas was nitrogen.

crystalline solid from methylene dichloride. Compou8d40.5 mg)
was obtained from CkCl/MeOH (10:1) elution.

Data were acquired in continuum mode until acceptable averaged data Measurement of Inhibition Activity on Tumor Cell Proliferation.

were obtained.

Extraction, Isolation, and Purification Procedures of Bioactive
Constituents from Cranberries. Fresh cranberries of Stevens cultivar
(7.0 kg) were homogenized for 5 min with chilled 80% acetone (1:2,
w/v) using a chilled Waring blended). Samples were then homog-
enized further using a Polytron homogenizer for an additional 3 min.

Antiproliferative activities of all fractions and pure compounds isolated
from cranberries were measured by the MTS assay (MTS-based cell
titer 96 non-radioactivity cell proliferation assay) (Promega, Madison,
WI) described previouslyl{ 16). HepG2 cells [American Type Culture
Collection (ATCC), Rockville, MD] were maintained in Williams
medium E (WME), containing 10 mM Hepes &/mL insulin, 2.9/

The homogenates were filtered, and the filtrate was evaporated undermL glucagon, 0.0%g/mL hydrocortisone, and 5% fetal bovine serum
vacuum at 45C until ~#90% of the filtrate had been evaporated. The (Gibco Life Technologies, Grand Island, NY). HepG2 cells were
residue was then resuspended in 4000 mL of water and extracted withmaintained at 37C in 5% CQ in an incubator. A total of 2.5 10*
the same volume of ethyl acetate and then extracted three times withHepG2 cells in growth media were placed in each well of a 96-well
water-saturatea-butanol. flat-bottom plate. After 4 h of incubation at 3T in 5% CQ, the

The ethyl acetate fraction (59.0 g) was further purified by silica gel 9rowth medium was replaced by media containing different concentra-

chromatography (2306400 mesh, 300 75 mm) and eluted with a
CH,Cl,/MeOH gradient elution (the ratios of GBI,/MeOH were from
100:0 to 0:100). The C¥l, eluant (11.4 g) was further subjected to
silica gel column chromatography (250 50 mm) and eluted with
hexane/ethyl acetate (10:1), and compoli{100.3 mg) was purified
from this fraction. The fraction eluted with GBI,/MeOH (100:1, 100.0
mg) was purified by silica gel column (380 10 mm) with hexane/
ethyl acetate, and compour®d(5.6 mg) was obtained from hexane/
ethyl acetate (20:1) elution. The fraction (350.0 mg) eluted with@A
MeOH (100:1) was further applied to a silica gel column (20@0
mm) using hexane/ethyl acetate (100:0 to 0:100), and compa@nd

tions of fruit extracts and purified compounds. Control cultures received
the extraction solution minus the fruit extracts, and blank wells
contained 10QuL of growth medium with no cells. After 96 h of
incubation, cell proliferation was determined by colorimetric MTS
assay. Cell proliferation (percent) was determined at 96 h from the
MTS absorbance (490 nm) reading for each concentration compared
to the control. At least three replications for each sample were used to
determine the cell proliferation.

MCF-7 human breast cancer cells (ATCC, Rockville, MD) were
maintained at 37C with 5% CQ in minimum essential medium alpha
medium (MEM) containing 10 mM Hepes, 1@/mL insulin, 50 units/

(40.7 mg) was obtained from hexane/ethyl acetate (10:1) elution. The ML penicillin, 50 ug/mL streptomycin, 10Qg/mL gentamicin, and

fraction (1001.3 mg) eluted with GiEl,/MeOH (100:3) was further
separated by a silica gel column (2%025 mm) using hexane/ethyl
acetate, and compourid (12.1 mg) was isolated from the hexane/
ethyl acetate (20:1) eluant, compouB42.0 mg) was isolated from
hexane/ethyl acetate (10:1) eluant, and compadbir{d0.0 mg) was
purified from hexane/ethyl acetate (5:1) eluant, respectively. The
CHCl/MeOH (10:1) eluant (1.4 g) of the cranberry ethyl acetate
fraction was chromatographed on a silica gel column (385 mm)

10% fetal bovine serum (Gibco Life Technologies). MCF-7 cells in
growth media were placed in each well of a 96-well flat-bottom plate
at a concentration of 2.5 10* cells/well. Antiproliferative activities
to the MCF-7 cell line of all fractions and pure compounds isolated
from cranberry extracts were measured using the same procedures
described above.

Measurement of Antioxidant Activity Using Peroxyl Radical
Scavenging Capacity (PSC) AssayAntioxidant activities of extracts

using hexane/acetone (10:1) as solvent. Then the subfraction was furthend pure compounds were determined according to the PSC assay

purified on semipreparative HPLC using the XTerg €lumn, which
was eluted isocratically with 79% methanol in water at a flow rate of
2.5 mL/min. Three triterpenoids, compound$ (55.1 mg),12 (3.2
mg), and13 (3.1 mg), were obtained at retention times of 13.5, 32.5,
and 35.0 min, respectively. The later gL/MeOH (10:1) eluant

described previously (17). Just prior to use in the reaction,10@f
2.48 mM dichlorofluorescein diacetate was hydrolyzed to dichloro-
fluorescein with 893:L of 1.0 mM KOH for 5 min in a vial to remove
the diacetate moiety and then diluted with 7 mL of 75 mM phosphate
buffer (pH 7.4). 2,2Azobis(amidinopropane) (200 mM) was prepared

(13.0 g) of cranberry ethyl acetate fraction was separated by a silica fresh in the buffer and was kept at@ between runs. In an assay, 100

gel column (300x 50 mm) with a CHCI,/MeOH solvent system,
yielding compound45 (1.2 mg) and20 (14.0 mg) from CHCI,/MeOH
50:1 and 5:1 fractions, respectively. The £y/MeOH (5:1) elution

uL of pure compounds or extracts was diluted in 75 mM phosphate

buffer (pH 7.4) and then transferred into reaction cells on a 96-well
plate, and 10@L of dichlorofluorescein was added. The 96-well plate

(4.73 g) of the cranberry ethyl acetate fraction was applied to a silica Was loaded into the Fluoroskan Ascent fluorescence spectrophotometer

gel column (450x 35 mm) using CHCI,/MeOH as eluant, and
compoundl8 (2.2 mg) was obtained from the GEl/MeOH (10:1)
fraction. The CHCI,/MeOH (4:1) eluant (2.75 g) of the cranberry ethyl
acetate fraction was separated by a silica gel column ¢3@&2 mm)
using CHCI,/MeOH (8:1) as eluant, and two flavonoid glycosides,
(10.0 mg) andl7 (15.0 mg), were obtained.

The butanol fraction (204.0 g) of cranberry extracts was subjected
to a Diaion HP-20 column (55& 55 mm) and eluted with 3000 mL
of water, 30% methanol (v/v), 50% methanol (v/v), and methanol,
respectively. The water eluant (68.95 g, of which 25.10 g was taken
for further isolation) was applied to a silica gel column (32050
mm) and eluted with CkCl,/MeOH, and compouné (268.0 mg) was
obtained from CHCI,/MeOH (5:1) elution. The 30% methanol eluate
(16.50 g) was further purified by silica gel column (23600 mesh,
235 x 75 mm) and eluted with Cl/MeOH with a gradually
increased ratio of methanol. Compouh¢505.2 mg) was isolated from
CH.CI/MeOH (10:1) elution, compoun& (12.1 mg) was from the

(Thermo Labsystems, Franklin, MA), and the solution in each cell was
mixed by shaking at 1200 rpm for 20 s. The reaction was then initiated
by adding 5Q:L of 2,2'-azobis(amidinopropane) from the autodispenser
on the equipment. Each set of dilutions for a replicate and control was
analyzed three times in adjacent columns. The reaction was carried
out at 37°C, and fluorescence was monitored at 485 nm excitation
and 538 nm emission with the fluorescence spectrophotometer. The
buffer was used for control reactions. Data were acquired with Ascent
software, version 2.6 (Thermo Labsystems). The areas under the average
fluorescence—reaction time kinetic curve (AUC) for both control and
samples (up to 36 min) were integrated and used as the basis for
calculating antioxidant activity according to the equation

PSC unit=1 — (SA/CA)

where SA is AUC for sample or standard dilution and CA is AUC for
the control reaction using only buffer. Compounds inhibiting the
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Figure 1. Chemical structures of the compounds isolated from cranberries.

oxidation of dichlorofluorescein produced smaller SA and higher PSC (2H, dt,J = 8.7, 1.5 Hz), 7.70 (H, tdJ = 7.5, 1.5 Hz), and
units. The median effective concentration ggGvas defined as the 7.56 ppm (2H, tdJ = 7.5, 1.5 Hz), respectively. There was an
dose required to cause a 50% inhibition (PSC unit 0.5) for each pure gnomeric proton signal at 5.61 ppm (H,Jk= 7.5 Hz), which

compqund or extract._ResuIts were expressed as micromoles of V'tam'nshowed that there was a sugar unit in the molecule. Irii@e
C equivalents per micromole of pure compound or gram of sample

extract+ standard deviation (SD) for triplicate analyses. NMR, there were 13 carbon signals. In the lowest field, there
Solubility of lipophilic compounds was ensured by dissolving them Was a carbonyl carbon (164.8 ppm). From 60 to 100 ppm, there

in 12% RMCD prepared in 50% acetone in water. The fluorescent dye Were 6 carbon signals altogether. From the carbon signals in

was prepared by hydrolyzing il of 2.48 mM dichlorofluorescein 13C NMR, DEPT, and the signals 8H NMR, the sugar was

diacetate with 89&L of 1.0 mM KOH and then diluted with 7 mL of identified as a glucose unit. Thé-configuration of glucose

75 mM phosphate buffer (pH 7.4). The reaction mixture of the lipo- \yas drawn from the coupling constant of the anomeric proton

PSC assay contained 100 of appropriate dilutions of pure compounds (J = 7.5 Hz). From the above analysis, compoundas iden-

in 12% RMCD, 10QuL of dichlorofluorescein, and 50L of 200 mM tified as benzoic aci lucoovranoside. The X-rav diffraction
2,2-azobis(amidinopropane). Control reactions used 12% RMCD. The zoic acid--glucopy Ide. -ray di !

reaction conditions, data acquisition, and processing were as describe@n@lysis showed the configuration of compoun(iL8).
above for the hydro-PSC assay. The AUC was calculated up to 40 Compound2, a white amorphous power, was obtained from

min as described previously. the n-butanol fraction of cranberries. High-resolution TOF-MS
showed the ion [MH+ Na]™ at 439.1149, corresponding to its
RESULTS AND DISCUSSION molecular formula GH,4011. In the lower field of théH NMR,
Structure Identification of the Purified Compounds. The it also showed monosubstituted signals, which were at 8.12
chemical structures of compountts 20 are shown irFigure 1. (2H, dt,J = 8.2, 1.2 Hz), 7.45 (H, td) = 7.2, 1.2 Hz), and

Compoundl, colorless cubic crystals from methanol, was 7.30 ppm (2H, tdJ = 7.5, 1.2 Hz), respectively. There were
one of the main constituents of cranberries. The molecular two anomeric proton signals at 6.59 (H, #i= 7.8 Hz) and
formula was inferred as gH1¢07 according to its MSIH and 5.69 ppm (H, dJ = 2.1 Hz), respectively. In thC NMR and
13C NMR, and DEPT spectra. In the lowest field bf NMR, DEPT spectra, there were 18 carbon signals, which consisted
it showed monosubstituted benzene characteristic signals at 8.04f 2 quaternary carbons, 14 methines, and 2 methylenes. There
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were two anomeric carbon signals at 110.6 and 97.0 ppm, Taple 1. Antiproliferative Activities (ECso) and Cytotoxicity (CCsg) of
respectively, which showed there were two sugar units in the Compounds Isolated from Cranberries against HepG2 Human Liver

molecule. When thé3C NMR spectrum of compoung was
compared to that of compourld the former had an additional
pentose unit in the molecule, and all other carbon signals were
the same. From the proton and carbon signals of the additional
sugar unit, it was identified as ararabinose. The carbon signal

at C-6 of glucose was obviously shifted to lower field £H
68.4 ppm. In the HMBC spectra, the anomeric proton signal of
L-arabinose at 5.69 ppm (H, d,= 2.1 Hz) had long-range
correlations with the carbon signal at C-6 of glucose, which
showed that the arabinose was linked at the C-6 of glucose.
Combined with the above analysis, compo@ndas identified

as benzoic acid-L-arabinopyranosyl (1-6)-4-p-glucopyrano-
side. Compoun is a new compound, which has not been
reported in the literature.

Compound3 was a colorless cubic crystal from methanol.
It was identified as benzoic acid according to its MS ahkd
and 13C NMR spectra. Benzoic acid is a very common food
additive, used as an antimicrobial agent in foods. Here we
showed benzoic acid was one of the main constituents of cran-
berry extracts, which may be responsible for the antimicrobial
activity of cranberries.

The ESI-MS of compound showed the ion [M— H]~ at
325, and its molecular formula was inferred agH;gOg on
the basis of the analyses' and'3C NMR and DEPT spectra.
The proton signals at low field at 7.58 (2H, brd= 8.7 Hz)
and 6.80 ppm (2H, br d] = 8.7 Hz) were characteristic 1,4-
disubstituted benzene protons. The pair of proton signals at
7.65 (H, d,J = 15.9 Hz) and 6.40 ppm (H, d, = 15.9 Hz)
were trans-olefinic protons, which were conjugated with a
carbonyl group. There was an anomeric proton signal at 5.46
ppm (H, d,J = 8.4 Hz). There were 15 carbon signals in the
13C NMR spectra, which consisted of 1 carbonyl carbon, 8
olefinic carbons, 1 anomeric carbon, and 5 oxygenated carbons
The sugar unit was determined to bglucose when compared
to that of compound.. The coupling constant of the anomeric
proton (&1-n2 = 8.4 Hz) indicated it had #-configuration.

On the basis of the above analysis, compodnehs identified
as 1-[3-(4-hydroxyphenyl)-2-propenoajep-glucopyranoside,
which was consistent with literature reports (19).

The ESI-MS of compouné gave the [M— H]~ ion atm/z
167, and its molecular formula ofgHgO4 was inferred from
its 'H and 13C NMR spectra. In théH NMR spectrum, there
was a low-field ABX spin system at 7.46 (H, d,= 7.9 Hz),
6.84 (H, dd,J = 7.9, 1.5 Hz), and 7.44 ppm (H, d,= 1.5
Hz). Therefore, compounslwas a 1,3,4-trisubstituted benzene
derivative. In the high field of théH NMR, there was an
oxygenated methyl group at 3.80 ppm (3H, s), and it had eight
carbon signals in thé3C NMR. At lowest field, there was a
carbonyl carbon signal (167.3 ppm). According to the above
analysis, compound was determined to be 3-methoxy-4-
hydroxybenzoic acid. Compoun@ was determined to be
p-hydroxybenzoic acid according to its M%] and*3C NMR,
and DEPT spectra.

Compound? was colorless, long-needle crystals isolated from
the n-butanol fraction of cranberry extracts. The molecular
formula of GHgOs was inferred from its MS andH and13C
NMR. There were four groups of signals in the proton NMR
spectrum, including a pair of geminal protons at 2.62 (H, dd,
J=15.9, 5.1 Hz) and 2.48 (H, dd,= 15.9, 7.2 Hz) ppm, an
oxygenated methine proton signal at 4.33 (H, dd= 7.2,

5.1 Hz) ppm, and an oxygenated methyl signal at 3.62 ppm
(3H, s). Two carbonyl carbons, an oxygenated methine, an

Cancer Cells and MCF-7 Human Breast Cancer Cells

HepG2 cells MCF-7 cells
compd ECso (‘MM) CCso (/AM) EC50 (ﬂM) CC50 (,uM)
1 >500 >500 >500 >500
2 >625 >625 >625 >625
3 >2500 >2500 >2500 >2500
4 >625 >625 >625 >625
5 >2500 >2500 >2500 >2500
6 >1000 >1000 >1000 >1000
7 >1000 >1000 >1000 >1000
8 >1000 >1000 >1000 >1000
9 >500 >500 >500 >500
10 671.78 £ 6.06 >1000 >1000 >1000
11 87.35+2.74 >200 14,35+ 1.77 18.25+0.64
14 >500 >500 227.86 £ 4.57 385.13 +£45.38
15 4090+ 1.12 >200 137.46 + 2.55 >200
16 49.22 +4.90 >500 23.90 +3.86 >500
17 >500 >500 >500 >500
19 >1000 >1000 >1000 >1000
20 >625 >625 >625 >625

oxygenated methyl, and a methylene were shown in#e
NMR spectra. It was determined to béhydroxybutanedioic
acid 1-methyl ester. This structure was reconfirmed by the X-ray
diffraction analysis showing that C-2 had tReconfiguration
(20).

The IH and 13C NMR spectra of compoun8 were very
similar to those of compound, except for lacking an oxygen-
ated methyl signal, and it was determined to be)2{ydroxy-
butanedioic acid.

Compound9 was obtained as colorless cubic crystals from
the n-butanol fraction of cranberry extracts, and it was one of
the main constituents of cranberries. The molecular formula was
inferred as @H1,0¢ according to its TOF-MS antH and13C
NMR spectra. There was a carbonyl carbon signal at 175.7 ppm
and four oxygenated carbon signals at 75.6 (quaternary carbon),
74.5 (CH), 69.0 (CH), and 66.8 ppm (CH), respectively. In the
high field of the!3C NMR, there were two saturated methylene
signals at 40.5 and 37.5 ppm. Compouhdvas identified to
be quinic acid on the basis of analysis of the above spectra.
The stereochemistry of compoufdvas determined by X-ray
diffraction analysis and identified as RI3R,4R,5R)-1,3,4,5-
tetrahydroxycyclohexanecarboxylic acid, which was the same
as reported previously (21). Compou@ was identified as
maleic acid monoethyl ester by comparison oflitsand 13C
NMR with the authentic compound.

Compoundsl1—13 were derivatives of triterpenoids. The
ESI-MS of compound.1 gave the ion [M+ H] T at 457, and
the molecular formula of ¢&H4s03 was inferred from analysis
of H, I3NMR, and DEPT spectra. In théd NMR spectrum,
there were seven methyl groups in the molecule, showing
characteristic peaks at high field. One acid carbonyl signal
appeared at 181.5 ppm in th& NMR spectra. The signals at
139.9 and 126.0 ppm were two olefinic carbons, which implied
there was a carbercarbon double bond in the molecule. On
the basis of the analyses of spectra, compdiihdas identified
as ursolic acid, which was the same as reported previoliS)y (
Compoundll had potent antiproliferative activity against the
HepG2 human liver cancer cell line and the MCF-7 human
breast cancer cell line (Table 1).

Compoundsl2 and13 were a pair of cis and trans isomers,
which had a close retention time on the semipreparative C
HPLC column. The molecular weights of compouridsand
13 were 602, and the molecular formula okd85405 was
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inferred from analysis ofH, 13NMR, and DEPT spectra. In the
IH NMR of compound12, the signals at 7.60 (2H, d,= 8.2

Hz) and 6.83 ppm (2H, d] = 8.4 Hz) showed that there was
a 1,4-disubstituted benzene fragment in the molecule. The
signals at 6.86 (H, d) = 12.6 Hz) and 5.76 ppm (H, d, =
12.6 Hz) were characteristic signals ofs-olefinic protons.
When the 13C NMR spectrum was compared to that of
compoundll, there were nine additional carbon signals, which
were all olefinic protons and appeared at lower fields. Except
for the signals of the A-ring, the carbon signals of the skeleton
of compounddl1l and12 were almost the same. The additional
nine olefinic carbons were identified pshydroxycinnamic acid.
The signal at C-3 of compourit? was shifted downfield from
78.5 ppm in compoundll to 82.4 ppm. Therefore, the
p-hydroxycinnamic acid was linked at C-3. On the basis of the
above analysis, compount2 was identified ascis-3-O-p-
hydroxycinnamoylursolic acid.

The H NMR spectrum of compouni3 was similar to that
of compoundl12 and also had @-hydroxycinnamic acid unit
in the molecule. The difference between these two compounds
was the configuration of the carbecarbon double bond of
cinnamic acid. Thérans-p-hydroxycinnamic acid configuration
was drawn from the coupling constant of 16.0 Hz for the
carbon—carbon double bond 2 with olefinic signals at 7.46
and 6.32 ppm. Therefore, compout8was identified asrans
3-O-p-hydroxycinnamoylursolic acid, the same as reporte
previously (15).

Compoundl4 was obtained as a pale yellow liquid from the
ethyl acetate fraction of cranberry extracts with lower polarity.
The HR TOF-MS spectrum showed the ion [M NaJ*© at
413.2510, and the molecular formula ofs83504 was derived,
combined with analyses of NMR spectra. There were 12 carbon
signals in thé*C NMR spectra, which indicated that compound
14 had symmetric units and each unit had 12 carbon atoms.
For one 12-carbon unit, there were 2 quaternary carbons, 3
methines, 5 methylenes, and 2 methyl groups in the DEPT
spectra. FromH—1H COSY and HMBC spectra, the fragments
of ethyl, 1-pentenyl, and 2-hydroxy-2,3-dehydropyran were
present in the molecule. In the HMBC spectrum, the methyl
signals (0.88 ppm, 3H, ] = 6.6 Hz) in the ethyl group had
correlations with the olefinic carbon (132.4, C-3), and therefore
the ethyl was linked at C-3 of the pyran. The olefinic proton in

d
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Table 2. Antioxidant Activity of Selected Compounds Isolated from
Cranberries (Mean + SD)

PSC value

compd ECso (uM) («mol of vitamin C equiv/umol of compound)
15 8.21+0.81 1.09 +£0.05
16 10.07+£0.24 0.88 £0.07
17 10.34 £ 1.14 0.86 £ 0.08
18 7.39+0.17 1.21+£0.02

signal of the hydroxyl at C-5 of a flavone. Compared with the
NMR data of compoundb5, the aglycone of compourib was
quercetin. There was an anomeric proton at 5.46 ppm (H, d,
J = 7.5 Hz). The signals in th#8C NMR showed 21 carbons

in the molecule. The sugar unit was linked at C-3 according to
its 1H, 13C, and literature data. Compouté was identified as
3,5,7,3,4 -pentahydroxyflavonol-8-3-b-glucopyranoside, which
was identical to the reported data in the literatu2@)(

Compoundl7 had the same aglycone, quercetin, as compound
16. There were 21 carbons in the molecule. The difference
between them was the sugar unit. The sugar was galactose
in compoundl7. Therefore 17 was identified as 3,5,7,3'-
pentahydroxyflavonol-8-j3-b-galactopyranoside (hyperir23).

Compound18 also had the same aglycone, quercetin, as
compoundl6. The TOF-MS gave the ion [M- NaJ* at 457
corresponding to the molecular formula of¢H1011. There
were 20 carbon signals in th& NMR, which showed the sugar
of compoundl8was pentose instead of hexose. By comparison
with the literature, compoundl8 was identified as 3,5,7,3'-
pentahydroxyflavonol-3-O-a-arabinofuranoside.

Compoundg 9 and20were plant sterols, which exist widely
in many plants and were identified Assitosterol and3-sito-
sterol-30-/3-p-glucoside, respectively, according to their TOF-
MS and!H and3C NMR.

Antiproliferative Activities of the Pure Compounds Iso-
lated from Cranberries. All compounds were evaluated for
antiproliferative activities against HepG2 human liver cancer
cells and MCF-7 human breast cancer cells. The antiproliferative
activities and cytotoxicities are summarizedriable 1. Among
the pure compounds isolated from cranberry extracts, com-
poundsll, 15, and16 showed potent antiproliferative activities
against HepG2 cell growth in a dose-dependent manner, with
ECso values of 87.35k 2.74, 40.90+ 1.12, and 49.22 4.90

the 1-pentenyl (7.45 ppm, H, m) unit had correlations with the uM, respectively, whereas they did not display any toxicity at

C-5 (38.7 ppm) carbon of the pyran, and the other olefinic proton
in the 1-pentenyl (7.65 ppm, H, m) had correlations with the
C-5 (38.7 ppm) and C-6 (67.9 ppm) carbons of pyran. On the
basis of the above analysis and its HR-MS spectriinvas
identified as 5-ethyl-6-[3-ethyl-5-Z)-pent-1-enyl)-5,6-dihydro-
4H-pyran-2-ylperoxy]-3-[Z)-pent-1-enyl]-3, 4-dihydro2-py-
ran. Compound4is a new compound that has not been reported
in the literature and is named vaccinperoxypyran.
Compoundd5—18 were flavonoids with different sugar moi-
eties. Compound5 was obtained as a pale yellow powder. It
was identified as quercetin by if$1 and 13C NMR spectra.
CompoundL6 was obtained as a pale yellow powder. The TOF-
MS spectrum showed the ion [M- Na]™ at 487, and the
molecular formula of gH»001» was inferred from!H, 13C
NMR, and DEPT. In theH NMR spectrum, an ABX spin-
coupling system was ascribed to the three protons of the B-ring
of a flavone, with signals at 7.67 (H, ddi= 8.4, 2.4 Hz), 7.51
(H, d, J = 2.4 Hz), and 6.81 ppm (H, dJ = 8.4 Hz),
respectively. The signals at 6.40 (H, H= 2.4 Hz) and 6.20
ppm (H, d,J = 2.4 Hz) were meta-substituted protons of the
A-ring. The signal at 12.64 ppm (H, s) was the characteristic

the concentrations applied in the experiments. Compoutfds
15, and 16 showed potent inhibitory activities against the
proliferation of MCF-7 cells, with E€; values of 11.70 0.06,
137.46 + 2.55, and 23.90+ 3.86 uM, respectively. It is
interesting to note that ursolic acid, compouridshowed potent
antiproliferative activities against the HepG2 cell line and
espccially the MCF-7 cell lines. However, it displayed strong
cytotoxicity to MCF-7 cells, not to HepG2 cells. The discrep-
ancy of ursolic acid against MCF-7 cells and HepG2 cells and
the mechanism of action are worth further investigation.

Antioxidant Activities of the Pure Compounds Isolated
from Cranberries. The antioxidant activities of the 20 pure
compounds were evaluated using the PSC as&a&y. Four
flavonoids (compoundsl5—18) showed potent antioxidant
activities (Table 2). Compound8 had the highest antioxidant
activity with an EGg of 7.39+ 0.17uM, followed by compound
15 (EGso = 8.21+ 0.81uM), compoundl6 (ECso = 10.07+
0.24uM), and compound.7 (ECsp = 10.344+ 1.14uM). The
antioxidant activities of the four flavonoids were comparable
to the activity of vitamin C with PSC value ranging from 0.86
to 1.21umol of vitamin C equiv/umol.
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Whole cranberry phytochemical extracts have been shown
to have potent antioxidant and antiproliferative activiti£sd).
Among the compounds isolated, ursolic acid, quercetin, and
3,5,7,34'-pentahydroxyflavonol-8-3-p-glucopyranoside showed
potent antiproliferative activities against the growth of human
HepG2 liver cancer cells and human MCF-7 breast cancer cells.
Quercetin, 3,5,7,3¥-pentahydroxyflavonol-3-5-b-gluco-
pyranoside, 3,5,7;3V-pentahydroxyflavonol-®-5-p-galacto-
pyranoside, and 3,5,7,8-pentahydroxyflavonol-&-a-L-arab-
inofuranoside, isolated from cranberry extracts, showed potent
antioxidant activities. This further confirmed our hypothesis that
the additive and synergistic effects of phytochemicals in whole
fruits and vegetables are responsible for their potent antioxidant
and anticancer activities and that the health benefits of fruits
and vegetables are attributable to the complex mixtures of
phytochemicals present in whole foods 24,—26).
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