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Resveratrol: Chemoprevention with red wine
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Abstract

According to epidemiological studies, western diet
has disadvantages because of cancer prevalence
more than Mediterranean or Asia people who
consume more vegetables and fruits. Resveratrol
(trans-3,4,5-trihydroxystilbene) which is highly
found in grapes, berries has received attention for
its potential chemopreventive and antitumor
effects in experimental systems. Because of high
resveratrol content, researchers noted that red
wine has multidimensional benefits for
cardiovascular health. Resveratrol also protects
neuron cells from other well known
chemotherapeutics. The molecular function of
resveratrol in chemoprevention and
carcinogenesis are reviewed by experimental
cancer cell models. Resveratrol is going to be a
promising molecule in future cancer prevention
and therapy models.
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Introduction

Studies have shown that the incidence of cancer
varies greatly between men living in western and far
eastern countries. It has been suggested that this large
difference in incidence may be attributed to the vastly
different diets consumed by the men living within
these countries (Go et al., 2003; Jang et al., 1997). Men
living in western countries consume a diet with a

*Correspondence author:

Istanbul Kiltlr University, Science and Letters Faculty
Atakdy Campus, Bakirkéy 34156

istanbul - Turkey.

E-mail: d.arisan@iku.edu.tr

Received: January 19, 2007; Accepted: February 22, 2007.

higher fat content and lower fruit and vegetable intake
than men living in far eastern countries.

A number of epidemiologic studies have suggested
that daily nutrition uptake habits plays an important
role in carcinogenesis and that 30 % of cancer
morbidity and mortality can potentially be prevented
with proper adjustment of diets (Miller and Rice-Evans,
1995). Researchers believe that the reason for this
observation is the presence of phytochemicals that are
found naturally within certain fruits, vegetables, and
legumes (Langcake and Pryce, 1977; Peterson and
Dwyer, 1988). As good examples, genistein,
coumestrol, quercetin, zearalenone, and resveratrol
exerted genotoxic effects in in vitro test systems (Go et
al., 2003; Jang et al., 1997; Surh, 2003). Other
phytoestrogens such as lignans, the isoflavones,
daidzein and glycetein, anthocyanidins, and the
flavonol fisetin exhibited only weak or no effects in
vitro (Stopper et al., 2005). Practically all of the
phytoestrogens exhibit pro-apoptotic effects in some
cell systems (Giri and Lu, 1995). Especially during
menopause, this kind of nutrition types favored by
women who are concerned about the side effects of
hormone replacement therapy (Jang et al,
1997;Stopper et al., 2005). However, adverse health
effects of phytoestrogens have often been ignored.

There is extended discussion of the genotoxic
potential of estrogens to phytoestrogens, which occur
in numerous plants, and today are considered to be
potent candidates in the field of chemoprevention as a
friend. Rather high concentrations of phytoestrogens
are found in many diets, especially in Asia, where the
diet contains high amounts of soy and leguminosae.
Other phytoestrogens are found in fruits, mulberries,
and vegetables (e.g. resveratrol, anthocyanins,
flavanons). It has been proposed that dietary
phytoestrogens could play a role in prevention of
estrogen-related cancers like breast cancer, prostate
cancer, and to a lesser extent endometrial and
testicular cancer (Li et al., 1999). However, possible
adverse effects have hardly been evaluated. Certain
estrogenic compounds are capable of inducing
neoplastic transformation in primary cells and are
clearly carcinogenic in animals. Examples are the
synthetic estrogen diethylstilbestrol and the
mammalian estrogen 17(-estradiol (Cornwell et al.,
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2004). Both estrogens are associated with cancer in
humans. Thus, the question has been raised whether
carcinogenic estrogens have genotoxic effects in
addition to their hormonal activity. In support of this
hypothesis, diethylstilbestrol and 17p-estradiol have
been shown to cause DNA-alterations in vitro and in
vivo (Rimando et al., 2004). Dietary components also
may have positive or negative effects on the
development of prostate cancer like other types of
cancer (Go et al., 2003; Jang et al., 1997; Miller and
Rice-Evans, 1995). Studies have shown that increased
consumption of dietary fat promotes the development
of cancer. On the other hand, research has shown that
regular consumption of fruits and vegetables has an
inhibitory effect on the development of cancer. This
inhibition has been attributed to several different
groups of compounds called phytochemicals that are
found in fruits and vegetables. Examples of
phytochemicals include resveratrol, which is found in
grapes and leguminous products, and f-sitosterol,
which is also found in plant oils and leguminous
products. The B-sitosterol supplementation for 3 days
activates the MAPK pathway in MDA-MB-231 breast
cells, and stimulates the synthesis of prostaglandins in
vascular smooth muscle cell (Awad et al, 2005).
Prostaglandins are ubiquitous compounds that are
involved in a variety of inflammatory and homeostatic
processes throughout the body. They are formed by
the combined action of cytosolic phospholipase A2
(cPLA2) and the two isoforms of the cyclooxygenase
protein (COX-1 and COX-2). COX-1 mediates
physiological functions such as cytoprotection of the
stomach and is constitutively expressed within most
tissues, while COX-2 is an inducible enzyme that is up-
regulated in response to mitogenic or inflammatory
stimuli. High levels of COX-2 protein have been found
in breast, colon, and prostate cancer tissues. The
proposed mechanism by which COX-2 promotes
carcinogenesis includes promoting angiogenesis,
enhancing cellular motility and increasing resistance to
apoptosis (Lithitayawuid et al., 2002).

In briefly, these phytochemicals inhibit cancer cell
growth by inducing apoptosis and inhibiting cell cycle
progression. There are many in vitro studies which aim
to show how these compounds are working (Jang et
al., 1997). For example, nutritional agents present in
food, e.g. soy isoflavones, lycopene, vitamin E,
selenium, vitamin D, green tea polyphenols and many
more, have been found to inhibit proliferation or to
induce apoptosis in some prostate cancer cell lines
(Signorelli and Ghidoni, 2005). Epigallocatechin-3-
gallate, a polyphenolic compound in green tea,
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increased apoptosis by >50 % compared with the
control when assessed in DU-145 human prostatic
cancer cells. Epigallocatechin-3-gallate effects in
LNCaP cells are caused by a down-regulation of the
expression of the androgen receptor. The results were
similar for gallic acid in the present model. There was
also a significant inhibition of proliferation of LNCaP
cells with tannic acid (5 and 10 pmol/L). Tannins also
have broad cancer chemopreventive activity in several
animal models, acting as both an anti-initiating and
anti-promoting agent. Other antitumour nutrients are
genistein and biochanin A, quercetin, cathechin and
epicathechin (Peterson and Dwyer, 1998; Stopper et
al., 2005; Cornwell et al., 2004).

The resveratrol which is the most potent one is still
under investigation to learn the exact molecular
mechanism on cancer chemoprevention. The review of
literature aims to reveal the genotoxicity and apoptotic
effects of the most studied phytoestrogen, resveratrol
is possible as a friend or enemy.

General survey to resveratrol

The mostly studied compound trans-3,4',5-
trihydroxystilbene or resveratrol, a phytoalexin present
in more than 70 plant species including grapes,
peanuts, berries and pines. Fresh grape skin contains
about 50-100 ug of resveratrol per gram wet weight
(Baliga et al., 2005). Therefore grape products such as
red wine, has been identified as a chemopreventive
and anti-carcinogenic beverage (Figure 1).
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Figure 1. Resveratrol chemical formula

Resveratrol was first isolated from the roots of
white hellebore (Veratrum grandiflorum) in 1940, the
natural polyphenolic compound resveratrol was known
as a plant antibiotic. It is generally produced in
response to stress, such as fungal infection, UV
radiation, and temperature changes (Bavaresco,
2003). Also Delmas et al. (2006) showed that
resveratrol biosynthesis can be induced by the
pathogen, Botrytis cinera infection (Delmas et al.,



2006). Generally resveratrol is present in high
concentrations in fresh grape skin, and its
concentration in specific types of red wine can reach
up to 14 mg/L. Research over the past several
decades has revealed that resveratrol exerts
multifarious biological effects, including potent
antioxidant, antiinflammatory, antiplatelet, and
antiproliferative effects. It has some superestrogenic
effects which was shown in in vitro studies (Sgambato
et al., 2001; Signorelli and Ghidoni, 2005). Resveratrol
is also called as anti-aging molecule, it extends
lifespan in yeast, fish and mice (Howitz et al., 2003;
Valenzano and Cellerino, 2006; Baur et al., 2006)

Resveratrol is a member of stilbenes as
polyphenolic compound. The mostly detected form in
plants as glycosylated piceid conjugates (3-O-B-D-
glucosides). Other rarely seen forms contain 1-2
methyl groups (pterostilbene), a sulphate group (trans-
resveratrol-3-sulphate) or a fatty acid have been also
identified. Glycosyl groups are known to protect
resveratrol from oxidative degredation and make
stable and more soluble (Walle et al., 2004). Although
these conjugated forms have longer plasma half life,
their bioavailability and efficacy are still unknown (Baur
and Sinclair, 2006). Trans-resveratrol has an
advantage because of more efficient absorbition
capacity in oral administration than other known
polyphenols such as quercetin and catechin (Soleas et
al., 2001). Numerous studies exist that have utilized a
wide range of concentration of resveratrol suggesting
that its biological activity effects may vary depending
on cell and tissue types. For example, 32 nM and 100
uM have been used to study various effects of
resveratrol in vitro, and 100 ng-', 500 mg per kg (body
weight) for animal studies (Baur and Sinclair, 2006).

Molecular aspects of resveratrol in
carcinogenesis

This polyphenol exhibits chemopreventive properties
when tested in a mouse skin cancer model system and
other cancer cell lines. It also affects the processes
underlying all three stages of carcinogenesis; namely,
tumor inititation, promotion and progression. Previous
reports indicated that resveratrol can modulate
multiple pathways involved in cell growth, apoptosis
and inflammation (Seve et al., 2005; Athar et al., 2007).
Extensive data in human cell cultures showed that
resveratrol could suppress angiogenesis and
metastasis. The anti-carcinogenic effects of
resveratrol appear to be closely associated with its
antioxidant activity, and it has been shown to inhibit
COX, hydroxyperoxidase, protein kinase C, Bcl-2
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phosphorylation, Akt, focal adhesion kinase, NF-kB,
matrix metalloproteinase-9 and cell cycle regulators. In
vitro and in vivo studies about resveratrol provide a
rational in support of the use of resveratrol in human
cancer chemoprevention especially in combinatorial
approach with either chemotherapeutic drugs or
cytotoxic factors for the highly efficient treatment of
drug refractory tumor cells (Seve et al., 2005). In other
studies, resveratrol has been shown to inhibit cell
growth by inducing apoptosis and cell cycle arrest in
several tumor cells and arrested prostate cancer cells
in the S-phase of the cell cycle and induced apoptosis
(Sgambato et al., 2001; Bowers et al., 2000; Fulda and
Debatin, 2005; Jones et al., 2005). Resveratrol
decreased the expression of cyclins D1 and D2, Cdk 2,
4 and 6, and proliferating cell nuclear antigen whereas
p21WAF1/CIP1 was increased.

A number of cell types respond to resveratrol
treatment by manifesting cell cycle arrest and
apoptosis that partially is mediated through nitric
oxide formation, which then interferes with
endogenously produced reactive oxygen (Holian et al.,
2002). The signaling through protein kinase C alpha
and delta activity also seems to be affected.
Furthermore, some anti-apoptotic proteins such as
surviving and markers of tumor promotion, ornithine
decarboxylase were decreased after resveratrol
treatment in cell culture models (Aziz et al., 2005).

Breast cancer

A kind of phytoestrogen, resveratrol can inhibit growth
and induce apoptosis in melanoma cell lines (Hsieh et
al., 2005; Niles et al., 2003). Resveratrol induced
Fas/Fas ligand mediated apoptosis in breast cancer
cell lines (Clement et al, 1998). Also proapoptotic
ceramide accumulation induces apoptosis after
resveratrol treatment in breast cancer cells (Scarlatti et
al., 2003). Ceramide induces quinine reductase which
is a phase Il detoxification enzyme and induce
caspase independent apoptosis through Bcl-2 down
regulation (Bianco et al., 2005; Pozo-Guisado et al.,
2005). It can bind alpha and beta estrogen receptors,
and activates estrogen receptor-dependent
transcription in human breast cancer cells (Le Corre et
al., 2005). In some cell types, such as estrogen
receptor positive MCF-7 cells, resveratrol act as a
superagonist, whereas in others, it produces activation
equal to or less than that of estradiol. The obtained
results from in vitro breast cancer cells exhibited that
the chemopreventive effects of resveratrol likely to be
very complex. Magee and Rowland (2004) showed
that resveratrol can interfere with estrogen receptor
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alpha associated PI3K pathway, following process that
could be independent of the nuclear functions of
estrogen receptor alpha (Pozo-Guisada et al., 2004).
Resveratrol also acts as an agonist for the
cAMP/kinase-A system (EI-Mowafy and Alkhalaf,
20083).

Colon cancer

In colon cancer, resveratrol activates various caspases
and triggers apoptosis, which involves the
accumulation of the pro-apoptotic proteins Bax and
Bak and redistribution of the Fas receptor in
membrane rafts (Delmas et al., 2003). Also it can
substantially downregulate telomerase activity
(Fuggetta et al., 2006). In vivo efficiancy of resveratrol
was tested in Min mice model. The Min mice harbor a
mutated Apc gene similar to that found in patients with
familial adenomatous polyposis, and in many sporadic
cancers (Corpet and Pierre, 2003). Administered orally
at 0.01% in the drinking water for 7 days, resveratrol
70 % reduced formation of small intestine tumors and
prevent colon tumor development. Similar results were
obtained by Sale et al. (2005) which showed that the
synthetic resveratrol analog 3,4,5,4'-
tetramethoxystiloene (DMU-212) also inhibited the
development of adenomas in the Apc (Min+) mouse
(Athar et al., 2007).

Prostate cancer

The effect of resveratrol has been demonstrated in
various cultured prostate cancer cells, both hormone-
sensitive and hormone-refractory, which mimic the
initial or advanced stages of prostate carcinoma,
respectively. These studies have shown that
resveratrol substantially modulates the growth of these
cells and alters the expression of more than one set of
functionally related molecular targets. Resveratrol can
repress different classes of androgen-responsive
genes, including prostate-specific antigen (PSA),
human glandular kallikrein-2, AR (androgen receptor)-
specific coactivator ARA70, and p21WAF1/CIP1 in
hormone-responsive cells (Mitchell et al., 1999),
activate p53-responsive genes such as PIG7,
p300/CBP and Apaf-1 (Narayanan et al., 2003), inhibit
PIBK/AK activation, and increase Bax, Bak, Bid, and
Bad (Aziz et al., 2006). Generally, resveratrol has lots of
roles on growth, induction of apoptosis, and
modulation of prostate-specific gene expression using
cultured prostate cancer cells that mimic the initial
(hormone-sensitive) and advanced (hormone-
refractory) stages of prostate carcinoma. When
androgen-responsive LNCaP and androgen-
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nonresponsive DU-145, PC-3, and JCA-1 human
prostate cancer cells were cultured with different
concentrations of resveratrol (2.5 x 10-5-10-7M) their
effects were observed for cell growth, cell cycle
distribution, and apoptosis (Scifo et al., 2004). Addition
of 2.5 x 10-5M resveratrol led to a substantial decrease
in growth of LNCaP and in PC-3 and DU-145 cells, but
only had a modest inhibitory effect on proliferation of
JCA-1 cells. Flow cytometric analysis showed that
resveratrol partially disrupt G1/S transition in all three
androgen-nonresponsive cell lines, but had no effect in
the androgen-responsive LNCaP cells. In difference to
the androgen-nonresponsive prostate cancer cells.
However, resveratrol causes a significant percentage
of LNCaP cells to undergo apoptosis and significantly
lowers both intracellular and secreted PSA levels
without affecting the expression of the AR. These
results suggest that resveratrol negatively modulates
prostate cancer cell growth, by affecting mitogenesis
as well as inducing apoptosis, in a prostate cell-type-
specific manner. Resveratrol also regulates PSA gene
expression by an AR-independent mechanism (Fulda
and Debatin, 2005; Jones et al., 2005; Scifo et al.,
2004). According to our unpublished resveratrol
results, estrogen or AR positive/negative cell lines give
various responses against resveratrol treatments.
Therefore the receptor status is main question to
understand resveratrol efficiency rate in these cell
lines. Resveratrol also down regulate PSA by a
mechanism independent of changes in AR (Hsieh and
Wu, 1999; Hsieh and Wu, 2000). However the
interaction of resveratrol with AR is not clear (Kampa et
al., 2000). Moreover, resveratrol was shown to
modulate Nitric oxide (NO) production (Kampa et al.,
2000) and prevent the increase in reactive oxygen
species (ROS) (Sgambato et al, 2001). Resveratrol
treatment of various prostate cells was also
accompanied with the activation of MAPK signaling,
an increase in cellular p53 content, likely due to
stabilization by serine-15 phosphorylation (Gao et al.,
2004; Lin et al., 2002) ceramide associated growth
inhibition (Sala et al,, 2003), the blockage of Stat3-
mediated dysregulation of growth and survival
pathways (Kotha et al., 2006). Currently no preclinical
studies have been reported on prostate
carcinogenesis. We hypothesized that the inhibitory
effect of these phytochemicals on growth is mediated,
at least in part; by their effects on apoptosis
mechanism may be via prostaglandin synthesis,
and/or ROS formation.
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Figure 2. Resveratrol induce apoptosis. It is not clear how resveratrol molecule enter the cell. There are still investigation whether
to answer a presence of unknown receptor or gate. The appropriate dose of resveratrol triggers apoptosis and cause
chemosensitivity in cancer cells. Experimental results showed that resveratrol could induce pro-apoptotic Bax and downregulates
anti-apoptotic Bcl-xI and Mcl-1. Bid is truncated to tBid form and cause Cytochrome c release which induce apoptosome
formation. Previous studies indicated that resveratrol not only induce apoptotic pathways, downregulates survival signals such as

survivin, inhibitor apoptosis protein family members, c-IAP and XIAP (Modified from Jazirehi and Bonavida, 2004).

Lung cancer

According to Athar et al. (2007), wine consumers have
decreased risk of lung cancer because high resveratrol
content than other beverage consumers. Resveratrol
alters the expression of PAH (polycyclic aromatic
hydrocarbons)-metabolizing genes, such as the
cytochrome P450 1A1 (CYP1A1) and 1B1 (CYP1B1),
microsomal epoxide hydrolase (mEH), and glutathione
S-transferase P1 (GSTP1) genes, resulting in the
altered formation of carcinogenic benzo[a]pyrene
(BaP) metabolites in human bronchial epithelial cells
(Mollerup et al., 2001). It inhibits the expression of
CYP1A1 and CYP1B1 and the generation of reactive
diol-epoxides that can bind to DNA forming covalent
adducts that cause structural alterations with
mutations (Berge et al, 2004). BaP is ubiquitous
environmental pollutant and is also present in cigarette
smoke. There are numerous carcinogens in cigarette
smoke that are likely involved in the pathogenesis of

this type of tumor. Interestingly, BaP metabolization
requires the induction of cytochrome CYP1A1 through
the activation of the AhR.

Induction of apoptosis

In previous subchapters, the molecular function of
resveratrol in many type cancer cell lines was
illustrated. Especially cytotoxic effect of this molecule
depends on apoptotic regulation. Interestingly how
resveratrol induce apoptosis is still not clear. It may
interfere with apoptosis pathways both by directly
trigger apoptosis-promoting signaling cascades and
by blocking anti-apoptotic mechanisms. The other
important point, many researchers examine a
presence of receptor which resveratrol binds tightly.
Perhaps in cell systems it may enter the cell directly
(Jazirehi and Bonavida, 2004) (Figure 2). Resveratrol
sensitize cancer cell lines by blocking survival and
anti-apoptotic mechanisms. According to Fulda and
Debatin (2006) resveratrol has been shown to promote

Advances in Molecular Biology



Resveratrol
18 Arisan and Palavan-Unsal

apoptosis by blocking expression of antiapoptotic
proteins or by inhibiting signal transduction through
the PIBK/AKT, MAPK or NF-xB pathway. However,
despite the enormous progress achieved over the last
years, the relative impact of the various biological
activities of resveratrol in specific diseases or
individual types of cancer remains to be explored in
more detail. Therefore phytochemicals such as
resveratrol may offer the advantage over targeted
therapeutics that they simultaneously tackle cancer
resistance from multiple angles and thus, may prove to
be more.efficient to kill otherwise resistant cancer
cells. Further insights into the molecular mechanisms
of action of resveratrol will facilitate the development
of resveratrol or its derivatives as experimental
therapeutics, e.g. in combination chemotherapy, in the
prevention and treatment of human diseases.

The importance of resveratrol in
cardiovascular health

Recent findings indicate that resveratrol also imparts
multidimensional benefits on the cardiovascular
system. On the basis of its high resveratrol content,
moderate consumption of red wine has been
advanced as a reason for the relatively lower
cardiovascular mortality and morbidity in French
populations with considerable cardiovascular risk
factors, a phenomenon known as the “French
paradox” (Kopp, 1998). In animal models, oral
administration of resveratrol for 2-3 weeks as well as
acute pretreatment with resveratrol have been shown
to reduce myocardial infarct size and improve LV
function after global ischemia/reperfusion injury ex
vivo (Ray et al., 1999) and regional ischemic injury in
vivo (Kaga et al., 2005). Reduced myocardial oxidative
stress (Ray et al., 1999) reduced apoptosis (Sato et al.,
2002) and enhanced capillary formation (Kaga et al.,
2005) have been proposed as underlying mechanisms
of resveratrol-induced cardioprotection. Administration
of resveratrol followed by a washout period conferred
ischemic preconditioning-mimetic minfarct-sparing
benefits against ischemia/reperfusion injury in
isolated-perfused hearts and reduced myocardial
oxidative stress and apoptosis in a NO-dependent
manner (Hattori et al., 2002). Resveratrol pretreatment
upregulated myocardial inducible NO synthase (iNOS)
expression (Hattori et al., 2002) and the involvement of
iINOS in resveratrol-induced cardioprotection was
confirmed in iINOS-/- mice (Imamura et al., 2002).
Subsequent studies have identified activation of
adenosine A1 and A3 receptors (Das et al., 2005),
activation of the MAPK pathway (Das et al., 2006) and
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myocardial induction of vascular endothelial growth
factor (VEGF), Flk-1, endothelial NOS (eNOS),
thioredoxin-1, and heme oxygenase-1 (HO-1) (Kaga et
al., 2005; Fukuda et al., 2006) in response to
resveratrol administration.

The protective role of resveratrol in
neurodegeneration

To date, little research has been done to determine the
mechanisms by which these phytochemicals exert
their effects. Therefore resveratrol has been proposed
as a potential chemopreventive agent and its
antimutagenic and anticarcinogenic activity has been
demonstrated in several models. The mechanisms
responsible of these effects, however, remain to be
elucidated. However in neuronal cells such as human
neuroblastoma SH-SY5Y was shown to inhibit
caspase 7 activation as well as degredation of poly-
(ADP ribose)-polymerase which occur in cells exposed
to paclitaxel, an anti cancer drug (Nicolini et al., 2001).
Therefore resveratrol behave like neuroprotective
agents against chemotherapeutics exposure. That
means if resveratrol use as a chemotherapeutic agent
in combination with other drug, it may protect neuron
cells from other chemotherapeutics toxic effect. In
similar with this results, Rigolio et al. (2005) showed
that induced S-phase arrest and prevented SH-SY5Y
from entering mitosis, the phase of the cell cycle in
which paclitaxel exerts its activity. Futhermore,
phosphorylation of Bcl-2 and JNK-SAPK, which
occurs after paclitaxel treatment was reversed by
resveratrol (Nicolini et al., 2003). However the
protective effect of resveratrol on neuroblastoma cell
line were not similar in stage 4 amplified MYCN
neuroblastoma cell line. In this cell line, resveratrol
decreased cell viability and induce cell cycle arrest and
apoptosis, accompanied transiently up regulate p53
expression and nuclear translocation of p53, followed
by induction of p21 (WAF-1/CIP-1) and Bax
expression (Liontas and Yeger, 2004).

Conclusion

Cancer is a dynamic process that involves many
complex factors, which may explain why a “magic
bullet” cure for cancer has not been found. Death rates
are still rising for many types of cancers, which
possibly contributes to the increased interest in
chemoprevention as an alternative approach to the
control of cancer. The design and development of
chemopreventive agents that act on specific and
multiple molecular and cellular targets is gaining
support as a rational approach to control cancer.



Nutritional or dietary factors have attracted a great
deal of interest because of their perceived ability to act
as highly effective chemopreventive agents. They are
perceived as being generally safe and may have
efficacy as chemopreventive agents by preventing or
reversing premalignant lesions and/or reducing
second primary tumor incidence. Many of these
compounds appear to act on multiple tumor promoter-
stimulated cellular pathways. Resveratrol stands alone
in the field of polyphenolbased chemoprevention
and/or chemotherapy: it is the most extensively
studied molecule and apparently the least toxic.
Clinical studies using purified resveratrol in the proper
pharmaceutical form are necessary to certain the
interest of resveratrol in the treatment of cancers. All of
the data which were proposed chemopreventive
properties of resveratrol underlines the need for further
studies in order to finally define the possible beneficial
outcomes of its use as dietary supplement for the
general population.

References

Athar M, Back JH, Tang X, Kim KH, Kopelovich L,
Bickers DR and Kim AL. Resveratrol: A review of
pre-clinical studies for human cancer prevention.
Toxicology and Applied Pharmacology. Accepted
Manuscript, Available online 3 January 2007. In
Press.

Awad AB, Burr AT and Fink CS. Effect of resveratrol
and p-sitosterol in combination on reactive oxygen
species and prostaglandin release by PC-3 cells.
Prostaglandins, Leukotrienes and Essential Fatty
Acids. 72: 219-226, 2005.

Aziz MH, Afag F and Ahmad N. Prevention of
ultraviolet-B radiation damage by resveratrol in
mouse skin are mediated via modulation in
survivin. Photochemistry and Photobiology. 81: 25-
31, 2005.

Aziz MH, Nihal M, Fu VX, Jarrard DF and Ahmad N.
Resveratrol-caused apoptosis of human prostate
carcinoma LNCaP cells is mediated via modulation
of phosphatidylinositol 3'-kinase/Akt pathway and
Bcl-2 family proteins. Mol Cancer Ther. 5: 1335-
1341, 2006.

Baliga MS, Meleth S and Katiyar SK. Growth inhibitory
and antimetastatic effect of green tea polyphenols
on metastasis-specific mouse mammary
carcinoma 4T1 cells in vitro and in vivo systems.
Clin Cancer Res. 11: 1918-1927, 2005.

Baur JA, Pearson KJ, Price NL, Jamieson HA, Lerin C,

Resveratrol
Arisan and Palavan-Unsal 19

Kalra A, Prabhu VV, Allard JS, Lopez-Lluch G,
Lewis K, Pistell PJ, Poosala S, Becker KG, Boss O,
Gwinn D, Wang M, Ramaswamy S, Fishbein KW,
Spencer RG, Lakatta EG, Le Couteur D, Shaw RJ,
Navas P, Puigserver P, Ingram DK, de Cabo R and
Sinclair DA. Resveratrol improves health and
survival of mice on a high-calorie diet. Nature. 444:
337-342, 2006.

Baur JA and Sinclair DA. Therapeutic potential of
resveratrol: the in vivo evidence. Nat Rev Drug
Discov. 5: 493-506, 2006.

Bavaresco L. Role of viticultural factors on stilbene
concentrations of grapes and wine. Drugs Under
Experimental and Clinical Research. 29:181-187,
2003.

Berge G, Ovrebo S, Botnen IV, Hewer A, Phillips DH,
Haugen A and Mollerup S. Resveratrol inhibits
benzo[a]pyrene-DNA adduct formation in human
bronchial epithelial cells. British Journal of Cancer.
91: 333-338, 2004.

Bianco NR, Chaplin LJ and Montano MM. Differential
induction of quinone reductase by phytoestrogens
and protection against oestrogen-induced DNA
damage. Biochem J. 385: 279-287, 2005.

Bowers JL, Tyulmenkov VV, Jernigan SC and Klinge
CM. Resveratrol acts as a mixed
agonist/antagonist for estrogen receptors alpha
and beta. Endocrinology. 141: 3657-3667, 2000.

Clement MV, Hirpara JL, Chawdhury SH and Pervaiz
S. Chemopreventive agent resveratrol, a natural
product derived from grapes, triggers CD95
signaling-dependent apoptosis in human tumor
cells. Blood. 92: 996-1002, 1998.

Cornwell T, Cohick W and Raskin |. Dietary
phytoestrogens and health. Phytochemistry. 65:
995-1016, 2004.

Corpet DE and Pierre F. Point: From animal models to
prevention of colon cancer. systematic review of
chemoprevention in min mice and choice of the
model system. Eur J Cancer.12: 391-400, 2003.

Das S, Cordis GA, Maulik N and Das DK.
Pharmacological preconditioning with resveratrol:
role of CREB-dependent Bcl-2 signaling via
adenosine A3 receptor activation. Am J Physiol:
Heart Circ Physiol. 288:H328-H335, 2005.

Das S, Tosaki A, Bagchi D, Maulik N and Das DK.
Potentiation of a survival signal in the ischemic

Advances in Molecular Biology



Resveratrol
20 Arisan and Palavan-Unsal

heart by resveratrol through p38 mitogen-activated
protein kinase/mitogen- and stress-activated
protein kinase 1/cAMP response element-binding
protein signaling. J Pharmacol Exp Ther. 317:
980-988, 2006.

Delmas D, Lancon A, Colin D, Jannin B and Latruffe N.
Resveratrol-induced apoptosis is associated with
Fas redistribution in the rafts and the formation of
a death-inducing signaling complex in colon
cancer cells. The Journal of Biological Chemistry.
278: 41482-41490, 20083.

Delmas D, Lancon A, Colin D, Jannin B and Latruffe
N. Resveratrol as a chemopreventive agent: A
promising molecule for fighting cancer. Current
Drug Targets. 7: 423-442, 2006.

El-Mowafy AM and Alkhalaf M. Resveratrol activates
adenylyl-cyclase in human breast cancer cells: a
novel, estrogen receptor-independent cytostatic
mechanism. Carcinogenesis. 24: 869-873, 2003.

Fuggetta MP, Lanzili G, Tricarico M, Cottarelli A,
Falchetti R, Ravagnan G and Bonmassar E. Effect
of resveratrol on proliferation and telomerase
activity of human colon cancer cells in vitro. J Exp
Clin Cancer Res. 25:189-193, 2006.

Fukuda S, Kaga S, Zhan L, Bagchi D, Das DK and
Bertelli A. Resveratrol ameliorates myocardial
damage by inducing vascular endothelial growth
factor-angiogenesis and tyrosine kinase receptor
Flk-1. Cell Biochem Biophys. 44: 43-49, 2006.

Fulda S and Debatin KM. Resveratrol-mediated
sensitization to TRAIL-induced apoptosis depends
on death receptor and mitochondrial signaling.
European Journal of Cancer. 41: 786-798, 2005.
Fulda S and Debatin KM. Resveratrol modulation
of signal transduction in apoptosis and cell
survival. Cancer Detection and Prevention. 30:
217-223, 2006.

Gao S, Liu GZ and Wang Z. Modulation of androgen
receptor-dependent transcription by resveratrol
and genistein in prostate cancer cells. The
Prostate. 59: 214-225, 2004.

Giri AK and Lu LJ. Genetic damage and the inhibition
of 7,12-dimethylbenz[a]anthracene-induced
genetic damage by the phytoestrogens, genistein
and daidzein, in female ICR mice. Cancer Lett. 95:
125-133, 1995.

Go VL, Butrum RR and Wong DA. Diet, nutrition, and
cancer prevention: the postgenomic era. J Nutr.

Advances in Molecular Biology

133: 3830S-3836S, 20083.

Hattori R, Otani H, Maulik N and Das DK.
Pharmacological preconditioning with resveratrol:
role of nitric oxide. Am J Physiol: Heart Circ
Physiol. 282: H1988-H1995, 2002.

Holian O, Wahid S, Atten MJ and Attar B. Inhibition of
gastric cancer cell proliferation by resveratrol: role
of nitric oxide. American Journal of Physiology.
282: G809-816, 2002.

Howitz KT, Bitterman KJ, Cohen HY, Lamming DW,
Lavu S, Wood JG, Zipkin RE, Chung P, Kisielewski
A, Zhang LL, Scherer B and Sinclair DA. Small
molecule activators of sirtuins extend
Saccharomyces cerevisiae lifespan. Nature. 425:
191-196, 20083.

Hsieh TC and Wu JM. Differential effects on growth,
cell cycle arrest, and induction of apoptosis by
resveratrol in human prostate cancer Cell Lines.
Experimental Cell Research. 249: 109-115, 1999.

Hsieh TC and Wu JM. Grape-derived chemopreventive
agent resveratrol decreases prostate-specific
antigen (PSA) expression in LNCaP cells by an
androgen receptor (AR)-independent mechanism.
Anticancer Research. 20: 225-228, 2000.

Hsieh TC, Wang Z, Hamby CV and Wu JM. Inhibition
of melanoma cell proliferation by resveratrol is
correlated with upregulation of quinone reductase
2 and p53. Biochemical and Biophysical Research
Communications. 334: 223-230, 2005.

Imamura G, Bertelli AA, Bertelli A, Otani H, Maulik N
and Das DK. Pharmacological preconditioning with
resveratrol: an insight with iINOS knockout mice.
Am J Physiol: Heart Circ Physiol. 282:
H1996-H2003, 2002.

Jang M, Cai L, Udeani GO, Slowing KV, Thomas CF,
Beecher CW, Fong HH, Farnsworth NR, Kinghorn
AD, Mehta RG, Moon RC and Pezzuto JM. Cancer
chemopreventive activity of resveratrol, a natural
product derived from grapes. Science. 275:
218-220, 1997.

Jazirehi AR and Bonavida B. Resveratrol modifies the
expression of apoptotic regulatory proteins and
sensitizes non-Hodgkin's lymphoma and multiple
myeloma cell lines to paclitaxel-induced apoptosis.
Mol Cancer Ther. 3:71-84, 2004.

Jones SB, DePrimo SE, Whitfield ML and Brooks JD.
Resveratrol-induced gene expression profiles in



human prostate cancer cells. Cancer Epidemiol
Biomarkers Prev. 14: 596-604, 2005.

Kaga S, Zhan L, Matsumoto M and Maulik N.
Resveratrol enhances neovascularization in the
infarcted rat myocardium through the induction of
thioredoxin-1, heme oxygenase-1 and vascular
endothelial growth factor. J Mol Cell Cardiol. 39:
813-822, 2005.

Kampa M, Hatzoglou A, Notas G, Damianaki A,
Bakogeorgou E, Gemetzi C, Kouroumalis E, Martin
PM and Castanas E. Wine antioxidant polyphenols
inhibit the proliferation of human prostate cancer
cell lines. Nutrition and Cancer. 37: 223-233, 2000.

Kopp P. Resveratrol, a phytoestrogen found in red
wine. A possible explanation for the conundrum of
the ‘French paradox’? Eur J Endocrinol. 138:
619-620, 1998.

Kotha A, Sekharam M, Cilenti L, Siddiquee K, Khaled
A, Zervos AS, Carter B, Turkson J and Jove R.
Resveratrol inhibits Src and Stat3 signaling and
induces the apoptosis of malignant cells containing
activated Stat3 protein. Mol Cancer Ther. 5: 621-
629, 2006.

Langcake P and Pryce RJ. A new class of phytoalexins
from grapevines. Experientia. 33:151-152, 1977.

Le Corre L, Chalabi N, Delort L, Bignon YJ and Bernard-
Gallon DJ. Resveratrol and breast cancer
chemoprevention: molecular mechanisms. Molecular
Nutrition and Food Research. 9:462-471, 2005.

Li S, Upadhyay M, Bhuiyan F and Sarkar F. Induction
of apoptosis in breast cancer cells MDA-MB-231
by genistein. Oncogene. 18: 3166-3172, 1999.

Likhitwitayawuid K, Sawasdee K and Kirtikara K.
Flavonoids and stilbenoids with COX-1 and COX-2
inhibitory activity from Dracaena loureiri. Planta
Med. 68: 841-843, 2002.

Lin HY, Shih A, Davis FB, Tang HY, Martino LJ,
Bennett JA and Davis PJ. Resveratrol induced
serine phosphorylation of p53 causes apoptosis in
a mutant p53 prostate cancer cell line. The Journal
of Urology. 168: 748-755, 2002.

Liontas A and Yeger H. Curcumin and resveratrol
induce apoptosis and nuclear translocation and
activation of p53 in human neuroblastoma.
Anticancer Research. 24: 987-998, 2004.

Magee PJ and Rowland IR. Phyto-oestrogens, their
mechanism of action: current evidence for a role in

Resveratrol
Arisan and Palavan-Unsal 21

breast and prostate cancer. The British Journal of
Nutrition. 91:513-531, 2004.

Miller NJ and Rice-Evans CA. Antioxidant activity of
resveratrol in red wine. Clin. Chem. 41: 1789-
1797,1995.

Mitchell SH, Zhu W and Young CYF. Resveratrol
inhibits the expression and function of the
androgen receptor in LNCaP prostate cancer cells.
Cancer Research. 59: 5892-5895, 1999.

Mollerup S, Ovrebo S and Haugen A. Lung
carcinogenesis: resveratrol modulates the
expression of genes involved in the metabolism of
PAH in human bronchial epithelial cells.
International Journal of Cancer. 92:18-25, 2001.

Narayanan BA, Narayanan NK, Re GG and Nixon DW.
Differential expression of genes induced by
resveratrol in LNCaP cells: p53-mediated
molecular targets. International Journal of Cancer.
104: 204-212, 20083.

Nicolini G, Rigolio R, Miloso M, Bertelli AA and Tredici
G. Anti-apoptotic effect of transresveratrol on
paclitaxel-induced apoptosis in the human
neuroblastoma SH-SY5Y cell line. Neuroscience
Letters. 302: 41-44, 2001.

Nicolini G, Rigolio R, Scuteri A, Miloso M,
Saccomanno D, Cavaletti G and Tredici G. Effect of
trans-resveratrol on signal transduction pathways
involved in paclitaxel-induced apoptosis in human
neuroblastoma SH-SY5Y cells. Neurochemistry
International. 42: 419-429, 2003.

Niles RM, McFarland M, Weimer MB, Redkar A, Fu YM
and Meadows GG. Resveratrol is a potent inducer
of apoptosis in human melanoma cells. Cancer
Lett. 190:157-163, 2003.

Peterson J and Dwyer J. Flavonoids: dietary
occurrence and biochemical activity, Nutr Res.
18:1995-2018, 1988.

Pozo-Guisado E, Lorenzo-Benayas MJ and
Fernandez-Salguero PM. Resveratrol modulates
the phosphoinositide 3-kinase pathway through an
estrogen receptor alpha-dependent mechanism:
relevance in cell proliferation. International Journal
of Cancer. 109:167-173, 2004.

Pozo-Guisado E, Merino JM, Mulero-Navarro S,
Lorenzo-Benayas MJ, Centeno F, Alvarez-
Barrientos A and Fernandez-Salguero PM.
Resveratrol-induced apoptosis in MCF-7 human

Advances in Molecular Biology





