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■ Summary Background Total
polyphenolic extracts from red
wine protect against azoxymethane
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(AOM)-induced colon carcinogen-
esis in rats. Since red wine contains
more than 200 different polyphe-
nolic compounds, it is still unclear
which substances are responsible
for this effect. Aims of the study We
investigated the effect of high mol-
ecular weight polyphenols
(HMWP), low molecular weight
polyphenols (LMWP) and total
polyphenolic extracts from red
wine (WE) on colon carcinogene-
sis. We also tested the effect of 4-
OH-coumaric acid, a potent pheno-
lic antioxidant present in wine and
fruit. Methods F344 rats were
treated weekly with 1,2-dimethyl-
hydrazine (DMH) (30 mg/kg b. w.
subcutaneously x 10 times). One
week after the final DMH injection
rats were divided into five groups
and fed: a) a high fat (HF) diet con-
taining 23 % corn oil (w/w), as con-
trol or the same basal diet supple-
mented with b) 0.11 % (w/w) WE;
c) 0.027 % (w/w) HMWP d) 0.083 %
(w/w) LMWP or e) 0.1 % (w/w) 4-
OH-coumaric acid. The dietary
treatments continued until sacri-

fice, 16 weeks after the last DMH
injection. Results WE treated rats
had significantly fewer (p < 0.05)
colorectal adenomas than controls,
while rats in other treatment
groups did not differ significantly
from controls (colorectal adeno-
mas/rat were: 2.2 ± 0.3; 1.4 ± 0.2;
2.9 ± 0.5; 2.6 ± 0.4; 2.3 ± 0.3; in con-
trols, WE, HMWP, LMWP and 4-
OH-coumaric acid groups, respec-
tively; means ± SE). The mean
number of colorectal carcinomas
per rat was similar among all ex-
perimental groups. Proliferative ac-
tivity in the normal colon mucosa
did not vary among experimental
groups. Conclusions Total polyphe-
nolic extracts (WE) from red wine,
but neither the HMWP nor the
LMWP, have some inhibitory effect
on the process of colon carcinogen-
esis by DMH reducing the number
of adenomas.
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Abbreviations

DMH 1,2-dimethylhydrazine
WE total polyphenolic wine extract
HMWP high molecular weight polyphenols
LMWP low molecular weight polyphenols
4-OH-CA 4-OH-coumaric acid

Introduction

Diet is related to the development of colon cancer [1]
and polyphenols have been proposed as one of the
agents responsible for a lower risk of colon cancer as-
sociated with the consumption of vegetables [2]. Red
wine is an additional source of polyphenols and
polyphenolic powders obtained from red wine have de-
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layed tumor onset in transgenic mice spontaneously de-
veloping neurofibroma-like tumors [3]. Moreover, con-
sumption of polyphenols from wine could account for
the lower risk of rectal cancer among wine drinkers,
compared to consumers of beer and spirits [4].
Polyphenols may exert anticancer activity through their
antioxidant properties [5], inhibiting cancer cell growth
[6], inducing apoptosis [7] or by other unknown mech-
anisms.

Recently, we showed that total polyphenolic extracts
from red wine (WE) inhibited colon carcinogenesis in
azoxymethane (AOM)-induced rats [8]. However, red
wine contains a wide range of different phenolics [9]
and a protective effect has not been assigned to a specific
fraction. Although experimental studies have shown
some anticancer activity for some phenols present in red
wine, like catechin [10, 11], resveratrol, quercetin and
gallic acid [11] and high molecular weight polyphenols,
like proanthocyanidins [12], it is not yet clear which
compounds present in red wine are endowed with pro-
tective activity.

On this basis, in addition to total polyphenolic ex-
tracts from red wine (WE), we studied the effects of low
(LMWP) and high (HMWP) molecular weight polyphe-
nols.The development of colonic tumors was initiated in
F344 rats using 1,2-dimethylhydrazine (DMH).

In the same experiment, since oxidative damage
might be related to carcinogenesis [13], we tested the ef-
fect of 4-OH-coumaric acid, a compound found as tar-
taric ester in wine [9],a strong antioxidant capable of re-
ducing basal oxidative DNA damage in rat colonic
mucosa also in vivo [14].

Methods

■ Chemicals

1,2-dimethylhydrazine dihydrochloride (DMH) and 4-
OH-coumaric were purchased from Aldrich (Milan,
Italy). Dietary components were obtained from Piccioni
(Gessate, Milan, Italy).

■ Wine extracts preparation

Wine polyphenolic extracts were prepared in 1998 from
a 1997 red wine made by classical wine making proce-
dures, from V. vinifera, var. Syrah, in Nîmes, France. The
process used to prepare the wine polyphenolic extracts
was described by Caderni and coworkers [15], except
that the dealcoholization process was omitted and elu-
tion was performed with methanol. The methanol efflu-
ent was then concentrated and atomized. Further frac-
tionation of this extract, to obtain low molecular weight
polyphenols (LMWP) and high molecular weight

polyphenols (HMWP), was performed as described pre-
viously [16].

The analysis of phenolic composition of wine and ex-
tracts was performed as described by Fulcrand and
coworkers [16]. Wine proanthocyanidin composition
was determined by thiolysis of the acetonic fraction ob-
tained after a fractionation performed on Toyopearl
TSK gel HW-50(F) as described earlier [17]. The result-
ing solution was then analyzed by HPLC. Identification
of flavanol monomers and of the corresponding ben-
zylthioethers derivatives was based on standard reten-
tion times established earlier [17, 18].

■ Wine extracts composition

The total wine polyphenolic extract (WE) was com-
posed of 75 % (w/w) of LMWP and 25 % (w/w) of
HMWP. WE contained 5.1 % (w/w) anthocyanins, 0.3 %
flavanols, 2.3 % phenolic acids and 26 % proanthocyani-
din units,consisting of 18 % epigallocatechin,10.4 % cat-
echin, 66.9 % epicatechin and 4.8 % epicatechin gallate,
with a mean degree of polymerization of 8.5. Together,
these compounds accounted for about 33 % by weight of
the WE. The WE also contained 1.8 % polysaccharides
and 2.4 % proteins, 4.4 % potassium (present mostly as
tartrate), 15 % of organic acids and 0.8 % glycerol. De-
rived phenols formed during the course of wine-making
and ageing may account for at least a part of the re-
mainder.

LMWP was mainly composed of monomers and
some oligomeric compounds, for example proantho-
cyanidin dimers and derived oligomeric compounds
[17], while HMWP was similar to WE but devoid of
polyphenol monomers.Neither LMWP nor HMWP con-
tained water soluble compounds (salts, organic acids,
polysaccharides, proteins) which were still present in
WE. The polyphenolic composition of WE used in this
experiment was similar to that used in previous work
[8].

■ Animals

Male F344 rats were obtained from Nossan, Correzzana,
Milan, Italy, housed in plastic cages with wire tops,
maintained at a temperature of 22 °C, with a 12-h light-
dark cycle. Animal care followed the European Union
Regulations on the Care and Use of Laboratory Animals
[20]. The experimental protocol was approved by a local
Ethical Committee for Animal Experimentation, Flo-
rence, Italy and by the Commission for Animal Experi-
mentation of the Ministry of Health, Rome, Italy. Fol-
lowing their arrival from the supplier, animals (n = 108)
were quarantined for 1 week,during which they were fed
standard lab chow (Teklad Global diet 18 % protein,Har-
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lan, Correzzana, Italy). They were then transferred to a
HF diet, the composition of which was based on the
AIN76 diet, modified to contain a high level of fat (23 %
corn oil w/w), a low level of cellulose (2 % w/w) to mimic
the high risk of colon cancer in human populations con-
suming high fat diets [8]. Rats then received 10 injec-
tions (s. c.) of DMH (30 mg/kg body weight; dissolved in
sterile saline and buffered with sodium hydroxide at
neutral pH) at 1 week intervals (total dose 300 mg/kg
body weight). One week after the final DMH injection,
rats were randomly allocated to five experimental
groups: a) Controls (n = 24), with HF diet alone; b) the
WE group (n = 22), fed the HF diet supplemented with
0.11 % (w/w) WE; c) the HMWP group (n = 20), fed HF
diet supplemented with 0.027 % (w/w) HMWP; d) the
LMWP group (n = 20), fed HF diet supplemented with
0.083 % (w/w) LMWP; and e) the 4-OH-coumaric acid
group (n = 22), fed HF diet supplemented with 0.1 %
(w/w) 4-OH-coumaric acid,a dose previously used to as-
sess the effect of potential chemopreventive agents [21].

The dosage of WE was similar to that used in a previ-
ous experiment [8]. The dietary levels of HMWP and
LMWP were derived from the proportions of HMWP
and LMWP present in WE. Diets were freshly prepared
every two weeks, by mixing each of the red wine extracts
or 4-OH-coumaric acid with the remainder of the com-
ponents, and were stored at –20 °C. Rats were allowed
food and water ad libitum and small stocks of diet were
kept at room temperature to replenish feeders on alter-
nate days.

■ Histopathological evaluation of the tumors

At sacrifice, all organs were macroscopically examined
for the presence of tumors or other pathological lesions.
Tissues with abnormal morphology were fixed in 10 %
buffered formalin and embedded in paraffin blocks.
Histological sections stained with hematoxylin and
eosin were used to confirm the presence and type of tu-
mors by histopathological examination, which was per-
formed by a pathologist unaware of the experimental
codes. Suspected macroscopic lesions were measured
with callipers [8]. Tumors were evaluated on the basis of
the histotype, grading and pattern of growth; adenomas
were classified as tubular, tubulovillous and villous ac-
cording to Morson et al. [22].

■ Determination of proliferative activity 
in colonic mucosa

The number of mitotic cells within colonic crypts was
assessed using the isolated crypt technique as described
[23, 24]. Briefly, samples (n = 10 for each experimental
group) of fixed colonic mucosa with no gross pathology,

were hydrated, hydrolyzed in concentrated HCl, stained
with Feulgen’s reagent and whole crypts isolated using a
low-power dissecting microscope. Crypts were mounted
in acetic acid:water (45:55) under cover slips, lightly
compressed and examined for mitoses by medium-
power bright-field light microscopy. All nuclei in
prophase, metaphase, anaphase and telophase were
recorded as mitoses.Using an eyepiece graticule the spa-
tial distribution of mitotic events along the crypt was
recorded by dividing the crypt into 5 approximately
equal zones. A total of 10 crypts from each sample were
assessed and the means calculated.

■ Statistical analysis

The data for the tumor occurrence were analyzed by fit-
ting a Poisson regression model, as previously described
[25]. Data for proliferative activity were analyzed by
ANOVA with Tukey’s treatment.

Results

The mean body weight of the rats at the beginning of the
experiment was 74 g ± 0.9 (mean ± SE,n = 108).After the
last DMH injection, the mean weight of the rats was 281
g ± 1.9. One week later the animals were randomly di-
vided into 5 groups and placed on the experimental di-
ets for 16 weeks. No significant differences in final body
weight were found between any of the treatment groups
(final b. w.: 380 g ± 9; 390 ± 5; 380 ± 9; 388 ± 9 and 393 ± 9
in the controls,WE, HMWP, LMWP and 4-OH-coumaric
groups, respectively, means ± SE).

■ Tumor induction

All rats developed intestinal tumors, the majority of
which were localized in the colon and rectum. They also
developed squamous papillomas of the outer ear. Ani-
mals fed WE supplemented diet had significantly less
(p < 0.05) adenomas in the colorectum compared to
those on the control diet, while all other dietary treat-
ments had no significant effect (Fig. 1A). In addition, the
degree of dysplasia in colorectal adenomas and their di-
mensions also did not differ among groups (data not
shown). In contrast, the number of carcinomas in the
colorectum, the degree of differentiation, dimensions
and invasiveness of tumors did not vary between groups
(Fig. 1B and data not shown).

The number of tumors in the small intestine did not
vary significantly; however, there was a tendency to-
wards a decrease in number in the 4-OH-treated group
(number of total tumors in the small intestine:
0.87 ± 0.17; 0.86 ± 0.16; 0.95 ± 0.17; 0.8 ± 0.17; 0.45 ± 0.16
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in controls, WE, HMWP, LMWP and 4-OH-coumaric
acid groups, respectively; means ± SE).

The mean number of intestinal tumors/rat (i. e. ade-
nomas and carcinomas in the colorectum and small in-
testine) was also very similar in response to all dietary
treatments (5.5 ± 0.5; 4.7 ± 0.4; 6.3 ± 0.8; 5.4 ± 0.5;
4.7 ± 0.5 in controls, WE, HMWP, LMWP 4-OH-
coumaric acid groups, respectively; means ± SE).

■ Proliferative activity in normal colon mucosa

There was no significant difference between groups in
the mucosal proliferative activity, expressed as number
of mitoses per crypt (Table 1). However, there was a
trend towards increased proliferation in all experimen-
tal groups compared to the control diet. Spatial distri-
bution of mitoses along the crypt was also unaffected by
dietary treatments (data not shown).

Discussion

The present results show that a diet supplemented with
WE suppresses the formation of colorectal adenomas,
although it has no effect on the total number of carcino-
mas in response to DMH treatment.

This effect of WE on adenomas rather than carcino-
mas is consistent with our previously reported data in
AOM-treated rats given WE [8]. In the present experi-
ment, at variance with previous data with AOM [8], we
did not observe a significant reduction in the total num-
ber of colorectal tumors/rat (adenomas and carcino-
mas).

We suggest that this discrepancy might be due to a
higher yield of carcinomas in the present experiment,
probably due to a more aggressive protocol used for
colon tumor induction (30 mg/kg DMH x 10 times com-
pared to 7.4 mg/kg AOM x 10 times in the previous ex-
periment). However, since colon cancer progress from
adenoma to carcinoma [26], the ability of WE to reduce
the number of adenomas indicates that it has potential
to inhibit the process of carcinogenesis.

Neither HMWP nor LMWP, at the concentrations
present in WE, reduced the incidence of colorectal ade-
nomas or carcinomas.Evidently a polyphenol mixture is
more active than separate components. These conclu-
sions are in accordance with previous observations,
showing that HMWP do not inhibit aberrant crypt foci
(ACF), putative preneoplastic lesions [15].

Ebeler and coworkers [10] have suggested that red
wine extracts reduce carcinogenesis in transgenic mice
due to their catechin content. Similarly, other studies
have suggested that compounds present in red wine,
such as resveratrol and quercetin have anticarcinogenic
activity [11,28].Our data indicate that a protective effect
of wine polyphenols is better observed administering a
complex mixture.

Antioxidant activity has been suggested as a mecha-
nism for the carcinogenesis inhibition. However, 4-OH-
coumaric acid, a potent DNA antioxidant in vivo [14],
was virtually inactive in the present experiment.

Dietary components may inhibit colon cancer reduc-
ing proliferation in the colon mucosa [27]. Indeed, Gee
et al. [28] demonstrated a reduction in the incidence of

Fig. 1 A Effect of the different diets on the number of colorectal adenomas in rats
previously treated with DMH. B Number of colorectal carcinomas/rat; Values are
means ± SE (n = 24, 22, 20, 20, 22 in controls, WE, HMWP, LMWP and 4-OH-
coumaric acid groups, respectively)

Table 1 Effect of the different diets on the proliferative activity in normal colonic
mucosa of rats previously treated with DMH. Data are means ± SE; n = 10

Experimental groups Mitoses/crypt

Control 3.01±0.18

WE 3.65±0.33

HMWP 3.98±0.24

LMWP 3.71±0.47

4-OH-coumaric acid 3.63±0.43
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ACF in the distal colon of rats fed a diet containing 0.1 %
quercetin, six weeks post DMH treatment. In that exper-
iment the carcinogen treatment was relatively mild and
the protective effect of quercetin appeared to be associ-
ated with reduced mitosis in the colonic crypts. In our
experiment the effect of red wine polyphenols was not
associated with a significant variation in proliferative
activity.

The induction of apoptosis in colonic tumors has
been suggested as a possible mechanism of chemopre-
vention [29]. Accordingly, we previously showed that in
the tumors from rats treated with WE, apoptosis is in-
creased compared to control rats [8].Moreover, the same
tumors had lower levels of GST-P, GST-M2, COX-2 and i-
NOS mRNA [30], enzymes which modulate the colon
carcinogenesis process.

In addition, gut microflora modulation has been sug-

gested as a possible mechanism of colon cancer chemo-
prevention. In fact, it has been demonstrated that some
colonic bacteria, such as Lactobacilli and Bifidobacteria
[31, 32], might protect against colon carcinogenesis.
Thus it is worth noting that preliminary results obtained
in our laboratory indicate that the diet containing WE
beneficially affects microflora composition, increasing
Lactobacilli.

Whether these or additional undiscovered mecha-
nisms are responsible for the suppressive effects of
polyphenols on tumor development is not yet clear.

■ Acknowledgments We thank M. Beni, P. Ceccatelli and C. Spina for
expert technical assistance. This work was financially supported by
European Community Grants QLRT 1999–00505 and
QLK1–1999–00346, and grants from the MIUR, Italy, from the Uni-
versity and Cassa di Risparmio, Florence, Italy, and from WCRF, UK.

References

1. World Cancer Research Fund and
American Institute for Cancer Research
(1997) Food Nutritional and the Pre-
vention of Cancer: a Global Perspective.
BANTA Press, Menasha, WI, USA

2. Steinmetz KA, Potter JD (1996) Vegeta-
bles, fruit, and cancer prevention: a re-
view. J Am Diet Assoc 96:1027–1039

3. Clifford AJ, Ebeler SE, Ebeler JD, Bills
ND, Hinrichs SH, Teissedre PL, Water-
house AL (1996) Delayed tumor onset
in transgenic mice fed an amino acid-
based diet supplemented with red wine
solids. Am J Clin Nutr 64:748–756

4. Pedersen A, Johansen C, Gronbaek M
(2003) Relations between amount and
type of alcohol and colon and rectal
cancer in a Danish population based
cohort study. Gut 52:861–867

5. Urquiaga I, Leighton F (2000) Plant
Polyphenol Antioxidants and Oxidative
Stress. Biol Res 33:55–64

6. Briviba K, Pan L, Rechkemmer G (2002)
Red wine polyphenols inhibit the
growth of colon carcinoma cells and
modulate the activation pattern of mi-
togen-activated protein kinases. J Nutr
132:2814–2818

7. Kuntz S, Wenzel U, Daniel H (1999)
Comparative analysis of the effects of
flavonoids on proliferation, cytotoxic-
ity, and apoptosis in human colon can-
cer cell lines. Eur J Nutr 38:133–142

8. Caderni G, De Filippo C, Luceri C, Sal-
vadori M, Giannini A, Biggeri A, Remy
S, Cheynier V, Dolara P (2000) Effects of
black tea, green tea and wine extracts
on intestinal carcinogenesis induced by
azoxymethane in F344 rats. Carcino-
genesis 21:1965–1969

9. Waterhouse AL (2002) Wine phenolics.
Ann N Y Acad Sci 957:21–36

10. Ebeler SE,Brenneman CA,Kim GS, Jew-
ell WT,Webb MR, Chacon-Rodriguez L,
MacDonald EA, Cramer AC, Levi A,
Ebeler JD, Islas-Trejo A, Kraus A, Hin-
richs SH, Clifford AJ (2002) Dietary cat-
echin delays tumor onset in a trans-
genic mouse model. Am J Clin Nutr 76:
865–872

11. Soleas GJ, Grass L, Josephy PD, Gold-
berg DM, Diamandis EP (2002) A com-
parison of the anticarcinogenic proper-
ties of four red wine polyphenols. Clin
Biochem 35:119–124

12. Singletary KW,Meline B (2001) Effect of
grape seed proanthocyanidins on colon
aberrant crypts and breast tumors in a
rat dual-organ tumor model. Nutr Can-
cer 39:252–258

13. Cooke MS, Evans MD, Dizdaroglu M,
Lunec J (2003) Oxidative DNA damage:
mechanisms, mutation, and disease.
FASEB J 17:1195–1214

14. Guglielmi F, Luceri C, Giovannelli L,
Dolara P, Lodovici M (2003) Effect of
4-coumaric and 3,4-dihydroxybenzoic
acid on oxidative DNA damage in rat
colonic mucosa. Br J Nutr 89:581–587

15. Caderni G, Remy S, Cheynier V, Morozzi
G, Dolara P (1999) Effect of complex
polyphenols on colon carcinogenesis.
Eur J Nutr 38:126–132

16. Fulcrand H, Remy S, Souquet J-M,
Cheynier V, Moutounet M (1999) Study
of wine tannin oligomers by on-line liq-
uid chromatography electrospray ioni-
sation mass spectrometry. J Agric Food
Chem 47:1023–1028

17. Remy S, Fulcrand H, Labarbe B,
Cheynier V, Moutounet M (2000) First
confirmation in red wine of products
resulting from direct anthocyanin-tan-
nin reactions. J Sci Food Agric 80:
745–751

18. Prieur C, Rigaud J, Cheynier V,
Moutounet M (1994) Oligomeric and
polymeric procyanidins from grape
seeds (Vitis vinifera). Phytochemistry
36:781–784

19. Souquet J-M, Cheynier V, Brossaud F,
Moutounet M (1996) Polymeric proan-
thocyanidins from grape skins. Phyto-
chemistry 43:509–512

20. European Community (1986) European
Community Regulations on the Care
and Use of Laboratory Animals (Law
86/609/EC)

21. Wargovich MJ, Jimenez A, McKee K,
Steele VE, Velasco M, Woods J, Price R,
Gray K, Kelloff GJ (2000) Efficacy of
potential chemopreventive agents on
rat colon aberrant crypt formation 
and progression. Carcinogenesis 21:
1149–1155

22. Morson BC, Dawson IMP, Day DW, Jass
JR, Price AB, Williams GT (1992)
Morson & Dawson’s Gastrointestinal
Pathology, 3rd edn. Blackwell Scientific
Publications, Oxford, pp 608–612

23. Goodlad RA, Levi S, Mandir N, Hodg-
son H,Wright NA (1991) Morphometry
and cell proliferation in endoscopic
biopsies: Evaluation of a technique.
Gastroenterology 101:1235–1241

24. Matthew JA, Pell JD, Prior A, Kennedy
HJ, Fellows IW, Gee JM, Burton J, John-
son IT (1994) Validation of a simple
technique for the detection of abnor-
mal mucosal cell replication in humans.
Eur J Cancer Prevention 3:337–344



84 European Journal of Nutrition (2005) Vol. 44, Number 2
© Steinkopff Verlag 2004

25. Femia AP, Luceri C, Dolara P, Giannini
A, Biggeri A, Salvadori M, Clune Y,
Collins KJ, Paglierani M, Caderni G
(2002) Antitumorigenic activity of the
prebiotic inulin enriched with
oligofructose in combination with the
probiotics Lactobacillus rhamnosus
and Bifidobacterium lactis on
azoxymethane-induced colon carcino-
genesis in rats. Carcinogenesis 23:
1953–1960

26. Day DW (1984) The adenoma-carci-
noma sequence. Scand J Gastroenterol
104:99–107

27. Newmark HL, Lipkin M, Maheshwari N
(1990) Colonic hyperplasia and hyper-
proliferation induced by a nutritional
stress diet with four components of
Western-style diet. J Natl Cancer Inst
82:491–496

28. Gee JM, Hara H, Johnson IT (2002) Sup-
pression of intestinal crypt cell prolifer-
ation and aberrant crypt foci by dietary
quercetin in rats. Nutr Cancer 43:
193–201

29. Reddy BS, Wang CX, Samaha H, Lubet
R, Steele VE, Kelloff GJ, Rao CV (1997)
Chemoprevention of colon carcinogen-
esis by dietary perillyl alcohol. Cancer
Res 57:420–425

30. Luceri C, Caderni G, Sanna A, Dolara P
(2002) Red wine and black tea polyphe-
nols modulate the expression of cy-
cloxygenase-2, inducible nitric oxide
synthase and glutathione-related en-
zymes in azoxymethane-induced F344
rat colon tumors. J Nutr 132:1376–1379

31. Goldin BR, Gorbach SL (1980) Effect 
of Lactobacillus acidophilus dietary
supplementation on 1,2-dimethylhy-
drazine-dihidrochloride-induced in-
testinal cancer in rats. J N C I 64:
263–265

32. Singh J, Rivernson A, Tomita M, Shima-
mura S, Ishibashi N, Reddy BS (1997)
Bifidobacterium longum, a lactic acid
producing intestinal bacterium inhibits
colon cancer and modulates the inter-
mediate biomarkers of colon carcino-
genesis. Carcinogenesis, 18:833–841


