NUTRITION AND CANCER, 39(2), 252–258
Copyright © 2001, Lawrence Erlbaum Associates, Inc.

Effect of Grape Seed Proanthocyanidins on Colon Aberrant
Crypts and Breast Tumors in a Rat Dual-Organ Tumor Model
Keith W. Singletary and Brandon Meline

Abstract: Cancers of the colon and breast are two of the
most prevalent cancers in developed countries. The present
experiments were conducted to determine the influence of
several dietary doses of grape seed proanthocyanidins on
7,12-dimethylbenz[a]anthracene-induced mammary tumorigenesis and azoxymethane (AOM)-induced colonic aberrant crypt foci (ACF) formation in a dual-organ tumor
model. In addition, the effects of the grape seed proanthocyanidins on liver cytochrome P-450 1A and 2E1 and
glutathione S-transferase activities and on colonic ornithine
decarboxylase activity were examined to determine possible
mechanisms of action. Feeding female rats diets containing
0.1–1.0% grape seed proanthocyanidins was associated
with a significant 72–88% inhibition of AOM-induced aberrant crypt foci formation and a 20–56% inhibition of ornithine decarboxylase activity in the distal third of the colon.
Feeding the grape proanthocyanidins resulted in no significant effect on the activity of liver cytochrome P-450 2E1.
There was no effect of feeding these doses of proanthocyanidins on 7,12-dimethylbenz[a]anthracene-induced rat
mammary tumorigenesis. This lack of action on mammary
tumorigenesis in part may be due to lack of effect of dietary
proanthocyanidins on the liver carcinogen-metabolizing enzymes cytochrome P-450 1A and glutathione S-transferase.
These results indicate that grape polyphenolics warrant further evaluation as potential colon cancer chemopreventive
agents.
Introduction
Breast and colon cancers are two of the most prevalent
cancers in developed societies, with considerable research
attention being focused on their prevention (1). It has been
estimated that a considerable portion of risk for these two
cancers is related to diet or nutritional factors. In particular,
increased fruit and vegetable consumption has been reported
to be associated with a reduction in risk for numerous cancers including colon and breast cancer (1–3). There is, as
well, great interest in identifying and testing synthetic and
naturally occurring compounds that could be used as cancer

chemopreventive agents (4,5). Oligomeric proanthocyanidins are naturally occurring antioxidants, present in fruits,
vegetables, nuts, and seeds, that possess a variety of biological activities (6). In grapes, these proanthocyanidins are
found in greatest concentrations in the lignified portions of
grape clusters, particularly in the seed, and are known to
contribute to the organopeptic properties of wines (7). Recently, it was reported that a proanthocyanidin fraction from
grape seeds was effective as an inhibitor of 7,12-dimethylbenz[a]anthracene (DMBA)-induced and 12-O-tetradecanoylphorbol 13-acetate-promoted skin tumorigenesis in mice
(8). The action of this grape fraction in inhibiting skin
tumorigenesis was determined to be due, in part, to its effectiveness as a suppressor of ornithine decarboxylase (ODC)
and myeloperoxidase activities, suggestive of an antiproliferative and anti-inflammatory mechanism of action. Its
action as an inhibitor of ODC activity was associated with a
prior inhibition of epidermal protein kinase C activity (9).
Grape and similar proanthocyanidins exhibit not only anticancer but also cardioprotective actions, which are attributed
to their capacity to inhibit oxidation, modulate signal transduction pathways, and alter activities of carcinogen-metabolizing enzymes (10–25). Thus these naturally occurring
compounds exhibit a variety of biological actions that make
them attractive candidates for chronic disease prevention
strategies, including cancer chemoprevention.
To further characterize the anticancer efficacy of this
proanthocyanidin fraction from grape seeds in breast and colon cancers, studies were performed using a dual-organ
model for mammary carcinogenesis and colon preneoplasia
(26,27). This dual-organ model was developed by others to
provide a short-term carcinogenesis assay for screening chemopreventive agents for their relative ability to inhibit the
development of mammary and/or colon tumors (26).
The model has been characterized (26) and used to examine
the influence of dietary fat on the two cancers (27). The present studies were conducted to determine the effectiveness of
dietary grape seed proanthocyanidins (GSP) in inhibiting
DMBA-induced rat mammary tumorigenesis and the formation of azoxymethane (AOM)-induced aberrant crypt foci
(ACF). The initiation of rat mammary tumorigenesis by
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DMBA is a widely used model to study mammary carcinogenesis and its modulation by dietary agents (28). ACF,
which can be induced by dimethylhydrazine (DMH) or
AOM, a metabolite of DMH, are reported to be preneoplastic lesions that have the potential to form colon tumors in
the rat (29–31). Foci with multiple aberrant crypts (ACM),
in particular, have been determined to correlate well with the
development of colorectal tumors, especially those in more
advanced stages (32). Therefore, for the present experiments, the influence of several dietary doses of this grape
seed fraction on DMBA-induced mammary tumorigenesis
and AOM-induced colonic ACF formation was determined.
In addition, the effects of this fraction on liver cytochrome
P-450 1A and 2E1 activities, on glutathione S-transferase
(GST) activities, and on colonic ODC activity were examined to determine possible mechanisms of action.

Four additional animals per group were fed the diets supplemented with 0%, 0.1%, 0.5%, and 1.0% GSP from 36 to
50 days of age and administered DMBA as described above.
At 51 days of age, the livers from these rats were removed
for determination of the effect of GSP feeding for two weeks
on liver enzymes involved in carcinogen activation (cytochromes P-450 1A and 2E1) and detoxification (GST).
Experiment 2: For Experiment 2, rats at 36 days of age
(n = 10/group) were fed 0%, 0.1%, 0.5%, and 1.0% GSP and
dosed with DMBA and AOM according to the tumor study
dosing protocol described for Experiment 1. At two weeks after the last AOM dose, colonic mucosa and livers were removed. This study was performed to determine the effect of
GSP feeding on liver carcinogen-metabolizing enzyme activities (cytochromes P-450 1A and 2E1 and GST) and colonic
ODC activity.

Materials and Methods
Enzyme Assays
Animals and Diets
Female Sprague-Dawley rats at 30 days of age were purchased from Harlan (Indianapolis, IN) and housed separately in wire-bottom, stainless-steel cages in rooms with
controlled temperature and lighting. Animals were acclimated to the control AIN-93G diet for six days. This control
diet consisted of (% by wt) 20 vitamin-free casein, 3 Lcystine, 10 sucrose, 13.2 maltodextrin, 7 soybean oil, 5 cellulose, 1 AIN-93G vitamin mix, 3.5 AIN-93G mineral mix,
and 37.3 cornstarch. All diet ingredients were purchased
from Harlan-Teklad (Madison, WI). GSP fraction (Traconol) was obtained from Traco Labs (Champaign, IL). As determined by high-performance liquid chromatography
(unpublished observations), essentially 98% of the GSP has
been identified as a mixture of monomers (3.8%, as catechin
and epicatechin), oligomers of two to seven units (58.9%),
and polymers of eight or more units (37.3%). GSP was
added to the diets at the expense of cornstarch.
Experiment 1: For Experiment 1, the effect of feeding
GSP on DMBA-induced rat mammary tumorigenesis and on
the formation of AOM-induced rat colon ACF formation was
examined. At 36 days of age, animals were randomized into
four groups (n = 25/group) and fed diets containing GSP at
0%, 0.1%, 0.5%, or 1.0% (by wt). At 50 days of age, animals
were administered DMBA (37 mg/kg body wt ig in corn oil).
Subsequently, AOM was administered to the rats (15 mg/kg
ip in acidified water) at 57 and 64 days of age. Beginning five
weeks after DMBA treatment, animals were palpated weekly.
The study was terminated at 25 weeks after DMBA administration. Mammary tumors were removed and classified histopathologically (34). Colons were removed, fixed in formalin,
and examined for the presence of ACF as previously described (29). Livers also were removed at termination of the
study, and samples were prepared for enzyme analyses as described below.
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Liver samples were homogenized in 0.15 M KCl, pH 7.5,
and centrifuged at 9,000 g. The resulting supernatant was
centrifuged at 100,000 g, and the subsequent cytosolic and
microsomal fractions were stored at -80°C until use. Cytosolic GST activity was determined according to the method of
Habig and co-workers (35). Microsomal cytochrome P-450
1A activity was determined as ethoxyresorufin O-deethylase
(EROD) activity using the procedure of Pohl and Fouts (36).
Microsomal cytochrome P-450 2E1 activity was determined
as p-nitrophenol hydroxylase activity according to the procedures of Reinke and Moyer (37). For colonic ODC assays,
mucosa samples were removed by scraping, then homogenized in 50 mM sodium phosphate (pH 7.2) containing 5 mM
dithiothreitol, 1 mM EDTA, and 0.4 mM pyridoxal-5¢-phosphate, and subsequently centrifuged at 30,000 g for 30 minutes. ODC activity was determined using the supernatant by
measuring the release of CO2 from L-[1-14C]ornithine as described by Gendimenico and colleagues (38).
Statistical Methods
Means among three or more groups were evaluated for
statistical significance by analysis of variance using the least
significant difference test for post hoc comparisons (p <
0.05). Tumor incidence curves of treatment groups were
evaluated for statistically significant differences compared
with controls by life-table survivor analysis.
Results
For Experiment 1, the feeding of GSP at up to 1% in the
diet did not result in significant differences in weight gain
among groups at the end of the tumor study (Table 1). There
were also no significant differences in animal weights
among treatment groups for the subset of rats sacrificed at 51
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Table 1. Effect of Feeding GSP on Rat Growth in Experiment 1a,b
Animal Weight, g
Group

36 days

51 daysc

57 daysd

64 dayse

225 days f

Control
GSP
0.1%
0.5%
1.0%

l22.5 ± 1.8

177.5 ± 2.2

193.7 ± 2.3

208.3 ± 3.2

302.4 ± 3.2

122.5 ± 1.6
124.0 ± 2.9
123.4 ± 1.3

178.4 ± 2.4
175.3 ± 1.9
172.3 ± 2.5

194.2 ± 2.6
195.5 ± 1.9
191.9 ± 2.5

212.7 ± 2.9
195.5 ± 2.2
214.0 ± 3.1

311.4 ± 3.4
300.5 ± 2.9
308.7 ± 3.3

a:
b:
c:
d:
e:
f:

Values are means ± SE. GSP, grape seed proanthocyanidins.
Values are not significantly different (p > 0.05) among treatment groups.
One day after dimethylbenz[a]anthracene dosing.
First azoxymethane dose.
Second azoxymethane dose.
Termination of study.

days of age in Experiment 1, in animal weights for Experiment 2, or in liver weights for all studies (data not shown).
For Experiment 1, dietary concentrations of GSP up to
1% were not associated with significant changes in DMBAinduced palpable mammary tumor incidence, in adenocarcinoma multiplicity, or in tumor mass (Figure 1, Table 2). In
contrast, provision of dietary GSP at all levels was associated with significant decreases in the number of colonic
ACF as well as the number of ACF with multiple crypts
(>4), henceforth, referred to as ACM (Table 3). Total colon
ACF incidence was 93%, 78%, 69%, and 69% for animals
fed 0%, 0.1%, 0.5%, and 1.0% GSP, respectively. Total colon ACF multiplicity was decreased by 62%, 67%, and 77%
for animals fed the diets supplemented with 0.1%, 0.5%, and
1.0% GSP, respectively, compared with controls (p < 0.05
for all treatments compared with controls). Likewise, total
colon ACM numbers decreased significantly (p < 0.05) by
65%, 65%, and 78% for the 0.1%, 0.5%, and 1.0% GSPsupplemented diets, respectively, compared with controls.
Most of the ACF-inhibitory action of the GSP in the colon
was due to the inhibition of ACF and ACM formation in the
distal third of the colon. In the distal third of the colon, ACF
formation decreased 76%, 72%, and 88%, and ACM formation decreased 94%, 78%, and 89%, for animals fed 0.1%,
0.5%, and 1.0% GSP in the diet, respectively, compared
with controls (all treatments significantly different at p <
0.05 compared with controls).
AOM is an intermediate metabolite of the colon carcinogen DMH and is metabolized by cytochrome P-450 2E1
and, possibly, P-450 1A as well as by the phase II carcinogen detoxifying enzyme GST (39,40). To determine whether
the inhibition of AOM-induced ACF formation in Experiment 1 might be due to altered metabolism of AOM to its ultimate carcinogenic form, cytochrome P-450 2E1 activity
(measured as p-nitrophenol hydroxylase activity) and cytochrome P-450 1A activity (measured as EROD activity)
were determined in three sets of livers. These liver samples
were obtained from animals fed the GSP-supplemented diets
for 2 weeks (from a subset of animals sacrificed at 51 days
of age in Experiment 1), 8 weeks (from animals sacrificed 2
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wk after AOM dosing in Experiment 2), and 27 weeks (from
animals at termination of Experiment 1). GSP feeding for 27
weeks was associated with significant 53%, 49%, and 37%
decreases in liver p-nitrophenol hydroxylase activities for
animals fed the 0.1%, 0.5%, and 1.0% GSP diets, respectively, compared with the control value of 6.2 ± 0.5 (SE)
nmol p-nitrocatechol/mg protein. However, GSP feeding
had no effect on liver p-nitrophenol hydroxylase activities
for animals fed the diets for two or eight weeks. For these
latter two feeding periods, liver p-nitrophenol hydroxylase
activities for animals fed the GSP-supplemented diets
changed on average ±20% compared with controls (p >
0.05). There also was no significant effect of feeding GSP on
liver EROD activity for any of the time periods from 2 to 27
weeks in duration. In general, EROD activity was changed
on average by ±17% for animals fed GSP-supplemented diets compared with controls (p > 0.05). With respect to phase
II enzyme activity, liver GST activity was increased by GSP
feeding, although this was dependent on duration of feeding.
Animals fed diets containing 0%, 0.1%, 0.5%, and 1.0%
GSP for two weeks (from Experiment 1) exhibited liver
GST activities of 279.7 ± 54.1, 233.1 ± 56.9, 241.2 ± 15.7,
and 455.2 ± 38.8 nmol/min/mg protein, respectively (each
group different from 1.0% group at p < 0.05). However, for
animals fed the diets for 8 or 27 weeks, no significant influence on liver GST activities was observed. In general, liver
GST activities in rats fed the GSP-supplemented diets for 8
or 27 weeks changed on average by ±63% among controls
and treatment groups (p > 0.05).
To determine whether GSP feeding might be acting to inhibit proliferative events important for ACF formation, the
ODC activities of colonic mucosa from animals in Experiment 2 were determined (Table 4). For extracts prepared
from the proximal and middle thirds of the colons, there was
a trend toward decreased ODC activity as dietary concentration of GSP was increased, although the differences were not
significant. However, for the distal colon, ODC activity was
significantly decreased for all levels of dietary GSP compared with controls. ODC activity decreased significantly (p
< 0.05) by 20%, 26%, and 56% for animals fed the 0.1%,
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Figure 1. Effect of feeding grape seed proanthocyanidins at various concentrations (% by wt) on dimethylbenz[a]anthracene (DMBA)-induced rat mammary
tumor incidence (A) and multiplicity (B).

Table 2. Effect of Feeding GSP on Final Mammary Tumor Incidence, Multiplicity, and Massa
Group
Control
GSP
0.1%
0.5%
1.0%

Final
Incidence, %

Adenocarcinomas
per Ratb

Fibroadenomas and
Adenomas per Ratb

Tumor
Mass,b g

96

5.6 ± 0.7

0.6 ± 0.2

20.7 ± 5.6

92
92
92

4.4 ± 0.6
5.2 ± 0.7
5.4 ± 0.8

0.5 ± 0.2
0.6 ± 0.2
0.4 ± 0.2

23.9 ± 6.7
25.8 ± 6.3
21.4 ± 5.8

a: Values are means ± SE at termination.
b: Values are not significantly different (p > 0.05) among treatment groups.
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Table 3. Effect of Feeding GSP on Colonic Aberrant Crypt Formationa,b
Proximal/Mid Colon

Distal Colon

Total

Group

n

ACF

ACF > 4

ACF

ACF > 4

ACF

ACF > 4

Control
GSP
0.1%
0.5%
1.0%

15

4.3 ± l.4*

1.5 ± 0.6*

9.8 ± 2.7*

3.6 ± 1.4*

14.1 ± 3.1*

5.1 ± 1.6*

18
13
16

3.0 ± 1.0*
1.9 ± 0.9*
2.1 ± 0.9*

1.6 ± 0.9*
1.0 ± 0.8*
0.7 ± 0.4*

2.4 ± 0.7†
2.7 ± 1.8†
1.2 ± 0.5†

0.2 ± 0.1†
0.8 ± 0.5†
0.4 ± 0.3†

5.4 ± 1.6†
4.6 ± 2.6†
3.3 ± 1.2†

1.8 ± 1.0†
1.8 ± 1.3†
1.1 ± 0.5†

a: Values are means ± SE. ACF, aberrant crypt foci.
b: Values among treatment groups sharing different symbols (*, †) are significantly different at p < 0.05.

0.5%, and 1.0% GSP diets, respectively, compared with
controls.
Discussion
The objective of this study was to determine the effects of
feeding diets supplemented with 0.1%, 0.5%, and 1.0% GSP
on DMBA-induced rat mammary carcinogenesis and on
AOM-induced ACF formation. The results indicate that diets
supplemented with GSP did not significantly inhibit mammary carcinogenesis. The reason for no effect of GSP feeding
on DMBA-induced mammary tumorigenesis is not known. It
is possible that the GSP constituents are not readily absorbed
and, thus, are not present in sufficient amounts at the mammary gland to modulate tumorigenesis. However, Bagchi
and co-workers (6) reported that an oligomeric GSP extract
is bioavailable. In addition, a report by Manach and colleagues (41) indicated that significant concentrations of dietary flavonoid metabolites were detected in the blood of
rats. Yet, consistent with our data, others (42–44) have determined that catechins and other flavonoids had only a
weak or no inhibitory effect on DMBA-induced mammary
carcinogenesis. Our data demonstrating a lack of inhibition
of liver EROD activity in rats fed the GSP-containing diets
for two weeks before DMBA dosing indicate that GSP is unlikely to be substantially decreasing DMBA bioactivation by
cytochrome P-450 1A. The effect of feeding plant phenolics
on cytochrome P-450 1A activity has been observed by othTable 4. Effect of Feeding GSP on ODC Activity in
Colonic Mucosaa,b
ODC Activity
Group

Proximal/mid colon

Distal colon

Control
GSP
0.1%
0.5%
1.0%

3.0 ± 0.2*

6.6 ± 0.3*

3.0 ± 0.1*
1.8 ± 0.6*
1.9 ± 0.5*

5.3 ± 0.4†
4.9 ± 0.3†
2.9 ± 0.3‡

a: Values are means ± SE expressed as nmol 14CO2 produced/h/mg protein. ODC, ornithine decarboxylase.
b: Values among treatment groups sharing different symbols (*, †, ‡) are
significantly different at p < 0.05.
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ers to be variable and to depend on the specific flavonoid examined (45). We also observed that feeding the GSPsupplemented diets for two weeks had no significant effect
on liver GST activity, except at the highest GSP level of
1.0%. Others (46,47) have reported variable responses in
liver GST activity after feeding plant phenolics to rodents,
which may be explained in part by differences in specific
flavonoid, dose, and duration of feeding. Thus, for our studies, although the constituents present in our GSP might be
bioavailable, they may be inactive in the mammary gland or
liver in blocking formation of DNA-binding DMBA metabolites and mammary tumor initiation or inactive in the
DMBA-treated mammary gland and mammary tumors in
suppressing the process of tumor promotion.
In contrast to our findings with mammary gland tumorigenesis, our data clearly indicate that feeding diets supplemented with GSP at levels as low as 0.1% is associated with
a significant inhibition of ACF formation in the distal colon.
We are not aware of other reports assessing GSP feeding in
the AOM-induced ACF model. However, it has been demonstrated that plant phenolics such as quercetin, diosmin,
and hesperidin are effective inhibitors of AOM-induced colonic ACF formation or of colon tumorigenesis (48,49), although quercetin also has been reported to stimulate colon
tumorigenesis induced by AOM (42). For our study, animals
were fed the GSP-containing diets through the initiation and
promotion stages of AOM-induced ACF formation. Although inhibition of cytochrome P-450 2E1 at the time of
AOM dosing could lead to inhibition of ACF formation, we
observed no inhibition by dietary GSP of liver cytochrome
P-450 2E1 or 1A activity after two or eight weeks of feeding. Liver GST activity also increased significantly only for
rats fed the 1.0% diets at the end of Experiment 1, making it
unlikely that increased GST activity could explain the decrease in ACF formation at the lower doses of GSP. It is possible that feeding the GSP-supplemented diets is altering the
activities of cytochrome P-450 2E1 and 1A and GST in the
colonic mucosa. This was not determined in the present
studies. In contrast to these enzyme activities, we did observe that all dietary GSP concentrations were associated
with a significant inhibition of ODC activity in the distal
third of the colon. Although the effect of feeding GSP on colon ODC activity has not been reported, feeding other plant
phenolics has been reported to affect colon ODC activity
Nutrition and Cancer 2001

(49). Proanthocyanidins have been reported to inhibit chemically induced ODC activity in mouse skin (8,9,50) as well.
ODC is important in cell growth and differentiation and has
been suggested to play an important role in tumor promotion
(51). Thus, in the present report, the inhibition of AOMinduced ACF and ACM formation for animals consuming
GSP in part is explained by the inhibition of ODC activity in
the colonic mucosa.
In summary, feeding female rats diets containing 0.1–1.0%
GSP was associated with a significant inhibition of AOMinduced ACF formation and ODC activity in the distal third
of the colon. No effect of feeding these doses of proanthocyanidins on DMBA-induced rat mammary tumorigenesis
was observed, which may be explained in part by lack of
effect of feeding GSP on liver carcinogen-metabolizing
enzymes. These results indicate that GSP warrants further
evaluation as a potential colon cancer chemopreventive
agent.
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