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Inhibitory effects of trans-resveratrol analogs
molecules on the proliferation and the cell cycle
progression of human colon tumoral cells
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Resveratrol may function as a cancer chemopreventive agent. However, few data are available on the
antitumoral activities of its dimer, g-viniferin, also present in human diet. So, the effects of resvera-
trol, e-viniferin, of their acetylated forms (resveratrol triacetate, e-viniferin pentaacetate) and of vine-
atrol (a wine grape extract) were compared on human adenocarcinoma colon cells. Resveratrol and
resveratrol triacetate inhibit cell proliferation and arrest cell cycle. e-Viniferin and e-viniferin pentaa-
cetate slightly reduce cell proliferation. Vineatrol inhibits cell proliferation and favors an accumula-
tion in the S phase of the cell cycle. Consequently, resveratrol triacetate and vineatrol could constitute

new putative anticancer agents on colon carcinoma.
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1 Introduction

Dietary polyphenols are of great interest due to their antiox-
idative and anticarcinogenic activities. Indeed, polyphenols
are considered chemopreventive agents since they exhibit
pharmacological or natural agents to promote the arrest or
the regression of cancer process. The impetus sparking of
this scientific inquiry was the result of many epidemiologic
studies that showed protective effects of plant-based diets
on cardiovascular disease and cancer. Among these bioac-
tive compounds, several epidemiological studies [1]
revealed that resveratrol may be one of the main wine
microcomponents responsible for health benefits. Indeed,
resveratrol (frans-3,4',5-trihydroxystilbene) can prevent
important pathologies, i. e., vascular diseases, cancers, or
neurodegenerative processes (see for review [2, 3]). We pre-
viously showed that trans-resveratrol, as a chemopreventive
agent in colon and other carcinomas, offering renewed
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interest in grape products and dietary supplements [4, 5].
One of the major effect of resveratrol could be related to its
ability to arrest cell cycle progression [4, 6] and/or to trig-
ger tumor cell death by apoptosis [5, 7]. In addition, they
are compelling evidences that resveratrol could act as a che-
mosensitizer agents with various drugs [8] or cytokines [9].
Nevertheless, its association with other polyphenols must
also be considered, since several reports indicated that
trans-resveratrol-driven inhibition of cell proliferation is
synergized by other polyphenols such as quercetin. More-
over, it was previously reported that a vineatrol preparation,
mainly containing two phytochemicals (resveratrol and
e-viniferin), exhibits a greater antiproliferative effect that
resveratrol [10]. Several epidemiological studies (in partic-
ular [1]) revealed that resveratrol may be one of the main
wine microcomponents responsible for the health benefits
(i. e., against vaso-coronary diseases and cancer mortality)
in the case of moderate wine consumption. The resveratrol
does not seem to be the only bioactive compound present in
the wine, its oligomers seem to play an important part. It is
thus important to evaluate the biological effects of these
molecules in particular on cancerous cell lines. In addition,
the existence of acetylated phenolic compounds in natural
sources is also established, such as acetylated glycosides of
flavonoids [11, 12] and resveratrol [13, 14] have been found
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in plants. These data provide evidence about the existence
of acetyl groups in naturally occurring compounds. On the
other hand, although the use of phenolic compounds in
pharmaceuticals as well as in food preparations is very
promising, limitations occur with regard to their weak solu-
bility and stability in a lipophilic environment. The exis-
tence of lipophilic derivatives of polyphenols and flavo-
noids via esterification of the hydroxyl functions with ali-
phatic molecules can be used as a tool to increase their lip-
ophilicity and therefore improve their intestinal absorption
and cell permeability of the compounds [15]. Moreover,
structural modification of natural phenolics is expected to
produce analogs that may be useful tools to study the struc-
ture—activity relationships.

In the present study, we show the potential interest of
vineatrol preparation (containing 16% trans-resveratrol and
20% e-viniferin) as an alternative source of resveratrol on
human colon adenocarcinoma cells SW480. We compared
the effects of frans-resveratrol obtained from chemical syn-
thesis to trans-resveratrol obtained from vine shots, acety-
lated form of trans-resveratrol (frans-resveratrol triacetate),
e-viniferin, e-viniferin pentaacetate, and to the vineatrol
preparation. We used the resveratrol at 30 uM, concentra-
tion for which we have previously showed that this polyphe-
nol could cause an inhibition of the colon cancer cells pro-
liferation with a blocking in the S phase of the cell cycle
[4]. We also showed that this S phase arrest is accompanied
by the induction of an apoptotic process in these cancerous
cells [5, 9]. The oligomers of resveratrol such as viniferin
was also able to block the proliferation of several tumoral
cell lines (e. g., leukemic cells HL60 or human breast cancer
cells) to a concentration of 25 uM by an action on the cell
cycle [16—18]. So, as to be able to compare the antiprolifer-
ative activities and their action on the cell cycle of trans-
resveratrol analogs by report/ratio with the resveratrol, we
chose to compare them to an effective concentration of
30 uM of resveratrol. We demonstrate that resveratrol
obtained from the two methods, exerts similar antiprolifera-
tive and cell cycle arrest activities on colon cancer cells
SW480. In contrast, we show that the oligomer of resvera-
trol, e-viniferin, has only a slight effect on cell proliferation
but might protect from cell degenerescence. Interestingly,
the triacetate form of resveratrol has similar effect than
resveratrol. This acetylation could present a great interest to
increase the resveratrol absorption without loss of activities
same manner as the acetylation of catechins [19]. Indeed,
the acetylation of epigallocatechin-3-gallate increases the
bioavailability of epigallocatechin in vivo and enhance in
vitro his bioactivity [19]. In contrast to resveratrol triace-
tate, the acetylated form of g-viniferin exhibit only modest
activity on cell proliferation. Moreover, we report that the
oligomers of resveratrol and vineatrol preparation were
able to involve a pitfall in the colorimetric proliferation
methylthiazol tetrazolium (MTT) test as reported previ-
ously with resveratrol on leukemia cells [20]. Although the
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vineatrol preparation induces a slight increase in MTT-
reducing activity due to a direct reduction process, we dem-
onstrate for the first time that vineatrol is able to inhibit pro-
liferation of the human colon adenocarcinoma cell line
SW480 and causes cell cycle arrest predominantly at S
phase correlated with an increase in DNA replication. Fur-
ther investigations will reveal if these effects are mainly due
to resveratrol and would identify the vineatrol cell cycle tar-
gets for new therapeutic strategies.

2 Materials and methods

2.1 Cell line

SW480 human colon carcinoma cell line obtained from the
American Tissue Culture Collection (ATCC, Rockville,
MD) were maintained in RPMI 1640 medium, (Biowhit-
taker, Fontenay sous Bois, France) complemented with
10% fetal calf serum and 2 mM L-glutamine (Biowhit-
taker).

2.2 Drugs, chemical reagents

Six xenobiotics were used trans-resveratrol obtained from
chemical synthesis (Rs) (Sigma—Aldrich, St Quentin fallav-
ier, France), trans-resveratrol obtained from vine shots
(Ra), trans-resveratrol triacetate (3,5,4-triacetylresvera-
trol) (R3A), e-viniferin (gV), e-viniferin pentaacetate
(eV5A) (Actichem, Montauban, France), and vineatrol, a
mixture of polyphenols derived from vine shots [10] con-
taining 16% trans-resveratrol and 20% e-viniferin. Briefly,
the vine-shoots are ground, extracted with acetone, concen-
trated, diluted in an ethanol/water mixture. This mixture is
then filtered, evaporated, and submitted to a combination of
preparative HPLC. Resveratrol was purified by flash chro-
matography and was identified by comparison with a stand-
ard from Sigma on a HPLC with a barette of diode detector.
Viniferin was purified by flash semi-preparative chroma-
tography then HPLC. The identification was carried out by
NMR H and MS and 2-D. A stock solution of these different
polyphenols was prepared by dilution in ethanol. In order to
compare the activity of the different preparations with
trans-resveratrol (Rs), similar stock solution was made for
vineatrol preparation with respect to their content in frans-
resveratrol, corresponding to 23.8 mM resveratrol and cor-
responding to 18.9 mM e-viniferin.

2.3 Cell proliferation and viability measurements

SW480 cells were seeded into 25 cm? flasks (6 x 10° cells)
in 3 mL of culture medium. After 24 h of culture, the cells
were treated in triplicate flasks with polyphenols (Rs, Ra,
R3A, €V, and €V5A) used at 30 uM. Treatment with vinea-
trol was performed at various concentrations expressed in
micromolar of resveratrol equivalent. All control and
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treated cells received the same volume of ethanol (0.1%).
At daily intervals, cells were harvested and the number of
cells were quantified by three different methods: (i) trypan
blue exclusion test which is based on the ability of a viable
cell with an intact membrane to exclude the dye trypan blue
by using a hemocytometer in microscopic counting, (ii)
Coulter counter allowing to evaluate the total number of
cell, and (iii) colorimetric MTT assay. This last method is
based upon the ability of the cells to reduce a tetrazolium
salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoilum
bromide, and to form a blue formazan product by a mito-
chondrial enzyme, succinate deshydrogenase (SDH) [21].
Therefore, the quantitative colorimetric MTT assay has
been widely used to evaluate the effects of drugs on cell
growth [22]. After MTT addition (0.5 mg/mL), the plates
were incubated for 3 h. At the end of the incubation period
the medium was removed and the converted dye was solubi-
lized with acidic isopropanol (0.1 N HCI in absolute isopro-
panol). Absorbance was measured at a wavelength of
570 nm. Results were expressed as percentage of control
values.

2.4 Apoptosis identification

Apoptosis was identified by staining the nuclear chromatin
of trypsinized cells with 1 pg/mL Hoechst 33342 (Sigma—
Aldrich) for 15 min at 37°C. The percentage of apoptotic
cells was determined by analyzing 300 cells.

2.5 Flow cytometric determination of cellular
permeability with propidium iodide (PI)

SW480 cells plated in 24-well plates were cultured for 48 h
in the absence or in the presence of polyphenolic com-
pounds. At the end of the incubation time, cells were stained
with PI which enters cells with permeable plasmic mem-
brane, and stains dead cells only [23]. Fluorescence of PI
was collected by using a 590/10 nm bandpass filter and
measured on a logarithmic scale. Flow cytometric analyses
were performed on Galaxy flow cytometer (Partec, Miin-
ster, Germany). Ten thousand cells were acquired for each
sample. Data were analyzed with FlowMax software (Par-
tec).

2.6 Flow cytometric analysis of cell cycle

Cells were seeded 24 h before treatment into 25 cm? flasks.
After treatment, the detached and adherent cells were
pooled, fixed with ethanol, and stained with PI as previ-
ously described [4] for subsequent analyses with a CyFlow
Green flow cytometer and the fluorescence of PI was
detected above 630 nm. For each sample 20 000 cells were
acquired. Furthermore, data were analyzed with MultiCycle
software (Phoenix Flow Systems, San Diego, USA); the x-
axis correspond to the DNA content and the y-axis to the
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number of cycling cells. The maximum value on the y-axis
is inversely proportional to the altered cells level (noncy-
cling cells) which are excluded by gating.

2.7 Determination of [*H] thymidine incorporation

DNA synthesis determined by the incorporation of [*H] thy-
midine was performed as previously described [4]. Briefly,
the cells were seeded at a density permitting exponential
proliferation and were labeled with 1 uCi/well of [*H] thy-
midine (Amersham, France), and the cell lysate was added
to scintillation liquid. The radioactivity was determined by
using a LS6000IC counter (Beckman, USA). The results
were expressed in d.m.p. per cells.

2.8 Statistical analysis

The experiments were repeated at least three times. The
data were expressed as the mean = SD (n = 6) of three inde-
pendent experiments. The significance of differences was
established with the Student’s #-test.

3 Results

3.1 Colon cancer cell growth inhibition

SW480 colon carcinoma cells were exposed to polyphenol
compounds (Fig. 1A) such as trans-resveratrol from chemi-
cal synthesis (Rs) or from vine shots (Ra); trans-resveratrol
triacetate (R3A), e-viniferin (eV), e-viniferin pentaacetate
(eV5A), and vineatrol (Vinea5; 10; 20; 30; or 50) contain-
ing 5 uM (or 10; 20; 30; or 50 uM) of trans-resveratrol and
4 uM of e-viniferin (Figs. 1B and D). As revealed by the
growth curves (Fig. 1B), these compounds have different
antiproliferative activities. Indeed, Rs, Ra, and R3A at the
same concentration (30 uM) produced a strong inhibition
of cell growth of the cancer cells in time-dependent manner
with a complete growth arrest after 24 h of treatment (Fig.
1B). The percentages of proliferation inhibition induce by
the three compounds are 85, 87, and 80%, respectively. The
Coulter counter confirmed the results obtained and show
that these compounds exert at 48 h of treatment a dose-
dependent cell growth inhibition (Fig. 1C). A second group
of compounds was characterized by a slight antiprolifera-
tive activity (Fig. 1B). It appeared that the SW480 cells
exposed to €V and €V5A at 30 uM grew similarly to the
control, but at a reduced growth rate and the percentage of
cell inhibition is also low with the increase in the concentra-
tion (Fig. 1C). The treatment of SW480 cells with Vinea5
showed a similar cell proliferation inhibition to €V and
€V5A (Fig. 1B). In fact, vineatrol preparation exerts an
antiproliferative activity in a dose- and time-dependent
manner (Figs. 1C and D). The treatment starting with
Vinea20 already gave a significant inhibition of cell prolif-
eration (76%) after 72 h. At a higher concentration,
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Vinea50 was toxic leading to a decrease of the cell number
(Fig. 1D). The dose-dependent antiproliferative effect
induced by Rs, Ra, R3A, and vinea was associated with an
increase in cell death in a dose-dependent manner (Fig. 1E).
Indeed, SW480 cells show an enhancement of cellular per-
meability with PI after treatment with high concentrations
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R=CH3COO:;Resveratrol triacetate (R3A)

B)
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(60 uM) of Rs, Ra, R3A, and vinea, whereas it is not the
case with €V and €¢V5A (Fig. 1E). That's why, we used for
the following experiments a nontoxic concentration of
30 uM for the polyphenolic compounds. At this concentra-
tion, the proliferation inhibition was due to specific effect
of compound and no due to their cytotoxic effect. The dose-
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Figure 1. Inhibitory effects of resveratrol and analogs on the proliferation of SW480 cells. (A) Chemical structures of polyphenol
compounds. (B), (D) After 24 h of culture, SW480 cells were treated with medium containing the solvent (0.1% ethanol) or the com-
pounds. Treated and control cells were harvested at 0, 24, 48, 72, and 96 h. Cell proliferation was quantified with a haemocytometer.
Viable and dead cells were distinguished by trypan blue exclusion. (C) After treatment as in (B), cell number was determined with a
Coulter counter. (E) Dead cells (%) were determined by flow cytometry after staining with PI. (B, C D, E: mean + SD of three inde-

pendent experiments).
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Figure 2. Concentration-dependent inhibition of colon cancer cell proliferation with resveratrol and analog compounds. (A) After
24 h of culture, cells were incubated with or without compounds during 48 (black curve), 72 (blue curve), and 96 h (red curve). Then,
colorimetric proliferative MTT test was used and the absorbance was measured after 3 h of incubation at 37°C. Results were
expressed as percentage of control values. Values correspond to the mean + SD (n = 6). (B) Dose-dependence of MTT reduction by
polyphenolic compounds during 4, 8, and 24 h of incubation in a range concentrations (3 uM, 30 uM, 60 uM, 100 uM). Vitamin C was
used as positive control. (A and B: mean + SD of three independent experiments). (C) SW480 cells were untreated (Ctl) or treated
with resveratrol and analog compounds for 48 h before nuclear staining with Hoechst 33342. Original magnification: x 50. (D)
SW480 cells were untreated or treated with resveratrol and analog compounds for 48 h before staining with blue trypan or Hoechst
33342 (mean + SE of three independent experiments in which each percentage was calculated by counting 300 cells).
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Figure 3. Analysis of polyphenol compounds effects on cell cycle profiles in SW480 cells. After 24 h of culture, cells were incubated
with or without Rs, Ra, R3A, €V, ¢V5A (30 uM), and Vinea5 (5 uM resveratrol) for 24, 48, or 72 h. Cells were collected and analyzed
by flow cytometry after staining with PI. One representative of three independent experiments is shown.
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dependent proliferation inhibition was confirmed by the
colorimetric proliferation MTT test. Indeed, it appeared
after the incubation with Rs, Ra, a similar decrease of the
cell survivals percentage in a time- and dose-dependent
manner (Fig. 2A). The percentage of survival cells curves
of R3A showed similar profile excepted at 96 h of treatment
with the lower concentration range where the acetate com-
pound exerts an increase in the blue formazan product. Sim-
ilar results were obtained with the vineatrol preparation
(Fig. 2A). The oligomeric polyphenols, €V present no
inhibition of proliferation and stimulated the production of
the blue formazan like as ¢VS5A (Fig. 2A). In previous
study, Bernhard et al. [20] have been shown that trans-
resveratrol was able to enhanced MTT-reducing activity
under growth inhibition in leukemia cells. This observation
was not due to a direct reduction of MTT by resveratrol but
appeared to be dependent on the cell type [20]. So, here we
also tested if R3A, €V, ¢V5A, and vinea were able to
directly reduce MTT in the absence of cells as compared to
vitamin C used as control. We observed that R3A, €V, and
€VS5A, such as resveratrol, do not directly reduce the MTT
(Fig. 2B). With vitamin C used as a positive control, vinea-
trol increased MTT-reducing activity in a dose-dependent
manner (Fig. 2B). So, the MTT test could induce a pitfall to
determine the antiproliferative effect of natural compounds
such as polyphenols.

As we showed previously, when cultured in the presence
of trans-resveratrol, SW480 colon carcinoma cells under-
went apoptosis (Fig. 2C). Indeed, cell staining with Hoechst
33342 demonstrated that Rs, Ra, R3A induce an increase in
the nucleus size that preceded the appearance of character-
istic apoptotic changes, i. e., the condensation and fragmen-
tation of the nuclear chromatin (Fig. 2C). This process was
also observed with vinea that it is not the case with €V and
eV5A (Fig. 2C). By using trypan blue staining, we have
evaluated the percentage of necrotic cells or apoptotic cells,
relative to total cells and we observed a higher level of
apoptotic cells with Rs, Ra, R3A, and vinea (Fig. 2D).

3.2 Alteration of cell cycle by polyphenols and
vineatrol

In order to identify the phases of the cell cycle of SW480
cells, we conducted flow cytometric analyses in the pres-
ence of different polyphenols. As soon as 24 h of treatment
with Rs, Ra, and R3A marked modifications of the cell
cycle were detected at 30 uM concentrations which are not
cytotoxic (Fig. 3). They were characterized by an accumu-
lation of the cells in the S phase increasing in a time-
dependent manner. This gradual accumulation of the cells
in the S phase (Figs. 3 and 4) showed an increase in +20%
after 24 h and reached +60% after 72 h of treatment. At the
opposite, eVand €V5A, did not lead to cell cycle modifica-
tions (Figs. 3 and 4) and we observed a normal level of cells
in the different phases. With vineatrol (Fig. 5), we observed
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Figure 4. Quantitative analysis of cells’ distribution in the
phases of the cell cycle (mean +SD of three independent
experiments).

an increase in the S phase with Vinea5 after 24 h of treat-
ment which further increased in a time- and dose-dependent
manner (Figs. 5 and 6).

3.3 Colon cancer DNA synthesis inhibition

To precise the relationships between the accumulation of
the cells in the S phase of the cell cycle and the DNA syn-
thesis in SW480 cells, we measured the [*H]-thymidine
incorporation rate in colon cancer cells which are studied at
a density permitting exponential proliferation (Fig. 7). In
this study, we do not correlate the cell proliferation inhibi-
tion with DNA synthesis because we measured the DNA
synthesis after 24 h of treatment. Conversely to a decrease
in DNA synthesis most often associated with an inhibition
of cell proliferation, our results showed an increase in the
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[*H]-thymidine incorporation per cells treated or not after
24, 48, and 72 h of treatment with Rs, Ra, R3A, and vinea-
trol (Fig. 7). These observations were in agreement with
previous data obtained with hepatoblastoma HepG2 cells
[24] and colon carcinoma SW480 cells after treatment with
resveratrol [4]. In agreement with the cell cycle modifica-
tions, the most important [*H]-thymidine incorporation per
cell increase was found with Rs, Ra, and R3A. The lack of
effects of eVand €V5A confirmed that cell cycle and DNA
synthesis were not affected by these compounds.
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Figure 5. Analysis of vineatrol
effects on cell cycle profiles in
SW480 cells. As in Fig. 3, after
24 h of culture, cells were incu-
bated with or without polyphenol
compounds during 24, 48, or 72 h.
Rs was used at 30 uM and vinea-
trol was used with a range of
resveratrol equivalent micromolar.
One representative of three inde-
pendent experiments is shown.

4 Discussion

Several epidemiological studies [1] revealed that resvera-
trol may be one of the main wine microcomponents respon-
sible for the health benefits in the case of moderate wine
consumption. The present study demonstrates that resvera-
trol analogs such as trans-resveratrol triacetate can be as
much active that trans-resveratrol, and the oligomers such
as e-viniferin exhibit an only very slight effect on cell pro-
liferation and on cell cycle progression of colon cancer
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Figure 6. Quantitative analysis of cells’ distribution in the
phases of the cell cycle after vineatrol treatment (mean + SD
of three independent experiments).

cells. A vineatrol preparation containing 16% of trans-
resveratrol and 20% of e-viniferin presents an antiprolifera-
tive activity and an inhibition of cell cycle progression sim-
ilar to resveratrol at comparable concentration.

It appears that purified trans-resveratrol present similar
antiproliferative and cell cycle disturbing effects with
trans-resveratrol chemically synthesized, indicating that the
extraction and the purification of frans-resveratrol obtained
from vine shots did not modified these activities. These
results are in accordance with previous observations report-
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Figure 7. Time course of DNA synthesis analysis in SW480
cells. After 24 h of culture, cells in proliferative state were incu-
bated with or without Rs, Ra, R3A, €V, ¢V5A (30 uM) Vinea10
(10 uM resveratrol), and Vinea30 (30 uM resveratrol) during
24, 48, or 72 h. Radioactivity was corrected according to the
cell number cycle (mean = SD of three independent experi-
ments).

ing that chemically synthesized resveratrol favors the accu-
mulation of colon tumoral cells in the S phase of the cell
cycle [4]. Furthermore, the acetylation of frans-resveratrol
showed a comparable antiproliferative activity by blocking
the S phase of the cell cycle. Thus, our observations fit with
data obtained on prostate tumor cell line describing that
cell-growth inhibition activities of triacetate and of tributa-
noate derivatives of resveratrol were similar than those of
resveratrol [25]. These results have major interests since an
esterification of the three phenol groups could lead to
important modifications in the lipophilicity of the molecule
and could modify the cellular uptake and consequently
involved a best absorption of this molecule without loss of
its activities. Indeed, despite an efficient absorption by the
organism, resveratrol has unfortunately a low level bioa-
vailability, glucuronidation, and sulfation being limiting
factors. But recent studies show that the acetylation can
enhance biological activities and increase bioavailability of
natural compounds such as epigallocatechin-3-gallate [19,
26] or chemical drugs (e. g., declopramide) [27]. As well as
this compounds, the acetylation of resveratrol could
enhance its bioavailability and increase his antiproliferative
effects in vivo. Although experiments have been done with
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colon cancer cells in culture, we show that acetylation rep-
resents an interest to increase the bioavailability of trans-
resveratrol and frans-resveratrol analogs, several studies in
vivo will have to be realized to compare times of half life in
the plasma, small intestine, and colon, respectively. In addi-
tion to these studies, experiment on animal models of colon
carcinogenesis will have to be realized to test the effect of
the acetylated forms. In contrast to resveratrol and to its
acetylated form, the compounds &V, and its acetylated
form, eV5SA, exhibit only modest antiproliferative activity
and no modification of cell cycle. The nearly absence of €V
activity on SW480 cells seems to be dependent of the cell
type. Indeed, previous studies showed that ¢V was able to
arrest leukemia cell proliferation, to induce apoptosis, and a
cell cycle modification [16]. Moreover, it has been recently
described that resveratrol oligomers isolated from seeds of
Paeonia lactiflora Pall. were capable to inhibit the growth
of various cancer cells in a dose-dependent manner [17]. It
should be of interest to compare the activities of g-viniferin
with o-viniferin since its glucosides forms are able to
inhibit DNA topoisomerase 11 [18]. However, the differen-
tial sensitivity observed with the MTT test commonly used
to measure cytotoxic and/or antiproliferative effects could
be due to a pitfall. Indeed, in SW480 cells, we observed that
R3A, vineatrol preparation less than €V and €¢V5SA can
induce an increase in the MTT-reducing activity. These
observations were very important since the MTT test can
mask antiproliferative activities and could be a possible pit-
fall in cell sensitivity determination. Its appears that vinea-
trol alone is able to reduce directly the yellow tetrazolium
leading to an increase in MTT-reducing activity, contrary to
€V and gVS5A. In genistein-treated cells, it was suggested
that this increase in MTT-reducing activity could be due to
an increase in the cell volume and the number of mitochon-
dria [28]. Similarly, resveratrol and R3A induce an increase
in cell volume (data not shown) and also induce an accumu-
lation of SW480 cells in S phase. Bernhard et al. [20] sug-
gested that this phenomenon was associated with the differ-
entiation process. This hypothesis is supported by the abil-
ity of resveratrol to induce differentiation of colon carci-
noma cells via nuclear receptor [29]. However, it was not
the case with €V and its acetylated form which has no effect
on the cell volume and differentiation, probably because
these polyphenols may interact with the redox activities of
mitochondria and consequently contribute to the reduction
of MTT. Interestingly, we showed for the first time, that a
vineatrol preparation causes a dose- and time-dependent
inhibition of colon cancer cells which was associated with a
stronger arrest of cell cycle progression. Indeed, it appears
that vineatrol induces in dose- and time-dependent manner
an accumulation of tumoral cells in S phase of cell cycle
corresponding to the DNA synthesis. These cellular and
biochemical observations appeared to be specific since the
concentration (30 uM) used is not cytotoxic on SW480
colon cancer cells as shown by the absence of increase per-
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meability to PI. Thus, we considered that cell proliferation
arrest is not due to an arrest of DNA synthesis resulting
from cell death, but rather to an elongation of the S phase
delaying the cell cycle and preventing the cells to enter into
the G2/M phase after treatment with Rs, Ra, R3A, and vine-
atrol. At a long time of treatment, we observed a slight
decrease in the [*H]-thymidine incorporation per cell which
could be the consequence of cell cycle control deregulation.
Thus, the decrease in cell number following a treatment
with vineatrol should be due to the cell cycle arrest prevent-
ing cell division. Consequently, the G2/M phase disap-
peared throughout the treatment with vineatrol. It is there-
fore tempting to speculate that if the cells cannot enter in
the phase of division, they undoubtedly will enter in a cell
death process. By fluorescence microscopy using Hoechst
33342 we have evaluated the death process. As we shown
previously [5], resveratrol-induce apoptosis of SW480
colon carcinoma cells, in the same way, its acetylated form
and vineatrol preparation can induce apoptosis in the cell
line.

Altogether, our data obtained in colon cancer SW480 cells
support that resveratrol contained in the vineatrol prepara-
tion may be responsible of its effects on proliferation and
cell cycle, indicating that this polyphenol mixture may be a
convenient and alternative source for the preparation of nat-
ural antitumoral agents. Furthermore, concerning resvera-
trol triacetate, our data underline the interest to use this
esterified form as chemopreventive agent. Moreover several
studies have shown that polyphenols compounds such as
resveratrol and viniferin have no cytotoxic effect on normal
hematopoietic progenitor cells, in contrast to leukemic cells.
In addition, resveratrol shows specific cytotoxic effects
toward tumor cells when compared with normal lung [30]
and blood cells [31]. Furthermore, at the concentrations
inducing growth inhibition and cell cycle arrest in colon car-
cinoma cells, polyphenols compounds did not impair the
viability of human normal peripheral blood mononuclear
cells (PBMC) and much higher concentrations were
required to induce a cytotoxic effect in these cells [10].

So, additional studies are now in progress to address the
mechanisms by which vineatrol influences the cell cycle
arrest and to define whether it modulates specific cyclins or
cyclin-dependent kinases involved in cell cycle progres-
sion.

The authors have declared no conflict of interest.
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