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Resveratrol, for example widely present in the Chinese herbal medicine Polygonum cuspidatum, it is a nat-
ural phytoalexin, and has many biochemical activities, such as anti-tumor, anti-cardiovascular diseases,
anti-bacterial, anti-inflammatory, anti-aging and other effects. This article will concentrate on the physi-
cal and chemical properties of resveratrol, the biological and pharmacological effects for its anticancer
activities. An outlook is given to the development and application prospects in this drug.

1. Introduction

With the recognition of traditional Chinese Medicine as well as
the rapid advances made in biomedical research, an unprece-
dented interest in researching the properties of Chinese herbals
or natural products arose. As a group of most interesting com-
pounds, phytoalexins have been studied widely (Soleas et al.
1997). A remarkable compound is resveratrol (RSV), a major
phytoalexin isolated from the roots of the oriental medicinal
plant Polygonum Cuspidatum (Bate-Smith 1962). Later studies
showed that red wine also contains resveratrol in considerable
concentrations (Barron et al. 2014; Siemann and Creasy 1992),
which seems to be related to the wine’s cardioprotective effect
(Naumenko et al. 2013; Sato et al. 2002) known as “French
paradox” (Kopp 1998). Since the first reports on cancer chemo-
preventive activity of RSV in animal models of carcinogenesis
(Jang et al. 1997), investigations have been directed at under-
standing the molecular mechanisms of its biological effects.
These include suppression of cellular proliferation via inhibition
of key steps in the signal transduction pathways (Pozo-Guisado
et al. 2002; Qin et al. 2014; Szaefer et al. 2014) and cyclin-
dependent kinases (Liu et al. 2014a; Mohapatra et al. 2014),
promotion of cellular differentiation (Dai et al. 2007), scaveng-
ing/suppression of intracellular reactive oxygen species (ROS)
(Csiszar et al. 2006), induction of apoptotic cell death through
activation of mitochondria-dependent or -independent pathways
(Dörrie et al. 2001; Su et al. 2005), as well as regulate autophagy
to decide cell fate (Zhang et al. 2013). This review is intended to
provide an overview of the properties and the biological effects
of this remarkable compound, which could have potential as a
chemopreventive and chemotherapeutic agent.

2. Characteristics of resveratrol

Root extracts from Polygonum cuspidatum have been used
extensively in oriental folk medicine (Bate-Smith 1962). They
are containing RSV as eucalyptus and spruce, flowering plants,
peanuts, and grapevines do (Soleas et al., 1997). Since the first
reported detection methods of trans-RSV (Langcake and Pryce
1976) and the recognition as a compound in red wine (Siemann

and Creasy 1992), more and more studies reported beneficial
effects of RVS on human health. Oxidative dimerization of RSV
leads to the formation of viniferins that could be reproduced by
exposure of the parent compound to horseradish peroxidase-
hydrogen peroxide system in vitro (Pezet et al. 2004). The
synthetic ability is highest before the grapes reach maturity, and
is low in buds, flowers, and mature fruits (Chong et al. 2009;
Jeandet et al. 2010).
The detection the RSV content has not just concentrated to
plant components but also involved the products of plants, such
as wines and grape juices. HPLC combined with GC-MS to
determine RSV concentration has shown that both cis- and
trans-isomers are present in wine, with the trans-isomer in
significantly higher concentration (Cai et al. 2009; Sun et al.
2007). The chemical structure of RSV is similar to that of the
estrogen diethylstilbestrol. Two phenol rings are linked by a
styrene double bond to generate 3,4,5-trihydroxystilbene. The
trans-isomer can be transformed to the cis-form under UV expo-
sure. Trans-RSV is commercially available and is relatively
stable if protected from high pH and light (Soleas et al. 1997).
Absorbance of the trans-isomer is located at 307 nm and that of
the cis-isomer at 288 nm, which allows separation and detection
of the two isomers by HPLC using a C18 reverse phase column
(Roldán et al. 2003). Gas chromatography has also been used to
determine concentrations of trans- and cis-isomers (Soleas et al.
2001). The potential of plants to synthesize RSV may be useful
to provide resistance against a variety of plant diseases.

3. The main molecular mechanisms of RSV

Regarding cancer chemopreventive activity of carcinogenesis,
there has been a big amount of studies reporting the effects of
RSV on critical events that regulate cellular proliferation and
growth. The potential molecular function of RSV are related to
aspects of differentiation, transformation, cell cycle regulation,
and cell death induction (Delmas et al. 2011; Ko et al. 2011;
Lopez-Lluch et al. 2012; Zhang et al. 2013). Those functions
affect cancer cell survival mainly including intracellular ROS
generation, protein kinases activation, induction of enzymes
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which induce inflammatory mediators such as COX and lipoxy-
genase, transcription factors such as NF-kB and p53 activation.

3.1. Resveratrol regulates cell cycle, apoptosis and
autophagy

Carcinogenesis is a process that involves dysregulated growth,
an outcome of enhanced proliferation triggers cell cycle, apopto-
sis and autophagy initiation to balance the cell fate. Regulation
of growth and proliferation in untransformed cells is maintained
via regulation of the cell cycle by the cell cycle checkpoint pro-
teins, such as p53, p16, and the CDK inhibitor p21Waf1/Cip1. Any
changes in the normal functioning of these proteins allow the
cells to undergo unabated cycling resulting in accumulation of
DNA mutations, a prerequisite for carcinogenesis. A number of
studies have now established that RSV inhibits cellular prolifer-
ation by inducing cell cycle arrest in the G1/S phase (Casanova
et al. 2012; Khan et al. 2013; Li et al. 2011). Cancer cell expo-
sure to RSV resulted in accumulation in the S phase (Aires et al.
2014; Joe et al. 2002; Larrosa et al. 2003). Exposure to RSV also
resulted in a transient increase in the expression of G1/S regu-
lators, such as cyclin D1, cdk4, and cyclin E (Das and Vasanthi
2013; Pozo-Guisado et al. 2002); cyclins D1 and E are respon-
sible for S phase entry. These cells ultimately undergo apoptotic
death, unlike the breast cancer cell line MDA-MB-231, where
cell cycle activation or up-regulation of p21, p53, or p27 did
not occur and the mode of inhibition of cell proliferation was
attributed to nonapoptotic death of the cell (Pozo-Guisado et al.
2002). The compound was extremely effective against a highly
invasive breast carcinoma cell line (Bai et al. 2010). Other stud-
ies also showed that RSV treatment induced cell cycle arrest
at the S/G2 phase transition, and increase in the G1/S phase in
HL60 cells, which lead to an increase in cyclins A and E and
inactivation of cdc2 (Filippi-Chiela et al. 2013). In another study,
RSV decreased the levels of cyclins D1, D2, E, and cdk2 and
cdk4/6 (Ahmad et al. 2001). Suppression of cell cycle progres-
sion through the S and G2 phases and a concomitant increase in
the expression of p53 and p2 Waf1/Cip1 have also been demon-
strated in pulmonary epithelial cells upon exposure to RSV
(Simão et al. 2012). Collectively, the effect of RSV on growth
and cell cycle control proteins seems to vary between cell types.
The involvement of p53 and p21 has also been reported in the
apoptotic response elicited by RSV. As p53 controls the tran-
scription of a number of essential mediators of apoptosis such as
CD95/Fas, Bax, p21, etc., the p53 dependence of RSV-induced
apoptosis is of particular importance. Publications about sup-
pression of DMBA-induced mammary carcinogenesis by RSV
in rats was linked to inhibition of COX-2 and MMP9 expres-
sion and the blocking of NF-kB activation (Kundu et al. 2004;
Shishodia and Aggarwal 2004). There are also reports indicat-
ing that RSV interfered with H2O2 -induced apoptotic signals
(Guo et al. 2013; Schneider and Pozzi 2011; Singh and Chopra
2014). A slight increase in intracellular O2- can inhibit recep-
tor or drug-induced apoptosis via direct or indirect effects on
caspase activation pathways (Cheng et al. 2014; Clement and
Stamenkovic 1996; Guo et al. 2013).
Autophagy is a catabolic process for the degradation and recy-
cling of macromolecules and organelles, which is activated
during stress conditions. As a type of programmed cell death
(type II), autophagy is morphologically distinct from apopto-
sis. Autophagic cell death is identified by extensive inclusion of
cytoplasm and organelles within autophagosomes and the local-
ization of microtubule-associated light chain 3 (LC3) protein
into autophagosomal membranes (Kroemer and Jäättelä 2005).
There is little, if any, caspase activation and DNA fragmen-
tation, and the cytoskeleton initially remains intact. This is in

contrast to apoptosis during which there is chromosome con-
densation, DNA fragmentation, usually caspase activation, and
membrane rearrangement and blebbing. Research has shown
RSV to induce autophagy in different cancer cell line models
such as ovarian (Kueck et al. 2007; Opipari et al. 2004), leukemia
cells (Puissant and Auberger 2010; Puissant et al. 2010), lung
(Zhang et al. 2013) and esophageal cells (Tang et al. 2013), and
breast cancer cells (Scarlatti et al. 2008). The signaling pathways
by which RSV mediates autophagy induction involve several
mechanisms, such as: inhibition of mTOR pathway and stim-
ulation of AMPK pathway (Puissant et al. 2010; Zhang et al.
2013); falls in glucose uptake and lactate production limiting
steps in glycolysis (Kueck et al. 2007); accumulation of the
PELP-1, a novel estrogen receptor coactivator, in autophago-
somes (Ohshiro et al. 2007); activation of the Vps34 kinase,
a class III PI3K (Trincheri et al. 2008); and an increase in
dihydroceramide levels by the inhibition of dihydroceramide
desaturase activity (Signorelli et al. 2009). It is possible that
RSV induced mitochondrial dysfunctions would be the common
starting point, since mitochondrial dysfunction may be a point of
overlap between apoptotic and autophagocytic processes (Kim-
melman 2011; Kondo et al. 2005).

3.2. Resveratrol regulates the ROS production

Normal cellular metabolism generates reactive oxygen species
(ROS) such as superoxide (O2-), hydrogen peroxide (H2O2),
and hydroxyl radical (OH-) (Devasagayam et al. 2004). Exces-
sive accumulation of ROS by the cellular antioxidant defenses
contains a number of intracellular enzymes, such as glutathione
(GSH), superoxide dismutase (SOD), and catalase (Halliwell
2012; Halliwell and Gutteridge 1999; Sen et al. 2010). The
lack of inherent ability to neutralize the accumulation of ROS
results in their abnormal accumulation intracellular is commonly
known as “oxidative stress.” Phenolic compounds present in red
wine elicit antioxidant activity and prevent LDL oxidation con-
vinced the health protection of red wine (Lionetto et al. 2011;
Whitehead et al. 1995). In accordance to that, epidemiological
studies have focused on moderate intake of wine particularly in
regions of European where the diet is rich in fat (Baba et al. 2007;
Lapointe et al. 2006). Some research supports the suggestion
that RSV is a potent inhibitor for oxidation of polyunsaturated
fatty acids (PUFA) which play a major role in atherosclero-
sis (Macedo et al. 2013; Petrovski et al. 2011). As a matter
of fact, RSV was shown to be more helpful than flavonoids in
preventing copper-catalyzed oxidation, and as LDL has high
affinity for copper chelating activity prevents oxidative modifi-
cation of LDL (Aviram and Fuhrman 2002; Baur and Sinclair
2006). Addition of RSV to the culture medium resulted in a dose-
dependent decrease in the intracellular concentration of ApoB
and a significant reduction in the rate of secretion of choles-
terol esters and triglycerides. The latter is an indication of fewer
VLDL and therefore lower LDL production (Penumathsa et al.
2007; Wilson et al. 1996).
Through its inhibitory effect on membrane lipid peroxidation,
RSV has also been shown to reduce the toxic effects of ROS in
living cells. For example, rat adrenal pheochromocytoma cells
(PC12) exposed to ethanol-induced oxidative death was remark-
ably protected in the presence of RSV (Sun et al. 1997). In
similar experiments the death inhibitory activity was attributed
to the ability of RSV to block internalization of oxidized lipopro-
teins (Draczynska-Lusiak et al. 1998; Sato et al. 2014).
The antioxidant activity of RSV has also been shown to inhibit
proliferation of hepatic stellate cells (Shiozaki et al. 2011), a
major player in the development of liver fibrosis, suggesting a
hepatoprotective effect. Further corroborating the antioxidant
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activity of RSV are data demonstrating significant inhibition
of phorbol ester (PMA)-induced intracellular ROS production
(Martinez and Moreno 2000). As phorbol esters are potent tumor
promoters, this inhibitory activity of RSV could prevent the
development of a pro-oxidant surroundings that favors carcino-
genesis (Kensler and Trush 1984).
In addition to the antioxidant properties of RSV, two other
biological effects of RSV support its cardioprotective effects.
First, RSV has been shown to modulate the production of
nitric oxide (NO) from vascular endothelium, a nitrogen species
involved in inflammatory responses (Bradamante et al. 2004;
Hung et al. 2000). Increased levels of NO can cause vascular
damage, thereby contributing to the development of ather-
manous plaques. Second, RSV has been shown to inhibit
platelet aggregation, another major contributor in the process
of atherosclerosis (Brandolini et al. 2002; Orsini et al. 1997).
Platelets stick to the endothelial surface of blood vessels, can
activate the process of thrombus formation and their aggrega-
tion could set into motion the process of vascular occlusion.
Platelets have also been linked to the synthesis of eicosanoids
from arachidonic acid that contributes to platelet adhesion (Bhat
et al. 2001). A dose-dependent decrease in platelet aggregation
has been demonstrated with RSV, lending further support to
its preventive activity against coronary artery disease. This has
been linked to the ability of RSV to inhibit eicosanoid synthesis
(Soleas et al. 1997).

3.3. RSV regulates the key cancer related genes
expression

The biological effects of RSV on a variety of critical biochemical
pathways include a direct or indirect effect on gene expression,
a process controlled by a class of proteins called transcription
factors. The upstream signals to trigger nuclear localization and
DNA binding of these transcription factors vary depending on
the stimulus, cell type, and the potential response. One of the
most striking biological activities of RSV is their remarkable
anti-inflammatory potential (Liu et al. 2014b; Orsu et al. 2013).
Due to this association, there has been a lot of interest in inves-
tigating the effects of RSV and its derivatives on transcription
factors that regulate the expression of inflammatory mediators,
such as tumor necrosis factor-� (TNF-�), interleukin 1(IL-1),
IL-6, and especially NF-kB activity (Bharti and Aggarwal 2002;
Estrov et al. 2003).
Most agents that activate NF-kB also activate the activator pro-
tein 1 (AP1) (Angel et al. 2001; Shaulian and Karin 2002).
Studies have shown that RSV can inhibit TNF-induced activa-
tion of AP-1 (Bharti and Aggarwal 2002; Liu et al. 2014b). The
activation of AP-1 is mediated by JNK (c-Jun N-terminal protein
kinase) and upstream kinases, such as MEK and MEKK (Karin
and Delhase 1998). Since previous studies have shown that TNF-
induced activities of JNK and MEK were inhibited by RSV, this
may provide a possible mechanism for AP-1 inhibition (Bharti
and Aggarwal 2002). Among the proteins induced upon activa-
tion of NF-kB and AP-1 which correlated with inflammation is
COX-2 and iNOS (Brune and von Knethen 2002; Li et al. 2013),
two enzymes are inhibited by RSV. Thus, it is possible that RSV
inhibits iNOS and COX-2 via its inhibitory effect on these tran-
scription factors. It is also possible that the expression of other
genes regulated by NF-kB or AP-1, which have been implicated
in carcinogenesis, may also be down-regulated after exposure to
RSV. Consistent with this, recent reports have demonstrated that
RSV suppresses carcinogenesis via down-regulation of MMP2
and 9. RSV inhibits NF-kB activity, which consequently reduces
the transcription level of MMPs (Shishodia and Aggarwal 2004;
Yar et al. 2011).

P53 serves as the guardian of the genome by regulating the
cell cycle (prevents progression through S phase) and activat-
ing the transcription of DNA repair enzymes such as GADD45,
thereby preventing damaged DNA from being replicated (Bieg-
ing et al. 2014; Luo et al. 2014). In addition, p53 can activate
the gene transcription involved in the apoptotic and autophagic
pathways, thus ensuring and balancing the physiological and
unwanted cells (Flatt et al. 2000). Loss of function such as muta-
tion of p53 is associated with an increased incidence of tumor
progression (Hussain et al. 2000; Sørlie et al. 2014). Studies
indicated that RSV can induce accumulation of p53 leading
to an increase in transcription of the cyclin-dependent kinase
inhibitor p21Waf1/Cip1 and cell cycle arrest (Hsieh et al. 1999;
Liu et al. 2014a). In a different model using a mouse epidermal
cell line, RSV was shown to increase the transactivation of p53
activity by specifically activating phosphorylation at serine 15,
mutation of which abrogates the apoptotic activity of p53 (She
et al. 2001). This was linked to an upstream activation of the
MAP kinases, particularly ERK and p38 kinase. Similarly, gene
knockout of p53 (p53-/-) in mouse fibroblasts resulted in resis-
tance to RSV-induced death, further supporting involvement of
p53 in the biological activity of RSV (Hsieh et al. 2011).

4. Prospect

Knowledge presented here highlights the clinical potential of
RSV. Its relatively simple chemical structure enables RSV to
interact with receptors and enzymes, giving rise to biological
effects such as suppression of growth, induction of differen-
tiation, inhibition of ROS production, cell cycle regulation,
regulation of gene expression by affecting transcription fac-
tor activity, and up-regulation of death-inducing factors. These
in vitro effects have been corroborated in some studies demon-
strating the beneficial effects on cardiovascular, neurological,
and hepatic systems; however, the most exciting findings are
the cancer chemopreventive and chemotherapeutic activities of
RSV. Being a natural constituent of wine, fruits, and nuts and
the fact that it has no untoward effects on normal cells or tissues,
RSV is under preclinical scrutiny. Owning to all these proper-
ties, RSV seems to be a good natural inducer or chemosensitizer
of cell death against many tumor cell types and the develop-
ment of RSV analogs with better in vivo efficacy appears to be
a promising route towards new therapeutic strategies.
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