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Bioactivity-guided fractionation of cranberry fruit was used to determine the identity of triterpenoid
esters from Vaccinium macrocarpon, which inhibit tumor cell growth and may play a role in cancer
prevention. In our previous study, a fraction from whole fruit exhibited tumor cell growth inhibition in
vitro. The major components of this fraction were isolated by chromatographic separation of ethyl
acetate extracts, purified by semipreparative HPLC, and identified by NMR as cis- (1) and trans- (2)
isomers of 3-O-p-hydroxycinnamoyl ursolic acid. These triterpenoid esters have not been previously
reported in Vaccinium fruit. Bioassay of the purified triterpene cinnamates in tumor cell lines in vitro
showed slightly greater activity of compound 1 in most cell lines, with GI50 values of approximately
20 µM in MCF-7 breast, ME180 cervical and PC3 prostate tumor cell lines. Quercetin was slightly
less active than 1, while cyanidin-3-galactoside exhibited much lower cytotoxicity, with GI50 greater
than 250 µM in all cell lines. Phenylboronic acid (3) was also isolated from the fruit but showed
insignificant antitumor activity.
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INTRODUCTION

Cranberry (Vaccinium macrocarponAit . Ericaceae), a native
fruit in North America, has attracted public interest as a
functional food, due to its potential health benefits. Recently,
cranberry fruit has been found to prevent bacterial adhesion in
urinary tract infections (UTI) ofE. coli and stomach ulcers
(1, 2), contain significant antioxidant content (3), protect against
lipoprotein oxidation (4), and exhibit in vitro anticancer activity
(5). Many of these biological effects have been linked to the
presence of a wide variety of phenolic compounds in the fruit,
including flavonoids and various small phenolic acids. Cranberry
contained the highest content of total phenolics per serving and
by weight among 20 fruits analyzed in a study published in
2001 (6) and was ranked sixth in overall antioxidant quality.
Ongoing studies in our laboratory have used bioassay-guided
fractionation to determine the identity of compounds in cran-
berry with antioxidant and antitumor activity. We recently

reported on the radical-scavenging activities of the various
flavonol glycosides and anthocyanins in whole cranberry fruit
and their considerable ability to protect against lipoprotein
oxidation in vitro (7).

The anticancer properties of cranberry and the nature of the
compounds that provide protection against tumor promotion and
proliferation has not been fully investigated. Bomser and co-
workers (5) reported in 1996 that extracts from berries of
Vacciniumspecies were able to inhibit the induction of ornithine
decarboxylase (ODC), an enzyme involved in tumor prolifera-
tion, and induce quinone reductase, an enzyme that can
inactivate certain carcinogens. Proanthocyanidin-rich cranberry
extracts containing other flavonoids were reported to inhibit
ODC induction in epithelial cells in 2002 (8); recent studies
also report on anti-angiogenic properties of the berries (9).
Reports of two cranberry extracts that inhibited proliferation
of MCF-7 and MDA-MB-435 breast cancer cells (10) did not
identify the active constituents. Determination of the structure
and activity of chemopreventive compounds in cranberry and
medicinal plants (11) has been a primary goal of our ongoing
research. Using this approach, we screened cranberry extracts
for in vitro antitumor activity in nine cell lines and reported
our initial findings in 2002 (7). A methanolic extract of whole
berries prepared by solvent partitioning methods was observed
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to have selective activity against some tumor cell lines. Further
investigation of the composition of this extract has led to the
isolation of two compounds, previously unreported in cranberry,
that exhibit selective tumor cell growth inhibition in breast,
prostate, lung, cervical, and leukemia cell lines. The identifica-
tion of the cis- (1) and trans- (2) isomers of 3-O-p-hydroxy-
cinnamoyl ursolic acid, the isolation of phenylboronic acid (3)
in cranberry fruit, and results of our tumor cell growth inhibition
bioassays, are discussed here.

MATERIALS AND METHODS

Plant Material. Cranberry fruit (Vaccinium macrocarponcv.
Stevens) were donated by Decas Cranberry. The berries were harvested
in October, 2000 from cranberry bogs in Wareham, Massachusetts and
kept frozen at-20 °C until use.

Reagents.All reagents were of analytical grade. CD3OD, CDCl3,
quercetin dihydrate, and benzeneboronic acid (phenylboronic acid) were
purchased from Aldrich Chemical Co., Inc. (Milwaukee, WI). Cyanidin-
3-galactoside was isolated from whole cranberries, as described
previously (7). High-performance liquid chromatography (HPLC) grade
methanol and other solvents used in isolation were purchased from
Fisher Scientific.

Instrumentation. HPLC analysis and purification were performed
on a Waters Millenium HPLC system composed of two Waters 515
pumps with a Waters 996 photodiode array detector. Except where
otherwise specified, the HPLC chromatograms were monitored at 250-
600 nm. EI mass spectra for compounds1 (MH+ m/z603.4027∆ 3.7
ppm) and2 (MH+ m/z603.4033∆ 2.7 ppm) were obtained on a VG
AutoSpec instrument at the Mass Spectrometry Facility at the University
of Nebraska. HRMS analyses were obtained using fast atom bombard-
ment (FAB) on a Kratos MS-50-TC-HM-TA mass spectrometer at the
Department of Chemistry at the University of Montreal. Mass spectra
for compound3 were obtained using a Finnigan TSQ spectrometer.
1H, 13C, DEPT and 2-D NMR spectra for compounds1 and 2 were
measured on a Bruker DRX-500 spectrometer (Bruker, Canada Ltd.)
at the Institute for Marine Biosciences.1H and13C NMR data used to
identify 3 were obtained on a Bruker AC-300 MHz instrument at
UMass-Dartmouth. Chemical shifts were reported relative to tetra-
methylsilane as an internal standard. CDCl3 was the solvent for1 and
2; CD3OD was the solvent for3.

Tumor Cell Growth Inhibition Bioassays. Cytotoxicity of com-
pounds isolated as described below was evaluated in various tumor
cell lines using published procedures (12). Cell lines tested included
BALB/c3T3, H460, ME180, DU145, MCF-7, M-14, HT-29, PC3, and
K562. Growth inhibition was evaluated at various concentrations of
extract by spectrophotometrically quantifying the number of live cells
remaining at the end of the incubation period. GI50 values were
calculated as the concentration of extract required to inhibit tumor cell
growth by 50%, relative to control.

Isolation of Triterpene Hydroxycinnamates from Whole Cran-
berry. An ethyl acetate extract of whole cranberries (1 kg) was prepared
by macerating the berries in a blender containing 2% acetic acid in
ethyl acetate (3 L) at high speed in four 15 min intervals. The
supernatant was decanted, and dried by rotary evaporation and
lyophilization to yield a light green solid (9.88 g). The ethyl acetate
extract was loaded onto a silica gel column (40× 5 cm) and eluted
with methanol/chloroform/acetic acid (10:88:2 v/v). Several yellow and
green bands eluted. The first yellow band (Fraction A, 793 mg) and a
second light green band (Fraction B, 158 mg) were collected and
evaporated to dryness.

HPLC Analysis of Cranberry Isolates and Fractions. HPLC
analysis was conducted on 20-µL injections of sample on a 150× 3.9
mm i.d. Nova-Pak C18 RP (Waters) column, using solvent A (2%
aqueous acetic acid) and solvent B (methanol with 2% acetic acid). A
program of isocratic elution with 100% A from 0 to 15 min, a linear
gradient to 100% B from 15 to 45 min, followed by an isocratic elution
with 100% B from 45 to 60 min, at a flow rate of 0.8 mL/min, was
used. Photodiode array (PDA) detection from 250 to 600 nm was used
to monitor the effluent.

Purification of cis- and trans-3-O-p-Hydroxycinnamoyl Ursolic
Acid. Compounds1 and 2 were purified from Fraction A by first
obtaining the methanol soluble solids (70 mg) by extracting the fraction
with 200 mL of methanol. The resultant methanol soluble solid was
subjected to semipreparative HPLC on a 300× 7.8 mm i.d. Nova-Pak
HR C18 (Waters) column, which was eluted isocratically with 90%
solvent C (85% methanol in 2% acetic acid) and 10% solvent B at a
flow rate of 4.0 mL/min. The two triterpene hydroxycinnamates1 and
2 were obtained in a yield of 20 mg each at retention times of 28.0
min, (λ max ) 308.9 nm) and 34.5 min, (λ max ) 312.4 nm), respectively,
and identified by NMR and MS.

Identification of Triterpene Hydroxycinnamates and Phenyl-
boronic Acid in Original Cytotoxic Methanolic Extract. As previ-
ously reported (7), a methanolic extract of cranberry fruit exhibited
selective cytotoxicity in various tumor cell lines (see footnote toTable
1). The major components were separated by semipreparative HPLC
for identification. A portion (59 mg) of the original methanolic extract
was separated using a 300× 7.8 mm i.d. Nova-Pak HR C18 column
(Waters), which was eluted isocratically, at a flow rate of 2.0 mL/min,
with 90% solvent D (90% methanol in 2% acetic acid) and 10% solvent
B. Two major peaks eluting at 2.2 min (34 mg) and 7.4 min (6.1 mg)
were collected. The material eluting at 2.2 min was further purified,
using the same semipreparative column as before, but this time eluting
it isocratically with 90% solvent E (40% methanol in 2% acetic acid)
and 10% solvent B, to yield compound3 (4 mg, 10.6 min,λmax )
273.4 nm), which was identified by NMR and MS. HPLC analysis,
using the program described above, was performed on the material
eluting at 7.4 min and on the methanol-soluble solid from Fraction A
containing the triterpene hydroxycinnamates. The major peaks in both
extracts were identified as compounds1 (46.1 min,λmax ) 308.9 nm)
and 2 (47.1 min, λmax ) 312.4 nm). Thus, the triterpene hydroxy-
cinnamates isolated from Fraction A were also present in the previously
reported cytotoxic methanolic extract. The other major component of
that methanolic extract, compound3, was also present in Fraction B
from the ethyl acetate extract.

RESULTS AND DISCUSSION

Tumor Cell Growth Inhibition Bioassays. Compounds1
and2 were evaluated for ability to inhibit tumor cell growth in
nine cell lines(Table 1). Thecis-hydroxycinnamate isomer (1)
was more effective than the trans isomer (2) in inhibiting tumor
growth in all cell lines tested, with the greatest effectiveness
observed in MCF-7 breast tumor cells, where 50% growth
inhibition occurred at concentrations of less than 20µM.
Cervical (ME180) and prostate (PC3) tumor growth was

Table 1. Cytotoxicity of Ursolic Acid p-Hydroxycinnamate Estersa from
Cranberry Fruitb in Tumor Cell Lines

GI50 (µM)c

cell line (1) (2)

BALB/3T3 (murine fibroblasts) 21.6 75
H460 (human large cell lung carcinoma) 27.1 84
ME180 (human epidermoid cervical carcinoma) 23.3 42
DU145 (human prostate metastatic carcinoma) 28.4 25−100
MCF-7 (human breast adenocarcinoma) 18.8 25−100
M-14 (human melanoma) 46.4 25−100
HT-29 (human colon adenocarcinoma) 32.9 40
PC3 (human prostate adenocarcinoma) 24.3 25−100
K562 (human chronic myelogenous leukemia) 28.9 25−100

a Ursolic acid was previously isolated by our group from Polylepis racemosa
(11) and gave GI50 values ranging from 42 to 117 µg/mL in these cell lines (93−
230 µM), using the same bioassay methods. b Cytotoxicity of cranberry extracts
were previously reported by us (7) with GI50 values on the order of 500 µg/mL for
crude and 16−250 µg/mL for the methanolic fraction containing the triterpene esters.
c GI50 ) concentration required to inhibit tumor cell growth by 50% relative to
control.
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inhibited at similar concentrations. In our assay, quercetin, a
known inhibitor of tumor growth (13, 14) and a major
constituent in cranberry, was less active than1 in most of the
tumor cell lines tested, with GI50 ranging from 37.5µM in
MCF-7 (breast) to 62µM in HT-29 (colon) cells. Cyanidin-3-
galactoside, one of the most powerful antioxidants in cranberry
fruit (7), was not a significant tumor growth inhibitor; GI50

values in all cell lines were greater than 250µM. This suggests
that tumor growth inhibition is not necessarily correlated with
antioxidant activity. However, the hydroxycinnamates of ursolic
acid inhibited tumor growth at lower concentrations than did
ursolic acid alone in our assays. Previous studies by our group
(11) using the same assay protocol and cell lines found ursolic
acid isolated fromPolylepis racemosacytotoxic at higher
concentrations than those reported here for the hydroxycin-
namate esters (see footnote toTable 1). Although the presence
of hydroxycinnamate esters of triterpenoids has not been
previously reported in cranberry or otherVacciniumspecies,
ursolic acid and 19R-hydroxyursolic (pomolic) acid have been
isolated fromVaccinium corymbosumL. (highbush blueberry)
and found to be cytotoxic against HL-60 leukemia cells in vitro
(15). The cytotoxicity of ursolic acid has been reported in P-388
and L-1210 lymphocytic leukemia cells and A-549 human lung
carcinoma (16), as was its inhibitory effect on B16 mouse
melanoma proliferation (17) and ability to inhibit growth of
implanted sarcoma-180 tumors in mice (18).

Ursolic acid and other common plant triterpenoids are well-
known antiinflammatories (19), and it is therefore possible that
their antitumor activity may be linked to antiinflammatory
properties. We are presently investigating the antiinflammatory
activity and mechanism of anticancer action of1 and2.

Identification of (1) and (2) as cis- and trans- 3-O-p-
Hydroxycinnamoyl Ursolic Acid. High-resolution FABMS
experiments determined the molecular formula of both1 and2
to be C39H54O5. Inspection of the downfield region of the proton
NMR spectra indicated the presence of compounds containing
a 4-hydroxycinnamic acid moiety. Compound1 was shown to
have a characteristic cis configuration, as it displayed chemical
shifts atδ 7.65 (d, 8.48 Hz, H-2′′, 6′′), 6.84 (d, 12.7 Hz, H-3′),
6.81 (d, 8.49 Hz, H-3′′, 5′′), and 5.85 ppm (d, 12.7 Hz, H-2′).
Further evidence suggesting the presence of this moiety was
the agreement of1H shifts and coupling constants with other
reported triterpene hydroxycinnamates (20). The coupling
constants were crucial to distinguishing between the cis and
trans isomers. A survey of the literature showed compound1
to be identical to that of a triterpenoid that was earlier reported
from the plantMimusops elengi(21). Theλmax value of1 (308.9
nm) closely matched the previously reported value forcis-3-
O-p-hydroxycinnamoyl ursolic acid(Figure 1). Identification
of the triterpenoid moiety came by evaluating one- and two-
dimensional NMR spectra as well as comparison of chemical
shifts with published13C data on ursolates (22,23). Our
assignments of13C signals for the triterpenoid portion of1,
shown inTable 2, agree closely with those published on ursolic
acid by Sang et al. (22). The shift at 29.75 ppm is assigned to
the C23 methyl group on ring A. Its spatial proximity to the
ester oxygen at C3 (80.88 ppm) results in a downfield shift,
also confirming the position of the ester at C3. The position of
the double bond, characteristic of ursolic acid, was confirmed
by the correlation spectroscopy and heteronuclear multiple-bond
correlation data, which showed correlation of the proton on C12
(125.5 ppm) with those on C11 (23.25 ppm). The characteristic
C28 carboxylic acid group of ursolic acid leads to a shift of
47.88 ppm for the quaternary C17. To further confirm the

identification of1, the EI mass spectrum gave rise to signals at
m/z483, 438, 248, 203, 189, 147, and 133, corresponding with
earlier reported data (21).

Compound2 had aλmaxof 312.4 nm, was originally identified
in the wood fromTripetaleia paniculata(24), and was later
reported fromMimusops elengi(21) as trans-3-O-p-hydroxy-
cinnamoyl ursolic acid. The trans configuration of the 4-hy-
droxycinnamic acid moiety was confirmed using published1H
data ontrans-hydroxycinnamates (20). Proton signals appeared
at δ 7.61 (d, 15.9 Hz, H-3′), 7.44 (d, 8.05 Hz, H-2′′, 6′′), 6.84
(d, 8.55 Hz, H-3′′, 5′′), and 6.31 ppm (d, 15.9 Hz, H-2′), to
confirm the presence of this moiety. The13C shifts of2 were
nearly identical to those of1 (Table 2). The signal for equivalent
carbons at C-2′′ and C-6′′ in thecis-p-hydroxycinnamate moiety
(132.32 ppm) appeared slightly downfield from the signals for
the corresponding carbons of the trans isomer (129.87 ppm).
This is likely due to its spatial proximity to C1′ (166.41 ppm)
in the cis isomer. The assignments for thecis- and trans-p-
hydroxycinnamic acid moiety correspond with previously
published data on similar triterpene esters (20). The EI mass
spectrum gave rise to signals atm/z556, 483, 438, 248, 203,
189, 147, and 133.

Identification of Phenylboronic Acid (3). The identity of
phenylboronic acid3 (Figure 1), was confirmed by comparison
of 1H and 13C NMR spectra in CD3OD with a purchased
standard, as well as confirmation of distinct fragment peaks in
the mass spectrum. The aromatic region of the1H spectrum
provided the information necessary for elucidation of3;
chemical shifts were observed atδ 8.01 (d,J ) 7.2 Hz, H-2,

Figure 1. Structures of isolates from selected extracts of cranberry fruit.
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6), 7.56 (t, H-4), and 7.45 (t, H-3, 5). A characteristic “roofing
effect” was observed among peaks, due to coupling between
adjacent protons H-2 with H-3 and H-3 with H-4. The13C
spectrum showed three characteristic peaks atδ 133.8 (C-2,
6), 130.9 (C-1), and 129.5 (C-3, 4, 5). The chemical shifts and
peak intensity patterns displayed by3 agreed with that of the
phenylboronic acid standard and with those found in the Spectral
Data Base System (SDBS) (25). The mass spectrum of3
(C6H7O2B) gave a molecular ion [M] atm/z 122, loss of a
hydroxyl group atm/z105, and cleavage of the H2O2B moiety
atm/z77 as the predominant peaks. We have found no previous
reports of phenylboronic acid isolated from plant sources.
However, boron is an important micronutrient in cranberry
production, as fertilizers containing calcium borate are often
applied to cultivated bogs to increase fruit set (26). Boron has
been reported to play a role in calcium metabolism in humans
(27) and is also believed to play a role in phenolic production
in plants (28,29). Further studies of the effect of boron on the
composition of phenolics in cranberry are underway. Phenyl-
boronic acid did not inhibit tumor cell growth at concentrations
below 250µM in our assays.

The discovery of triterpene cinnamates in whole cranberries
adds to our overall knowledge of the chemistry ofVaccinium
fruit. While both isomers of 3-O-p-hydroxycinnamoyl ursolic
acid were present in whole berries, HPLC analysis did not detect
significant amounts in aqueous extracts, suggesting that a

quantitative comparison study of the triterpene content in
cranberry products including juice would be worthwhile. Further
antitumor studies investigating juice versus whole fruit would
also be useful toward determination of whether any additional
benefits may be derived from consumption of whole fruit. It is
possible that the triterpenoids and their phenolic esters found
in the fruit of cranberry and otherVaccinium species may
contribute to the anticancer properties of these fruits; however,
the bioavailability of these compounds must be further inves-
tigated in vivo. Our findings here, together with previous studies
by our group and others cited herein, indicate that cranberry
fruit has the potential to offer a broad range of health benefits
due to the diverse nature of its chemistry. Future studies will
be directed toward discerning the mechanisms by which
cranberry components offer protection against cancers and other
diseases related to oxidative and inflammatory processes.
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