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Effects of a Grapevine Shoot Extract Containing Resveratrol
and Resveratrol Oligomers on Intestinal Adenoma
Development in Mice: In Vitro and In Vivo Studies

Michael T. Empl,* Hong Cai, Shan Wang, Johannes Junginger, Tina Kostka,
Marion Hewicker-Trautwein, Karen Brown, Andreas J. Gescher, and Pablo Steinberg

Scope: Evidence suggests that the dietary consumption of plant extracts
containing polyphenols might help prevent the onset of cancers of the
gastrointestinal tract. In the present study, the chemopreventive and
antiproliferative efficacy of a grapevine shoot extract (Vineatrol R©30) containing
resveratrol and resveratrol oligomers is investigated in vivo and in vitro.
Methods and results: The in vivo study is performed using ApcMin mice on a
high-fat diet, which represents a model of human adenomatous polyposis,
while the potential of the extract as well as some of its isolated constituents to
inhibit intestinal adenoma cell proliferation in vitro is investigated using
APC10.1 cells derived from an ApcMin mouse. Vineatrol R©30 at a low
(2.3 mg kg–1 diet) or high dose (476 mg kg–1 diet) reduces the adenoma
number in male and adenoma volume in female animals. Furthermore,
Vineatrol R©30 as well as resveratrol and two resveratrol tetramers compromise
the expansion of APC10.1 cells by reducing cell number, inducing cell cycle
arrest, cellular senescence, and apoptosis. However, except for the extract,
none of the isolated resveratrol oligomers is more efficacious than resveratrol
in these cells.
Conclusion: Vineatrol R©30 may merit further investigation as a potential
dietary gastrointestinal cancer chemopreventive agent in humans.
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1. Introduction

The feasibility of preventing the onset
of gastrointestinal tumors pharmacolog-
ically is a topic of considerable research
activity, especially in the light of the
high incidence of these malignancies
(�1.4 million new cases worldwide in
2012[1]). Over the past 20 years, encour-
aging evidence has emerged which sug-
gests that the daily consumption of anti-
inflammatory drugs such as aspirin may
be an effective strategy for the chemopre-
vention of human gastrointestinal tract
neoplasms (reviewed in [2]). As aspirin,
even at low doses, exerts a number of
adverse effects,[3] the search for safer,
well-tolerated strategies that match or
even surpass the chemopreventive effi-
cacy of this drug continues. Since it has
long been known that colorectal can-
cer development can be influenced by
diet and foodstuffs,[4,5] modifying dietary
habits, or consuming foodstuffs with pu-
tative health-promoting properties could

constitute a rational strategy to prevent this and other (chronic)
diseases.[6,7] Recently, resveratrol, which occurs in low concentra-
tions in grapes and red wine,[8] was shown to interfere with the
development of adenomas in ApcMin mice on a high-fat diet at a
low dose equivalent to that contained in a couple of glasses of red
wine in humans.[9] ApcMin mice, which harbor a mutation in the
Apc gene,[10] are a model of human adenomatous polyposis and
frequently used “to study the effect of dietary agents on colorectal
cancer”.[11]

There is tentative evidence to suggest that extracts of grapevine
shoots such as the commercially available grapevine shoot extract
Vineatrol R©30, which contains resveratrol and a series of resver-
atrol oligomers, exert beneficial effects on human health.[12–19]

Most notably, Vineatrol R©30 has been shown to reduce the
number of malignantly transformed foci in BALB/c 3T3 mouse
fibroblasts treated with the tumor initiator 3-methylcholanthrene
and the tumor promoter 12-O-tetradecanoylphorbol-13-
acetate.[20] This finding suggests that this extract may be
capable of interfering with the process of carcinogenesis.
The aim of the present study was twofold: First, we wished to

explore whether Vineatrol R©30 affects adenoma development in
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Table 1. Experimental groups, number of animals, and diets used in the present study.

Group No. of female animals No. of male animals Diet (abbreviation)a) Fat content [%] Vineatrol R©30 content [mg kg–1 diet]

1 11 10 AIN-93G (NF) 7.1 (“normal”) 0

2 7 7 modified AIN-93G (HF) 35 (“high-fat”) 0

3 10 9 modified AIN-93G (LD) 35 (“high-fat”) 2.3

4 6 9 modified AIN-93G (HD) 35 (“high-fat”) 476

a) All diets were supplied by Purina TestDiet R© (Richmond, VA, USA).

the ApcMin mouse model in a fashion commensurate with that
observed for resveratrol.[9] Second, the hypothesis was tested that
the grapevine shoot extract or its isolated constituents r2-viniferin
and hopeaphenol can rival resveratrol in terms of ability to com-
promise adenoma cell viability and proliferation in vitro, and if
potential effects of these constituents can explain any efficacy
of Vineatrol R©30 observed in vivo. To that end, APC1.10 cells,
originally derived from ApcMin mice,[21] were exposed to the ex-
tract, r2-viniferin, hopeaphenol, or resveratrol, and the effects of
these agents on cell number, cell cycle distribution, and propen-
sity of cells to undergo apoptosis were investigated. Overall, the
study was conceived to determine whether Vineatrol R©30 should
be taken into account when developing new strategies for the
chemoprevention of gastrointestinal malignancies.

2. Experimental Section

2.1. Chemicals and Reagents

Vineatrol R©30 was kindly provided by the German distributor
Breko (Bremen, Germany) in conjunction with the manufac-
turer Actichem (Montauban, France). The latter also provided ho-
peaphenol (�95% purity). r2-Viniferin (� 95% purity) was iso-
lated and purified by the group of Prof P. Winterhalter (Insti-
tute of Food Chemistry, Technical University of Braunschweig,
Germany), while resveratrol and nocodazole (both �99% purity)
were purchased from Sigma–Aldrich (Schnelldorf, Germany).
All test substances were dissolved in DMSO. The composition
of the Vineatrol R©30 stock used in the present study has previ-
ously been published[18,22] and comprises a total of 37.1% resver-
atrol and resveratrol oligomers (7.7% trans-resveratrol, 0.6%
trans-piceatannol, 3.4% ampelopsin A, 14.6% ε-viniferin, 2.4%
iso-trans-ε-viniferin, 2.5% miyabenol C, 2.5% r-viniferin, 1.6%
r2-viniferin, and 1.8% hopeaphenol). The composition of the re-
maining 62.9% of the extract remain presently unknown.[18]

2.2. Assessment of the Effect of Vineatrol R©30 In Vivo

The potential chemopreventive efficacy of Vineatrol R©30 was
investigated using the ApcMin mouse model. The animal breed-
ing as well as the experimental design and procedure of this
exploratory study were based on previous work investigating
the effects of resveratrol in ApcMin mice.[9,23] The whole experi-
ment was strictly carried out under the Animals (Scientific Pro-
cedures) Act 1986 with project license 80/2167 granted to Le-
icester University by the United Kingdom Home Office. Briefly,

weaning offspring mice of both sexes were randomly allocated
at 4 weeks of age to one of four study groups. Then, after a
short adaptation phase, each group received a different test diet
(control normal fat content [NF], control high fat content [HF],
high fat content + 2.3 mg Vineatrol R©30 kg–1 diet [LD], high fat
content + 476 mg Vineatrol R©30 kg–1 diet [HD]) as described
in Table 1. Since resveratrol has been shown to exert potent
inhibitory activity in ApcMin mice fed a high-fat diet,[9] the ef-
fects of the grapevine shoot extract were studied under simi-
lar conditions. The rationale for choosing these extract doses
was to approximately emulate the amounts of resveratrol used
in a previous study.[9] Moreover, it was based on the fact that
Vineatrol R©30 roughly consists of 30% resveratrol and resveratrol-
related species and that the resveratrol doses used in the above-
mentioned prior study were a dietary relevant 0.7 mg kg–1 diet
and a 200-fold higher dose (translating to 2.3 and 476 mg
Vineatrol R©30 kg–1 diet, respectively). After 9–10 weeks of receiv-
ing the different diets, the animals were euthanized by cardiac
puncture and exsanguination under terminal anaesthesia with
isoflurane (4 vol%). The number and size of adenomas was deter-
mined and other samples and parameters were taken/recorded
as previously published.[9,23] In addition, haematoxylin and eosin-
stained sections of gut samples of selected female andmale mice
from each group were subjected to histopathological analysis.

2.3. Cell Culture

APC10.1 cells[21] were a kind gift from Prof C. De Giovanni as
well as Dr L. Landuzzi (both Cancer Research Section, Univer-
sity of Bologna, Bologna, Italy) and were cultivated under stan-
dard cell culture conditions (37 °C, 95% rel. humidity, 5% CO2)
using DMEM (Biochrom, Berlin, Germany) supplemented with
fetal bovine serum (20%; Biochrom) and l-glutamine (2 mm;
Biochrom).

2.4. Assessment of Cytotoxicity

Cytotoxicity (i.e., changes in cell number/mass) was assessed
by means of the sulforhodamine B (SRB) assay, which was per-
formed as previously described, with slight variations.[24] Briefly,
1000 APC10.1 cells were seeded in 96-well plates and treated once
with the solvent (0.1% DMSO) or the test compounds for 48, 72,
and 120 h. In order tomimic the animal’s daily Vineatrol R©30 con-
sumption during the in vivo experiment, the APC10.1 cells were
also treated with the above-mentioned compounds on a daily ba-
sis for 48, 72, and 120 h. Finally, the absorption was recorded at
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492 nm using a plate reader (Infinite R© 200; Tecan, Crailsheim,
Germany).

2.5. Cell Cycle Analysis

The cell cycle analysis was mostly performed as described
beforehand.[24] Cells (0.5× 106) were seeded on 10 cm dishes and
treated with the different test substances for 24, 48, and 72 h.
After each incubation time point, APC10.1 cells were collected,
fixed in ethanol (70%) and stored at 4 °C until analysis. Sam-
ples to be analyzed were subsequently incubated with ribonu-
clease A (50 μg mL–1) and propidium iodide (50 μg mL–1), be-
fore data were collected (20 000 events per sample) on an Ac-
curi C6 flow cytometer (BD Biosciences, Heidelberg, Germany).
Finally, the analysis of the cell cycle distribution of resveratrol-,
Vineatrol R©30-, or resveratrol oligomer-treated APC10.1 cells was
performed using FlowJo (version 7.6.5; FlowJo, Ashland, OR,
USA).

2.6. Assessment of Apoptosis, Necrosis, and Cellular Senescence

The putative induction of apoptosis and necrosis was investi-
gated as previously reported[25] using commercially available kits
(apoptosis: “Caspase-Glo R© 3/7 Assay”; necrosis/direct cytotox-
icity: “CytoTox-ONETM Homogeneous Membrane Integrity As-
say”) from Promega (Mannheim, Germany). In short, 5000 (for
the apoptosis assay) or 20,000 APC10.1 cells (for the necrosis as-
say) were seeded in 96-well plates and treated with the solvent
(0.1% DMSO) as well as the test substances for 48 (apoptosis) or
6 h (necrosis). Then, either luminescence (apoptosis) or fluores-
cence (necrosis; excitation/emission wavelengths: 560/590 nm)
was recorded by means of an Infinite R© 200 (Tecan) plate reader.
The possible induction of cellular senescence was assessed by
using the “96-Well Cellular Senescence Assay Kit” (Cell Biolabs,
San Diego, USA) according to the manufacturer’s instructions.
Briefly, APC10.1 cells were plated at a density of 1000 cells per
well in a 96-well plate and treated on a daily basis with either the
solvent control (0.1% DMSO) or the test compounds in dupli-
cate for five consecutive days. Following this, the cells were lysed
for 1 h at 4 °C using the kit-supplied lysis buffer supplemented
with 1 mm PMSF, and the samples stored at –80 °C. Afterwards,
the samples, presumably containing the so-called senescence-
associated ß-galactosidase (SA β-gal[26]), were incubated with a
substrate for that enzyme for 3 h and fluorescence quantified us-
ing the above-mentioned plate reader (excitation/emission wave-
lengths: 360/465 nm). The protein content of each individual well
was recorded in parallel using the “PierceTM BCA Protein Assay
Kit” (Thermo Fisher Scientific, Schwerte, Germany) and its fluo-
rescence normalized to its protein content. Finally, the SA β-gal
activity of the normalized samples was expressed as fold change
in relation to the solvent control.

2.7. Statistical Analysis

All data were statistically examined using Prism (version 6.04;
GraphPad, La Jolla, CA, USA), with details being indicated in the

legend of each figure. The normality of the larger in vivo data
set was investigated by means of the D’Agostino & Pearson om-
nibus test, the Shapiro–Wilk test, and the Kolmogorov–Smirnov
test, with the Shapiro–Wilk test being decisive when n � 7. The
significance level (α) was constantly set to 0.05 for all analyses.

3. Results

3.1. Effects of Vineatrol R©30 on Intestinal Adenomagenesis in
ApcMin Mice

As depicted in Figure 1, the HF diet alone increased both the ade-
noma number and the adenoma volume in the small intestine of
mice two- to threefold, regardless of the gender, when compared
to mice on the NF diet. Unlike in animals which received the
HF diet only, intervention with Vineatrol R©30 decreased small in-
testinal adenoma development in a gender-dependent manner
(Figure 1). In male mice, the LD and HD diets decreased the
number of adenomas significantly by�46 and 53%, respectively,
but failed to affect total adenoma volume (Figure 1). In contrast,
both dose regimes diminished the total adenoma volume signif-
icantly by �55% without affecting adenoma number in female
mice (Figure 1). The histopathological analysis verified the nodu-
lar lesions in the intestine of selected animals as being intestinal
adenomas according to current guidelines.[27] While the macro-
scopically determined parameters (i.e., adenoma number and
volume) markedly differ between groups, microscopical assess-
ment of gut samples did not show significant differences between
study groups regarding cellular pleomorphism, atypia, dysplasia,
nuclear morphology, or growth pattern. Though Vineatrol R©30
had no significant effect on the adenoma number or volume in
the colon (Supporting Information Figure S1) as well as on the
body weight of mice in comparison to those which received the
HF diet only (Supporting Information Figure S2), animals which
received the HF diet with or without the extract presented with
diminished hematocrit values and increased weights of spleen
and liver (Supporting Information Figure S3). While the differ-
ences in liver weight were gender-independent, those with re-
spect to hematocrit and spleen weight were significant only in
female mice (Supporting Information Figure S3).

3.2. Effects of Vineatrol R©30 and Selected Constituents on
Intestinal Adenoma Cells In Vitro

In the light of its activity in ApcMin mice in vivo, we explored po-
tential direct effects of Vineatrol R©30 and three of its constituents
(resveratrol, r2-viniferin, and hopeaphenol) on intestinal ade-
noma cells in vitro in terms of cell growth, cell cycle distribution,
apoptogenicity, and direct cytotoxicity (necrosis). APC10.1 cells
were exposed to the agents on a repeated daily administration
schedule, and cell numbers were assessed after 120 h (Table 2).
Agents decreased cell mass in a concentration-dependent man-
ner, and the IC50 value for resveratrol under these conditions was
3.73 μg mL–1 (Table 2). The equivalent values for Vineatrol R©30
were approximately fourfold, and those for r2-viniferin and ho-
peaphenol approximately eightfold higher (Table 2). In molar
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Figure 1. Effect of a normal-fat (NF) and a high-fat (HF) diet as well as a low (LD; 0.23mg kg–1 diet) and high dose (HD; 476mg kg–1 diet) of Vineatrol R©30
on the adenoma number (A) and the total adenoma volume (B) in the small intestine of female and male ApcMin mice. Shown is the value of each animal
as well as the mean ± SD. The animals received the grapevine shoot extract for 9–10 weeks. The data were either analyzed using a two-way ANOVA
followed by Tukey’s post-hoc test (A: all groups compared with each other for each gender separately) or a Kruskal–Wallis test followed by Dunn’s
post-hoc test (B: all groups compared with each other for each gender separately). The p-values indicate statistical significance in comparison to the
group mentioned above each plot. The adenoma volume of one male mouse in the NF group (B) was 76.6 mm3, which was removed from the figure for
visibility reasons. Consequently, the mean and SD depicted are slightly altered, although this animal was included in the actual statistical analysis.

Table 2. Absolute IC50 values determined in APC10.1 cells using the SRB
assay after daily administration of the test compounds for 120 h.

Test compound IC50 [μg mL–1 (μm)] 95% CI [μg mL–1 (μm)]

Resveratrol 3.73 (16.19) 2.90–4.79 (12.56–20.87)

Vineatrol R©30 15.00 11.87–18.95

r2-Viniferin 31.24 (34.44) 23.35–41.78 (25.75–46.07)

Hopeaphenol 29.42 (32.44) 26.21–33.02 (28.90–36.41)

terms, this translates into approximately twofold higher IC50 val-
ues for r2-viniferin and hopeaphenol when compared to resvera-
trol (Table 2). When agents were added to the cellular incubates
only once rather than on a repeated dose schedule as well as for
lower incubation times, inhibition tended to bemarkedly weaker,
except in the case of resveratrol (Supporting Information Figure
S4 and Supporting Information Table S1).
Vineatrol R©30, resveratrol, and hopeaphenol affected the cell

cycle distribution of APC10.1 cells in a fashionwhichwas vaguely
similar between agents (Figure 2). Resveratrol at 50 and 100 μm
caused a significant accumulation of cells in the sub-G1 fraction
after 24, 48, and 72 h as well as a slight arrest in the G1 phase after
24 h, while resveratrol at 10 μm significantly arrested the cells
in the S phase after 24 and 72 h (Figure 2A1–A3). Vineatrol R©30
at 23 μg mL–1 caused a significant accumulation of the cells in
the S phase after 24 and 72 h, thereby mimicking the effect of
resveratrol at 10μm (Figure 2B1–B3). Hopeaphenol at 50μmalso
induced an S phase arrest after 72 h, whereas at 100 μm it caused
a significant accumulation of cells in the sub-G1 fraction after 24,
48, and 72 h as well as a G1 arrest after 24 h (Figure 2C1–C3). In
contrast, r2-viniferin hardly altered cell cycle distribution; it only
induced a slight G1 arrest at 50 μM after 24 and 48 h (Supporting
Information Figure S5).
While Vineatrol R©30 and resveratrol at concentrations in the

10−5–10−4 m range failed to increase the activity of the caspases 3
and 7 in the cellular incubate, treatment with 40 μm hopeaphe-
nol led to a significant increase of caspase activity (Supporting
Information Figure S6). In contrast, the activity of the SA β-gal

was only significantly increased after incubation of the APC10.1
cells with 10 μm resveratrol, whereas none of the agents under
study exerted direct cytotoxic/necrotic effects, as reflected by a
lack of increase in LDH activity in the cell culture supernatant
(Supporting Information Figure S6).

4. Discussion

The results presented herein show for the first time that a
grapevine shoot extract can interfere with adenoma develop-
ment in ApcMin mice fed a high-fat diet. However, the efficacy of
Vineatrol R©30 at 2.3mg kg–1 diet containing�0.18mg resveratrol
kg–1 diet, failed to show the intriguing nonlinear dose-effect re-
lationship recently described for resveratrol at 0.7 mg kg–1 diet.[9]

Instead, the two doses of Vineatrol R©30 administered in the
present study were similarly efficacious, a dose-effect scenario
which suggests the possibility that the grapevine shoot extract
may interfere with adenomatogenesis in ApcMin mice at doses
even below 2.3mg kg–1 diet. The discrepancy in dose-dependency
of efficacy between Vineatrol R©30 and pure resveratrol[9] indi-
cates that the mechanisms by which adenoma growth is com-
promised differ between the two interventions. This conclusion
is further supported by the dichotomy in efficacy exerted by the
extract between male and female mice. In the former, it only af-
fected adenoma number, while in the latter it only reduced the
adenoma volume, and this gender difference was not seen with
resveratrol.[9] In addition, resveratrol clearly reduced the prolifer-
ative index of intestinal adenomas,[9] while results regarding ex-
pression of Ki-67, reflecting the cellular proliferation rate, were
inconclusive in the present work (data not shown). An apparent
gender difference was also observed regarding the hematocrit
and spleen weight. That being said, a diminished hematocrit and
an increased spleen as well as liver weight are expected outcomes
inApcMin mice fed a high-fat diet.[28–30] There are a few studies de-
scribing gender-dependent effects on adenoma development in
mice carrying a mutation in the APC gene, which are, for exam-
ple, related to factors such as physical exercise or genotype.[31–33]

Nevertheless, the specific reason for the observation that
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Figure 2. Effect of resveratrol (R; A), Vineatrol R©30 (V; B), and hopeaphenol (H; C) on the cell cycle distribution of APC10.1 cells after 24 (A1, B1, and
C1), 48 (A2, B2, and C2), and 72 h (A3, B3, and C3) of incubation. Shown is the mean ± SD of five independent experiments per experimental group.
The data of the solvent (ctrl.; 0.1% DMSO) and positive controls (10 μm nocodazole) are identical for each test substance. The data were analyzed using
a two-way ANOVA followed by Dunnett’s post-hoc test (each test substance concentration was tested against the corresponding solvent control [0.1%
DMSO] for each cell cycle phase and time point separately); a, p � 0.05; b, p � 0.01; c, p � 0.001; and d, p � 0.0001.

Vineatrol R©30 is more effective in male animals remains elusive.
A hypothetical mechanism could involve the reduction of testos-
terone production or body levels by Vineatrol R©30 constituents,
as the elimination of this androgen in castrated ApcPirc/+ rats and
azoxymethane-treated C57BL/6J mice has been shown to sup-
press adenomagenesis in the colon.[34] In addition, testosterone
is being discussed as a possible colorectal cancer-promoting fac-
tor in humans.[35] However, as is often the case, data on the im-
pact of resveratrol or other stilbenoid polyphenols on testosterone
production or levels are scarce and quite divergent. On the one
hand, resveratrol as well as some of its analogs inhibit testos-
terone production in primary rat Leydig cells[36] or TRAP rats,[37]

while, on the other hand, it enhances serum testosterone levels in
Sprague–Dawley rats.[38] Moreover, several other non-stilbenoid
polyphenols or phenolic extracts have been identified as in-
hibitors of testosterone production in vitro[39,40] and in vivo.[41,42]

To gain preliminary information as to which of the con-
stituents of Vineatrol R©30 may contribute to its activity in the
ApcMin mousemodel, the consequences of exposure to the extract
or constituents for cell growth, cell cycle distribution, apoptoge-
nesis, and induction of cellular senescence were investigated in
APC10.1 cells. The concentrations of hopeaphenol, r2-viniferin,
or resveratrol required to alter cell behavior (i.e., the induction
of a cell cycle arrest, apoptosis, or cellular senescence) were in
the 10−5–10−4 m range. These are considerably higher than the

concentrations at which these agents are likely to occur at the
adenoma target site after administration of a dose of 2.3 mg
Vineatrol R©30 kg–1 diet, which comprises �0.04 mg r2-viniferin
and hopeaphenol as well as 0.18mg resveratrol. Analytical chem-
ical studies on levels of Vineatrol R©30 constituents in murine or-
gans after oral administration of the extract have thus far not been
performed. However, the assumption that the administration of
a low dose of Vineatrol R©30most probably will lead to vanishingly
small concentrations of its constituents in the gastrointestinal
tract is speculatively illustrated by an earlier study inwhichApcMin

mice received resveratrol; after a daily dose of 2000 mg kg–1

diet, levels of parent compound recovered from gut tissue were
�36 ± 48 nmol g–1 tissue.[43] At a dose which is about 1/1000 of
this, gastrointestinal levels of Vineatrol R©30 constituents should
not exceed 100 pmol g–1 tissue (translating into 10−7 m in con-
centration terms). It is therefore doubtful whether the effects ex-
erted by the extract in the murine gastrointestinal tract in vivo
can be adequately modeled in the conventional short-term cell
culture paradigm. Nevertheless, cautious interpretation of the
results obtained in vitro militates against the notion that resvera-
trol oligomers, exemplified by hopeaphenol and r2-viniferin, ex-
ert direct effects on APC10.1 cell development which are dramat-
ically different to or stronger than those elicited by resveratrol.
Additional preliminary experiments using ε-viniferin (data not
shown), another resveratrol oligomer present in Vineatrol R©30,
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are consistent with this inference although one cannot exclude
the possibility that grapevine shoot constituents other than those
investigated in the present studymay have a superior effect. Also,
it appears that the cytotoxic efficacy of r2-viniferin and hopeaphe-
nol is dependent on the cellular model used. For example, in
canine glioblastoma cells, the IC50 values of both tetramers were
approximately ten times lower than those of resveratrol.[18] The
difference in susceptibility to the above-mentioned compounds
may be related to differences in cellular uptake or to other un-
known factors. Evidence supporting the former idea has recently
been acquired in Caco-2 cells, which are, like APC10.1 cells, of
intestinal origin; while resveratrol passed a tight cellular mono-
layer, the resveratrol oligomers ε-viniferin and hopeaphenol did
not.[44] Additionally, the highest concentration of Vineatrol R©30
used in the present study, containing �7.7 μm resveratrol,[18] in-
hibited the growth of the APC10.1 cells by �66%, while resvera-
trol at 10 μm reduced cell numbers by only �52% after daily ad-
ministration for 120 h. This significant difference (23.0 μg mL–1

Vineatrol R©30 versus 10μm resveratrol; p= 0.0123, calculated us-
ing an unpaired t-test with Welch’s correction) implies that the
resveratrol content of the extract is probably not solely respon-
sible for the observed inhibition of cell proliferation, a finding
observed before in other tumor cell types.[18,45,46]

In conclusion, the inhibitory effect of the grapevine shoot ex-
tract Vineatrol R©30 on adenoma development observed in ApcMin

mice suggests that this extract may merit further investigation
aimed at the exploration of its potential as an adenoma growth-
retarding intervention in humans. The resveratrol tetramers ho-
peaphenol and r2-viniferin may contribute to the overall efficacy
of Vineatrol R©30, although it is unlikely that their contribution is
superior to that of resveratrol, at least in the cellular model used
in the present study.

Abbreviations

HD, high fat content diet + 476 mg Vineatrol R©30 kg–1; HF, control high
fat content diet; LD, high fat content diet + 2.3 mg Vineatrol R©30 kg–1;
NF, control normal fat content diet; SRB, sulforhodamine B

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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