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ABSTRACT

Resveratrol (trans-3,4',5-trihydroxystibene) is a phytopolyphenol isolated from the seeds and skins of grapes.
Recent studies indicate that resveratrol can block the process of multistep carcinogenesis, hamely, tumor initiation,
promotion and progression. Resveratrol can also reduce the risk of cardiovascular disease in man. The molecular
mechanisms of resveratrol in chemoprevention of cancer and cardiovascular disease are interesting and under inten-
sive investigation. Resveratrol was found to strongly inhibit nitric oxide (NO) generation in activated macrophages, as
measured by the amount of nitrite released into the culture medium, and resveratrol strongly reduced the amount of
cytosolic inducible nitric oxide synthase (iNOS) protein. The activation of nuclear i tiNFkB) induced by
lipopolysaccharide (LPS) was inhibited by resveratrol. The phosphorylation and degradation of nuclear factor inhibi-
torkBa (IkBa) were inhibited by resveratrol simultaneously. Reactive oxygen species (ROS) are regarded as having
carcinogenic potential and have been associated with tumor promotion. Resveratrol may act as a reactive oxygen
species scavenger to suppress tumor development. In addition, resveratrol may block multistep carcinogenesis
through mitotic signal transduction blockade. Reactive oxygen species are pivotal factors in the genesis of heart
disease. Meanwhile, efficient endogenous antioxidants, including superoxide dismutase (SOD), glutathione peroxi-
dase (GSHPXx), and catalase, are present in tissues. A fine balance between reactive oxygen species and endogenous
antioxidants is believed to exist. Any disturbance of this balance in favor of reactive oxygen species causes an increase
in oxidative stress and initiates subcellular changes, leading to cardiomyopathy and heart failure. The experimental
results indicate that exogenous antioxidant resveratrol is of value in chemopreventing the development of heart
disease. It is urgent that more efforts be made to investigate newer therapies employing antioxidants for the
chemoprevention of cardiovascular disease and cancer.
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[. Introduction chemopreventive activity (Jarg al, 1997). This review
focuses on the effect of resveratrol on chemoprevention of

Resveratrol (trans-3,4',5-trihydroxystibene) (Fig. 1) cancer and cardiovascular disease.

occurs naturally in grapes and a variety of medicinal plants.

In plants, resveratrol functions as a phytoalexin that pro-

tects against fungal infection (Hadt al,, 1990). Because

of its high concentration in grape skin, significant amounts

of resveratrol are present in wine.vivo, ex vivoand ani-  HO

mal experiments have shown that resveratrol possesses many N

biological attributes that favor protection against

atherosclerosis, including antioxidant activity, modulation

of hepatic apolipoprotein and lipid synthesis, inhibition of

platelet aggregation and the production of pro-atherogenic

eicosanoids by human platelets and nutrophils (Satas

al., 1997). It also has been reported to have cancer Fig. 1. Structure of resveratrol.
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[I. Mechanism of Cancer Induction changes in other oncogenic proteins that also send their
signals through the ras pathway.

It has been established that most human cancers are
induced by environmental factors, including chemicals, ralll. Chemoprevention of Cancer by
diation and biological agents. The biochemical and mo- Resveratrol
lecular mechanisms of multistage carcinogenesis are very
complicated. Most environmental carcinogens, such as A newer dimension in the management of neoplasia
alfatoxins, polycyclic aromatic hydrocarbons, andis the increasing awareness that chemoprevention, which
nitrosamines, are procarcinogens which have to be metaefers to the administration of chemical agents to prevent
bolically activated by mixed functional oxidase Cytochromethe initiational and promotional events associated with
p450 to become electrophilic active carcinogens. The inearcinogenesis, may be the most direct way to reduce mor-
teraction of this electrophilic carcinogen with genomictality and morbidity of cancer. The process of chemical
DNA forms carcinogen-DNA adducts, which may lead tocarcinogenesis can be divided into three general stages, and
oncogene activation or tumor suppressor gene inactivatioehemopreventive agents have been categorized according
It has been demonstrated that tumor initiation and promado the stages that they inhibit (Wattenberg, 1993). Resvera-
tion may result from oncogene activation, tumor supprestrol is an antioxidant, and it may suppress tumor develop-
sor gene inactivation or both. ment through the removal of ROS. A recent report shows

The reactive oxygen species (ROS) have been corhat resveratrol is a potent cancer chemopreventive agent
sidered as major pivotal determinants in the processes of assays representing three major stages of carcinogenesis,
tumor development. ROS, of course, arise whenever thend the ability to inhibit cellular events associated with
cell is involved in oxygen utilization in its conversion of tumor initiation, promotion and progression has been at-
water, and this production may be enhanced by drugdgributed to the anticycloxygenase activity cyclooxygenase-
xenobiotics and diseases (Anetsal, 1993). ROS are ac- 1, (Cox-1) of resveratrol. It has been found to induce phase
tively involved in the metabolic activation of procarcinogensll drug-metabolizing enzymes and to induce human
and the processes of tumor initiation, promotion angromyelocytic leukemia cell differentiation. In addition, it
progression. has been found to inhibit the development of preneoplastic

Several lines of evidence indicate that oncogendesions in carcinogen-treated mouse mammary gland in
mutation leading to protooncogene activation and tumoculture and to inhibit tumorigenesis in a mouse skin cancer
suppressor gene inactivation may play a crucial role imodel (Janget al, 1997).
tumor initiation, promotion and progression. ROS are gen- Resveratrol was found to act as a potential inhibitor
erally regarded as having carcinogenic potential and hasf inducible NO synthase (iNOS) and inducible Cox-2
been associated with tumor promotion. Some tumor celléSubbaramaiaht al, 1998; Tsaet al, 1999). Since physi-
produce ROS although the source of these products amdogical activity of INOS and Cox-2 may benefit the
their contribution to the transformed and malignant pheorganism, aberrant or excess expression of either INOS
notype is not completely known. Certain kinds of ROSor Cox-2 has been implicated in the pathogenesis of many
have been shown to act as essential intracellular secomisease processes, such as carcinogenesis and cardiomy-
messengers for several cytokines and growth factorepathy (Chhatwadt al, 1994; Duboigt al, 1996; Takahashi
(Sundaresant al, 1995). Thus, antioxidants, such as su-et al, 1997). Because iNOS and Cox-2 are essential com-
peroxide dismutase, catalase, tea polyphenols, vitamin@onents of the inflammatory response, which can ultimate
(Vit.) C, Vit. E, and others, may be protective against canrepair of injury and carcinogenesis (Moncadal, 1991;
cer and may inhibit cell proliferation, and the intracellularAnggard, 1994; Nathan and Xie, 1994; Seibert and
ROS scavenger may actually contribute to suppression dflasferrer, 1994; Salvemirgt al, 1994; Tamir and
tumor development. Tannenbaum, 1996).

The implication of ROS as a mediator of ras-induced Strong antiproliferative properties of resveratrol
cell cycle progression independent of mitogen-activatedhave been found, and they are likely to be due to its ability
protein kinase (MAPK) and c-Jun NHerminal kinase to efficiently scavenge the essential tyrosyl radical of the
(INK) suggests another possible mechanism for the effesmall protein of ribonucleotide reductase and, consequently,
of antioxidants against ras-induced cellular transformationo inhibit deoxyribonucleotide synthesis (Fontecaval,
in tumor promotion (Iranét al, 1997). This is the first 1998). The ribonucleotide reductase provides proliferat-
evidence that puts superoxide firmly into the ras pathwaying cells with deoxyribonucleotides required for DNA syn-
which is one of the cell’'s most important growth-stimulat-thesis during the early S-phase of the cell cycle (Reichard
ing pathways. The ras pathway can contribute to cancet al, 1987). Another report shows that resveratrol may
development if it become overactive, which may happen alsave therapeutic potential against liver injury through regu-
a result of mutation in ras, the gene that encodes ras, tation of functions of hepatic stellate cells and kupffer cells
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(Kawadaet al, 1998). In addition, Clémeet al.(1998)  stress conditions, resulting in a relative deficit in the myo-
have reported on a fascinating new facet of resveratrotardial antioxidant reserve, are associated with an increase
Using several experimental approaches, Cléméert. in myocardial oxidative stress. The latter is capable of
(1998) found that resveratrol acts as a cancer chencausing subcellular abnormalities that may induce
opreventive as well as a chemotherapeutic agent in humarardiomyopathic changes, depressed contractile function
It has been found to induce apoptotic cell death in HL 6@nd heart failure. Furthermore, the available evidence from
leukemia cells as well as in T47D breast carcinoma cells @nimal and human studies illustrates that different antioxi-
doses minimally toxic to normal peripheral blood lympho-dants constituting an antioxidant reserve offer protection

cytes (PBLSs). against oxidative stress-mediated myocardial changes. It
) ) ) is expected that further elucidation of the molecular basis
V. Oxidative Stress and Heart Disease of antioxidant changes will aid the development of newer

therapies for modulating the pathogenesis of heart failure
ROS, such as single oxygen, superoxide radical, hy(Singalet al, 1998).
drogen peroxide, hydroxyl radical, nitric oxide and
peroxynitrite, are highly unstable and extremely reactive. Chemoprevention of Cardiovascu-
The wide distribution of these species makes them highly lar Disease by Resveratrol
toxic for tissues, including the heart (Kaatlal, 1993).
Earlyin vivo studies examined the role of catecholamines Resveratrol has been proposed to explain, at least in
in stress-induced heart disease and provided evidence thazdrt, the apparent ability of moderate consumption of red
cardiac dysfunction may be mediated by the production ofvine to reduce the risk of cardiovascular disease (Frankel
ROS initiated by autooxidation of catecholamines (Singakt al, 1993a, 1993b; Bertelbt al, 1995; Pace-Asciak
et al, 1983). About the same time, the role of ROS in is-et al, 1995). It has been suggested that it plays a role in the
chemia-reperfusion injury was demonstrated and waprevention of heart disease, as it inhibits platelet aggrega-
shown to be mediated by depressed*@ansport in the tion, alters eicosanoid synthesis and modulates lipid and
sarcoplasmic reticulum (Hess$ al, 1983). These studies lipoprotein metabolism (Sole&s al, 1997). The role of
formed the basis for a multitude of studies on the role oplatelets in initiating chemical signals that set in motion
ROS in the pathogenesis of cardiomyopathies and heacbmplex cellular events, resulting in atherosclerosis, fol-
failure. lowing their adherence to the endothelial surface of arteries,
Under normal conditions, 3-5 % of the oxygen takenas well as in triggering lumenal occlusion, leading to acute
up by the cell undergoes univalent reduction leading to theoronary heart disease (CHD), is well established (Renaud
formation of ROS. However, tissue concentrations of ROt al, 1992; Elwoockt al, 1991). The potential of platelets
are limited by a system of enzymatic and non-enzymatito adhere to vascular endothelium as well as to participate
antioxidants and ROS scavengers that have developed amdblood coagulation and thrombus formation can be mea-
been conserved during the evolution of aerobic life. Thresured based on their ability to aggregateitro in response
of the most important cellular antioxidant enzymes ardo a number of agonists. Using ADP and thrombin as
superoxide dismutase (SOD), glutathione peroxidasagonists, Pace-Asciak al (1995) demonstrated a dose-
(GSHPx) and catalase. dependent inhibition by resveratrol of the aggregation of
In pathological or disease conditions, such as diabeteplatelets prepared from healthy human subjects.
heart failure and others, the production of ROS may over- Two major pathways for the synthesis of eicosanoids
ride the scavenging effects of antioxidants, leading to &om arachidonic acid are present in human platelets. The
condition known as oxidative stress (Katlal, 1993). cyclo-oxygenase pathway leads to the production of throm-
Many experimental studies have demonstrated that inboxane A, which plays an important role in propagating
creased oxidative stress and depressed antioxidant stataggregation. Once this process has been initiated, the half-
have deleterious effects on both cardiac structure and funtife of this component is extremely short, so that reproduc-
tion (Kaulet al, 1993). Clinical studies on heart failure ible quantities are very difficult to obtain. Measuring the
patients have also provided support for the role of ROS iproduction from labeled arachidonate of thromboxape B
the pathogenesis of heart failure. The usefulness of antand hydroxyheptadecatrienoate (HHT), which are stable
oxidant therapy, especially Vit. E, in attenuating the proproducts formed from thromboxaneg,&an, however, en-
gression of heart failure has been reported (Axford-Gatlewble us to assess the overall activity of the pathway. The
and Wilson, 1991; Stampfet al, 1993). other pathway from arachidonate expressed in platelets in-
Although there are many gaps in our understandingolves the 12-lipooxygenase enzyme system, which syn-
of the role of ROS in the pathogenesis of cardiopathiethesizes a family of ecosanoids defined as hepoxillins,
and heart failure, based on the available data, the followwhich are mediators of calcium mobilization, vascular per-
ing conclusion can be made. Any acute or chronic cardiameability and nutrophil activation. Its overall activity is
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most frequently assessed by measuring the production of resveratrol to the synthetic estrogen diethylstibestrol,
12-hydroxyeicosatetraenoate (12-HETE), a stable comthese authors hypothesized that it might be a phytoestrogen
pound which is thought to be pro-atherogenic through im{Gehmet al, 1997). Given the known cardioprotective
pairment of the endothelial function and prostacyclinbenefits of estrogens, this idea is particularly appealing
production. Resveratrol was found to strongly inhibit cyclo-(Lobo, 1995). Resveratrol was found to act as effectively
oxygenase pathway, approximately 60% at a concentratioas estradiol in stimulating progestrone receptor gene ex-
of 10uM, but did not stop the production of 12-HETE (Pace-pression in MCF-7 breast carcinoma cells, but no
Asciaket al, 1995). In summary, resveratrol at micromo- superagonistic effect was found. In addition, it inhibited
lar concentration is able to inhibit thromboxang A binding of*?3-labeled estradiol to estrogen receptor (ER)
production. However, it is unable to inhibit the formationin competition binding studies, using nuclear extracts of
of hepoxillins. MCEF-7 cells (Frankett al, 1994; Bertellet al, 1995). On
Oxidative modifications of low density lipoprotein the other hand, in comparison with MCF-7 cells, the
(LDL) that alter physicochemical and biological propertiessuperagonistic effect of resveratrol was less pronounced in
of the LDL molecules are thought to play a central role inBG-1 ovarian carcinoma cells, suggesting a partial tissue
atherogenesis (Steinbeeg al, 1989; Parthasarathy and specificity (Janget al, 1997). Although the concentration
Rankin, 1992). The natural (native) form of LDL is subjectof resveratrol with estrogenic properties may have undesir-
to receptor-mediated endocytosis through a tightly reguable side effect, it can result in the stimulation of human
lated system, the LDL-receptor. During its transit inbreast cancer cells. This study raises the interesting possi-
circulation, oxidative changes may occur, affecting thebility that this phytoestrogen may contribute to the cardio-
lipids and also the free lysine groups of apolipoprotein Bprotective effects associated with red wine consumption.
This “oxidized” LDL is taken up by endocytosis, mediated
by a “scavenger” receptor system which is unregulatedy/l. The Effects of Resveratrol on Tran-
resulting in over-accumulation of LDL in sub-endothelial ~ Scription Factors
cells, which derive from the monocyte lineage but
because of their engorgement with lipid, have come to be Resveratrol may have therapeutic potential for some
known as “foam cells” (Steinberg al, 1989). Oxidized diseases, including ischemia heart disease, artherosclerosis,
LDL has other attributes conducive to atheromatouscute coronary heart disease, and cancer. These effects
changes, including blocking of reverse cholesterol transmay be mediated by its strong antioxidantive activity
port (uptake) by high density lipoprotein (HDL) and (Frankelet al, 1993a, 1993b; Pace-Asciak al,, 1995;
chemotactic properties promoting adhesion of platelets tRotondoet al, 1998). Although oxygen is a necessary
the superficial endothelium (Witztum, 1994; Steinberg,requirement for aerobic organisms, its more reactive
1992). Belguendouet al. (1997) demonstrated that metabolites, ROS, have been implicated in a number of dis-
resveratrol was very efficient in protecting porcine LDL eases (Sun, 1990; Fjarbetrral, 1990). These ROS are
against polyunsaturated fatty acid (PUFA) peroxidationformed in the mitochondial electron transport chain and in
Similar results were also obtained by Frankelal. the cyclooxygenase pathway, and by cellular enzymes,
(1993a, 1993b); however, there were some differences isuch as cytochrome P450 oxidase, xanthine oxidase and
efficiency in inhibiting the formation of hexanal during cop- NADPH oxidase (Fjarbegt al, 1990; Trush and Kensler,
per-catalyzed oxidation of human LDL. 1991; Croset al, 1987; Bandy and Davis, 1990). A vari-
Using monolayer culture of Hep G2 cells, which re-ety of oxygenous chemical and physical agents can also
tain most of the functions of normal liver parenchymalcause production of ROS (Floyd, 1990; Freeman and
cells, in particular those related to lipoprotein synthesis an@€rapo, 1982; Moarest al,, 1990; Mustafa, 1990).
secretion (Gaziano, 1994; Hahn and Goldberg, 1992Moreover, various pathological conditions are associated
Goldberget al. (1995) found that the intracellular content with ROS-mediated events, such as cancer, aging, vascular
and the rate of secretion of cholesteryl esters as well as tligsease, and various immune complex-mediated diseases
rate of secretion of triglycerides were reduced by resveratrgSun, 1990; Trush and Kensler, 1991; Floyd, 1990; Bast
in a dose-dependent manner, but that the intracellular triggnd Goris, 1989; Cutler, 1991; Ames, 1989).
lyceride content was unaffected. Thus, it tended to dimin- Recently, our group reported that resveratrol could
ish the rate of secretion of very low density lipoproteinprotect against endotoxin induced inflammation by pre-
(VLDL), which are converted to atherogenic LDL in venting the activation of nuclear factoB (NFkB) (Tsai
circulation, suggesting that resveratrol has the capacity tet al, 1999). Activation of NKB is necessary for li-
block certain aspects of hepatic lipoprotein metabolismpopolysaccharide (LPS) induction of the iINOS promoter
which lead to atherosclerosis. (Xie et al, 1994). NKB is composed mainly of two
Gehmet al. (1997) reported on a fascinating new proteins: p50 and p65. In its unstimulated formkRHis
facet of resveratrol. On the basis of the structural similaritypresent in the cytosol bound to the inhibitory protein, nuclear
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factor inhibitorkB (IkB). After stimulation of cells by a COX-2 by blocking PMA-induced translocation of PKC
variety of agents,kB becomes phosphorylated, and this activity from cytosol to membrane. Resveratrol also was
triggers a proteolytic degradation &B. Serine phospho- found to block the induction of c-Jun, and AP-1 activity
rylation of kB is sufficient for efficient degradation. On was found to be suppressed by resveratrol (Subbaramaiah
the other hand, stoichiometric phosphorylationkd bn et al, 1998). These inhibitory effects could be explained,
tyrosine 42 does not cause a subsequent proteolytic degiia-part, by the antioxidant properties of resveratrol as
dation of the kB but, apparently, is sufficient to release other phenolic antioxidants inhibit both phorbol ester-me-
IkB from NFB and, hence, activate MB (Imbertet al, diated activation of PKC and AP-1 (Lee and Lin, 1997,
1996). The mechanisms by which resveratrol can interfereluanget al, 1991).
with the activation of NkB are not clear. One possibility Platelet derived growth factor (PDGF) is known to
is that resveratrol may interact with ankyrin domainsbe a potent mitogen for many kinds of cells (Friedman,
present inkB because the phosphorylation wBlis inhib- ~ 1993; Pinzani, 1995; Gressner, 1995). Activation of intra-
ited by resveratrol. Such an interaction could conceivablygellular signal transduction by PDGF has been analzed
hinder kB phosphorylation and subsequent dissociation oextensively in many kinds of cells (Marea al., 1994;
NFkB. However, whether resveratrol physically interactsWonget al, 1994; Bishayeet al, 1989; Heldiret al, 1989;
with IkB remains to be determined. Cells treated with LPSPayneet al, 1991). Phosphorylation of tyrosine residues
can generate ROIs by inducing NADPH oxidase activity,of PDGF receptors and activation of MAP kinase play im-
and ROS can activate protein tyrosine kinase (Bastian argbrtant roles in PDGF-stimulated growth of cells. A
Hibbs, 1994; Leet al, 1996). Furthermore, resveratrol recent study showed that resveratrol inhibited PDGF/BB-
has been found to possess potent protein kinase inhibitostimulated phosphorylation of tyrosine residues of 180 kd
activity and antioxidant activity (Miller and Rice-Evans, proteins, presumably the PDGF receptor, and activation of
1995; Cheret al, 1990; Jayatilaket al, 1993). Arole for MAP kinase (Kawadat al, 1998). Resveratrol also was
protein tyrosine kinase and ROIs has been implicated ifound to inhibit the activation of phospholipase C (PLC)
NFkB activation (Bastian and Hibbs, 1994; Baldwin, 1996).under PDGF-BB stimulation. Because activation of the
Therefore, resveratrol might inhibit the activation oidBF PKC-PLC pathway plays a part in the activation of MAP
by inhibiting the LPS-induced phosphorylation and degrakinase through Raf-1 phosphorylation (Meisenhelder
dation of kBa. et al, 1989; Kochet al, 1991; Cowleyet al, 1994).
Phorbol-12-myristate-13-acetate (PMA) with promot- Moreover, resveratrol can reduce the level of cyclin D1, a
ing activity leads to modification of several biosynthetic cell cycle-related protein (Kawads al, 1998). Prolifera-
products and enzyme activities. It causes an increase tion of eukaryotic cells is generally controlled at the stage
phospholipid turnover and in prostaglandin accumulatiorfrom G1 to S transition phases (Nasmyth , 1996; Stillman,
(Susset al, 1971; Furesten-berger and Marks, 1980; Vermd 996; Sherr, 1996; Hunter and Pines, 1994). G1 cyclins
et al, 1980). PMA could activate protein kinase C (PKC)include three forms of cyclin D and cyclin E that are asso-
in vitro as well asn vivo, and PKC has been considered asciated with Cdk (cyclin-dependent kinase) 2, Cdk4, or
the key enzyme for signal transduction in the processes @dk6. The present study showed that resveratrol selec-
cell proliferation and differentiation (Kishimotet al., tively decreased the expression of cyclin D1 without af-
1980; Castagnet al, 1982). PKC is a lipid-activated kinase, fecting the levels of Cdk2, Cdk4, cyclin A, or cyclin E.
which is known to play an important role in a wide varietyBecause cyclin D1 regulates the activity of Cdk4 and Cdk®6,
of fundamental cellular processes, especially in transmemesulting in the phosphorylation of the retinoblastoma gene
brane regulation of signal transduction (Nishizuka, 1989)product Rb p110 and the sucessive G1- to S-phase transition,
Furthermore, several observations strongly suggest that PKI& reduction might cause G1 arrest in the cells. In summary,
plays an important role in the cell transformation processhe present report shows that resveratrol regulates the ac-
(Fry et al, 1985; Wolfman and Macara, 1987). tivity of receptor tyrosine kinase and the expression of cell
Phorbol esters, such as 12-0-tetradecanoylphorbokycle protein cyclin D1, thereby modulating proliferation
13-acetate (TPA), stimulates the production of ROS byof cells.
activating the ubiquitous membrane-bound NADPH oxi-
dase system (Repire al, 1974; Trollet al, 1982; Segal VII. Conclusion
and Abo, 1993). A number of other studies have also dem-
onstrated that free radical generation systems, such as xan- It has been demonstrated that many phenolic com-
thine/xanthine oxidase, can mimic the effects of phorbopounds present in food and vegetables possess potent and
esters in enhancing cell transformation in many culturediesirable biological activities against cancer and cardiovas-
cells (Zimmerman and Cerultti, 1984; Cerutti, 1987; Penceular disease. The most universal property is related to their
and Reiners, 1987; Reinegs al, 1987). Subbaramaiah functions as antioxidants, manifested by their ability to trap
et al. (1998) found that resveratrol acts as an inhibitor offree radicals and inhibit their enzymatic generation, and to
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block the oxidation of cellular and extracellular com- Cerutti, P.A. (1987) Genotoxic oxidant tumor promotersNbm-genotoxic
pounds, such as membranes and LDL. There are severalMechanisms in Carcinogenesjsp. 325-335 (Butter-worth, B.E. and
mechanisms that may account for the biological properties, Slaga, T.J., Eds.), Cold Spring Harbor, NY, U.S.A.

f | h . . di | en, Y.T., Zhang, R.L., Jia, Z.J. and Ju, Y. (1990) Flavonoids as super-
of resveratrol, such as anti-cancer, anti-cardiovascular oxide scavenger and antioxidarftsee Rad. Biol. Med9:19-21.

disease, and anti-inflammation. The possible signal tranghhatwal, v.J.S., Ngoi, S.S., Chan, S.T.F., Chia, Y.W. and Moochhala, S.
duction pathway inhibited by resveratrol that may be medi- M. (1994) Aberrant expression of nitric oxide synthase in human polyps,
ated through (1) inhibition of stimulator interaction with its neoplastic colonic mucosa and surrounding peritumoral normal mucosa.

receptor, (2) scavenging ROS, and (3) inhibition of protein_ ,CarCit”"’\?‘i/”eﬂ;"-O”d-)'JlfZ%Shl‘zzf’- S and Pervais. S. (1668
kinase. Finally, based on the finding that signal transduc='cment M-V., Hirpara, J.L., Chawdhury, S.H. and Pervaiz, S. (1998)
Chemopreventive agent resveratrol, a natural product derived from

tion may be affected by resveratrol, further studies are grapes, triggers CD95 signaling-dependent apoptosis in human tumor
needed to determine how effective resveratrol or itS cells.Blood 92:996-1002.
analogus may be in preventing or treating inflammationCowley, S., Paterson, H., Kemp, P. and Marshall, C.J. (1994) Activation
cardiovascular disease, and cancer. of MAP kinase is necessary and sufficient for PC12 defferentiation
and for transformation of NIH 3T3 celi€ell, 77:841-852.
Cross, C.E., Halliwill, B., Borish, E.T., Pryor, W.A. and Saul, R.L. (1987)
Oxygen radicals and human diseaisen. Int. Med, 107.526-545.
Cutler, R.G. (1991) Antioxidants in agingm. J. Clin. Nutr, 53:373-379.
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