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The effects of Concord grape juice constituents on the promotion of chemically induced rat mammary
tumor development and on the proliferation of a rat mammary adenocarcinoma cell line were studied.
Isocaloric grape juice formulations provided in the drinking fluid of rats at concentrations of 489 and
651 mg of phenolics/dL of fluid significantly inhibited mammary adenocarcinoma multiplicity compared
to controls. Final tumor mass also was significantly decreased for animals provided these two grape
juice concentrations compared to controls. In addition, DNA synthesis of the rat mammary
adenocarcinoma RBA cell line was significantly inhibited in a dose-dependent manner for cells treated
with a grape extract, with an IC50 dose of ∼14 µg of phenolics/mL. This inhibition of DNA synthesis
was not accompanied by changes in 8-oxodeoxyguanosine formation or by substantial cell cycle
arrest. These studies thus indicate that Concord grape juice constituents can inhibit the promotion
stage of 7,12-dimethylbenz[a]anthracene (DMBA)-induced rat mammary tumorigenesis, in part by
suppressing cell proliferation.
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INTRODUCTION

Breast cancer is a leading contributor to cancer-related deaths
in the United States. Approximately 180,000 new cases and 40,-
000 deaths due to breast cancer were reported in the United
States in 2000. It has been estimated that a considerable portion
of cancer incidence and mortality may be associated with dietary
behavior (1). In particular, an increased intake of fruits and
vegetables continues to be a factor that is associated with
decreased cancer incidence and mortality (2,3). In light of this
epidemiologic data, the field of cancer chemoprevention has
emerged, in which these natural as well as synthetic chemicals
are being identified for use in inhibiting or reversing carcino-
genesis (4, 5). Cancer preventive phytochemicals have been
shown to suppress or block carcinogenesis by a variety of
mechanisms including acting as antioxidants or antiproliferative
agents (6,7). Among the many classes of plant chemicals

studied in this regard, phenolic compounds have been identified
as anticancer agents and are consumed by humans in a variety
of plant foods and beverages, such as tea (8). Other dietary
sources of naturally derived bioactive phenolics that are widely
consumed are grapes and grape-derived beverages. Interest in
the health benefits of grape products has increased markedly in
large part due to recent reports that several constituents of grapes
or grape extracts may be potential cancer chemopreventive
agents (9,10). For example, resveratrol, a stilbene phytoalexin
and antioxidant found in grapes, has been reported to inhibit
neoplastic cell proliferation by altering receptor- and non-
receptor-mediated cell signaling pathways (11). Grape proan-
thocyanidins present in the skin and seeds also have been
identified as inhibitors of neoplastic cell growth (12-15).
Piceatannol, a structural analogue of resveratrol, has cancer-
suppressing actions as well (16,17). Although less well studied
as bioactive components of grapes, the anthocyanin pigments
nonetheless are receiving increased scrutiny for their cancer
preventive actions (18).

Although many of the collective benefits are attributed to
the phytochemicals present in grapes, little is known about the
capacity of the components of the richly pigmented Concord
grape to inhibit breast carcinogenesis. Therefore, the present
studies were conducted to determine the capacity of dietary
Concord grape juice to inhibit breast carcinogenesis in an animal
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model. The in vivo influence of Concord grape juice consump-
tion on the promotion stage of 7,12-dimethylbenz[a]anthracene
(DMBA)-induced rat mammary tumorigenesis was examined,
in particular, and was followed by an in vitro experiment to
evaluate the antiproliferative action of a Concord grape extract
toward a rat mammary adenocarcinoma cell line.

MATERIALS AND METHODS

Reagents.AIN-93G diet ingredients were obtained from Harlan
Teklad (Madison, WI). Grape juice concentrate and grape color extract
were obtained from Welch’s Foods Inc. (Billerica, MA). The grape
color extract was freeze-dried for use in cell culture experiments. This
dried extract was chosen for the in vitro studies because of its lower
content of carbohydrates and organic acids compared to the grape juice
concentrate. Glucose, fructose, malic acid, tartaric acid, DMBA, RNase
A, phosphate-buffered saline (PBS), propidium iodine, NP-40, trichlo-
roacetic acid, and standards and reagents for phenolic acid analyses
(gallic acid, Folin-Ciocalteu reagent, and sodium carbonate) were
obtained from Sigma-Aldrich (St. Louis, MO). All HPLC reagents
(phosphoric acid, glacial acetic acid, and acetonitrile) were of HPLC
grade and purchased from Fisher Scientific (Fair Lawn, NJ).

Preparation of Dried Grape Color Extract. The procedure for
the freeze-drying of the grape color extract was performed with the
assistance of the Department of Food Science and Human Nutrition at
the University of Illinois. Trays with grape color extract were placed
into a Virtis Unitop 800L (with Virtis Freezemobile 12) chamber
precooled to a temperature of-45°C (with the Freezemobile condenser
set to-80 °C) and the pressure reduced to 30 mTorr. Samples were
allowed to dry at-45 °C and a pressure of 30 mTorr for a period of
2-3 h. After this period, the temperature of the chamber was increased
stepwise to-10 °C over 48 h. Following completion of the drying,
the resultant powder was packaged, sealed, and frozen at-20 °C. This
procedure concentrates phenolics∼4.3-fold (w/w).

Grape Juice Analyses. Monomeric anthocyanin content was
determined according to the pH-differential method described by Giusti
and Wrolstad (19). Polymeric color and color density were determined
by using the bisulfite bleaching method (19). Pigment content was
calculated as cyanidin 3-glucoside, using an extinction coefficient of
26900 L cm-1 mol-1 and a molecular weight of 449.2 g mol-1 (20).
Anthocyanins were separated by a Symmetry C18, 5 µm, 4.6× 150
mm column (Waters Corp., Milford, MA), fitted with a 22× 4.6 mm
Symmetry 2 micro guard column (Waters Corp.) using a Waters Delta
600 high-pressure liquid chromatograph (HPLC), equipped with a
Waters 996 photodiode array detector, a Waters 717 plus autosampler,
and Millenium32 software (Waters Corp.). Samples were eluted with a
linear gradient from 0 to 35% B in 35 min with A) 1% phosphoric
acid, 10% acetic acid, 5% acetonitrile, 84% water and B) 100%
acetonitrile. Spectra and retention times of each peak were compared
to those of a commercial sample of concord grape juice concentrate of
known composition (21).

Total phenolics were measured using a modification of the Folin-
Ciacalteu method for total phenol analysis (22, 23) and were calculated
as gallic acid equivalents based on the gallic acid standard curve.

For resveratrol and piceatannol measurements a sample of grape juice
concentrate (2.0090 g) was added to17 mL of methanol. To a portion
of the lyophilized grape color extract was added 1 mL of deionized
water and vortex-mixed, and then 17 mL of methanol was added. The
mixtures were stir mixed using a stir bar for 16 h and then centrifuged
at 3000gfor 5 min. The supernatant was collected. The residue was
rinsed once with 10 mL of methanol and centrifuged for 5 min at 3000g.
The supernatant was collected and combined with the supernatant from
the first extraction. The combined supernatant was dried under vacuum
using a Savant Speedvac. An aliquot of the dried extract was used
directly for analysis of resveratrol and analogues by gas chromatog-
raphy-mass spectrometry (GC-MS).

To determine the occurrence of glycosylated resveratrol, to another
portion of dried extract was added 10 mL of deionized water, the pH
was adjusted to 6 using 0.1 M NaOH, and then the mixture was
subjected to enzymatic hydrolysis by incubation with 18 mg ofâ-D-
glucosidase (4.0 units/mg; Sigma-Aldrich) at 37°C for 18 h (24).

Thereafter, the solution was extracted with 10 mL of ethyl acetate (four
times), and the combined extracts were evaporated to dryness in a
Rotavap. The dried ethyl acetate extract was used for GC-MS analysis
of resveratrol and analogues.

For GC-MS analysis of resveratrol and analogues, 1 mg of methanol
or ethyl acetate extract in a GC vial was added to 100µL of derivatizing
reagent [bis(trimethylsilyl)trifluoroacetamide/dimethylformamide/metha-
nol, 3.5:1:0.5]. The vial was capped and heated at 70°C in a heating
block for 1 h. After cooling to room temperature, the sample was
analyzed by GC-MS on a JEOL (JEOL USA, Inc., Peabody, MA)
GCMate II system. The GC temperature program was as follows:
initial, 150 °C; increased to 260°C at a rate of 25°C/min, increased
to 270 °C at a rate of 1°C/min, increased to 320°C at a rate of 60
°C/min; and held at this temperature for 2 min. The GC capillary column
used was a ZB-50 (0.25 mm i.d., 0.25 mm film thickness, 30 m length;
Phenomenex, Torrance, CA). The carrier gas was ultrahigh-purity
helium (nexAir, Batesville, MS) at a 1 mL/min flow rate. The inlet
(splitless), GC interface, and ion chamber temperatures were 250, 250,
and 200°C, respectively. The volume of sample injected was 2µL.

Resveratrol, piceatannol, and pterostilbene (retention times of 8 min,
41 s; 9 min, 29 s; and 10 min, 8 s, respectively) were analyzed in a
selected ion monitoring mode. Resveratrol was monitored form/z444
(and 429, 371, and 355 as qualifier ions). Piceatannol was monitored
for m/z 532 (and 517, 444, and 429 as qualifier ions). Pterostilbene
was monitored form/z328 (and 313, 297, and 281 as qualifier ions).
Quantitation was done using external standards of commercial samples
of resveratrol (Sigma-Aldrich) and piceatannol (Calbiochem-Novabio-
chem Corp., San Diego, CA) and a synthetic sample of pterostilbene.

Tumor Study. Female Sprague-Dawley rats were obtained from
Harlan Sprague-Dawley, Inc. (Indianapolis, IN) at 40 days of age,
housed individually in wire-bottom cages in rooms with controlled
temperature, humidity, and lighting, and provided an AIN-93G semi-
purified diet ad libitum. Each animal was administered a single dose
of DMBA (37 mg/kg of body weight, ig, in corn oil) at 50 days of
age. Beginning 1 week post-DMBA, animals were randomized into
four groups and fed for the remainder of the study a Concord grape
juice-supplemented drinking fluid containing total phenolics at 0 (n )
32 rats), 326 (n ) 29 rats), 489 (n ) 29 rats), and 651 (n ) 29 rats)
mg/dL concentrations. The latter three fluids were obtained by preparing
dilutions of grape juice concentrate/water as 1:3, 1:2, and 2:1,
respectively. All drinking fluids were isocaloric, with concentrations
of glucose and fructose calculated as 194.6 mg/mL and of malic and
tartaric acids as 16 mg/mL. Animals were weighed weekly and palpated
weekly beginning at week 8. At the termination of the study tumors
were removed and classified histopathologically (25).

Cell Proliferation Measurement. The RBA cell line was obtained
from the American Type Culture Collection (Manassas, VA) and is an
adenocarcinoma cell line isolated from a DMBA-induced rat mammary
tumor. Cells were grown in Corning T-75 tissue culture flasks
containing MEM medium plus 10% fetal bovine serum. Samples of
freeze-dried grape color extract were added to cell cultures at phenolics
concentrations of 0, 14, 28, 41, and 55µg/mL and were made such
that concentrations of glucose, fructose, malic acid, and tartaric acid
were equivalent among all groups. Cell proliferation was determined
by [3H]thymidine incorporation according to the assay of Denton (26).
Briefly, 4 × 103 RBA cells/mL were added to Corning 48 well plates,
allowed to attach overnight, and then treated for 48 h with control and
grape color extract-supplemented media. After 48 h, 1µCi of [3H]-
thymidine was added to each well for 24 h, followed by 5%
trichloroacetic acid. The precipitate was washed with absolute methanol
and treated with 23.6 M formic acid, and radioactivity was quantitated
by liquid scintillation.

Cell Cycle Analyses.For cell cycle analyses, RBA cells were treated
with either 0 or 55µg/mL phenolics from the grape color extract for
24, 48, or 72 h. Cells in PBS were fixed in 70% cold ethanol, stained
by the addition of 0.1 mg/mL RNase A, 0.25 mg/mL propidium iodine,
and 0.1% NP-40 in PBS, and analyzed by flow cytometry using an
EPICS XL-MCL four-color flow cytometry analyzer (Beckman-Coulter
International, Miami, FL) with EPICS XL System II version 3.0
software.
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8-Oxodeoxyguanosine (8-Oxo-dG) Determination.RBA cell pel-
lets were collected following treatment of cells with 0, 28, and 41µg/
mL grape color extract. DNA was subsequently isolated, digested, and
8-oxo-dG quantitated by LC-MS/MS as described as by Hua et al. (27).

Statistical Analyses.Statistical significance among treatment means
was determined by ANOVA with Fisher’s least significant difference
test for post-hoc comparisons. Significant differences between tumor
incidence values was determined using the chi-squared test. Differences
were considered to be statistically different atp < 0.05.

RESULTS

Composition of Grape Extracts.Anthocyanin profiles and
content of the grape juice concentrate and grape color extract
are presented inTable 1. The grape juice concentrate and color
extract both exhibited similar proportions of nonacylated and
acylated anthocyanins. Monomeric anthocyanin pigments were
12 and 33% of the total phenolics for the grape juice concentrate
and grape color extract, respectively. Delphinidin, cyanidin, and
petunidin 3-glucosides were the major anthocyanins present,
constituting∼50% of the total anthocyanin content. As expected,
the grape color extract had high monomeric anthocyanin content
and color density (Table 2), containing∼3 g of pigment per
100 g of the freeze-dried powder. The resveratrol concentrations
of grape juice concentrates were 253.7 and 21.7µg/mL for
samples with and without glucosidase treatment, respectively.
The resveratrol contents of the freeze-dried grape color extracts
were 36.0 and 2.8µg/g for samples with and without glucosidase
treatment, respectively. Piceatannol concentrations of the grape

concentrates were 25.8 and 18.3µg/mL for samples with and
without glucosidase treatment, respectively, and in the grape
color extracts were 6.4 and 9.2µg/g for samples with and
without glucosidase treatment, respectively. Because the piceat-
annol values did not differ significantly between those with and
without enzyme hydrolysis, it can be inferred that the piceat-
annol did not occur as a glycoside.

Tumor Study. There was no significant difference in body
weights among groups fed the grape juice-supplemented drink-
ing fluid throughout the study (Figure 1). On the basis of a
daily consumption of∼10 mL of fluid/animal, rats fed the 326,
489, and 651 mg/dL fluids obtained about 33, 49, and 65 mg
of grape phenolics/day, respectively. Cumulative palpable
mammary tumor incidence was not significantly affected by
consumption of the grape juice containing fluids, except for
weeks 9 and 10 (Figure 2). For week 9, rats fed the 489 and
651 mg/dL diets exhibited significant 84 and 69% reductions
in tumor incidence, respectively, compared to controls. At week
10, only rats fed the 489 mg/dL diet exhibited a significant 55%
decrease in tumor incidence compared to controls. Histopatho-
logic examination indicated that adenocarcinomas constituted
96% of all tumors. The remaining tumors were identified as
adenomas, fibroadenomas, and hyperplasic lesions. The trends
for adenocarcinoma multiplicity measured for weeks 9-20 were
significantly lower (by two-way ANOVA) for rats fed the 489
and 651 mg/dL drinking fluids compared to controls (Figure
3). Tumor mass measured at the end of the experiment (Figure
4) decreased significantly by 28 and 36% for animals fed
the 489 and 651 mg/dL fluids, respectively, compared to
controls.

Cell Proliferation Studies. The proliferation of RBA cells
as measured by [3H]thymidine incorporation was significantly

Table 1. Anthocyanin Profile of Grape Extractsa

% area

peak name RT
color

extract
concen-

trate

1 Dpd-3-glu 3.59 31.2 26.4
2 Cyd-3-glu 5.29 15.5 12.4
3 Ptd-3-glu 6.68 8.1 10.2
4 Pnd-3-glu 10.0 2.8 2.2
5 Mvd-3-glu 11.51 3.7 4.7

6 Dpd-3,5-diglu-p-coumb 14.05 1.5 4.5
7 Cyd-3,5-diglu-p-coum 16.79 5.5 9.0
8?, 9? Ptd-3,5-diglu-p-coumb 18.48 2.8 4.7
10 Dpd-3-glu-p-coum 19.75 15.1 10.6

11, 12 Pnd-3,5-diglu-p-coum and
Mvd-3,5-diglu-p-coum

21.03 1.3 5.2

13 Cyd-3-glu-p-coum 21.68 5.1 3.2
14 Ptd-3-glu-p-coumb 22.19 2.7 2.4
15 Mvd-3-glu-p-coumb 24.41 1.1 1.1

other acylated acns 2.8 4.4
total nonacylated anthocyanins 60.6 55.3
total acylated monoglucosides 23.7 17.2
total acylated diglucosides 12.8 23.1

a RT, retention time; Dpd, delphinidin; Cyd, cyanidin; Ptd, petunidin; Pnd,
peonidin; Mvd, malvidin; glu, glucoside; diglu, diglucoside; p-coum, acylation with
p-coumaric acid. b Tentative peak assignments.

Table 2. Phenolic Concentration and Color Density of Grape Extracts

sample

monomeric
anthocyanins
(mg/100 mL)

color
density

polymeric
color (%)

total phenolics
(mg/100 mL)

antho-
cyaninsa (%)

grape juice concentrate 117 60 16.2 977 12
grape color extract 2880b 1300 13.5 8770b 33

a Anthocyanin % is the percent of total phenolics represented by anthocyanins. b mg/100 g.

Figure 1. Effect of grape juice consumption on animal growth.
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reduced by 48, 64, 83, and 91% for cells treated with the color
extract at 14, 28, 41, and 55µg/mL concentrations, respectively,
compared to controls (Figure 5). There was no decrease in
oxidative DNA damage as measured by 8-oxo-dG formation
for cells treated with grape color extract, compared to controls.
Values (means( SD) for cells treated with 0, 28, and 41µg/
mL phenolics were 0.8( 0.1, 0.6( 0.1, and 0.7( 0.2 8-oxo-
dG/106 dG, respectively. On the basis of flow cytometric
analyses, there was a small (16%) but significant accumulation
of cells at the G1 phase (Figure 6) for cells treated with grape
color extract at 55µg/mL compared to controls.

DISCUSSION

The present studies provide evidence that Concord grape juice
constituents can inhibit the promotion of chemically induced
rat mammary tumorigenesis. Because the studies were designed
such that calories, simple sugars, and organic acids were
equivalent in all groups, it is likely that phenolic constituents
of the grape juice are the major contributors to this anticancer
effect. The significant inhibition of tumor multiplicity and mass
at the 489 and 651 mg/dL concentrations indicates that juice

Figure 2. Effect of grape juice consumption on cumulative palpable
mammary tumor incidence. After week 17, incidence curves for the animals
fed the 326 and 651 mg/dL diets are identical.

Figure 3. Effect of grape juice consumption on adenocarcinoma multiplicity.
Multiplicity trends during weeks 9−20 for rats fed the 489 and 651 mg/dL
fluids were significantly different from controls. The numbers of rats per
group were 32, 29, 29, and 29 for animals fed the 0, 326, 489, and 651
mg/dL fluids, respectively.

Figure 4. Effect of grape juice consumption on final mammary tumor
mass per rat. Values represent means ± SD. *, p < 0.05 versus controls.

Figure 5. Effect of freeze-dried grape color extract on RBA cell [3H]-
thymidine incorporation. Values represent means ± SD for four separate
determinations. *, p < 0.05 versus controls.

Figure 6. Effect of freeze-dried grape color extract on RBA cell cycle
progression. Values are means ± SD for four determinations. *, p < 0.05
for treatment versus controls at each time point.
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constituents in part are suppressing adenocarcinoma prolifera-
tion. This is supported by our observation that constituents of
the grape color extract significantly inhibited DNA synthesis
of RBA cells even at the lowest doses examined. The cancer
suppressive action of Concord grape juice in our studies is
similar to that observed by Chen et al. (28). They reported that
nude mice implanted with MCF-7 cells and fed grape juice
exhibited a reduction in growth of the MCF-7 xenografts. Our
results are also similar to those of others who reported that
colored plant extracts inhibited rodent tumorigenesis (29-35).
There are several individual components or combinations of
grape constituents that might contribute to the cancer inhibitory
action of the grape juice that we observed. Although the
composition of the non-anthocyanin phenolics in this juice was
not determined, it has been reported that cinnamic acids,
flavanols, and polyflavan-3-ols are present (36, 37), all of which
have been reported to possess anticancer activity (38-40). The
stilbene resveratrol and its analogue piceatannol were detected
in our grape samples. Resveratrol has received considerable
attention as a cancer inhibitory agent (41-46) and in part may
be responsible for the effect we observed. Piceatannol is a
naturally occurring analogue of resveratrol that can inhibit
tyrosine kinase signaling cascades and was identified as a
potential cancer chemopreventive agent (47, 48). Ellagic acid
has been determined to be a major contributor to the anticancer
effects of berry extracts in one study (35); however, the amount
of this polyphenolic compound in our juice is not known. On
the basis of our analysis of the juice and color extract,∼12-
33% of the phenolics were characterized as anthocyanins, with
delphinidin being most prominent. These anthocyanins fla-
vonoids are present in other plant products and have been
reported to inhibit proliferation and stimulate apoptosis in
neoplastic cells (49-53). Proanthocyanidins are present in
grapes and also have been reported to suppress tumorigenesis,
although bioavailability and bioefficacy may be limited (13,15,
54-56). On the basis of our findings and evidence from the
literature, the relative magnitude of different phenolic constitu-
ents of the Concord grape juice as contributors to the suppression
of mammary adenocarcinoma formation warrants further char-
acterization.

Our findings of an inhibition of DNA synthesis and modest
block in cell cycle progression for RBA cells treated with grape
color extract indicate that one or more phenolic constituents of
the extract are acting as antiproliferative agents. The identity
of the components is not known. Our findings are similar to
those reported by others who observed that polyphenolic
compounds from grape products inhibited several breast cancer
cell lines (12,57-59). There have been numerous mechanisms
by which plant phenolics, including those from grapes, are
hypothesized to be acting, including suppression of cellular
oxidation, modulation of mitogenic signaling, suppression of
aromatase activity, inhibition of inflammatory processes and
angiogenesis, and induction of apoptosis (60-76). On the basis
of our analytical data, the extract contains delphinidin and
cyanidin glycosides as major anthocyanins, suggesting that
anthocyanins warrant further evaluation for potential breast
cancer inhibitory actions (49, 77). It should be noted that our
data indicate that oxidative DNA damage in RBA cells was
not decreased and that only a small accumulation of cells at
the G1 stage was associated with treatment of cells with grape
color extract. This suggests that this extract likely inhibited RBA
cell growth through mechanisms other than antioxidant action

and in addition to cell cycle arrest. The impact of this grape
extract and its constituents on apoptosis thus warrants further
study.

In summary, the present studies indicate that phenolic
constituents of grape juice can inhibit the promotion stage of
DMBA-induced rat mammary tumorigenesis. Also, rat mam-
mary adenocarcinoma cell proliferation was inhibited by an
anthocyanin-rich extract of grape juice, without a substantial
change in 8-oxo-dG formation. Grape extract treatment was
associated with a modest stage-specific cell cycle arrest. Thus,
grape juice constituents, most likely the anthocyanins and other
phenolic constituents, have potential for breast cancer preven-
tion. Future research should focus on the characterization of
the constituents of the Concord grape phenolic mix in order to
identify individual chemopreventive compounds that may be
most active and to clarify their mechanisms of action, especially
toward induction of apoptosis.

LITERATURE CITED

(1) World Cancer Research Fund.Food Nutrition and the PreVention
of Cancer: A Global PerspectiVe; AICR Press: Washington,
DC, 1997.

(2) Byers, T. The role of nutrition and nutrients in the prevention
of chronic diseases.Prim. Care2002,29, 615-627.

(3) Kris-Etherton, P.; Hecker, K.; Bonanome, A.; Coval, S.; Bin-
koski, A.; Hilpert, K.; Etherton, T. Bioactive compounds in
foods: their roles in the prevention of cardiovascular disease
and cancer.Am. J. Med.2002,113, 71S-88S.

(4) Kucuk, O. Cancer chemoprevention.Cancer Metas. ReV.2002,
21, 189-197.

(5) Weisburger, J. Practical approaches to chemoprevention of caner.
Drug Metab. ReV.1994,26, 253-260.

(6) Duthie, G.; Crozier, A. Plant-derived phenolic antioxidants. Curr.
Opin. Clin. Nutr. Metab. Care2000,6, 447-451.

(7) Yang, C.; Landau, J.; Huang, M.; Newmark, H. Inhibition of
carcinogenesis by dietary polyphenolic compounds. Annu. ReV.
Nutr. 2001,21, 381-406.

(8) Lambert, J.; Wang, C. Cancer chemopreventive activity and
bioavailability of tea and tea polyphenols.Mutat. Res.2003,
523-524, 201-208.

(9) Bub, A.; Watzl, B.; Blockhaus, M.; Briviba, K.; Liegebel, U.;
Muller, H.; Pool-Zobel, B.; Reckhammer, G. Fruit juice con-
sumption modulates antioxidative status, immune status, and
DNA damage.J. Nutr. Biochem.2003,14, 90-98.

(10) O’Byrne, D.; Devaraj, S.; Grundy, S.; Jialal, I. Comparison of
the antioxidant effects of Concord grape juice flavonoids and
R-tocopherol on markers of oxidative stress in healthy adults.
Am. J. Clin. Nutr.2002,76, 1367-1374.

(11) Park, J.; Choi, Y.; Jang, M.; Lee, Y.; Jun, D.; Suh, S.; Back,
W.; Suh, M.; Jin, I.; Kwon, T. Chemopreventive agent resvera-
trol, a natural product derived form grapes, reversibly inhibits
progression through S and G2 phase of the cell cycle in U937
cells.Cancer Lett.2001,10, 163, 43-49.

(12) Agarwal, C.; Sharma, Y.; Zhao, J.; Agarwal, R. A polyphenolic
fraction from grape seeds causes irreversible growth inhibition
of breast carcinoma MDA-MB468 cells by inhibiting mitogen-
activated protein kinase activation and inducing G1 arrest and
differentiation. Clin. Cancer Res.2000,6, 2921-2930.

(13) Bomser, J.; Singletary, K.; Wallig, M.; Smith, M. Inhibition of
TPA-induced tumor promotion in CD-1 mouse epidermis by a
polyphenolic fraction from grape seeds.Cancer Lett.1999, 135,
151-157.

(14) Bomser, J.; Singletary, K.; Meline, B. Inhibition of 12-O-
tetradecanolyphorbol-13-acetate (TPA)-induced mouse skin or-
nithine decarboxylase and protein kinase C by polyphenolics
from grapes.Chem.-Biol. Interact.2000,127, 45-49.

(15) Singletary, K.; Meline, B. Effect of grape seed proanthocyanidins
on colon aberrant crypts and breast tumors in a rat dual-organ
tumor model.Nutr. Cancer2002,39, 252-258.

7284 J. Agric. Food Chem., Vol. 51, No. 25, 2003 Singletary et al.



(16) Potter, G.; Patterson, L.; Wanogho, E.; Perry, P.; Butler, P.; Ijaz,
T.; Ruparelia, K.; Lamb, K.; Farmer, P.; Stanley, L.; Burke, M.
The cancer preventive agent resveratrol is converted to the
anticancer agent piceatannol by the cytochrome P450 enzyme
CYP 1B1.Br. J. Cancer2002,86, 774-778.

(17) Wieder, T.; Prokop, A.; Bagci, B.; Essman, F.; Bernicke, D.;
Schulze-Osthoff, K.; Dorken, B.; Schmalz, H.; Daniel, P.; Henze,
G. Piceatannol, a hydroxylated analog of the chemopreventive
agent resveratrol, is a potent inducer of apoptosis in the
lymphoma cell line BJAB and in primary leukemic lymphoblasts.
Leukemia2001,15, 1735-1742.

(18) Hou, D. Potential mechanisms of cancer chemoprevention by
anthocyanins.Curr. Mol. Med.2003,3, 149-159.

(19) Giusti, M.; Wrolstad, R. Characterization and measurement of
anthocyanins by UV-visible spectroscopy. Unit F1.2. InCurrent
Protocols in Food Analytical Chemistry; Wrolstad, R. E.,
Schwartz, S., Eds.; Wiley: New York, 2001; pp F1.2.1-F1.2.13
(also at http://www.wiley.com/cp/cpfac/facsample.htm).

(20) Giusti, M.; Rodriguez-Saona, L.; Wrolstad, R. Molar absorptivity
and color characteristics of acylated and non-acylated pelargoni-
din-based anthocyanins.J. Agric. Food Chem.1999,47, 4631-
4637.

(21) Giusti, M.; Rodriguez-Saona, L.; Griffin, D.; Wrolstad, R.
Electrospray and tandem mass spectroscopy as tools for antho-
cyanin characterization.J. Agric. Food Chem.1999,47, 4657-
4664.

(22) Singleton, V.; Rossi, J. Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents.Am. J. Enol.
Vitic. 1965,16, 144-158.

(23) Singleton, V. Wine phenols. InModern Methods of Plant
Analysis New Series, Vol. 6. Wine Analysis; Linskens, H.,
Jackson, J., Eds.; Springer-Verlag: Berlin, Germany, 1988.

(24) Wang, Y.; Catana, F.; Yang, Y.; Roderick, R.; van Breemen, R.
An LC-MS method for analyzing total resveratrol in grape juice,
cranberry juice, and in wine. J. Agric. Food Chem.2002,50,
431-435.

(25) Baker, H., Lindsey, J., Weisbroth, S., Eds. InThe Laboratory
Rat: Biology and Diseases; Academic Press: New York, 1979;
Vol. 1, pp 361-363.

(26) Denton, C. Leucine Incorporation and Thymidine Incorporation.
Methods in Molecular Biology, Vol. 79: Polyamine Protocols;
Morgan, D., Ed.; Humana Press: Totowa, NJ, 1998; pp 169-
177.

(27) Hua, Y.; Wainhaus, S.; Yang, Y.; Shen, L.; Xiong, Y.; Xu, X.;
Zhang, F.; Bolton, J.; van Breemen, R. Comparison of negative
and positive ion electrospray tandem mass spectrometry for the
liquid chromatography tandem mass spectrometry analysis of
oxidized deoxynucleosides.J. Am. Soc. Mass Spectrom.2001,
12, 80-87.

(28) Chen, S.; Sun, X.; Kao, Y.; Kwon, A.; Zhou, D.; Eng, E.
Suppression of breast cancer cell growth with grape juice.Pharm.
Biol. (Lisse, Neth.)1998,36, 53S-61S.

(29) Carlton, P.; Kresty, L.; Siglin, J.; Morse, M.; Lu, J.; Morgan,
C.; Stoner, G. Inhibition ofN-nitrosomethylbenzylamine-induced
tumorigenesis in the rat esophagus by dietary freeze-dried
strawberries.Carcinogenesis2001,22, 441-446.

(30) Casto, B.; Kresty, L.; Kraly, C.; Pearl, D.; Knobloch, T.; Schut,
H.; Stoner, G.; Mallery, S.; Weghorst, C. Chemoprevention of
oral cancer by black raspberries.Anticancer Res.2002, 22,
4005-4015.

(31) Harris, G.; Gupta, A.; Nines, R.; Kresty, L.; Habib, S.; Frankel,
W.; Laperle, K.; Gallaher, D., Schwartz, S.; Stoner, G. Effects
of lyophilized black raspberries on azoxymethane-induced colon
cancer and 8-hydroxy-2-deoxyguanosine levels in the Fischer
344 rat.Nutr. Cancer2001,40, 125-133.

(32) Koide, T.; Kamei, H.; Iashimoto, Y.; Kojima, T.; Iasegawa, M.
Antitumor effect of hydrolyzed anthocyanins as from grape rinds
and red rice. Cancer Biother. Radiopharm.1996,11, 273-277.

(33) Koide, T.; Hashimoto, Y.; Kamei, H.; Kojima, T.; Hasegawa,
M.; Terabe, K. Antitumor effect of anthocyanin fractions
extracted from red soybeans and red beans in vitro and in vivo.
Cancer Biother. Radiopharm.1997,12, 277-280.

(34) Kresty, L.; Morse, M.; Morgan, C.; Carlton, P.; Lu, T.; Gupta,
A. Chemoprevention of esophageal tumorigenesis by dietary
admininstration of lyophilized black raspberries.Cancer Res.
2001,61, 6112-6119.

(35) Stoner, G.; Kresty, L.; Carlton, P.; Siglin, J.; Morese, M.
Isothiocyanates and freeze-dried strawberries as inhibitors of
esophageal cancer.Toxicol. Sci.1999,52 (Suppl. 2), 95-100.

(36) Cantos, E.; Espin, J.; Tomas-Barberan, F. Varietal differences
among the polyphenols profiles of seven table grape cultivars
studied by LC-DAD-MS-MS. J. Agric. Food Chem.2002,50,
5691-5696.

(37) Freedman, J.; Parker, C.; Li, L.; Perlman, J.; Frei, B.; Ivanov,
V.; Deak, L.; Iafrati, M.; Folts, J. Select flavonoids and whole
juice from purple grapes inhibit platelet function and enhance
nitric oxide release.Circulation 2001,103, 2792-2798.

(38) Ross, J.; Kasum, C. Dietary flavonoids: Bioavailability, meta-
bolic effects and safety.Annu. ReV. Nutr.2002,22, 19-34.

(39) Soleas, G.; Grass, L.; Josephy, P.; Goldberg, D.; Diamandia, E.
A comparison of the anticarcinogenic properties of four red wine
polyphenols.Clin. Biochem.2002,35, 119-124.

(40) Tapiero, H.; Tew, K.; Ba, G.; Mathe, G. Polyphenols: do they
play a role in the prevention of human pathologies?Biomed.
Pharmacother.2002,56, 200-207.

(41) Banerjee, S.; Bueso-Ramos, C.; Aggarwal, B. Suppression of
7,12-dimethylbenz[a]anthracene-induced mammary carcinogen-
esis in rats by resveratrol: role of nuclear factor-kB, cyclooxy-
genase 2, and matrix metalloprotease 9.Cancer Res.2002,62,
4945-4954.

(42) Bhat, K.; Lantvit, D.; Christov, K.; Mehta, R.; Moon, R.; Pezzuto,
J. Estrogenic and antiestrogenic properties of resveratrol in
mammary tumor models.Cancer Res.2001,61, 7456-7463.

(43) Hecht, S.; Kenney, P.; Wang, M.; Trushin, N.; Agarwal, S.; Rao,
A.; Upadhyaya, P. Evaluation of butylated hydroxyanisole, myo-
inositol, curcumin, esculetin, resveratrol and lycopene as inhibi-
tors of benzo[a]pyrene plus 4-(methylnitrosamin0)-1-(3-pyridyl)-
1-butanone-induced lung tumorigenesis in A/J mice.Cancer Lett.
1999,137, 123-130.

(44) Jang, M.; Pezzuto, J. Effects of resveratrol on 12-O-tetrade-
canoylphorbol-13-acetate-induced oxidative events and gene
expression in mouse skin.Cancer Lett.1998,134, 81-89.

(45) Jang, M.; Pezzuto, J. Cancer chemopreventive activity of
resveratrol.Drugs Exp. Clin. Res.1999,25, 65-77.

(46) Tessitore, L.; Davit, A.; Sarotto, I.; Caderni, G. Resveratrol
depresses the growth of colorectal aberrant crypt foci by affecting
bax and p21 CIP expression.Carcinogenesis2000,21, 1619-
1622.

(47) Gerhauser, C.; Klimo, K.; Heiss, E.; Neumann, I.; Gamal-Eldeen,
A.; Knauft, J.; Liu, G.; Sitthimonchai, S.; Frank, N. Mechanism-
based in vitro screening of potential cancer chemopreventive
agents.Mutat. Res.2003,523-524, 163-172.

(48) Tsang, F.; Choo, H.; Dawe, G.; Wong, W. Inhibitors of the
tyrosine kinase signaling cascade attenuated thrombin-induced
guinea pig airway smooth muscle cell proliferation.Biochem.
Biophys. Res. Commun.2002,293, 72-78.

(49) Hagiwara, A.; Miyashita, K.; Nakanishi, T.; Sano, M.; Tamano,
S.; Kadota, T.; Koda, T.; Nakamura, M.; Imaida, K.; Ito, N.;
Shirai, T. Pronounced inhibition by a natural anthocyanin, purple
corn color, of 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine
(PhIP)-associated colorectal carcinogenesis in male F344 rats
pretreated with 1,2-dimethylhydrazine.Cancer Lett.2001,171,
17-25.

(50) Kamei, H.; Kojima, T.; Hasegawa, M.; Koide, T.; Umeda, T.;
Yukawa, T. Suppression of tumor cell growth by anthocyanins
in vitro. Cancer InVest.1995,13, 590-594.

(51) Kamei, H.; Hashimoto, Y.; Koide, T.; Kojima, T.; Hasegawa,
M. Anti-tumor effect of methanol extracts from red and white
wines. Cancer Biother. Radiopharm.1998,13, 447-452.

Grape Constituents Inhibit Mammary Cancer J. Agric. Food Chem., Vol. 51, No. 25, 2003 7285



(52) Katsube, N.; Iwashita, K.; Tsushida, T.; Yamaki, K.; Kobori,
M. Induction of apoptosis in cancer cells by bilberry (Vaccinium
myrtillus) and the anthocyanins.J. Agric. Food Chem.2003, 51,
68-75.

(53) Koda, T.; Nakamura, M.; Imiada, K.; Ito, N.; Shirai, T.
Prevention by natural food anthocyanins, purple sweet potato
color and red cabbage color, of 2-amino-1-methyl-6-phenylimi-
dazo[4,5-b]pyridine (PhIP)-associated colorectal carcinogenesis
in rats initiated with 1,2-dimethylhydrazine.J. Toxicol. Sci.2002,
27, 57-68.

(54) Donovan, J.; Manach, C.; Rios, L.; Morand, C.; Scalbert, A.;
Remesy, C. Procyanidins are not bioavailable in rats fed a single
meal containing a grapeseed extract or the procyanidin dimer
B3. Br. J. Nutr.2002,87, 299-306.

(55) Goldberg, D.; Yan, J.; Soleas, G. Absorption of three wine-related
polyphenols in three different matrices by healthy subjects.Clin.
Biochem.2003,36, 79-87.

(56) Yamagishi, M.; Natsume, M.; Osakabe, N.; Nakamura, H.;
Furukawa, F.; Imazawa, T.; Nishikawa, A.; Hirose, M. Effects
of cacao liquor proanthocyanidins on PhIP-induced mutagenesis
in vitro, and in vivo mammary and pancreatic tumorigenesis in
female Sprague-Dawley rats.Cancer Lett.2002, 185, 123-
130.

(57) Damianaki, A.; Bakogeorgou, E.; Kampa, M.; Notas, G.;
Iatzoglou, A.; Panagiotou, S.; Gemetzi, C.; Kouroumalis, E.;
Martin, P.; Castanas, E. Potent inhibitory action of red wine
polyphenols on human breast cancer cells.J. Cell Biochem.2000,
6, 429-441.

(58) Mgbonyebi, O.; Russo, J.; Russo, I. Antiproliferative effect of
synthetic resveratrol on human breast epithelial cells.Int. J.
Oncol.1998,12, 865-869.

(59) Ye, X.; Krohn, R.; Liu, W.; Joshi, S.; Kuszynaski, C.; MeGinn,
T.; Bagchi, M.; Preuss, H.; Stohs, S.; Bagchi, D. The cytotoxic
effects of a novel IH636 grape seed proanthocyanidin extract
on cultured human cancer cells. Mol. Cell. Biochem.1999,196,
99-108.

(60) Achiwa, Y.; Hibasami, H.; Katsuzaki, H.; Imai, K.; Komiya, T.
Inhibitory effects of persimmon (Diospyros kaki) extract and
related polyphenol compound on growth of human lymphoid
leukemia cells.Biosci., Biotechnol., Biochem.1997,61, 1099-
1101.

(61) Bagchi, D.; Bagchi, M.; Stohls, S.; Ray, S.; Sen, C.; Preuss, H.
Cellular protection with proanthocyanidins derived from grape
seed. Ann. N. Y. Acad. Sci.2002,957, 260-270.

(62) Bagchi, D.; Ray, S.; Bagchi, M.; Preuss, H.; Stohs, S. Mechanistic
pathways of antioxidant cytoprotection by a novel IH636 grape
seed proanthocyanidin extract.Indian J. Exp. Biol.2002, 40,
717-726.

(63) Billard, C.; Izard, J.; Roman, V.; Kern, C.; Mathiot, C.; Mentz,
F.; Kolb, J. Comparative antiproliferative and apoptotic effects
of resveratrol, epsilon-viniferin and vine-shots derived polyphe-
nols (vineatrols) on chronic B lumphocyte leukemia cells and
normal human lymphocytes.Leuk. Lymphoma2002,43, 1991-
2002.

(64) Eng, E.; Williams, D.; Mandava, U.; Kirma, N.; Tekmal, R.;
Chen, S. Suppression of aromatase (estrogen synthetase) by red
wine phytochemicals.Breast Cancer Res. Treat.2001, 67, 133-
146.

(65) Hibasami, H.; Achiwa, Y.; Fujikawa, T.; Komiya, T. Induction
of programmed cell death (apoptosis) in human lymphoid
leukemia cells by catechin compounds.Anticancer Res.1996,
16, 1943-1946.

(66) Isemura, M.; Saeki, K.; Kimura, T.; Hayakawa, S.; Minami, T.;
Sazuka, M. Tea catechins and related polyphenols as anti-cancer
agents.Biofactors2000,13, 81-85.

(67) Katsuzaki, H.; Hibasami, H.; Ishikawa, K.; Imai, K.; Date, K.;
Kimura, Y.; Komiya, T. Cyanidin 3-O-â-D-glucoside isolated
from skin of blackGlycine maxand other anthocyanins isolated
from skin of red grape induce apoptosis in human lymphoid
leukemia Molt 4B cells.Oncol. Rep.2003,10, 297-300.

(68) Martin, S.; Favot, L.; Matz, R.; Lugnier, C.; Andriantsitohaina,
R. Delphinidin inhibits endothelial cell proliferation and cell
cycle progression through a transient activation of ERK-1/-2.
Biochem. Pharmacol.2003,65, 669-675.

(69) Matito, C.; Mastorakon, F.; Centelles, J.; Torres, J.; Casacante,
M. Antiproliferative effect of antioxidant polyphenols from grape
in murine Hepa-1c1c7. Eur. J. Nutr.2003,42, 43-49.

(70) Meiers, S.; Kemeny, M.; Weyand, U.; Gastpar, R.; von Angerer,
E.; Marko, D. The anthocyanins cyanidin and delphinidin are
potent inhibitors of the epidermal growth-factor receptor.J.
Agric. Food Chem.2001,49, 958-962.

(71) Pool-Zobel, B.; Bub, A.; Schroder, N.; Rechkemmer, G. An-
thocyanins are potent antioxidants in model systems but do not
reduce endogenous oxidative DNA-damage in human colon cells.
Eur. J. Nutr.1999,38, 227-234.

(72) Romero, I.; Paez, A.; Ferruelo, A.; Lujan, M.; Berenguer, A.
Polyphenols in red wine inhibit the proliferation and induce
apoptosis of LNCaP cells.BJU Int. 2002,89, 950-953.

(73) Roy, S.; Khanna, S.; Alessio, H.; Vider, J.; Bagchi, D.; Bagchi,
M.; Sen, C. Anti-angiogenic property of edible berries.Free
Radical Res.2002,36, 1023-1031.

(74) Torres, J.; Lozano, C.; Julia, L.; Sanchez-Baeza, F.; Anflada,
J.; Centelles, J.; Cascante, M. Cysteinyl-3-ol conjugates from
grape procyanidins. Antioxidant and antiproliferative properties.
Bioorg. Med. Chem.2002,10, 2497-2509.

(75) Tyagi, A.; Agarwal, R.; Agarwal, C. Grape seed extract inhibits
EGF-induced and constitutively active mitogenic signaling but
activates JNK in human prostate carcinoma DU145 cells:
possible role in antiproliferation and apoptosis.Oncogene2003,
22, 1302-1316.

(76) Waffo-Teguo, P.; Hawthorne, M.; Cuendet, M.; Meillon, J.;
Kinghorn, A.; Pezzuto, J.; Mehta, R. Potential cancer-preventive
activities of wine stilbeoids and flavans extracted from grape
(Vitis Vinifera) cell cultures.Nutr. Cancer2001,40, 173-179.

(77) Nagase, H.; Sasaki, K.; Kito, H.; Haga, A.; Sato, T. Inhibitory
effect of delphinidin from Solanum melongenaon human
fibrosarcoma HT-1080 invasivenessin Vitro. Planta Med.1998,
64, 216-219.

Received for review April 11, 2003. Revised manuscript received
September 11, 2003. Accepted September 12, 2003. This research was
funded in part by the Illinois Council on Food and Agricultural
Research and the Illinois Agricultural Experiment Station.

JF030278L

7286 J. Agric. Food Chem., Vol. 51, No. 25, 2003 Singletary et al.


