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Effect of complex polyphenols
on colon carcinogenesis

Abstract Background:Complex ~ (AOM) did not vary the number or
polyphenols and tannins from wine multiplicity of ACF in the colon.
(WCPT) are being considered The number of nuclear aberrations
increasingly as potential cancer (NA) in colon mucosa was studied
chemopreventive agents, since after administration of 1,2-dime-
epidemiological studies suggest thatthylhydrazine (DMH) and
opulations consuming a high ! L
bop g 9 2-amino-3-methylimidazo

amount of polyphenols in the diet o o
may have a lower incidence of (4,5-f)quinoline (1Q), colon-specific
some types of cancer. carcinogens which require metabolic
Aim of the study: We studied the activation. The effect of DMH and
effect of WCPT on a series of IQ was not varied by pre-feeding
parameters related to colon carcino-WCPT (57 mg/kg) for 10 d.
genesis in rats. Similarly, the levels of total,

Methods: WCPT were ad- secondary bile acids and long chain
ministered to F344 rats at a dose Offatty acids did not varied

14 or 57 mg/kg/d, mixed with the P ; :
diet. The higher dose is about ten ?(;?négcgntly in animals fed WCPT

times the exposure to polyphenols ) . )
of a moderate drinker of red wine. C€onclusions: WCPT administration
In rats treated with WCPT, we does not influence parameters
measured fecal bile acids and long related to colon carcinogenesis in
chain fatty acids, colon mucosa cellthe rat.

proliferation, apoptosis and, after
administration of colon carcinogens,
the number and size of aberrant
crypt foci (ACF) and nuclear
aberrations.

Results: Colon mucosa
proliferation was not varied by
chronic administration (90 d) of
WCPT (14 or 57 mg/kg/d). The
highest dose of WCPT decreased
the number of cells in the colon
crypts, but did not increase
apoptosis. WCPT (57 mg/kg)
administered before or after the
administration of azoxymethane
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Introduction to remove tartaric precipitates, and deposited onto a
Relite Diaion column (Mitsubichi, Japan). After washing
Colon cancer is one of the principal neoplastic diseasesWith water to remove sugars and organic acids, the wine
the western world (1, 2). It is generally agreed that th@henolic pool’ was recovered with 90% ethanol, concen-
composition of the diet plays a fundamental role in the iritated under vacuum and atomized. Batches of the phe-
duction of this type of cancer (1, 2). In the last few yeargiolic powder, thus, obtained (380 g) were dissolved in
a great deal of attention has been dedicated to the studgter and chromatographed on a Toyopearl TSK HW-50
of foods which might modify the development of coloF) column (TosoHaas, Stuttgart, Germany). The low mo-
cancer, by affecting the induction or promotion phase ¢#cular mass phenols were eluted with a mixture of etha-
the carcinogenesis process. nol:water:trifluoroacetic acid (55:45:0.005, v:v:v), and
Among various potentially interesting food compothe polymeric fraction with 60% acetone in water as de-
nents, complex polyphenols and tannins from wingcribed earlier (13). The acetone fractions containing the
(WCPT) have been considered with interest, since epid&ine polymeric tannins were pooled, concentrated under
miological studies suggest that populations exposed tgcuum and atomized, yielding the WCPT powder (0.8 g
polyphenols in beverages like green tea have a lower inger liter of wine processed).
dence of certain cancers (2). Some experimental studiesHPLC analysis of the WCPT sample showed that it
have also shown a protective effect of green tea on coléantained trace amounts of flavanol aglycones (6 mg/g)
carcinogenesis (3-5). On this basis, we studied the actidhg no free anthocyanins, flavanol monomers nor phe-
of WCPT in the rat using a battery of short-term assay®lic acids. Genuine proanthocyanidins represented ap-
which are utilized to assess potential chemopreventipgoximately half (498 mg/g) of the material present in the
agents. WCPT powder, the other half presumably consisting of
Diet can affect colon carcinogenesis by increasing ceflerived tannins’, as expected in a two-year old red wine.
proliferation (6-8), a factor of risk for carcinogenesis; diefheir composition, determined by thiolysis (13), was
can also alter the genotoxic effect of carcinogens on thgalitatively similar to that of the wine proanthocyanid-
colon mucosa cells (effect on the initiation phase); fins, with the following distribution of constitutive units:
nally, it can modify the growth and progression of celld8.1% catechin, 60.7% epicatechin, 3.3% epicatechin 3-
initiated by carcinogens (effect on the promotion phase)O-gallate, and 17.9% epigallocatechin, and a mean degree
In this paper we report the effect of WCPT on colo®f polymerization (mDP) of 6.3.
mucosa proliferation, on the occurrence of aberrant crypt
foci (ACF), putative pre-neoplastic lesions in the coloAnimals
(9) and on the number of nuclear aberrations (NA) in-
duced by colon carcinogens (10, 11). Variations in theale Fischer 344 rats (100 g at the beginning of the ex-
last two parameters describe effects on the initiatigseriment) were purchased from Nossan (Correzzana, Mi-
phase. We also studied the effect on the promotion phdae, Italy). After their arrival from the supplier, animals
of carcinogenesis by monitoring the multiplicity of ACFwere quarantined for 1 week, in which they were fed a
in animals chronically fed WCPT. Since bile acids, angtandard lab chow. The rats were then shifted to a high-
possibly long chain fatty acids, are colon co-carcinogefigt (HF) diet whose composition is based on the AIN76
and promoters (12), we also measured the variations dret, modified to contain a high amount of fat (230 g/kg
fecal bile acids and long chain fatty acids in animals fegbrn oil w/w), a low level of cellulose (20 g/kg w/w), and
WCPT. a low level of calcium (1.3 g/kg w/w), in order to mimic
the diet typical of western human populations at high risk
for colon cancer (14). Dietary components were pur-
Methods chased from Piccioni (Gessate, Milan, Italy).

Preparations of complex polyphenol and tannin fractio&olon mucosal proliferation
from wine

Rats were treated s.c. with 2 injections (one week apart)
A “wine complex polyphenol and tannin” (WCPT) pow-of AOM (15 mg/kg, total dose 30 mg/kg) or saline. One
der, containing wine polymeric polyphenols (i.e., proarweek after the last injection with AOM, rats were shifted
thocyanidins from grape and various polyphenolic reate the different dietary treatments: control rats were fed
tion products formed from grape components in thime HF diet for 90 d whereas treated rats were given the
course of wine making) and free from low mass phenolblF diet supplemented with WCPT (14 and 57 mg/kg). At
was obtained by using the following procedure. Two-yedhe end of this period, colonic mucosal proliferative activ-
old red wine made from Cabernet Sauvignon, vintagey was assessed in mucosal biopsies obtained after sacri-
1994 at the Arzens Cooperative winery (Arzens, Audéice and measured @ -thymidine incorporationn vitro
France) was first de-alcoholized under vacuum, filtereghd autoradiography (14).
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Apoptosis in colonic mucosa Bile acid and long chain fatty acid analyses in fecal

. . . . samples
A morphological evaluation of apoptosis was carried out

in paraffin embedded sections staineq Wi.th Feulgen-F%ﬂe acid and long chain fatty acid were analysed by
Qreen. For each rat, twenty full Iongltudmal_ crypt secq schromatography mass spectrometry in the faeces of
tions were scored at the microscope, determining in eafh< (eated with AOM and fed WCPT for 90 d at two
. ¢ is. cell shrink i ; I Yose levels (14 and 57 mg/kg), according to a previously
tics of apoptosis: cell shrinkage and loss of normal COReqcrined method (15). We used the freshly collected fe-

tact with the adjacent cells of the crypt, chromatin CO’E’FI droppings of the animals of the promotion experiment

densation or formation of nuclear fragments round or ovgl, AcE described above. After collection the fecal sam-

in shape (known as “apoptotlc bodies”). When cIysFers es were frozen at -80 °C and stored until analysis.
more than one apoptotic body were seen within the

diameter of one cell, these bodies were considered
fragments of one apoptotic cell. Apoptosis was quantifie
as apoptotic index and expressed as number of apopt
cells/cells scored x100.

tistical analysis

(B'gta obtained from individual rats in the different dietary
groups were analyzed with one-way ANOVA by calculat-
Modification of chemically-induced colon carcinogenesising the contrasts between means with the Least Signifi-
cant Difference method (LSD) using the Statgraphics
Statistical Package (Statistical Graphic Corporation,

Rockville, MD, USA). Differences were considered stat-
F 344 male rats were fed the HF diet (controls, n=15) angfically significant when the probability level P was
treated rats (n=16) were fed the same diet supplemented05.

with WCPT (57 mg/kg/d). After 10 d the animals of

both groups were treated s.c. with a single dose of AOM
(20 mg/kg). The number and dimensions of ACF in botResults
groups were evaluated 30 d after administration of the

carcinogen (9, 14). Colon mucosal proliferation

Experiments on initiation

Experiments on promotion For these experiments we used two levels of WCPT. The
F344 male rats were fed a HF dietrfé d and were then highest level used in the experiments (57 mg/kg) was

administered AOM (15 mg/kg) s.c. twice with a week ingquiv_alent to a dos_age inb_ibed by a h””_‘a” of 70 kg
terval. One week after the last injection with AOM, thd"/€sting polyphenolic materialfd | of red wine (about

rats were shifted to the different dietary treatments: co 8 9/ l). The re_sults are shown in Fig. .1' After 90 d of
trol rats (n=14) were fed the HF diet for 90 d where eding, a relatn_/el)_/.Iong treatment period for a rod_ent,
treated rats were given the HF diet supplemented wi CPT did not significantly modify mucosa proliferative

WCPT (14 and 57 mg/kg). The number and dimension tivity, as exprgssed by the labelling index (Fig. 1, panel
ACF in both groups were evaluated in the animals 90 Y" The. dlstr_lbutlon of labelled cells along the crypt was
after administration of the carcinogen (9). Rats were sa'&‘-?t varied eléhe_r r(]datq npt sho:c/vn).l These para}rrll(etgrssare
rificed 90 d after the carcinogen administration, and tl‘%/ connected with variations of colon cancer risk (6, 8).

number and dimension of ACF were evaluated in boti € only observed a small, although significant, reduction
groups (9) in the number of cells/crypt with the highest dose of

WCPT (Fig. 1, panel b), an effect of unknown biological
significance in terms of cancer risk. This last result could
be explained by an increased apoptosis in the intestinal
mucosa, a factor which has been interpreted as protective
F344 male rats were treated by gavage with saline or wiith terms of cancer risk (16), leading damaged cells to-
WCPT for 10 d and were given the indicated dose of canards programmed cell death. However, as shown by
cinogen 24 h before sacrifice. All carcinogens were affg. 2, the level of apoptosis in the colon mucosa did not
ministered by gavage and dissolved in water except @Hfer from baseline after feeding WCPT for 90 d.
amino-3-methylimidazo (4,5-f)quinoline (1Q) which was

administered in water:ethanol (60:40) to make it solubl€arcinogen-induced colon cancer pre-neoplastic lesions
All controls in the 1Q group were administered the same

volume of water:ethanol. NA were scored in coded sariVe then studied the effects of WCPT on the initiation of
ples on histological sections of colon mucosal crypt aftearcinogen-induced colon cancer lesions such as ACF.
coloring with Feulgen-fast green (10) using conventiona/CPT did not influence the number of ACF or ACF mul-
microscopy. tiplicity (mean number of aberrant crypts in ACF, ex-

Induction of nuclear aberrations (NA) by colon
carcinogens
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Fig. 1 Mucosal proliferative a = b
activity expressed as labelling or 3 so-
index (a) or number of —[— -1 8
cells/crypt column (b) in sk
AOM-treated rats fed HF diet x B 40t — P *
(controls) or HF diet supple- 8 r I > I
mented with WCPT (14 mg/kg S ef o
or 57 mg/kg) for 90 d. Values } 30t
are means + S.E.* P<0.05 when 2 5r =
compared to controls. = 4f 0
2 o 20r
© 3t o
- o
2r o 10f
Q
i / [S
3
0 Z 0
controls 14 57 mg/kg controls 14 57 mg/kg
WCPT WCPT

pressed as AC/ ACF), when given 10 d before the cdoermed into AOM by oxidation catalysed by monoxyge-
cinogen (Fig. 3) or in the promotion phase or when givemases and 2-amino-3-methylimidazo(4,5-f)quinoline (1Q),
for 90 d after carcinogen administration (Fig. 4). which requires oxidation, acetylation, and conjugation
On the basis of these results, WCPT did not seem wath sulphuric acid in order to produce genotoxic deriva-
affect colon carcinogenesis induced by AOM. Howevetives; we also used 4-aminobiphenyl (4AB), an aromatic
WCPT may have effects on the activation and deactivamine that requires hydroxylation and acetylation to be-
tion of colon carcinogens, which might not be evidemtome genotoxic.
using AOM, a compound requiring two oxidation steps to The modulating effect of WCPT on the initiation
be transformed into the ultimate carcinogen. To resolyhase of carcinogenesis with the above carcinogens was
this problem, we studied the effect of 1,2-dimethylstudied utilizing the “nuclear aberration” (NA) assay, in
hydrazine (DMH), a precursor of AOM, which is transwhich the effect of carcinogens on the colon is measured
by scoring the number of acute morphological toxic ef-
fects on the colon mucosa cells, 24 h after the administra-
Fig. 2 Number of apoptotic cells/crypt in AOM-treated rats fedion of a carcinogen. This test has been demonstrated to
HF diet (controls) or HF diet supplemented with WCPT (14 mg/k§pe good indicator of carcinogenic potency of chemicals

or 57 mg/kg) for 90 d. Values are means + S.E. on the colon (11). The results of this experiment indicate
that DMH and 1Q induced an increase of NA over con-
Sr trols; however, the administration of WCPT did not vary

the induction of NA by these two carcinogens (Fig. 5 and
6, respectively). On the contrary, 4-ABP did not induce
4l _ NA in our experiment (data not shown), a result in dis-

' agreement with previous data (11). Negative results with
this compound have also been reported by other authors
(10). For brevity, this last set of data on 4-ABP will not
3r be reported.

Bile acids and long chain fatty acids

We also studied the effect of WCPT on the levels of fecal
bile acids and long chain fatty acids in the animals treated
chronically with WCPT. The results, shown in Fig. 7, did
not show any statistically significant variation in the total
fecal bile acid profile, although there was a reduction at
the highest dose. The levels of total long chain fatty acids
were also reduced by WCPT, but the differences were not
significant. Analysis of the individual bile acids revealed
controls 14 57 mg/kg that beta and omega-muricholic acid were lower than con-
WCPT trol levels at the highest dose of WCPT (0.54+0.08 vs.

apoptotic cells/crypt

.
7 //// |
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Fig. 3 Number of ACF/ colon a b
(panel a) and multiplicity of
ACF (AC/ACF, panel b) in con- 601 2.0r
trol rats and in animals fed .
WCPT (57 mg/kg) 10 d before sok —l"‘ —T
the administration of AOM. c sk
Data are means + S.E. ° I L
O 40} O
© <
o~ ~
'{'3 30r O 1.0t
< <<
20
0.5}f
10
0 0.0
controls 57 mg/kg controls 57 mg/kg
WCPT WCPT
Fig. 4 Number of ACF/ colon a 30n b
(panel a) and multiplicity of T —
ACF (AC/ACF, panel b) in con- —~
trol rats and in animals treated T o5l
with WCPT (14 and 57 mg/kg) 100F

for 90 d after the administration
of AOM (30 mg/kg). (n=14, in
each group). The lag time after
AOM was longer in these expe-
riments than that reported in
Figure 3. Data are means + S.E.

ACF /colon

\\\}

A\
_

0 0.0
controls 14 57 mg/kg controls 14 57 mg/kg
WCPT WCPT

Fig. 5 Nuclear aberrations 5r
(NA) in colon mucosa of con- o [ Jeontrolis
trol rats and in animals fed HF J
diet supplemented with WCPT al WCPT 57 mg/kg
(57 mg/kg) for 10 d before the
administration of DMH. NA
were scored 24 h after carcino-
gen administration and are ex- | 3+
pressed as mean number of NA/ o
crypt+ S.E. _ 2
**=p.01 relative to the saline- < oL
treated rats. z

1_.

LTI

saline DMH

treated
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0.25+ 0.05 and 0.86+0.14 vs. 0.36%0.1, respectively), but Of all the parameters analysed relative to cell prolif-
that of hyodeoxycholic acid was higher (0.11+0.04 v=ration (number of cells/crypt, labelling index, distribu-
0.28+0.06). These variations are probably of modest bitten of the proliferative activity along the crypt), we ob-
logical significance, since the total amount of secondasgrved a significant decrease only in the number of
bile acids, which are supposed to act as co-carcinogerals/crypt in rats treated with the highest dose of WCPT.
and promoters at the level of the colon (12, 17), was ndhe significance of the variations in this parameter in
changed significantly. terms of colon cancer risk is not clear. In fact, some
authors consider a low number of cells/crypt to be a pro-
tective factor, some others the reverse (18, 19). All the
other parameters were not varied compared to controls.
In our experiments on F344 rats, the administration dio have some important biological meaning this effect
WCPT, before or after the administration of AOM, dicshould be dose-dependent. The observed difference
not affect a series of short-term and intermediate assgyobably derives only from biological fluctuation. WCPT,
correlated to colon carcinogenesis. therefore, do not decrease cell proliferation in the colon, a
We administered doses which are higher than ordinafgctor which has been interpreted as an indicator of che-
human exposure to WCPT (of the order of 5 mg/kg for soprevention (8).
moderate drinker), since they had no toxic effect on the We also controlled for the number of apoptotic
animals and such high doses could be considered for loells/crypt in the rats treated with carcinogens and
man use if some chemopreventive effect were to be fouldCPT. It has been suggested (16) that increased apopto-
— obviously not administered as wine — which would corsis might protect against colon cancer by eliminating mu-

Discussion

tain intoxicating amounts of ethanol. tated or damaged cells in the mucosa. However, such an
Fig. 6 Nuclear aberrations 2.0r [ Jcontrols
(NA) in colon mucosa after ad- **
ministration of 1Q (250 mg/kg) WCPT 57 mg/kg
to control rats and rats fed HF T
diet supplemented with WCPT 15+
(57 mg/kg) for 10 d. NA were
scored 24 h after carcinogen ad- "
ministration and are expressed 2
as a mean number of NA/ crypt 5 10k T
+S.E. **= p<0.01 relative to the P
saline-treated rats. z
0.5
—_ _1_\
0.0
saline 1Q
treated
Fig. 7 Levels of fecal bile a b
acids and long chain fatty acids 30 30r
in control rats and in rats treated "
with WCPT for 90 d. All . 25t 2 25
animals had been administered & <z
AOM (30 mg/kg s.c.) 90 d 0 20 T T 2 Z20f T
before sacrifice. Values are 39 il
means + S.E 8 15 €15
&= I g
2 1.0} © s 1of
o o o
E ¢ E o =
0.5} - ost
0.0 0.0
controls 4 57 mg/kg controls 14 57 mg/kg

WCPT WCPT
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effect was not observed in the rats administerd AOM arle colon (3-5); therefore, it is possible that WCPT exert
fed WCPT. antioxidant effects on colonic mucosa. However, in the
We also carried out a series of assays which can ppresent set of experiments, we did not measure parame-
dict the influence of a dietary supplement on the initiatioters related to oxidation damage.
phase (induction of ACF or NA) or in the promotion Our data do not indicate that WCPT is an active che-
phase of colon carcinogenesis (growth of ACF). A potemopreventive agent using assays related to colon carcino-
tial chemopreventive agent should decrease the numbegehesis in the rat. However, anti-tumour effects have
ACF or of NA or decrease the growth rate of ACF aftebeen described in the literature using green tea extracts or
carcinogen administration. red wine solids (4, 20); therefore, the possibility exists
We observed none of these effects. The administratithat low molecular weight phenols and flavonoids con-
of WCPT does not modify these processes, induced witdined in crude extracts, may have cancer preventive ac-

a variety of carcinogens (AOM, DMH, and 1Q).

tivity. In conclusion, before excluding an effect on the co-
The supplementation with WCPT at the highest dogen of WCPT or crude extract from wine, long-term

tends to decrease the total concentration of bile acids agetcinogenesis experiments should be performed.
of long chain fatty acids in the feces. However, these dif-
ferences were not statistically significant. Bile acids are
co-carcinogens and promoters at the level of the col@reknowledgments This work was financially supported by

(13, 17) On the other hand, levels of Secondary bile agrants from the European Community AIR (Agro Industrial Re-

ids, supposedly the most toxic bile acids for the col
mucosa, are not modified by WCPT administration.

0§1earch) Program (Grant CT94/0933), European Community FAIR

program (Grant No. CT95/0653), by the Ministero della Universita
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